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Preface

Following the emphasis laid at the Dublin and Rio conferences on treating water as an 
economic good, much hope has been vested in water pricing as a means of regulating and 
rationalizing water management.

In the irrigation sector, water pricing has first and foremost been promoted as a cost-
recovery mechanism. Users are generally asked to cover recurrent costs so as to ensure the 
physical integrity of irrigation schemes and their financial sustainability, and perhaps also to 
pay back a part of the investment cost on economic, equity and/or financial grounds. Pricing 
has also been promoted as an economic tool, with the aim of eliciting desirable cropping shifts 
or technological change or even the reallocation of water to economic sectors with higher 
value added. Lastly, price-based incentives have been promoted as an environmental tool that 
can contribute to the control of pollution and the sustainability of ecological values.

This book offers a reassessment of this issue. It aims to deepen the understanding of 
the factors that dictate the effectiveness of irrigation water pricing in practice. It is hoped 
that this will provide a basis for improving the design of future water policies and for 
avoiding some of the more costly and misplaced reforms of the recent past. It is based on a 
comprehensive review of the available evidence and provides an extensive bibliography.

The first chapter looks back at the history of ideas and practices in irrigation water 
pricing. It flags, in particular, their evolution over the past 15 years and argues that they 
have in many ways gone full circle back to the consensus that prevailed prior to the Rio 
Conference. The second chapter synthesizes the lessons learned from the case studies and 
a comprehensive review of experience accumulated during the past 25 years. It identifies 
the striking gap between theory and practice, reviews constraints on the effectiveness of 
irrigation pricing policies, and analyses the scope and potential of differing policy mea-
sures. This assessment leads to the conclusion that the scope for irrigation pricing is more 
limited than has often been assumed.

The introductory chapters are followed by case studies that explore, in a variety of 
contexts, how pricing policies have been justified and introduced. The case studies evalu-
ate the extent to which these policies have met their objectives, encountered constraints, 
and - often as not - failed. The case studies illuminate the overriding importance of context. 
Policies designed on general or ideological grounds typically fail to achieve the benefits 
anticipated. This calls for a much better assessment of on-the-ground reality before future 
reforms are introduced.

 xi
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Series Foreword: Comprehensive Assessment of 
Water Management in Agriculture

There is broad consensus on the need to improve water management and to invest in water 
for food to make substantial progress on the Millennium Development Goals (MDGs). The 
role of water in food and livelihood security is a major issue of concern in the context of 
persistent poverty and continued environmental degradation. Although there is consider-
able knowledge on the issue of water management, an overarching picture on the water-
food-livelihoods-environment nexus is required to reduce uncertainties about management 
and investment decisions that will meet both food and environmental security objectives.

The Comprehensive Assessment of Water Management in Agriculture (CA) is an inno-
vative multi-institute process aimed at identifying existing knowledge and stimulating 
thought on ways to manage water resources to continue meeting the needs of both humans 
and ecosystems. The CA critically evaluates the benefits, costs and impacts of the past 50 
years of water development and challenges to water management currently facing commu-
nities. It assesses innovative solutions and explores consequences of potential investment 
and management decisions. The CA is designed as a learning process, engaging networks of 
stakeholders to produce knowledge synthesis and methodologies. The main output of the 
CA is an assessment report that aims to guide investment and management decisions in the 
near future considering their impact over the next 50 years in order to enhance food and 
environmental security to support the achievement of the MDGs. This assessment report is 
backed by CA research and knowledge-sharing activities.

The primary assessment research findings are presented in a series of books that form 
the scientific basis for the Comprehensive Assessment of Water Management in Agriculture. 
The books cover a range of vital topics in the areas of water, agriculture, food security and 
ecosystems – the entire spectrum of developing and managing water in agriculture, from 
fully irrigated to fully rainfed lands. They are about people and society, why they decide to 
adopt certain practices and not others and, in particular, how water management can help 
poor people. They are about ecosystems – how agriculture affects ecosystems, the goods 
and services ecosystems provide for food security and how water can be managed to meet 
both food and environmental security objectives. This is the fourth book in the series.

The books and reports from the assessment process provide an invaluable for resource 
managers, researchers and field implementers. These books will provide source material 
from which policy statements, practical manuals and educational and training material can 
be prepared.

Water pricing, especially in the irrigation sector, has been identified as a key policy 
mechanism to help solve problems of water scarcity and competition. It has been widely 

 xiii
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discussed and promoted, because in theory it should work. But now after a few decades of 
experience it is worth assessing the actual practice of water pricing. Is it adopted, and has it 
been effective, and if so under what circumstances? Are there alternatives to water pricing 
that will lead to better use of water? This book provides an assessment of current practices, 
and provides insights on the way forward.

The CA is done by a coalition of partners that includes 11 Future Harvest agricul-
tural research centers supported by the Consultative Group on International Agricultural 
Research (CGIAR), the Food and Agriculture Organization of the United Nations (FAO) and 
partners from over 200 research and development institutes globally. Co-sponsors of the 
assessment, institutes that are interested in the results and help frame the assessment, are 
the Ramsar Convention, the Convention on Biological Diversity, FAO and the CGIAR.

Financial support from the governments of The Netherlands and Switzerland, FAO 
and the OPEC foundation for the Comprehensive Assessment for the preparation of this 
book is appreciated.

David Molden
Series Editor

International Water Management Institute
Sri Lanka

xiv Foreword 

Molle & Berkoff_FM.indd   xivMolle & Berkoff_FM.indd   xiv 11/13/2007   1:16:32 PM11/13/2007   1:16:32 PM



1 Water Pricing in Irrigation: 
The Lifetime of an Idea

F. Molle and J. Berkoff

Irrigation Financing and Cost Recovery

Providing irrigation always entails a measure 
of human labour and capital investment. In 
traditional small-scale systems investments 
were made by the communities themselves 
and the initial commitment generally defined 
rights to access water (Coward, 1980). Such 
undertakings were often limited (e.g. tap-
ping a spring or a run-of-the-river diversion 
using a few stones or logs laid across a small 
stream) but could also be quite costly (as in 
the case of qanats, underground drainage 
galleries commonly dug over several kilo-
metres). Larger-scale ventures were financed 
directly by rulers (e.g. river diversions in 
Mesopotamia or large tanks in South Asia) 
who derived economic surpluses from the 
increased production.

The view of irrigated agriculture as a 
means of ensuring both population needs 
and generating returns to capital was made 
explicit during colonial times. Investments 
in irrigation by the British in Sudan, Egypt, 
India and Sri Lanka, for example, are all 
well documented, and income generation 
and profitability were central concerns. 
Farmer (1976) observed that in Sri Lanka 
‘the English government was always con-
cerned, and sometimes obsessed, by the 
protection and the increase of its income, as 
was the case in other colonial territory’. 

Colonial administrators sought both to pro-
tect and to uplift the poor masses, when 
considered to be in a state of misery, and 
involve them in productive capitalistic 
investments that would yield net revenues 
to the Crown (Bastiampillai, 1967).1 Stone 
(1984) also documented the endless debates 
between supporters of irrigation and the 
guardians of the royal purse.

In contrast to narratives which assume 
that a focus on the economic value of water 
was characteristic of a late phase of water 
resources development, British colonial 
docu ments clearly show that most questions 
currently debated on the economics – perhaps 
more accurately the financing – of irrigation 
were already centre stage. The questions of 
who was to finance the infrastructure (local 
revenue, the Crown, or private interests), 
whether and how a water fee should be levied, 
what its impact on different categories of 
people would be, whether it should be 
increased, whether it could influence crop 
choice or water use behaviour, to cite a few 
examples, were fiercely debated. Opinions 

1 For example, arguing for investments in the south of 
Sri Lanka, a British administrator referred to the 
‘magnificent and really noble and philanthropic, 
enterprise [to be] accomplished. Nor will it be a 
barren philanthropy, I mean, in point of pecuniary 
profit even’ (Steele, 1867).
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diverged between the British Government, 
the Government of India and other colonial 
authorities, local governments, canal engin-
eers, etc., and alternatives such as private 
investments, bulk volumetric pricing and 
crop-based differential rates were all tested 
(Bolding et al., 1995).

The financial (or economic) view of 
 irrigation lost its prominence in the four 
decades following World War II. Irrigation 
and dams became pivotal investment options 
for developing countries, notably newly inde-
pendent states, to deliver on the promise of 
feeding the masses, providing income opportun-
ities to rural populations, balancing regional 
development and alleviating poverty, and 
hence building self-sufficiency and state 
legitimacy. Development was seen largely as a 
matter of infrastructure and technical transfer, 
and large dams, irrigation schemes, flood 
 control structures and other water projects 
received massive capital outlays (see Molle 
and Berkoff, Chapter 2, this volume, and 
Molden et al., 2007). The national, as well as 
geopolitical, interests vested in such invest-
ments and in the increase in lending by devel-
opment banks contributed to an outburst of 
projects, frequently undertaken on political 
rather than on sound economic grounds 
(Barker and Molle, 2004). Cost–benefit ana-
lyses often remained shoddy and there was 
limited scrutiny on the assumptions and 
 projections made. All parties involved (gov-
ernments, local politicians, consultants, con-
struction firms, lending agencies, etc.) had 
incentives to go ahead (Repetto, 1986; Molle 
and Renwick, 2005), while the concerned 
populations were most of the time considered 
mere recipients of projects rather than part-
ners in their own development. Whether pol-
iticians and engineers were infected by the 
‘desert bloom’ syndrome (Carruthers and 
Clarck, 1981), fulfilled a ‘hydraulic mission’ 
through politically rewarding iconic mega-
projects or aimed to revitalize an impover-
ished countryside, free land and water 
resources were seen as the basic material of 
agricultural development.

These investments yielded mixed 
results. Although much was achieved, land 
productivity, distribution efficiency and 
management often remained suboptimal, 

economic returns were often disappointing 
and environmental externalities (saliniza-
tion, waterlogging) became more evident 
with time. Technology alone proved unfit to 
deal with these growing challenges and 
attention shifted to organizational aspects, 
including farmers’ participation, turnover 
and capacity-building. Initially, the World 
Bank funded only new projects, but poor 
performance led to a policy shift towards 
rehabilitation in the late 1960s (Jones, 1995). 
A first operational policy memorandum 
(OPM 2.61), issued in 1971, stated that the 
recovery of all project costs was a normal 
aim but offered a loophole by adding that ‘as 
a minimum, operation and maintenance 
costs should be recovered completely’ 
(Jones, 1995). During the 1970s, the ques-
tions of why charge, and whom and how 
much to charge, for water stirred much 
debate at the World Bank. Proponents of irri-
gation lending and engineers perceived pol-
icy instructions as interference in their job. 
The prevailing philosophy remained that of 
1971, though it was recognized that invest-
ment costs might be too high for beneficiar-
ies to pay back and that a ‘reasonable’ share 
would be acceptable. Covenant language 
was accordingly often vague (‘. . . to the 
extent practicable’ or ‘. . . as much as pos-
sible’) and there was virtually no capital cost 
recovery (Duane, 1986). An earlier study 
(W.A. Wapenhans, IBRD, 1969, unpublished 
data) had shown that 17 projects completed 
in the 1960s had estimated levels of charge 
collection that exceeded operation and 
maintenance (O&M) but only amounted to 
29% of full costs.

In 1976, an ‘informal discussion paper 
to assist staff in developing satisfactory 
approaches to cost recovery’ (Ray et al., 1976), 
followed by Central Projects Memorandum 
No. 8.4 (World Bank, 1976), defined new 
overall policy principles and guidelines, 
stressing three objectives as the basis for cost 
recovery: public savings, income distribution 
and economic efficiency. The objective of 
public savings was to ‘enable governments to 
undertake additional rural development pro-
jects that would reach a larger number of the 
rural poor’. It was also recognized that recov-
ery of all costs might not be possible and that 

2 F. Molle and J. Berkoff 
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the poor should be identified and exempted.2 

‘Efficiency pricing of irrigation water is usu-
ally not possible’ but ‘even a nominal price 
for water would offer users some incentive to 
eliminate at least some of the conspicuous 
waste and overwatering . . . which occurs 
when water is treated as a free good’ (Ray 
et al., 1976). Volumetric pricing was desir-
able but, if not practical, a benefit tax (linked 
to the land tax), ‘although constrained by var-
ious administrative and political factors’, 
should be considered a second-best option.

In 1981, the Operations Evaluation 
Department (OED) released an analysis of 26 
irrigation projects completed in the 1970s 
(World Bank, 1981). Aside from severe prob-
lems with water management and maintenance, 
the survey found that cost recovery covenants 
had been breached in 11 cases, with no or 
 limited water charges. Reasons included reluc-
tance by government to reduce farm income, 
cultural or religious resistance, the political 
clout of farmers and a common ‘operational’ 
constraint: ‘If project management cannot guar-
antee continuous and adequate water deliver-
ies to most, or all, project beneficiaries, the 
Government becomes liable.’ While, on the one 
hand, insufficient attention had been given to 
differing local conditions, on the other, large 
discrepancies in the way the Bank handled 
negotiations with different countries could not 
be explained by the policy guidelines. Lastly, 
no relation was found between charges and irri-
gation efficiency and ‘factors, other than water 
charges, always proved to be much more import-
ant in explaining farmer behaviour than the 
presence, absence or absolute cost of water 
charges’ (World Bank, 1981).

Application of the guidelines3 in different 
countries proved difficult. In Indonesia, 
re investment of charges in O&M was hindered 
by a fiscal problem of flow of funds between 
central, provincial and local governments, and 

the willingness to pay was affected by quality 
of service and by a taxation on rice amounting 
to 37% of the world price (D. Thompson, 
World Bank, 1982, unpublished data); in 
Bangladesh irrigation remained heavily subsid-
ized with benefits accruing to the ‘better off’ 
(World Bank, 1978); in some countries studies 
on farmers’ ability to pay were made at the 
Bank’s insistence but their conclusions were 
disregarded (World Bank, 1981).

The 1976 policy was broadened and sim-
plified in a Policy Note (World Bank, 1984), 
informed by yet another survey on cost recov-
ery performance. This note distinguished 
between resource mobilization and allocation 
and emphasized again the failure to fund 
O&M, regardless of how much was recovered. 
It was proposed that assurances should be 
sought of adequate funds for O&M as a substi-
tute for demanding cost recovery but this was 
edited out of the final text (Jones, 1995). The 
lack of incentive for non-autonomous agen-
cies to collect fees or improve management, 
inadequate collection mechanisms and trans-
action costs of collecting fees (especially if 
they were to be volumetric) were listed as 
constraints. Although the ‘longer term object-
ive to have a system of resource mobilization 
that will recover capital costs so permitting 
replicability of investments’ (World Bank, 
1984) remained, most Bank economists were 
incensed by the weakening of the principle of 
long-term marginal cost pricing (Jones, 1995).

A further review of conditionality and 
cost recovery in 1986 confirmed that in only 
about 15% of irrigation projects were loan 
covenants fully met and that recovery rates 
ranged from 0% to 100% of O&M costs, with 
most in the range of 15–45% (World Bank, 
1986). Limited adherence to covenants was 
ascribed to: (i) the lack of government com-
mitment; (ii) unreliable water supply due to 
poor O&M of irrigation systems; and (iii) the 
often heavy burden of direct and indirect 
taxes already imposed on the farming sector 
(World Bank, 1986).4 The lack of relation 

2 It was proposed that an ‘indicator of benefits’ taken 
as the incremental gross value minus all incremental 
costs (irrigation service fees or their equivalent not 
considered) should be used. Farmers below a criti-
cal consumption level (CCL) to be defined would 
not be taxed.

3 Reissued with minor changes in 1980 under Central 
Project Note No. 2.10 (World Bank, 1980).

4 Preliminary results of the study of the political econ-
omy of agricultural policy by Krueger et al. (1988, 
1991), as well as the review by Small et al. (1986), 
seem to have been influential in bringing this issue 
to the fore.
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between recovery and O&M effectiveness 
questioned the Bank’s emphasis on cost 
recovery, with Duane (1986) considering the 
Bank’s approach as ‘heavily influenced by its 
thinking about authorities supplying public 
utilities such as electricity, water for domes-
tic use, etc. which were expected to be self-
sustained by commercial revenues’.

The Bank policy had to come to terms 
with the fact that countries such as India or 
Thailand were clearly opposed to direct 
charges, either because irrigation was tar-
geted towards the rural poor and was not 
expected to be self-sustaining or generate 
revenue, or because price distortions already 
siphoned off much of the agricultural sur-
plus (Mexico, Thailand, Sri Lanka, Indonesia, 
Egypt, etc.) (Duane, 1986; Krueger et al., 
1988, 1991; Small, 1990). In 1986, the Asian 
Development Bank (ADB) also carried out 
an evaluation of its irrigation projects and 
came to conclusions similar to those of the 
World Bank’s 1981 review (ADB, 1986a). In 
most cases, executing agencies had remained 
in complete or partial default of irrigation 
service fee covenants.

Management and Cost Recovery

Despite these disappointing reviews, 1986 
was notable for a growing consensus that 
coalesced in a number of converging ana-
lyses of the role of irrigation service fees 
and their relationship to other mechanisms 
for improving irrigation performance. A 
World Bank study, for instance, condensed 
ideas collected from a few country-level 
analyses and concluded that ‘it is time to 
take a more pragmatic and comprehensive 
approach to this issue’ (World Bank, 1986); 
the ADB held a regional seminar (ADB, 
1986b) and commissioned the International 
Irrigation Management Institute to carry 
out a regional study (Small et al., 1986). 
Concurrently, US Agency for International 
Development (USAID) commissioned a 
report on ‘Irrigation pricing and manage-
ment’ (Carruthers et al., 1985), and FAO 
and USAID (1986) conducted an expert 
consultation on irrigation water charges. 

Several subsequent papers and reports were 
consonant with these views (e.g. Moore, 
1989; Sampath, 1992; Vaidyanathan,5 1992), 
which were eventually summed up in a 
remarkable book on irrigation financing by 
Small and Carruthers (1991).

Although emphasis differed, there was 
general agreement that water charges alone 
were an inadequate mechanism for improv-
ing irrigation performance and that primacy 
needed to be given to water distribution 
and control. Staff members of development 
banks acknowledged that ‘an element of 
subsidy in irrigation projects is not neces-
sarily sub-optimal’ (Ghate, 1985) and that 
‘bidding for water should not be promoted’ 
(Frederiksen, 1986). The following list by 
and large summarizes this consensus:

1. The primacy of management. Irrigation 
water charges influence individual farmer 
behaviour in only a very few on-demand sys-
tems. By far the most important mechanism 
for achieving rational water use is by care-
ful control of distribution and by allocations 
that broadly meet crop requirements. Fee 
policies have little or no impact on irrigation 
system performance (Svendsen, 1986).
2. Control of supply a prerequisite. ‘Many of 
the frequently cited inefficiencies of water 
use in irrigation projects stem more from 
inadequate control over the distribution of 
the supply of water than from failure to regu-
lated demand through prices. Supply control 
can reduce wastage of water associated with 
excess amounts of water flowing through 
uncontrolled canals and ungated turnouts 
onto fields and into drainage channels. It may 
also encourage more efficient use of water at 
the farm level by imposing a degree of water 
scarcity on the farmers. A substantial portion 
of the large efficiency gains which are some-
times expected from a demand-based pricing 
system would thus most probably be real-
ized by implementation of the prerequisite 
supply control’ (Small et al., 1986).

5 In 1992, a Committee on Pricing of Irrigation Water 
headed by Professor Vaidyanathan (1992) issued 
a report to the Planning Commission of the 
Government of India with recommendations regard-
ing the pricing of irrigation water in India.
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3. Financial autonomy. ‘The way in which 
fees are assessed, collected and expended is 
more important than the actual level of fees 
in improving system efficiency and effective-
ness. The most critical factor is the level of 
fiscal autonomy of the irrigation agency, i.e. 
the extent to which the level of its operating 
budget is tied to the amount of revenue gen-
erated by irrigation systems operations. This 
provides an incentive for cost-effective goal-
oriented performance that is otherwise often 
weak or lacking’ (FAO and USAID, 1986).
4. Contextualized cost recovery. The prin-
ciple of charging for water should be con-
textualized to consider ability to pay and 
the overall taxation of agriculture, indirect 
charges often providing an indirect (but 
straightforward) means to recover invest-
ment costs. Cost of collection needs to be 
evaluated carefully, price structures tai-
lored to the particular situation and prices 
indexed. The evaluation of what should 
be the ideal level of O&M activities should 
receive more attention.
5. A contribution principle. Subsidized 
water users should repay some of the 
investments but they should not be asked to 
repay the cost of ‘over-elaborate gold-plated 
designs, incompetent, expensive construc-
tion, cost overruns for reasons of corruption, 
bad scheduling of construction activities or 
the like, nor overmanning of the public sec-
tor’.6 While making farmers pay for O&M 
costs is achievable in most cases, in very 
few projects (if any) would farm revenues 
be enough to repay investment costs.

The exception to this consensus was 
Repetto’s (1986) discordant but influential 
paper on rent-seeking and the performance 
of public irrigation schemes, which heralded 
the coming critiques of the 1986 consensus. 
Repetto convincingly showed how the design 
and development of irrigation projects were 
influenced by rent-seeking strategies. From 
this, he concluded that there was little virtue 
in objectives other than economic viability, 
advocating that irrigation projects should be 

considered as normal investments requiring 
recovery of full costs, without considering 
secondary benefits. His analysis of pricing 
as a means to improve management, how-
ever, proved to be weaker: it shrugged off 
the constraints pointed to by the other stud-
ies and extrapolated particular cases, such 
as private irrigation schemes, to support the 
generalization of full volumetric pricing and 
the trading of water rights. Repetto endorsed 
the model of financial autonomy but in the 
narrow sense of the utility model, without 
flagging the difficulties inherent in water 
allocation and distribution in large-scale sur-
face hydraulic systems.

Repetto’s analysis coincided with a grow-
ing awareness in the 1980s and early 1990s, in 
the wake of financial crises and structural 
adjustment programmes, of the burden on 
 government finances inherited from ever-
expanding schemes of dubious profitability. 
Several countries including the Philippines, 
Mexico, Morocco, China and Turkey, opted for 
reforms primarily aimed at shifting part of the 
O&M burden to the farmers, blended with 
varying degrees of transfer of management 
responsibility (see Molle and Berkoff, Chapter 
2, this  volume). These experiences were some-
times influential but failed to launch a wider 
dynamic that would have embodied and 
imposed the principles identified.

At the Bank, the debate was not inter-
rupted by the series of documents issued in 
the 1980s. The decade ended with a renewed 
attempt to clarify issues and break away from 
past confusion; several mistakes from the 
past were acknowledged (e.g. ‘zeal for the fis-
cal autonomy model’ has been insensitive to 
borrowers’ policies and the ‘single-minded 
application [of the model]7 to a second-best 
world’ might not be adequate; establishing 
boundaries between poor and other farmers to 

6 Rao (1984) estimated that in India only about half of 
the officially estimated costs should be taken as real 
costs.

7 According to Small (1990) the banks’ constant con-
cern for cost recovery (despite the fact that payment 
of loans is guaranteed by governments) is linked to 
‘a misplaced concern stemming from the import-
ance of cost recovery in private investments, where 
the inflow of funds to the investor represents the 
return on the investment. But it is inappropriate to 
place the same meaning on cost recovery in the 
case of public investments.’
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be charged is ‘unworkable’) (O’Mara, 1990). 
On the other hand, emphasis was put again 
on the priority to be given to physical sus-
tainability, on accepting ‘the diversity of 
 cultures and institutional arrangements in 
borrowing countries’ and on basing cost 
recovery policy on a full analysis of govern-
ment interventions (O’Mara, 1990).8

Water Pricing and Economic Incentives

Although the ideas can be traced back to ear-
lier periods, 1992 marks a convenient turning 
point in the debate on water pricing: in 1992, 
the Dublin International Conference on Water 
and the Environment proposed a set of four 
principles, the fourth9 of which underscored 
that ‘managing water as an economic good 
is an important way of achieving efficient 
and equitable use, and of encour aging con-
servation and protection of water resources’. 
Although, as seen above, there was nothing 
novel in the concern with financial profit-
ability, the fourth Dublin principle can be 
considered a landmark shift in em phasis 
to the economic dimensions of water use 
in general and irrigation development in 
particular. Economic instruments and the 
economic value of natural resources further 

found legitimacy in the Rio Declaration on 
Environment and Development of the United 
Nations in 1992 (EU, 2000) and its Agenda 21 
(United Nations, 1992),10 which supported 
the ‘implementation of allocation decisions 
through demand management, pricing mech-
anisms and regulatory measures’.

More generally, the early 1990s saw the 
rise of the concept of demand management 
(which can be defined by ‘doing better with 
what we have’ as opposed to continuous 
supply augmentation), mostly under the 
influence of resource economists stressing 
both the economic nonsense of privileging 
costly and environmentally unfriendly water 
resources development, and the role and 
potential of economic incentives in man-
aging demand and reducing the need for 
additional supplies. The emphasis put on 
economic efficiency and on the ‘user-pay’ 
and ‘polluter-pay’ principles struck sensi-
tive cords and ushered in heated debates on 
the right to water, the respective roles of the 
private sector and local communities, and 
how to interpret and reconcile the economic 
and sociocultural dimensions of water.

Conceptually, this period distinguishes 
itself from the preceding one by a shift in 
emphasis (Maestu, 2001): earlier justifica-
tions of charging for water centred on the 
financial need for cost recovery to fund fur-
ther projects (equity), relieve state finances 
and ensure the physical integrity of, and 
continued benefits from, irrigation schemes. 
In the 1990s, water prices, and more gener-
ally economic incentives, came to be seen as 
key policy tools endowed with the potential 

8 O’Mara, Principal Economist at the Agricultural 
Policies Division (ARD Department), offered his 
paper as a ‘modest effort to clear away the confusion 
surrounding irrigation policy both inside and out-
side of the Bank. That there is a need for a policy 
dialogue within the institution on this topic is 
increasingly apparent. In its present form, the paper 
reflects the comments and criticism of many Bank 
staff concerned with irrigation.’

9 The full principle reads: Principle No. 4: Water has 
an economic value in all its competing uses and 
should be recognized as an economic good. Within 
this principle, it is vital to recognize first the basic 
right of all human beings to have access to clean 
water and sanitation at an affordable price. Past fail-
ure to recognize the economic value of water has 
led to wasteful and environmentally damaging uses 
of the resource. Managing water as an economic 
good is an important way of achieving efficient and 
equitable use, and of encouraging conservation and 
protection of water resources.

10 Principle 16 of the declaration reads: ‘National 
authorities should endeavour to promote the inter-
nalization of environmental costs and the use of 
economic instruments, taking into account the 
approach that the polluter should, in principle, bear 
the cost of pollution, with due regard to the public 
interest and without distorting international trade 
and investment.’ More importantly, Chapter 18 of 
Agenda 21 stresses: ‘Implementation of allocation 
decisions through demand management, pricing 
mechanisms and regulatory measures . . . [p]romotion 
of schemes for rational water use through public 
awareness-raising, educational programmes and 
levying of water tariffs and other economic 
instruments.’
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to achieve multiple objectives. With demand 
management-oriented approaches making 
conservation a critical issue, the conven-
tional role of prices in managing demand 
moved from the back seat to centre stage. 
Likewise, increasing intersectoral competi-
tion for water and associated environmental 
externalities made pricing mechanisms 
appear as a potential and desirable means to 
arbitrate water allocation11 and promote 
desirable environmental objectives, while 
maximizing water productivity and aggre-
gate economic welfare. Assigning all these 
roles to pricing could be seen as the embodi-
ment of the Dublin principle stressing the 
economic nature of water.

Given this anticipated potential for 
ensuring financial autonomy of the irriga-
tion sector, cutting state expenditures, elic-
iting water savings and maximizing the 
economic efficiency of water use across soci-
ety, water pricing understandingly attracted 
increasing attention from policy makers, 
academics, development agencies and banks 
(OECD, 1999b). With so much frustration 
generated by the need for repeated rehabili-
tation (in Indonesia, for example, one-third 
of the 3 million ha of government-designed 
irrigation schemes has been rehabilitated 
twice in the last 25 years; World Bank, 
2005a), by failed attempts to improve water 
management or efficiency substantially and 
by incomplete turnover of management to 
farmers, price instruments appeared to hold 
the promise of promoting several desired 
policy goals. In addition, they would pro-
vide an elegant solution to long-standing 
problems, changing behaviour directly 
through incentives, thus seemingly avoid-
ing the pains taking intricacies of irrigation 
manage  ment, and its technical, social and 
political ramifications.

This economic rationale soon percolated 
to water policies. The World Bank’s Water 

Resource Management Policy Paper of 199312 
observed that ‘waste and inefficiencies have 
resulted from the frequent failure to use prices 
and other instruments to manage demand and 
guide allocation’, and established a powerful 
narrative around the overarching causal link 
between water crises, water waste and under-
pricing. Subsequently, the Bank’s policy paper 
remarked that the value of water differed 
greatly between agriculture and other sectors, 
‘often indicating gross misallocations if judged 
by economic criteria’. It followed that ‘setting 
prices at the right level is not enough; prices 
need to be paid if they are to enhance the effi-
cient allocation of resources’ (World Bank, 
1993).13 Besides continuing to ensure basic cost 
recovery, price mechanisms were thus assigned 
the further objectives of reducing water waste, 
minimizing environmental damage and reallo-
cating water towards higher uses.

The 1990s saw a flourishing literature 
on the theoretical principles and potential 
impacts of pricing and water markets, with a 
leading contribution from the World Bank.14 
During a press conference in Washington on 
12 April 2000, James D. Wolfensohn (2000), 
President of the World Bank, reiterated the 
view that ‘the biggest problem with water is 
the waste of water through lack of char ging’. 
Johansson (2000) saw water pricing as a ‘pri-
mary means . . . to improve water allocations 

11 In 1985, concern was only expressed for ‘the effi-
cient level of use of scarce water and to its alloca-
tion to crops where returns to irrigation are higher’, 
not for sectoral allocation (see Ghate (1985) for 
ADB’s point of view). In the EU ‘it is only in the 
early 1990s that attention started switching to the 
economic value of water’ (EU-WATECO, 2003).

12 Jones (1995) reports that the elaboration of the paper 
saw a renewed conflict between economic ortho-
doxy bent on the long-term marginal-value pricing 
principle and the view defended by operating div-
isions, Agriculture Department staff and consultants, 
who advocated more flexibility.

13 Identification of an ‘allocation stress’ became com-
monplace. For instance, Dinar (1998) held that ‘the 
potential for economic benefits from allocation-
 oriented institutional change are not only substantial 
but also increasing with each increase in water scar-
city’. Rosegrant and Cline (2002) posited that ‘there 
is considerable scope for water savings and eco-
nomic gains through water reallocation to higher-
value uses’.

14 See, for example, Teerink and Nakashima (1993); 
Le Moigne et al. (1994); Tsur and Dinar (1995); 
Bhatia et al. (1995); Thobani (1997); Dinar and 
Subramanian (1997); Easter et al. (1998, 1999); 
Dinar (2000); Johansson (2000); and AMAECO and 
ANAFID (2002).
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and to encourage conservation’. The 
Economic and Social Commission for Asia-
Pacific (ESCAP, 1996a,b)15 saw pri cing as an 
‘essential component of water demand man-
agement’, which could in particular ‘signifi-
cantly reduce the wastage of resources’. 
ADB, in its 2000 water policy, reaffirmed 
that it ‘needs to promote efficiencies in water 
use by supporting demand management, 
including water pricing’. Jones (2003) stated 
that ‘anything scarce and in demand com-
mands a price’, and that consequently ‘water 
pricing is increasingly seen as an acceptable 
instrument of public policy’. Finally, the 
World Water Commission’s (2000) report 
proclaimed that ‘the single most immediate 
and important measure that we can recom-
mend is the systematic adoption of full-cost 
pricing for water services’, although 
acknowledging that full-cost pricing, long 
advocated in the irrigation sector, ‘has sel-
dom happened’. Other UN organizations 
and development banks, such as ESCWA 
(1997, 2005), ESCAP (1981), and AfDB and 
ADF (2000),16 usually reproduced these 
principles and objectives, most of them 
underscoring cost recovery, but some – 
including the IADB (1998) and CEPAL (1995) 
– putting their emphasis on decentraliza-
tion, water rights and water markets.

These views were consonant with, and 
perhaps partly derived from, policy shifts 
in developed countries. The late 1990s saw 
the gradual elaboration of the European 
Water Framework Directive which put eco-

nomic incentives in general and pricing pol-
icies in particular at the heart of its object ives 
of financial and environmental sustainability17 
(see OECD, 1999a, 2002; European Commission, 
2000a,b). Interestingly, the use of pricing in 
the EU policy is advocated primarily as a 
conservational means to manage demand so 
as to curb excessive abstraction of water 
from ecosystems, and incorporates the pol-
luter-pay principle, with water charges being 
instrumental in internalizing environmental 
costs. This reflects the weight of environ-
mentalism in promoting economic incen-
tives as key tools for water policy (de Moor 
and Calami, 1997; Avis et al., 2000; Kaika, 
2003; Khanna and Sheng, 2000). In contrast, 
official references to the sectoral allocation 
and to charging opportunity costs are rare, 
although some environmentalists regard 
full-cost pricing as a way of decreasing 
demand and environmental damage, since 
‘the price [of water] could be raised until the 
level of demand was consistent with the 
environmental constraints on supply’ 
(Hodge and Adams, 1997), and since ‘full 
cost recovery for water services (should) 
include the costs of damages to the environ-
ment’ (Avis et al., 2000).

Numerous analysts have embraced the 
concept of demand management (Frederick, 
1993; Hamdy et al., 1995; Brooks, 1997; 
Winpenny, 1997; Ahmad, 2000; Louw and 
Kassier, 2002), seeing its application as a 
primary means to solve the current water 
crisis. In turn, central ideas such as the per-
sistence of massive water losses in the agri-
culture sector, poor management and 
misallocation of water resources, and the 
crucial role of economic incentives made 
their way into the mainstream media includ-
ing The Economist (2003), Scientific 
American (Gleick, 2001), Science (Gleick, 
2003) and National Geographic (Frank, 

15 If properly set and implemented, water pricing for 
agricultural water could significantly reduce the 
wastage of resources (ESCAP 1996a). ‘Water pri-
cing is an essential component of water demand 
management which is instrumental in achieving 
two important goals: to generate revenue for capital 
recovery, operation and maintenance, extension of 
the system; to promote efficiency in use; and to 
protect the quality of water resources by reducing 
the wastewater discharge’ (ESCAP, 1996b).

16 AfDB and ADF (2000), for example, reads like a 
textbook of ideal principles, peppered with realism, 
such as: ‘Ultimately, the aim of water pricing should 
be economic cost recovery, taking into account 
social equity and capacity to pay by the rural and 
urban poor. Initially, however, RMCs should target 
the recovery of full financial costs.’

17 The ‘proposed Water Framework Directive pro-
motes the use of water charging to act as an incen-
tive for the sustainable use of water resources and 
to recover the costs of water services by economic 
sector. This will contribute to meeting the environ-
mental objectives of this directive in a cost-effective 
way’ (European Commission, 2000b).
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2001). Spurred by the Second and Third 
World Water Forums, newspapers and ana-
lysts also echoed prophecies of the ‘coming’ 
(Lavelle and Kurlantzick, 2002), ‘creeping’ 
(Falkenmark, 2001), ‘impending’ (Rosegrant 
et al., 2002) or ‘looming’ (IRRI, 1995; 
UNESCO, 2000) water crises.

These ideas trickled down to policy 
and law-making in many countries. The 
1998 South African Water Act specifies that 
‘water use charges are to be used to fund the 
direct and related costs of water resource 
management, development and use, and 
may also be used to achieve an equitable 
and efficient allocation of water’ (Republic 
of South Africa, 1998).18 Article 19 of the 
1997 Brazilian Water law recognizes water 
as an economic good and introduces water 
fees with the triple objective of indicating 
the value of water, rationalizing the use of 
water and levying funds for the further 
development of water resources (Govern–
ment of Brazil, 1997). The 1999 National 
Water Policy of Bangladesh states that ‘[a] 
system of cost recovery, pricing, and eco-
nomic incentives/disincentives is necessary 
to balance the demand and supply of water’ 
and that ‘water will be considered an eco-
nomic resource and priced to convey its 
scarcity value to all users and provide moti-
vation for its conservation’ (Government of 
Bangladesh, 1999; Chakravorty, 2004). 
Many other state policies or legal acts19 
include similar general principles, or focus 
on particular ones, such as cost recovery in 
the case of Vietnam (1998) (users have a 
‘financial duty and the duty to contribute 
manpower and budget’), or of the 1988 Law 

of China (as well as succeeding draft ver-
sions of its revision).20

The apparent overwhelming21 adoption 
of pricing principles created an intellectual 
environment which made it somewhat diffi-
cult for alternative or nuanced voices to be 
heard. Several papers looking critically at the 
issue were published22 and several reviews 
were carried out though they did not signifi-
cantly alter the debate.23 An OED study (Jones, 

18 In addition, they may also be used to ensure com-
pliance with prescribed standards and water man-
agement practices according to the user-pay and 
polluter-pay principles. Water use charges will be 
used as a means of encouraging reduction in waste, 
and provision is made for incentives for effective 
and efficient water use.

19 This is not the case, however, for all national laws 
and policies. India (GOI, 2002), Pakistan (GOP, 
2002) and Malaysia (FAO, 1996a), for example, do 
not see irrigation pricing as a water management 
and policy instrument.

20 Article 42 stipulates: ‘Those who use water pro-
vided by water supply projects shall pay water 
charge to the supplying unit in accordance with 
stipulations. Water price shall be defined as per the 
principles of cost recovery, reasonable profit, and 
good price for good quality and fair shares. The sys-
tem of accumulative pricing shall be conducted to 
the water use over than the planned amount.’

21 Many papers emphasized the emergence of a con-
sensus and the alleged growing application of such 
principles, contributing to create a ‘policy bubble’. 
See, for example, Johansson et al. (2002): ‘In 
addressing water scarcity and increased population 
pressures many countries are adopting water-
 pricing mechanisms as their primary means to regu-
late irrigation water consumption’; Saleth (2001): 
‘Although water continues to be subsidized in most 
sectors and countries, there is growing recognition 
of water pricing as a key policy instrument for cost 
recovery and demand management’; Jones (2003): 
‘Water pricing is increasingly seen as an acceptable 
instrument of public policy.’ While these statements 
are correct in the narrow sense that economic and 
financial concerns have become more salient and 
incorporated in policies, they tend to convey an 
overly optimistic view that economic instruments 
will be both paramount and effective in achieving 
multiple long-sought goals.

22 See, for example, Carruthers and Morrisson (1996), 
Morris (1996), Perry (1996, 2001a,b), Chaudhry 
et al. (1993) and Perry et al. (1997).

23 For a number of economists, the question was no 
longer the desirability or possibility of using price 
regulation but a mere technical debate on how to 
determine the ‘optimal price’, for example: ‘Despite 
the pervasiveness of water pricing as a means to 
allocate water, there is still disagreement regarding 
the appropriate means by which to derive the price’ 
(Johansson et al., 2002; see Kim and Schaible, 
2000; Louw and Kassier, 2002). That prices based 
on concepts of marginal costs or opportunity costs 
are invariably found to be incompatible with main-
taining farm revenues does not seem to have trig-
gered much theoretical debate.
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1995) on ‘the World Bank and irrigation’ ques-
tioned the ‘Bank’s enthusiasm for irrigation 
cost recovery . . . [based on] a presumed link 
between cost recovery and better operation 
and maintenance’, because it confirmed earl-
ier findings by OED that ‘there is normally no 
link between higher water charges and better 
operation and maintenance. Revenue from 
water charges generally goes to the general 
treasury and is not earmarked for O&M’.

‘Principled Pragmatism’: The Idea
Comes Full Circle

Despite the hopes vested in pricing pol icies 
during the 1990s, a number of elements 
have gradually made a reassessment of these 
expectations necessary. This readjustment 
has been driven not only by the recogni-
tion of a host of technical, socio-economic, 
legal and political difficulties, which will be 
analysed at length in Chapter 2, but also by 
the emergence of severe conflicts caused by 
raised water charges (or curtailed subsidies) 
in several countries. The question of charging 
for water has also suffered from an unfortu-
nate lack of distinction between agriculture 
and the domestic sector, and many of the 
conflicts that have bedevilled the latter were 
mistakenly extended to the former. This may 
have been partly due to insufficient attention 
given to crucial differences between the two 
sectors (see Molle and Berkoff, Chapter 2, 
this volume), apparent in many policy and 
academic documents that tend to assume 
that the two sectors are similar.

The empirical literature on water pri-
cing in irrigated agriculture also yields a 
paucity of cases in which pricing policies 
have successfully achieved the objectives 
assigned to them. First, it has been exces-
sively difficult to raise and stabilize cost 
recovery from users and in most cases even 
O&M expenditures are not recovered. There 
are, however, exceptions. Morocco and 
Tunisia have, for instance, been successful 
in covering O&M; Mexico has turned over 
most of its public schemes (and their related 
costs) to water user associations; water 
charges were increased by three times in the 

1997 reform of Andhra Pradesh, India, 
though from a very low level (Samal and 
Kolanu, 2004); the National Irrigation 
Agency in Philippines has cut its staff by 
75% in the last 25 years (Oorthuizen, 2003); 
China is experimenting with several ways of 
delegating water management and strength-
ening incentives (see Lohmar et al., Chapter 
12, this volume), etc. Not all these cases 
have been unmitigated successes, but they 
perhaps signal a trend towards better cost 
recovery, with financial autonomy of irriga-
tion units or projects as a major objective.

The impact of water charges on efficiency 
has, in contrast, remained almost entirely elu-
sive, as revealed by Bosworth et al.’s (2002) 
recent review of the literature. An analysis of 
the use of economic tools for demand man-
agement in Mediterranean countries also 
showed that their use in agriculture was far 
more limited than in the urban sector, and 
that prices alone did not suffice to elicit sig-
nificant changes in behaviour (Chohin-Kuper 
et al., 2002). Compilations of cases such as 
Bhatia et al. (1995), Dinar and Subramanian 
(1997), Dinar (2000) and Johansson (2000) 
provide some evidence to the contrary but 
they are drawn almost exclusively from the 
urban water sector or from modelling exer-
cises. Examples of changes in cropping pat-
terns and technology are more numerous but 
these changes are typically caused by a host of 
interacting factors of which water pricing is 
seldom of more than marginal significance. 
Finally, Dinar and Saleth (2005) admit that 
‘efficient water pricing schemes are rare, if not 
completely absent, even in economically 
advanced regions with extreme water scarcity 
levels, [which] provides sufficient evidence 
for the persistence of a vast gap between the 
development of pricing theory and its practi-
cal application’; and there also appears to be 
no example of a country having resorted to 
administered price setting in order to allocate 
water among sectors (Bosworth et al., 2002).

A review of OECD countries (Garrido, 
2002) concluded that progress in the imple-
mentation of water pricing policies had been 
slow and uneven, and that farmers typ ically 
paid only a fraction of O&M costs (and noth-
ing for rehabilitation and amortization of 
investments, let alone environmental or 
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resource costs). ‘Irrigation pricing reforms 
should not expect significant reductions in 
farmers’ water consumption’, and quotas24 
are likely to be required, though prices are 
expected to contribute to the EU’s environ-
mental objective based on the polluter-pay 
principle (Garrido, 2002). A review of the 
use of economic incentives (EIs) in Canada 
(PRI, 2005) noted that ‘there has been a ten-
dency to promote EIs as being capable of 
delivering the best of all worlds: environ-
mental protection, economic and technolo-
gical development, and revenue generation, 
while maintaining equity, and all in one con-
venient box’ but ‘careful examination of real-
life experiences’ is needed before these 
objectives can be assumed to be achieved.

It is thus becoming apparent that on-the-
ground evidence of the impact of economic 
tools remains well short of expectations and 
promises. Since 2000, several official docu-
ments and academic papers have scaled down 
the earlier enthusiasm for water pricing, 
reflecting not only the widening gap between 
theory and practice but also the wish to avoid 
the violent controversies around this issue 
(mostly it is true relating to the domestic sec-
tor). The Ministerial Declaration of the Second 
World Water Forum (World Water Commis-
sion, 2000) advocates a prudent ‘move towards 
pricing water services to reflect the cost of 
their provision’, but adds that ‘this approach 
should take account of the need for equity and 
the basic needs of the poor and the vulnera-
ble’.25 Tellingly, the word ‘pricing’ is absent 
from the Bonn Conference 27 recommenda-
tions for action, issued in December 2001. 

Similarly, the 2002 Stockholm statement that, 
under the title ‘Urgent action needed for water 
security’, synthesizes the lessons from the five 
previous symposia lists four principles for 
action that do not refer to the use of economic 
instruments in managing water. Recently, the 
World Water Assessment Program (UNESCO-
WWAP, 2006) stressed the importance of non-
economic goals in irrigation, the potential 
limitations to volumetric pricing and the goal 
of recovering O&M costs only.

More significantly, perhaps, a recent OED 
assessment of the 1993 World Bank water strat-
egy concluded: ‘Globally, most Bank projects 
pay lip-service to cost recovery,26 . . . [and] too 
frequently, Bank water staff promote reform 
when the enabling conditions are absent due to 
the programmatic nature of projects.’ In sum: 
‘Pricing promotes efficiency and conservation 
. . . but there are few successful examples 
because of the economic and cultural difficul-
ties of putting a value on a natural resource’ 
(Pitman, 2002). In 2003, the Bank issued a new 
water resources sector strategy (World Bank, 
2003), aimed at updating the document issued 
10 years earlier. It acknowledged the ‘yawning 
gap between simple economic principles . . . 
and on-the-ground reality’.

It has often been stated that having users 
pay ‘the full cost of water’ would solve 
these problems. Experience has shown 
that the situation is considerably more 
complex and nuanced, and that it is 
not enough to just extol the virtues of 
pricing. This section outlines a different 
approach – one of ‘principled pragmatism.’ 
‘Principled’ because economic principles 
such as ensuring that users take financial 
and resource costs into account when 
using water, are very important. And 
‘pragmatism’ because solutions need to 
be tailored to specific, widely varying 
natural, cultural, economic and political 
circumstances, in which the art of reform 
is the art of the possible.
 (World Bank, 2003)

24 But ‘the use of quotas or allotments suggests that 
efficient allocation can be made without prices, and 
that the combination of quotas and cost-recovery 
charges – not including the opportunity cost of 
water as the European Union foresees in its Water 
Framework Directive – may be a viable mix of 
instruments’ (Garrido, 2002).

25 Interestingly, this political statement appears much 
more prudent than the World Water Council’s two 
parallel reports prepared for the same forum: 
‘Making Water Everybody’s Business’ ‘recommends 
that consumers be charged the full cost of provid-
ing water services’ (Cosgrove and Rijsberman, 
2000); see supra for quote from the report ‘A water 
secure World’ (World Water Commission, 2000).

26 Among sectors of the water strategy whose imple-
mentation was rated as ‘ineffective’ were ‘alloca-
tion issues and opportunity cost of water’ and 
‘transparency and full cost accounting of water 
delivery service’, while ‘increasing user charges’ 
was rated ‘moderately effective’ (Pitman, 2002).

Molle & Berkoff_Chap 01.indd   11Molle & Berkoff_Chap 01.indd   11 9/12/2007   7:04:28 AM9/12/2007   7:04:28 AM



12 F. Molle and J. Berkoff 

Yet, the soundness of the theoretical back-
ground is constantly reaffirmed (World Bank, 
2003).27 Difficulties in implementing water pri-
cing, however, are often ascribed to technical or 
cultural difficulties, and to political resistance 
of entrenched sectoral interests (Saleth, 2001; 
Dinar and Saleth, 2005), and there is a continu ed 
hankering for a more ambitious role for pri-
cing. The most recent World Bank initiative 
for ‘Reengaging in agricultural water manage-
ment’ (World Bank, 2005b), however, adopts a 
more balanced position and states that manage-
ment of large-scale irrigation has ‘been plagued 
by problems of irrigation service charges, both 
low levels of charge and low levels of collec-
tion’. Where demand is not responsive to price 
increases and where there is a water shortage, 
a case admittedly quite frequent, ‘rationing (in 
the short term) or the allocation of quotas (for 
the long term) should be considered as an effec-
tive way to reduce demand and encourage effi-
ciency’ (World Bank, 2005b).

It is becoming clear that arguments have 
often been presented in a very broad manner, 
with general principles repeated without the 
necessary qualifications. The literature bears 
frequent confusion across the board between 
the different possible justifications for water 
pricing, and the theoretical arguments that 
may apply to a particular context are often 
implicitly or explicitly extended to other situ-
ations where they cease to be valid. It is evi-
dent, in particular, that there are crucial 
differences between domestic and irrigation 
water, classical large-scale surface irrigation 
and pump irrigation, government and farmer-
managed schemes, low- and high-tech distribu-
tion systems, staple and cash-crop production, 
and developed and developing countries. 
Similarly, parallels with land rights provide 
limited guidance for addressing water rights 
(Hanemann, 2006), and comparisons between 
the water and the power sector can also be 
misleading.

On a more philosophical plan, the 
principle of ‘water as an economic good’ 

has triggered a heated debate, with the 
emergence of a concurrent paradigm under-
scoring water as a social good and/or a 
human right. This confrontation of world 
views has introduced a main fault line 
across the debate (ODI, 2002; Hanemann, 
2006). All parties agree that water is the 
‘stuff of life’ and, to some extent, that 
extravagant consumption is to blame. Those 
supporting ‘water as an economic good’, 
however, see waste as the result of under-
pricing and, consequently, pricing or mar-
kets as a way out of the crisis. They see 
perfect markets as an optimal means to 
achieve economic efficiency, as a desirable 
objective for the society as a whole, and 
alternatives as second-best options. The 
rationale for cost recovery, linked to the 
need to fund maintenance and further 
expand water services, is opposed by sup-
porters of the ‘water as a basic human right’ 
paradigm, who consider that domestic sup-
ply is a right that warrants subsidized pub-
lic investments. They view pricing or 
market instruments with suspicion, stress-
ing that water is foremost a social good and 
that its allocation cannot be left to mech-
anisms that will eventually favour the 
wealthy and powerful. In their view, prices 
should be controlled by the government to 
avoid the commodification of water and the 
exclusion of the poorest, and only volumes 
beyond vital requirements should be 
charged (The Water Manifesto, 1999; Shiva, 
2002). Here again, the debate has been 
obscured by an indiscriminate mix of situ-
ations, from little to very water-short regions, 
from domestic use to irrigation and from 
individual use to large public schemes.

Controversies and debates along this fault 
line have increased in recent years. At both 
extremes, rather uncompromising viewpoints 
have been expressed, which have not been 
helpful in building bridges across the two 
world views. They have stuck, on the one 
hand to market fundamentalism that seems to 
be impervious to the lessons of reality on the 
ground and, on the other, to a romantic pos-
ture where water is seen as god-given and 
should not be sullied by mundane issues of 
cash. Some, however, seek to adopt more 
nuanced and conciliatory stances. Despite 

27 The neo-classical principles of pricing and alloca-
tion are axiomatic. If at fault, it is because of con-
textual factors that should be removed, not because 
the theory should better conform to the real 
world.
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such attempts to bridge conflicting view-
points, the debate remains fairly polarized.

In the 1990s, the academic literature was 
dominated by theoretical considerations and 
promotion of economic incentives as key policy 
instruments to instil economic ration ality and 
regulate the water sector. Recent publications 
have focused on the practical constraints faced, 
besides the inadequacy of some of their theoret-
ical tenets. Without going into the details ana-
lysed by Molle and Berkoff in Chapter 2 (and 
illustrated in the subsequent chapters) mention 
should be made of the evidence provided by the 
case studies and literature reviews carried out 
by Bosworth et al. (2002), Cornish and Perry 
(2003), Hellegers and Perry (2004) and Cornish 
et al. (2004). They stress the importance of dis-
tinguishing between objectives and the design 
of charging systems to meet these objectives 
according to the context. Volumetric pricing is 
rare and ‘the response in demand to volumetric 
pricing is widely shown to be minimal’. Water 
markets have been established in a few loca-
tions but bureaucratic allocation of water 
through price setting is nowhere to be observed; 
the debate on sectoral allocation may have been 
misconstrued (Savenije and van der Zaag, 2002) 
and the degree of misallocation overstated 
(Molle and Berkoff, 2006).

A balanced assessment has also been 
issued by ICID (2004) which does not consider 
recovery of the full financial costs of irrigation 
but emphasizes the need to define negotiated 
contractual relationships between providers 
(of any kind) and users, and to charge the latter 
the cost of O&M plus renewal costs (‘the sus-
tainability costs’). ‘Opportunity pricing’ has 
no application in pricing services but the 
determination of all costs helps in assessing 
values before allocating resources. Defining 
quotas may hinder flexibility in reallocation 
but quotas are equitable and effective in man-
aging scarcity. Dinar and Mody (2004) also 
observe that financial cost recovery, though 
becoming more common, is hard to imple-
ment. In most cases, they note, pricing does 
not elicit more efficient on-farm water use, 
and when it does (often through crop shift or 
technological change), it does not automati-
cally translate into total water savings. Easter 
and Liu (2005) focus on cost recovery objec-
tives, ponder on why cost recovery rates are 

low and acknowledge that water demand may 
be elastic only at levels of charge that are polit-
ically unacceptable. Emphasis is put on par-
ticipatory and transparent definition of charges 
and on keeping them within the system, ensur-
ing financial autonomy and enhancing 
accountability of managers.

In other words, a new consensus is emer-
ging which is by and large replicating the con-
clusions established 20 years earlier. Charging 
for water is primarily a fiscal issue on which 
no general statement can be made as long as it 
is not part and parcel of a wider financing 
mech anism, whereby users are effectively 
empowered and managers made accountable 
through their dependency on fee collection. 
Other conservation and allocation objectives 
remain important but the effectiveness of pri-
cing is limited to some specific ‘niches’, which 
can be made to grow but which are likely to 
remain limited, or marginal, in the foreseeable 
future. Pricing will generally have limited 
impact alone but is an instrument that can con-
tribute to a package of incentives. Principled 
pragmatism is needed to apprehend the con-
straints on the ground, and sound management 
of supply – at all scales, from the farm to the 
basin – remains the unglamorous yet funda-
mental prerequisite to improving the perfor-
mance of the water sector.

This storyline raises intriguing ques-
tions on why the debate has gone full 
 circle in a 20-year period, going through 
different conflicting views,28 detours and 

28 As suggested along this historical review, the debate 
showed considerable wavering between opposite 
viewpoints and statements: as a rule, cost had to be 
recovered from users but it was proposed that this 
could be alternatively done by the government; 
only direct irrigation benefits should be considered 
but consideration of induced economic activities 
was also proposed; subsidies were acceptable and 
optimum might differ from long-term marginal pri-
cing but strict endorsement of the latter principle 
proved persistent; the utility model was seen 
ad equate for irrigation service but its clear limita-
tions sometimes recognized; irrigation should be 
seen as any other economic activity but its other 
social objectives acknowledged; pricing instru-
ments can target several goals at one time but it is 
not the case in most instances; etc.
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dead ends and finally ‘rediscovering’ both 
the limits imposed by the real world to 
policy instruments and the particular con-
ditions needed for their effectiveness. 
Although it is not the central objective of 
this chapter to address this question, one 
may wonder whether economic thinking, 
coming to prominence in the late 1980s to 
early 1990s, has not been subjected to the 
excessive self-confidence that other discip-
lines (e.g. agronomy, water engineering, 
rural sociology and planning) have shown 
earlier, before being confronted with diffi-
culties in raising yields, improving irriga-
tion efficiency, setting up user groups or 
implementing integrated development 
projects or policies. Overconfidence leads 
to excessive faith in theoretical frame-
works, and lack of attention to on-the-
ground and political economic factors 
(Dinar, 2000; Green,29 2000). Systematic 
stigmatization of irrigation as a wasteful 
sector has frequently been based on a lack 
of understanding of irrigation manage-
ment and basin hydrology, just as the 
domestic and irrigation sectors have been 
confused, despite crucial differences. 
Likewise, anti-state ideological rhetoric 
has often supported the idea that bureau-
cratic water allocation is insensitive to 
economic rationality30 (Moore, 1990; 

Carruthers, 1997), even where evidence 
suggests otherwise (Molle and Berkoff, 
2006). The issue of sectoral reallocation 
may have been inflated because of its 
salience in the USA and also because 
some economists advocate31 markets out 
of ideological inclination rather than 
sound examination of local contexts 
(Gaffney, 1997; Bauer, 2004). It is also 
apparent that the constitution of a mas-
sive body of literature, largely fed by a 
few mainstream institutions and overly 
self-referential, has contributed to main-
streaming ideas that have often been 
indiscrimi nately picked up in national 
universities or policies, without the 
ne cessary caveats and contextualization.

Chapter 2 is devoted to giving flesh to 
this narrative. It starts with some general 
considerations on pricing and irrigated 
agriculture before examining the different 
policy objectives that can be attained 
through pricing instruments. For each of 
these, we attempt to confront the theoreti-
cal background with field evidence and 
assess the scope for achieving these object-
ives. Getting price incentives in irrigation 
‘down to earth’ by no means negates the 
importance of prices, or the crucial need 
for economic insight in the development 
of water resources. It does, however, assert 
that – as for all other policy instruments – 
we should neither entertain unreasonable 
expectations nor justify or propose pol-
icies based on general principles that may 
not hold in a particular context. When 
there are good reasons to design financial 
mechanisms, it does not help to confuse 
objectives by bringing in arguments of limited 
validity. Through abundant references to 
the literature, we will also point to discur-
sive and conceptual shifts and finally 
identify a range of conclusions which 
might, hopefully, be contemplated as firm 
ground for future policy making.

29 Green (2000) contrasts a Panglossian (optimistic) 
approach with a ‘Pragmatic approach, generally 
characterised by a concern for institutional design, 
for increasing public participation and a search for 
ways of supporting decisions with appraisal tools 
such as benefit–cost analysis . . . [which] lacks the 
self-confidence of the Panglossian approach and 
lacks the glorious heroism of economists riding to the 
rescue of water management. It is more hesitant in 
claiming success, hoping instead that instances offer 
lessons which will improve future decisions’. See 
also Albiac et al.’s (2006) remark that ‘water pricing 
advocated by some government advisors and envi-
ronmentalists starts to look like “armchair econom-
ics”’, and Embid-Irujo (2005) on Spain in the 1990s: 
‘For certain economists or the intellectual colleagues 
of certain economists, this policy [the setting of a 
“real” price for water] was a sort of “magic wand” 
that would solve all the current problems at a stroke, 
while other experts were more realistic.’

30 See, for example, Anderson and Snyder (1997): 
‘Because [water] is so precious, we cannot afford 
misallocation that comes from political control.’

31 ‘Faith in market mechanisms for resource alloca-
tion has been “politically correct”—often 
approaching dogma—for more than a decade. 
Although attractive in principle, the complexity of 
establishing markets for tradable water rights 
should not be underestimated’ (Siamwalla and 
Roche, 2001).
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2 Water Pricing in Irrigation: Mapping 
the Debate in the Light of Experience

F. Molle and J. Berkoff

Introduction

This chapter provides a broad discussion of 
water pricing in agriculture, scrutinizes 
arguments sequentially, gives examples 
from the literature and indicates links to 
other chapters. It suggests the conditions 
under which water pricing is likely (or not) 
to bear fruit, and assesses its potential for 
alleviating the global and local water crises. 
The focus is on public large-scale gravity 
schemes although groundwater and com-
munal systems are also referred to, albeit in 
less detail.

Charging for water use or disposal is 
not an end in itself, but an instrument for 
achieving one or more policy objectives 
(Fig. 2.1). A water charge may be a finan-
cial tool aiming to recover all or part of 
capital and recurrent costs, recurrent cost 
recovery being particularly critical to pre-
serve the physical integrity of the system 
when public funds are not forthcoming. 
A water charge may also be an economic 
tool designed to conserve water and raise 
water productivity by promoting: (i) careful 
management and water conservation; (ii) 
cultivation of less water-demanding crops 
and investments in water-saving technolo-
gies; and (iii) reallocation of water to high-
value agriculture and/or other sectors. 
Finally, a charge can be an environmental 

tool to counter water pollution and enhance 
water quality.

Water pricing issues lie at the conflu-
ence of two complex ‘spheres’: on the one 
hand, the microeconomy of the farm and its 
linkages to the wider economic system and 
agricultural policies and, on the other, the 
hydrology of the plot and its interconnect-
edness with the irrigation system, the river 
basin of which it is a part, and the overarch-
ing water policy framework (Fig. 2.2).

These nested levels of interaction result 
in a complex set of dynamics. Economic 
interactions reflect the multiplicity of fac-
tors that govern economic behaviour and 
the heterogeneity of the different economic 
actors. Hydrological interactions between 
upstream and downstream, surface water 
and groundwater and quantity and quality 
are compounded by seasonal and interan-
nual variability that creates unstable and 
unpredictable systems. Economic and 
hydrological interactions are further embed-
ded within cultural and social contexts that 
eventually define the distribution of costs 
and benefits within the society, and are thus 
highly political in character (Johansson, 
2000; Dinar and Saleth, 2005).

In the past, emphasis has typically 
been placed on influencing the perfor-
mance of farmers and irrigated agriculture 
(right sphere) by the manipulation of the 
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hydrologic cycle and the design of canal 
and pipe networks (left sphere). Increasingly, 
however, emphasis has shifted to influenc-
ing performance of the water system (left 
sphere) by the adoption of economic and 
related incentives (right sphere). This 
chapter reviews the potential and the effec-
tiveness of the latter approach, focusing in 
particular on the contribution of water 
pricing. It will argue that water pricing is 
strongly related to the institutional setting, 
that is, to the combination of community, 
government and market regulation, and to 
the attendant rules that define water gover-
nance and management in a particular con-
text. More specialized issues, such as irrigation 
management transfer, characteristics of 
water markets, environmental protection, 
irrigation modernization and politics of 
water development, though important in 
their own right and relevant to the issues 
under consideration, receive less attention 

in this synthesis chapter, as do related the-
oretical considerations.

The following section expands on the 
economic and hydrological systems sum-
marized in Fig. 2.2, and discusses the 
broad context within which the subse-
quent discussion is set. Within this 
framework, we move to examining the 
practicalities and effectiveness of current 
water charging practices. The following 
five sections successively review the main 
roles commonly attributed to irrigation 
water pricing: (i) cost recovery; (ii) water 
conservation; (iii) enhanced water pro-
ductivity; (iv) intersector reallocation; 
and (v) control of water quality. The con-
cluding section offers a synthesis of the 
assessment and corresponding conclu-
sions. While the various sections have 
been defined for analytical purposes, it 
will become clear that they are strongly 
interrelated.

Fig. 2.2. Water pricing issues at the intersection of two spheres of complexity.
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Ensure sustainability
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Fig. 2.1. What to charge for?
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CONTEXT MATTERS

The Economic Context

The rationale for irrigation

For millennia, subsistence and financial self-
interest have driven communities to construct 
village schemes, rulers to develop major proj-
ects and farmers to exploit groundwater and 
make other on-farm investments. During the 
colonial period, there were those who hoped 
the self-interest of private investors would 
drive large-scale irrigation investment, but 
few such projects proved commercially viable 
and major irrigation has remained predomi-
nantly in the public sector.

Cost recovery has always been a major 
concern. Communities internalized costs, his-
toric rulers recruited corvée labour mainly from 
the farming population and colonial govern-
ments constantly debated the optimum balance 
between profitability and income generation. 
As described by Molle and Berkoff (Chapter 1, 
this volume), the balance shifted following 
World War II. Governments and donor agencies 
continued to pay regard to profitability, re-
expressed in economic rather than financial 
terms (in cost–benefit studies), and also began 
to raise environmental concerns. But other 
objectives were often dominant, notably:

● Poverty alleviation, equity and employ-
ment generation;

● Regional development and the urban/
rural balance;

● Food self-sufficiency and/or food security;
● State building and the search for politi-

cal support and legitimacy.

These objectives can, of course, be mutually 
consistent with one another and with eco-

nomic optimization and environmental sus-
tainability, and such consistency is often 
claimed. But where they are inconsistent, 
choices must be made. Despite lip service to 
economic optimization and sustainable 
development, large-scale expansion of the 
irrigated area has, in practice, been driven 
largely by political interests reflecting these 
other objectives. Recently, the balance has 
shifted back in favour of the environment, at 
least in the USA and Europe, with implica-
tions for irrigation water prices (Table 2.1).

Whatever the rationale given for the ini-
tial construction of an irrigation scheme, sub-
sequent cost recovery remains a widely 
accepted policy. In practice, cost recovery is 
normally limited to the recovery of operation 
and maintenance (O&M) costs and at most to a 
(small) share of capital costs. The main driver 
for cost recovery has been containment of gov-
ernment costs, though recouping at least some 
of the costs from direct beneficiaries is also 
advocated on equity grounds. In addition, it is 
claimed that charging for water can promote 
favourable economic and financial outcomes, 
especially if combined with irrigation man-
agement autonomy. Some commentators have 
gone further, arguing that irrigation pricing 
can lead to economically efficient outcomes. 
Although such claims are now largely dis-
counted (Molle and Berkoff, Chapter 1, this 
volume), the idea remains important and is 
explored later in this chapter.

Cost–benefit analysis

Cost–benefit analysis ostensibly provides the 
basis for taking decisions on public invest-
ments. Standard approaches allow for the 
adjustment of financial prices as a basis for 
choosing economically viable projects, with 

Table 2.1. Evolving priorities of the EU Common Agricultural Policy. (From Gómez et al., 2005.)

 Issues and concerns Objectives Agricultural water pricing

Past Poverty in rural areas Equity and rural development Lower prices
 Increasing food demand Food self-sufficiency 
Future Water and soil pollution Sustainable development Higher prices
 Budgetary constraints Economic efficiency

Molle & Berkoff_Chap 02.indd   23Molle & Berkoff_Chap 02.indd   23 10/12/2007   11:52:28 AM10/12/2007   11:52:28 AM



24 F. Molle and J. Berkoff 

additional studies throwing light on possible 
economic distortions.1 The main direct costs 
are the initial capital costs, which typically 
account for 80–85% of discounted total costs 
in surface irrigation. Recurrent costs comprise 
a higher share in pump schemes though capi-
tal costs still largely determine viability. Once 
built, capital costs are ‘sunk’ and the direct 
marginal costs comprise regular O&M together 
with the costs of replacement, rehabilitation 
and modernization. Indirect costs include neg-
ative environmental and social externalities 
and opportunity costs – if any – reflecting an 
appropriate share of the value of output for-
gone in alternative uses (see below). The main 
direct benefits comprise the incremental value 
of agricultural output with relative to that with-
out the project. There may also be benefits from 
domestic supply and other uses, and from pos-
itive externalities. If discounted benefits exceed 
discounted costs, the project is viable.

Although cost–benefit analysis is, in 
principle, straightforward, its application in 
irrigation and other water projects has been 
problematic. Although some claim that ex 
post evaluation studies show that irrigation 
projects have performed satisfactorily 
(Jones, 1995), others suggest that there has 
been a systematic bias in favour of new con-
struction (Repetto, 1986; Berkoff, 2002; 
Molle, 2007). Three types of argument sup-
port the latter case:

● First, as suggested above, political objec-
tives rather than economic priorities often 
drive irrigation expansion. Moreover, the 
political dynamics almost always favour 
going ahead given the combined self-
interest of beneficiary farmers, politicians, 
contractors, consultants and staff in irri-
gation, and lending agencies (Repetto, 
1986; Merrett, 1997). Finance and other 
entities serving a broader national interest 
may restrain irrigation expansion, but can 
seldom prevent it, even if that is their 
preference.

● Second, the economic analysis of irriga-
tion is more than usually uncertain. 
Unwitting optimism is widespread and 

over-optimistic assumptions are diffi-
cult to refute, both with regard to costs 
and to benefits. ‘Costs tend to be high 
because of: inappropriate design, stem-
ming in part from poor studies done 
prior to start-up; long gestation periods 
resulting from funding shortfalls due to 
changing government priorities and 
poor capital programming and budget-
ing; few managerial incentives to control 
costs; and reported corruption that typi-
cally involves kickbacks from construc-
tion companies’ (Holden and Thobani, 
1996). Benefits comprise the difference 
between two large hypothetical future 
flows (the values of production with and 
without the project). Estimating these 
flows is based on a host of assumptions 
that cannot be readily validated 
(Carruthers and Clarck, 1981; Merrett, 
1997; Green, 2003). If prices, yields, irri-
gation efficiency or cropping patterns 
are adjusted even modestly, the impact 
can be surprisingly large. Who is to say 
the assumptions are wrong?

● Third, the retention of surface irrigation 
in the public sector and the funding of 
surface irrigation from the government 
budget limit financial accountability and 
help explain why inadequate cost–benefit 
studies generate such little concern. 
Canals and related facilities are often 
classified as infrastructure comparable 
to roads or power supply, and govern-
ments feel responsible for infrastructure. 
But irrigation is also a productive activ-
ity in many ways analogous to industry. 
Few governments still feel competent to 
pick winners in the industry, yet this is 
rarely questioned in irrigation.

Cost–benefit analysis is thus malleable, and 
analysts are invariably under pressure to pro-
duce positive results. Feasibility studies that 
appear competent at the time often prove very 
over-optimistic in retrospect (Pitman, 2002). 
Re-estimated rates of return are thus typically 
much lower at completion of project works 
than at the feasibility stage, and lower still at 
impact assessment when actual performance 
outcomes are available. Moreover, long-term 
price trends, system deterioration and failure 1 For example, nominal and effective protection studies.
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to account adequately for the without case 
suggest that – even at impact assessment – 
over-optimism is rife (Berkoff, 2002).

Overriding national priorities

The use of social weights and an opportunity 
cost for labour are techniques that can, in the-
ory, help address issues of poverty alleviation, 
equity and employment in cost–benefit analy-
sis (Squire and van der Tak, 1976). These par-
tial equilibrium approaches are, however, 
controversial, given also the inherent uncer-
tainties described above. Moreover, it is argu-
able that they do not account adequately for 
broader issues. Irrigation has both backward 
and forward linkages, while enhanced 
incomes have further multiplier impacts. 
Large-scale irrigation is thus often promoted 
as the engine that drives rural development as 
a means to both alleviate poverty and provide 
job opportunities so as to limit outmigration 
to cities. Such regional development issues 
are, in theory, best addressed in a general, 
rather than a partial, equilibrium context. 
General equilibrium models are, however, 
complex and expensive, and well beyond the 
scope of most project studies. Some advocate 
a simpler approach, that of increasing benefits 
by some factor representing multiplier 
impacts. But, for this to be valid, multiplier 
benefits should be confined to incremental 
impacts relative to those of the next best alter-
native, allowing also for opportunity costs 
and the avoidance of double-counting 
(Carruthers and Clark, 1981; Gittinger, 1982). 
It is arguable that such conditions occurred in 
densely populated Asia at the early stages of 
development (say, 1950–1980) when other 
viable regional projects were scarce and 
labour and water were abundant relative to 
land. Whether such conditions prevail today, 
notably in land-abundant Africa and Latin 
America, is much more questionable. Farmers 
in these regions often have access to rain-fed 
lands, population densities are much lower 
and conventional returns to irrigation have 
declined drastically.

Even if the case for new irrigation based 
on multiplier effects is questionable, they may 

still provide a rationale for preserving irriga-
tion that has already been built. If investments 
in transport, marketing and social infrastruc-
ture depend on irrigation for their continued 
profitability, the case for preserving irrigation 
as a form of social overhead capital comes 
into its own (Small, 1990). On the North China 
Plain, for instance, irrigation is affected by 
severe water constraints. Water transfers from 
the Yangtze will help maintain farm incomes 
and slow rural depopulation. Although new 
irrigation cannot be justified on economic 
grounds, the economic returns to the transfer 
to sustain existing irrigation are strengthened 
by the costs sunk in existing assets not only in 
irrigation facilities, but also in rural economic 
and social infrastructure (Berkoff, 2003a).

Irrespective of these economic arguments, 
history shows that many schemes have also, in 
practice, been designed with wider geopoliti-
cal motives in mind. The western USA, for 
instance, illustrates a long history of engage-
ment by the state in support of colonization 
(Reisner, 1986). The Gezira scheme in Sudan 
(Gaitskell, 1959), Israeli settlements in Palestine 
(Lipchin, 2003) and the GAP project in south-
eastern Anatolia (Harris, 2002) are other well-
known examples of projects promoted to 
achieve geopolitical goals (Molle et al., 2007). 
Likewise, the context of the Cold War and the 
food shortages and fears of rural disintegration 
that followed the El Niño-related climatic per-
turbation of 1972 did much to justify the huge 
investments in dams and irrigation infrastruc-
tures that were to follow (Barker and Molle, 
2004). Food self-sufficiency or food security 
has often been a top strategic concern to be 
addressed at any cost. In such situations, eco-
nomic or hydrologic rationality is in effect nei-
ther here nor there and overriding political 
decisions dictate public investments.

Shifting subsidies and taxation

Moreover, the public subsidies incurred 
under such rural development policies need 
to be placed in a general economic context. In 
the decades after World War II, many coun-
tries adopted a policy of taxation of agricul-
ture, notably by export duties (Harris, 1994) 
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and public procurement programmes that 
maintained farm-gate prices often well below 
their world price equivalents. The magnitude 
of this taxation amounted – to borrow from 
Schiff and Valdés (1992) – to a ‘plunder’ of 
agriculture during 1960–1985. In Mexico, the 
price distortion amounted to an implicit tax 
of 20–50% of the value of the project com-
modities (Duane, 1986) and similar state 
extractive policies were carried out in most 
developing countries, including Egypt 
(Barakat, 2002), Thailand (Molle, Chapter 5, 
this volume), Malaysia (World Bank, 1986), 
Pakistan (Chaudhry et al., 1993), Côte 
d’Ivoire, Ghana and Sri Lanka (Krueger et al., 
1991; Schiff and Valdés, 1992). Low food 
prices benefited the urban poor and landless, 
and taxes on output generated public savings 
for investment in industrial and urban devel-
opment, only partially offset by irrigation and 
other rural subsidies (Lipton, 1977). Low 
food prices also had adverse impacts on crop 
output so that rationing was often required to 
manage consumption, limit imports and 
maintain food self-sufficiency.

Over time, the arithmetic of relative taxes 
and subsidies changed drastically as world 
prices declined and incomes rose. This and 
the widespread adoption of liberalization 
policies led to the abolition of most export du-
ties and food-rationing programmes. Reforms 
initially boosted farm output and incomes as 
farmers responded to liberalized markets and 
exploited the agricultural technologies open 
to them. But as prices declined further, and as 
economic growth and diversification took 
place, urban/rural income differentials were 
reaccentuated, often provoking farmer unrest. 
Fearing also adverse impacts on domestic 
output,2 some governments (e.g. China and 

India) have begun to support (rather than – as 
in the past – tax) farmers by limiting imports 
and adopting other trade-distorting measures. 
In this they have followed the lead of devel-
oped countries (the EU, the USA and Japan) 
that have long protected agriculture. This sit-
uation helps explain the reluctance of 
governments to raise water charges or other 
input prices for fear of losing their competi-
tive edge (Tiwari and Dinar, 2001), since 
many farmers have to compete with export-
ers from the North who benefit from lavish 
subsidies.3

These trade distortions (market access, 
tariffs and export subsidies) are the major 
concern of the WTO Agricultural Agreement 
(WTO, 2000). Their removal would raise 
farm-gate prices significantly by reducing 
developed country exports, thus moderat-
ing the need for interventions by develop-
ing country governments in support of their 
farmers, besides facilitating attainment of 
food self-sufficiency objectives and promot-
ing developing country food exports and 
inter-south trade (USDA, 2001). The WTO 
agreement also aims to reduce direct food 
and fertilizer as well as other input subsi-
dies that have a direct impact on trade. In 
contrast, irrigation expenditures are amongst 
those that can be used freely since it is 
argued that they have minimal impact on 
trade (WTO, 2000). This is perhaps debat-
able. It is true that viable irrigation projects 
do not distort trade but if – as suggested 
above – much irrigation has been uneco-
nomic, cumulative worldwide irrigation 
subsidies have contributed to declining 
world prices in a manner comparable to that 
of other trade distortions. Moreover, although 
irrigated output has risen enormously, rain-

2 Taxation of agriculture and the resulting ‘urban bias’ 
are also seen as refl ecting the shifting infl uence and 
political clout of interest groups and coalitions 
(whether defi ned by sector or income groupings) 
(Lipton, 1977; Bates, 1981; Sarker et al., 1993), 
linked to their income, information and education, 
potential for collective action and political repre-
sentation (Binswanger and Deininger, 1997). Ac-
cording to Bates (1993) this transformed the agricul-
ture sector from ‘an embattled majority that is taxed 
into a minority powerful enough to be subsidised’.

3 Yang et al. (2003) show how decreasing profi tability 
could put further pressure on domestic food produc-
tion in China, challenged by international markets 
since the late 1990s, and even more since China’s 
recent accession to the World Trade Organization 
(WTO) (Huang and Rozelle, 2002). After adhesion 
to the WTO, Jordan had to face ‘unfair market intru-
sions by countries with less stringent WTO member-
ship conditions’ (WTO, 2001) and realized that 
abolishing subsidies altogether would be detrimen-
tal to its own farmers.

Molle & Berkoff_Chap 02.indd   26Molle & Berkoff_Chap 02.indd   26 10/12/2007   11:52:28 AM10/12/2007   11:52:28 AM



 Mapping the Debate 27

fed yields and output may well have been 
suppressed (Berkoff, 2003b). If so, food self-
sufficiency based on irrigation may have 
been achieved at the expense of the rain-fed 
farmer.

Ultimately, all tax and subsidy polices 
are conditioned by politics, and reflect the 
cultural, economic and political milieu in 
each country concerned. Although the WTO 
negotiations aim to moderate economic dis-
tortions, and thus benefit those that are dis-
criminated against, especially by developed 
country interventions, all such interven-
tions must be understood within the wider 
political and policy context if they are to be 
analysed and possibly changed (Sampath, 
1992; Speck and Strosser, 2000).

The Hydrological Context

The characteristics of water and water use

The physical characteristics of surface water 
are well known and include site-specificity, 
mobility, stochastic variability and uncer-
tainty, bulkiness and solvent properties. 
Accompanying these are its relatively low 
value as a commodity, the economies of 
scale that often make supply a natural 
monopoly and the pervasive interdependence 
of water users (Young, 1986; Livingston, 
1995; Morris, 1996; Savenije, 2001; Green, 
2003). Groundwater shares some of these attri-
butes but has other attributes that set it 
apart, including its relative immobility, secu-
rity and divisibility.

Water has numerous human uses, some 
of which are consumptive (agriculture, indus-
try and domestic) and others non-consumptive 
(fisheries hydropower, navigation, etc.). Water 
also has environmental values that are appre-
ciated by humanity. The characteristics of 
water use in agriculture set it apart in many 
ways from its use in municipal and indus-
trial use.

Diversions for consumptive use are 
invariably larger than the fraction that is actu-
ally consumed, with the balance returning to 
the water system. Agricultural withdrawals 
(predominantly for irrigation) account world-

wide for 70% of the water withdrawn for 
consumptive use (Aquastat, 2004). Its share is 
typically higher in developing than in devel-
oped countries. Evapotranspiration accounts 
for 40–60% of agricultural withdrawals (ris-
ing to above 70% due to repeated reuse, mod-
ern irrigation techniques, etc.). In contrast, 
domestic water withdrawals are largely used 
for washing and cooking, and domestic diver-
sions largely return – often in a polluted form – 
to the water system. Similarly, industrial 
diversions are mainly for cooling and dilu-
tion of wastes rather than for chemical incor-
poration in products. Consumptive use as a 
proportion of withdrawals is thus much 
higher in agriculture (70%) than in domestic 
(14%) or industrial (11%) use, and agricul-
ture accounts for as much as 85–90% of total 
consumptive use worldwide (Shiklomanov, 
2000).

Uses in the municipal and industrial 
(M&I) as well as the irrigation sectors are 
not always fully interchangeable. M&I use is 
usually far more valuable than in irrigation, 
and logic implies that water should move 
wherever possible from irrigation to M&I in 
the event of conflict. But transfers are only 
feasible if the infrastructure is, or can be, 
integrated at acceptable cost. Moreover, M&I 
have much higher quality and security-
of-supply requirements than irrigation, 
which may limit transfer opportunities.

Consumptive use impacts on non-con-
sumptive uses through its effect on flow 
regimes, water quality and flood risk. Given 
that irrigation use is so much greater than 
M&I use, the major quantity conflicts are 
generally between irrigation on the one 
hand and in-stream and environmental uses 
on the other (though M&I can have large 
quality impacts). Irrigation diversion capac-
ity often exceeds dry season flows and, as 
use rises, irrigation may be able to divert 
flows year-round. In-stream uses suffer, riv-
ers and wetlands dry up, affordable ground-
water is exhausted and pollution loads rise 
(though flood risks may moderate). Action 
to safeguard in-stream and environmental 
uses may then become desirable and, in 
effect, irrigation rather than the environ-
ment becomes the user of last resort (Elston, 
1999).
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Irrigation efficiency

The concept of irrigation efficiency is often 
misstated (Willardson et al., 1994; Frederiksen, 
1996; Keller et al., 1996; Huffaker et al., 1998; 
Perry, 1999; Huffaker and Whittlesey, 2000; 
Loeve et al., 2004; Molle and Turral, 2004) 
with significant implications for water pric-
ing. If water is abundant, scheme-level effi-
ciency is of limited concern other than for 
system capacity and capital cost reasons. If 
basin water is scarce, raising scheme effi-
ciency can be elusive since return flows are 
fully utilized and the only additional source 
of water lies in reducing unproductive losses.4 
In north China, for instance, apart from 
uncontrollable floods and releases for silt and 
pollution control, little water reaches the sea 
from a vast area containing up to 7.5% of 
world population. Drainage and wastewater 
reuse are pervasive, losses recharge ground-
water, farmers underirrigate, tail-end areas 
are abandoned and basin efficiency is high by 
any standards. Existing irrigation can essen-
tially absorb all the water available and 
shortages relative to theoretical crop water 
requirements have little meaning (Berkoff, 
2003b).

It is not only basin efficiency that is 
misstated. Scheme and on-farm efficiencies 
are also often (much) higher than assumed. 
That water is ‘wasted’ when it is abundant 
(e.g. after it rains) is inconsequential – low 
physical efficiency may even correspond to 
high economic efficiency since manage-

ment is eased and labour reduced (Gaffney, 
1997). In contrast, farmers fight for water 
and return flows if it is scarce (and over-
pump groundwater). The struggle for water 
when it is scarce means that little water is 
wasted when it has value and average esti-
mates of efficiency can be very misleading. 
Case studies from Thailand (Molle, 2004), 
California (Zilberman et al., 1992) and 
China (Loeve et al., 2003) have shown the 
multifarious efforts deployed by farmers to 
adjust to water scarcity and make the best 
use of water. These changes go often unno-
ticed but statements such as ‘farmers waste 
water just because [they] are not aware of 
the fact that water has a value’ (Roth, 2001) 
are both unfair and mistaken. Moreover, 
even if there is potential for increased 
scheme-level and on-farm efficiency, this 
can require expensive investments in drip 
or sprinkler systems that may not be justi-
fied either financially or economically.

Irrigation design

Opinions on irrigation design range from 
those that advocate modern systems of con-
trol (Plusquellec, 2002) to those that advo-
cate simple technologies that respond to 
human and institutional limitations (Horst, 
1998; Albinson and Perry, 2002). The critical 
factor is stochastic water variability: from 
day to day, week to week and year to year. 
Supply is variable because runoff is variable; 
demand is variable because rainfall and crop 
water requirements are variable. Reservoirs 
and groundwater improve predictability, and 
on-demand systems help farmers obtain 
water when it is needed. But in practice, 
most surface water systems are designed to 
meet peak water requirements for a specified 
cropping pattern, say, 3 years in 4 (i.e. the 
75% year) (the full area being irrigated in the 
wet season and a restricted area in the dry 
season). This is a compromise. If greater 
security is guaranteed to a smaller area, in 
most years the available resource is under-
utilized. If canal capacity is increased to 
expand the area in good years, unit costs rise, 
security declines and capacity in most years 

4 That there is little water – if any – to be saved in 
closed basins must, however, be qualifi ed since 
there are notable exceptions. If return fl ows from ir-
rigation are degraded in terms of quality (salinity, 
contamination), they may incur yield losses when 
reused (Morocco: see Hellegers et al., Chapter 11, 
this volume; Pakistan) or be unfi t for agriculture (e.g. 
Jordan Valley: Fontenelle et al., Chapter 7, this vol-
ume), and therefore losses should be minimized. If 
the time taken by water to become available again is 
very long (e.g. percolation to deep aquifers), these 
volumes are not available for short-term use. Water 
wasted in the wet season in cities or irrigation 
schemes could also sometimes be kept in reservoirs 
for later use in the dry season. Another caveat con-
cerns the costs incurred by possible successive 
pumping operations associated with reuse.
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is excessive. In contrast to fully on-demand 
systems, therefore, it is by design that the full 
area cannot be irrigated in dry periods, in dry 
years and during the dry season.

As economies develop, shortages 
increase, water tables fall, other users get pri-
ority and variability is increasingly concen-
trated on irrigation as the residual user. Both 
the value of water and the costs of insecurity 
rise. Reservoirs are built, farmers install wells 
and on-farm ponds and modernization and 
volumetric measurement become affordable. 
Operator salaries and skills also rise in line 
with general living standards. In other words, 
irrigation responds to the external context. 
Ultimately, the issue in irrigation design is 
not that it is innately different to M&I design, 
but that there is a continuum from simple 
surface systems suited to low-return agricul-
ture in poor countries, through conjunctive 
use and partially modernized systems appro-
priate to countries moving through the rural 
transition, to advanced technologies appro-
priate to high-return agriculture in richer 
countries that are completing the transition. 
At the limit, design approximates to that for 
M&I, and volumetric measurement at the 
level of the individual farmer becomes feasi-
ble. Until this point is reached, physical char-
acteristics of irrigation severely constrain the 
possibility of using efficiency (marginal cost) 
pricing, and the debate on how economic 
pricing can be introduced has, in general, 
been a distraction.

Irrigation performance

Irrigation performance also ranges through a 
continuum. Traditional systems can be stable, 
but crop yields and farm incomes often remain 
low. Productivity and income in public sys-
tems are normally higher and manageability 
improves as an economy develops, agricul-
ture becomes more entrepreneurial and mar-
ket-driven, farm sizes and incomes rise, O&M 
agencies are better-funded and accountable 
and storage and modern control become 
affordable, manageable and justified.

Nevertheless, despite these trends, in 
the view of most observers, irrigation per-

formance in developing countries remains 
generally poor. Water variability is again the 
main reason why so many schemes are so 
difficult to manage. Ex post, management 
must respond to conditions that deviate 
continuously from the average conditions 
implied by a design cropping pattern that 
means little to the farmer. Irrespective of 
design intentions, the farmer typically 
wants more water than he is allowed in the 
dry season and in dry periods; after rainfall, 
he may reject his allocation even if this 
causes problems elsewhere in the system. 
Differing objectives set up a continuing ten-
sion between scheme managers and farm-
ers. Farmers interfere in outlets and water 
levels contributing to head-end and tail-end 
problems, while poorly paid system opera-
tors living close to the farmers fail to enforce – 
perhaps cannot or do not want to enforce – the 
rules. On the one hand, water-use efficiency 
is enhanced as farmers struggle for water 
and, on the other, damage is pervasive, ineq-
uities emerge and there is a broad failure to 
operate the system in line with design.

A Typology of Irrigation Systems

Figure 2.3 suggests a simplified typology of 
irrigation systems that reflects the above dis-
cussion. It classifies systems in relation to an 
index of relative water supply (RWS)5 and 
suggests two broad types of management 
response: pragmatic management and volu-
metric management (that are linked not only 
to the degree of development, but also to the 
climatic context). With respect to Fig. 2.3:

● Situation W1 is typical of wet regions 
with abundant water supply. Water 
tends to be supplied continuously – 
often for paddy – at, or close to, full sup-
ply level, though rotations can be 
necessary if main canal capacity is a 
constraint. Occasional shortages may 
occur due to ill-discipline and farmer 

5 RWS is defi ned as the ratio of the water delivered to 
gross irrigation requirements (net of the effective rain-
fall) after accounting for losses. It provides a broad 
indication of the amount supplied relative to demand.
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intervention. Minimal data on flow, rain-
fall and land use are typically collected.

● Situation W0 typifies non-arid coun-
tries as water is increasingly exploited. 
Operations reflect experience rather 
than active management, with water 
often released in response to farmers’ 
complaints. Head-end and tail-end 
problems are limited while temporary 
supply reductions can lead to short-
term crises as discipline breaks down. 
Data are collected haphazardly and sel-
dom analysed. As RWS falls to 1, con-
flicts intensify and rotations are 
increasingly adopted.

● As RWS drops below 1 (D0), rotation 
becomes the rule. Farmers respond by 
deficit irrigation and conjunctive use (tap-
ping drains, ponds or aquifers) and use 
water more carefully. Head-end and tail-
end problems become pervasive. Data are 
collected more systematically and basic 
parameters (efficiency and water applied) 
are calculated. Supply-driven manage-
ment predominates with scheduling 
planned, based on target allotments, and 
bulk allocations may be negotiated.

● Under situation D1, potential demand 
cannot be met and supply limits alloca-
tions. If the system is uncontrolled, 

water distribution may be chaotic. 
Groundwater replaces surface water 
and conjunctive use is ubiquitous, with 
land left fallow or abandoned. In sys-
tems that are better controlled – depend-
ing on design – water is confined to 
part of the scheme, supplied in turn or 
allocated proportionally (as under 
warabandi).6 In fully controlled sys-
tems, volumetric rights are clearly 
defined and water may be supplied on 
demand, subject to availability.

When RWS falls below 1, the crucial step is 
the shift from ‘pragmatic’ to ‘volumetric’ 
management (Fig. 2.3). Pragmatic manage-
ment is weak, reactive and ad hoc, with 
managers responding to complaints from 
below and farmers responding as best they 
can, e.g. by investing in wells and on-farm 
storage. As scarcity develops, water distri-

6 All systems have to cope with hydrological variabil-
ity (i.e. varying values of RWS) but both demand and 
supply are more predictable in arid climates since 
rainfall is a less signifi cant  factor and reservoirs are 
the norm. In humid climates, rainfall is a much more 
complicating factor since it strongly infl uences not 
only supplies at the source, but also requirements in 
the fi elds.

Full supply,
continuous flow, with
occasional short
chaotic phases

No data collection (or
only at head works);
problems solved by
sending more water

Chaotic supply;
land fallow;
conjunctive use
ubiquitous

Rotations are the rule;
some fallow land in the
dry season; wells and
pumps widespread;
serious head-end/tail-
end problems

Full supply, with
temporary or
permanent rotations;
head-end/tail-end
problems increase;
supply sometimes
uncertain

Data loosely collected,
often faulty, and rarely
analysed

W1 W0 D0 D1

RWS

1

Volumetric
management,

secondary or tertiary canal
bulk allocation; or individual quota

systems; intensive data collection and analysis

Pragmatic management

Volumetric management

Fig. 2.3. A typology of irrigation systems.
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bution becomes increasingly chaotic. Such 
conditions are common in developing coun-
tries, especially when schemes are large, 
farmers are numerous and poor and surface 
irrigation is dominated by cereals and low-
return crops. Under these conditions, head-
enders tend to divert what they want and 
tail-enders often fail to obtain even minimal 
supplies. With volumetric management, in 
contrast, a stronger degree of control is 
maintained. Water may be allocated in bulk 
or by individual quotas, rotational rules are 
clear and roughly predictable and risks are 
defined. At the limit, water may be provided 
approaching on-demand supply. This situa-
tion tends to occur in developed and/or arid 
countries, especially when farms are large, 
irrigated agriculture is for high-return crops 
and farmers incur large on-farm costs and 
financial risks (see above). Security in sup-
ply invites complementary on-farm invest-
ments and tends to make farmers willing to 
pay for water since even high charges com-
prise a small share of farm costs and service 
standards are critical.

This classification simplifies real-
world diversity and variability. Even so, it 
can provide guidance in assessing the 
potential of water pricing policies. The 
difference between pragmatic and volu-
metric management corresponds to a 
‘quantum leap’, and efficiency pricing is 
only possible if the scheme is under volu-
metric management and control is main-
tained. Many reforms fail because they 
assume very lightly that shifting from the 
former to the latter is simply a question of 
goodwill or capacity building, whereas it 
is linked in complex ways not only to 
RWS, but also to irrigation design and 
hydraulic control, manager-incentive and 
farmer-incentive structures and the wider 
institutional context.

Implications for Irrigation Pricing

Full marginal cost pricing

By analogy with domestic water supply and 
other infrastructural services, some analysts rec-

ommend long-run marginal cost (LRMC) pric-
ing in irrigation (Arriens et al., 1996). But there 
are important differences between the sectors. 
One issue is that volumetric pricing is far more 
problematic in irrigation than in reticulated 
urban systems, and this greatly restricts the 
adoption of efficiency pricing in irrigation. 
Basically, LRMC pricing in the urban sector 
simulates a competitive market price for a final 
good and, besides funding recurrent, replace-
ment and related costs, it aims to generate the 
investment funds needed to match rising 
demand as a city expands and its population 
becomes richer (Munasinghe, 1990). If consum-
ers are willing to pay the LRMC price, system 
expansion is economically justified; if not, effec-
tive demand can be met by existing capacity.

In contrast, irrigation water is an interme-
diate, not a final, good, and canals are sized to 
serve a specific command area at defined lev-
els of probability (see earlier section). 
Possibilities for system expansion are thus 
restricted. Since charging existing farmers for 
a new scheme is no more justified than charg-
ing City A’s inhabitants for expansion of City 
B’s system, initial capital costs should usually 
be treated as sunk, in which case marginal 
direct costs comprise O&M and replacement 
costs.7 Of course, if the scheme is inherently 
profitable, farmers should, in theory, be able to 
repay full costs (including initial capital costs), 
and charging them less than full cost gives 
them a windfall gain. But if expansion of irri-
gation has been driven by other public objec-
tives (see above) and is uneconomic, charging 
full capital costs is neither feasible nor equita-
ble (Carruthers and Clarck, 1981). Moreover, 
over time, capital subsidies are incorporated 
in land values and, though the initial benefi-
ciaries may receive a windfall gain, inequities 
arise if charges are imposed on those that sub-
sequently buy irrigated land.

Irrespective of any theoretical rationale for 
marginal cost pricing, there may still be a case 
for charging farmers a share of initial capital 
costs on financial and equity grounds, given 

7 They should also, in theory, cover modernization and 
system expansion costs if the water saved by the mod-
ernization investments is justifi ed specifi cally in terms 
of the expansion of the scheme. The analogy with 
LRMC in expanding urban systems is then valid.
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the needs of the economy and adverse impacts 
on rain-fed farmers. There is also the quite sep-
arate issue of whether opportunity values in 
alternative uses and externality costs should be 
reflected in some way in the irrigation charge. 
But competition between irrigation and cities 
is limited to specific periods and locations and, 
once urban demands are satisfied, opportunity 
cost falls drastically. Beyond compensating 
farmers on a case-by-case basis, water pricing 
to promote reallocation is generally impracti-
cable (Molle and Berkoff, 2006; more on this 
later). Once M&I use is met, most conflicts lie 
between irrigation and the environment. But 
valuing environmental externalities (third-
party impacts, soil salinization, water contami-
nation, health hazards) is also a contentious 
issue, and willingness-to-pay for moderating 
such costs varies greatly at differing locations 
and stages of development. In most cases, there 
is no agreement on how pricing can mitigate 
negative impacts, and reflecting environmen-
tal use and valuing externalities are again 
impracticable (see section Pricing as an envi-
ronmental tool).

The relevance of marginal cost pricing

Moreover, the need for strict marginal cost (effi-
ciency) pricing in practice is often questionable. 
As argued above, irrigation performance typi-
cally reflects a rational response by farmers and 
operators to the evolving context and associated 
incentives. Water is used much more efficiently 
than is commonly supposed, and the scope for 
enhanced water-use efficiency and the potential 
role of water pricing can be greatly overstated. 
Furthermore, the massive expansion of private 
groundwater, much of it within surface schemes, 
has further strengthened irrigation performance. 
Groundwater is, in effect, available on demand 
and provides a security of supply that can offset 
variability of rainfall and canal supplies. 
Groundwater use, or conjunctive management, 
has thus accounted for most of the high-return 
diversified agriculture that has developed in 
response to economic growth, urbanization and 
external markets, and groundwater’s pervasive-
ness limits the need for surface irrigation to 
meet these diversified demands.

In addition, no administered price can 
reflect short-term stochastic variability and, 
though at the margin water charges may 
impact on farmer behaviour and promote 
favourable economic and financial out-
comes (Fig. 2.1), this is far short of true eco-
nomic efficiency pricing. Modern control 
systems may be justified and, at the limit, a 
pressurized on-demand irrigation system 
approximates to a reticulated urban net-
work. But, while urban systems are, in prin-
ciple, designed to operate on demand, the 
vast majority of surface irrigation projects 
by design cannot supply water on demand 
since they cannot meet potential farmer 
uses when water is scarce (e.g. in the dry 
season or a drought). Comparing benefits 
and costs at the margin is therefore mean-
ingless because farmers cannot, like urban 
users, access as much water as they wish 
and are willing to pay for. These consider-
ations suggest that efficiency pricing is usu-
ally impracticable even in fully reticulated 
systems; supply management and rationing 
will inevitably remain the preferred mecha-
nisms for controlling surface distribution in 
most irrigation in developing countries.

Potential price effects

As empirical evidence will confirm, the eco-
nomic and hydrological characteristics 
reviewed above impact on irrigation water 
pricing in such a way that water charges are 
eventually, first and foremost, a cost-recovery 
mechanism. Even confining water charges to 
this one objective is far from straightforward 
since, as discussed above, what is meant by 
cost can vary depending on whether costs are 
limited to financial costs or extend to the full 
economic costs to society (Rogers et al., 1998) 
and what is to be recovered may be limited to 
recurrent and replacement costs or include 
some or all of the capital costs invested. 
Financial O&M costs are invariably a priority 
since, once a scheme is constructed, produc-
tion is contingent on continued O&M of the 
infrastructure.

In addition to financial cost recovery, 
economists argue that opportunity and 
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externality costs are equally valid in societal 
terms (Rogers et al., 1998; Tsur, 2004). 
Although their definition and estimation 
vary, the level of water charges may impact 
on farmer behaviour and bring economic 
benefits. Figure 2.4 proposes a tentative 
hierarchy of responses to increasing water 
prices, while recognizing that the order of 
these effects may sometimes be altered by 
relative factor prices and other aspects. 
Moderate water prices may trigger low-cost 
adjustments in water management, while 
higher prices may successively elicit changes 
in cropping patterns, in irrigation technol-
ogy and, finally, release water to other 
higher-value activities. These effects imply a 
role for pricing as an economic tool and the 
likelihood of achieving such outcomes is 
examined in the following sections.

A Note on Terminology

A water charge can be defined as an actual 
(financial) payment by users to access water 
and is the term generally adopted in this 
chapter. It is equivalent to a tariff, a term 
commonly used in the domestic sector 
when differential rates are set. Charge is a 
term disliked by some decision makers, 
who fear that it suggests that water – per-
ceived as a gift of nature or god – is taxed. In 

1979, several Asian countries agreed to 
replace it with the term irrigation service fee 
(ISF) (ADB, 1986a). This is now often 
adopted, though it conflicts with the defini-
tion of a fee as an administrative payment 
(e.g. for the registration of a water right). 
Another term commonly used is water price. 
This is preferably confined to the (eco-
nomic) price that emerges in a market as the 
result of the actions of willing buyers and 
willing sellers, with no connotation of 
(financial) cost recovery. Since such mar-
kets are rare in the water sector, price is 
often used as a synonym for charge to indi-
cate the administrative rate set by an agency 
to a user. Most of the discussion in this 
chapter uses the term water charge, focus-
ing on how water charges are reasoned, jus-
tified, determined, enforced, recovered and 
eventually expended.

A word is also necessary on the terms 
ability-to-pay and willingness-to-pay. 
Many studies conclude that farmers have 
an ability-to-pay much higher water 
charges than are charged in practice. This 
is sometimes supported by evidence that 
they are willing-to-pay much higher 
amounts for private irrigation and by the 
fact that consumers in the domestic sector 
are willing-to-pay much higher prices to 
street vendors than the tariffs charged by 
the utility. The use of these terms can, 
however, be confusing.

Water price

In
co

m
e Plot-level and local

management
adjustments in
efficiency Change in cropping

patterns

Change in irrigation
technology

Reallocation to other
users/sectors

Fig. 2.4. Effects of water pricing as an economic tool.
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Willingness-to-pay is best used as an 
economic term to describe consumer behav-
iour. The poor may be willing-to-pay the 
high unit price charged by a private tube 
well owner or a vendor but buy little at this 
price, the amount being determined by prof-
itability (in irrigation) or subsistence needs 
(in domestic use). As prices and incomes 
shift, demand also shifts reflecting the price, 
income and cross-price elasticities described 
by standard demand curves (Young, 1996). 
Similarly, private investments (such as 
wells) and their subsequent operation reflect 
investor assessment of profitability, that is, 
by farmers’ willingness-to-pay (or to invest). 
Purchases from a private tube well owner or 
vendor and private investment in irrigation 
are determined in markets governed by the 
actions of willing buyers and willing 
sellers.8

If willingness-to-pay describes behav-
iour, ability-to-pay relates to farmer incomes 
and public subsidies. If irrigation invest-
ment is economically justified, and prices 
are undistorted, farmers should in principle 
be willing-to-pay all costs including capital 
cost. But irrigation is driven by non- economic 
objectives and in most cases farmers should 
not repay full capital costs. If they are unable 
to pay for marginal (future) costs, then – 
leaving aside distortions in other costs and 
prices – continued irrigation is itself uneco-
nomic. In extreme cases, farmers may be 
unable to pay even recurrent costs since the 
resulting farm incomes are inadequate to 
sustain life (Cornish et al., 2004) or the rain-
fed option is more profitable. But the issue 
in irrigation is seldom, if ever, an absolute 
inability-to-pay (although this may, of 
course, typify extreme cases in respect of 
domestic water). It is one of fairness, incen-
tive and acceptability, and ability-to-pay is 
best thought of as that level of payment 
thought reasonable and practical, given the 

general context and government priorities 
and objectives. The level of subsidies given 
to construct a new scheme or sustain an 
existing scheme is thus ultimately a politi-
cal decision.

CHARGING FOR WATER IN PRACTICE

This section addresses the practicalities and 
modes of charging for water, as well as the 
current situation regarding cost recovery by 
irrigation schemes.

Main Types of Water Charge

The following are the most common ways of 
defining charges and their differentiation 
according to uses and users (Sampath, 1992; 
Tsur and Dinar, 1997; Garrido, 1999; 
Bosworth et al., 2002; Easter and Liu, 2005):

1. Uniform user charge – users are taken to 
have similar access and are charged evenly. 
Even if the level of use varies, differences 
cannot, or are too costly to, be assessed.
2. Area-based charge – the irrigator is 
charged according to the area irrigated, 
based either on: (i) the area owned; or (ii) 
the area cropped (declared by the farmer or 
assessed by the agency).
3. Crop-based charge – the charge is based 
on area and type of crop. Differentials may 
be justified by crop priority (e.g. cereals for 
food security) or water diverted or con-
sumed by crop or its value.
4. Volumetric charge – water is charged, 
based on actual diversions to a user or group 
of users (bulk water pricing). Metering is nec-
essary but volume may be represented by time 
or the number of ‘turns’, provided discharges 
are more or less stable and predictable.
5. Volumetric block tariffs – when metered, 
charges can be fixed for different levels of con-
sumption. Increasing block tariffs discourages 
excessive use. Decreasing block tariffs pro-
motes sales and rewards economies of scale, 
being appropriate only if water is abundant.
6. Mixed tariffs – charges combine a flat 
rate (usually area-based) with a volumetric 

8 Such markets may, of course, be distorted as a result 
of monopoly practices, distorted input and output 
prices, changeable public policies, etc., and there 
may be a case for interventions by government or a 
regulator to correct for these distortions. They are 
also shaped by social relationships and values.

Molle & Berkoff_Chap 02.indd   34Molle & Berkoff_Chap 02.indd   34 10/12/2007   11:52:29 AM10/12/2007   11:52:29 AM



 Mapping the Debate 35

charge. This provides both a stable mini-
mum revenue to the operator and a variable 
charge according to use.
7. Quotas at fixed charges – quotas may be 
uniform (e.g. based on area) or vary by crop. 
Charges can be proportional to nominal vol-
umes or vary with crop type (as in the Jordan 
valley).
8. Quotas and marginal volumetric pricing 
– users can access more than their quota 
(subject to availability and within limits), 
but additional use is charged at higher rates 
(as in Israel).
9. Market-based price – the price of water is 
determined in a market where allotments can 
be traded (within season, seasonally or perma-
nently). If the market is regulated, the regulator 
may set the price, set price limits, serve as bro-
ker, etc. (as in the California Drought Bank).

Each method has its advantages and disad-
vantages, notably the ease with which charges 
can be calculated, justified and implemented. 
Additional modalities may also vary: for 
instance, charges may vary by season, be paid 
before or after cropping, in one or more instal-
ments, in cash or in kind, etc.

Besides direct charges, farmers may 
also be charged implicitly via the tax system 
or in the level of output prices. Land taxes, 
for instance, often vary to reflect the higher 
productivity of irrigated land, and better-
ment levies may be imposed when irriga-
tion is brought to an area for the first time. 
Similarly, procurement programmes and/or 
export duties can depress crop prices and 
can be thought of as an indirect charge. But 
this is not specific to irrigation and may be 
offset by other subsidies (e.g. on fertilizer). 
Moreover, farmers may be protected rather 
than taxed. These and related issues are 
thus best considered in relation to the gen-
eral context rather than to irrigation charges 
per se (see earlier section).

Who Collects and Uses the 
Water Charge?

Water charges may be assessed and collected 
by the state, by a revenue or irrigation depart-

ment, or by a combination of the two (as in 
much of India); by an autonomous irrigation 
entity at the national level (as in the case of 
the National Irrigation Administration (NIA) 
in the Philippines) or at the scheme level (as 
in China and other countries where schemes 
are managed autonomously or quasi-autono-
mously); or by a communal organization 
(such as a Water User Organization) collect-
ing charges directly from its members. 
Numerous options exist. The state may assess 
and collect charges at farm level, and con-
sider this levy as revenue. Alternatively, 
assessment and spending of this revenue can 
be shared with other levels. Again, a Water 
User Association (WUA) or some other agent 
may collect the fees and retain a pre-assigned 
share for its own requirements (e.g. O&M of 
the tertiary command), transferring the bal-
ance to the irrigation agency, the basin agency 
or the state, in return for irrigation supply. 
This can be paralleled by contractual arrange-
ments made for bulk allocations and sched-
ules at each level (e.g. between the river basin 
agency and irrigation entities, between the 
irrigation entity and pump/canal organiza-
tions and between the canal organization and 
the WUAs).

In other cases, a state or provincial gov-
ernment may regulate the different rates 
applied by various entities (including the 
charge paid by farmers), or each entity or 
organization may be free to establish its own 
rates subject to agreement between the dif-
ferent levels and approval under the rules of 
the organization. Where the state is respon-
sible, payment may be reduced or forgiven 
in a drought or for some other reason.

There are also options relating to incen-
tives and farmers’ involvement in decision 
making. For instance, incentives may be pro-
vided to encourage collection either being 
paid to officials of the relevant organizations 
or to private subcontractors. The correspond-
ing levels of farmers’ involvement in decision 
making are equally important (e.g. in alloca-
tion decisions or possibility of hiring their 
own staff). The nature of the arrangements 
impacts on the rate of collection and on the 
potential for water conservation and enhanced 
water productivity, as discussed further below 
in the appropriate sections.
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Who Pays What and How Much?

Types of charge

The most common form is area-based or area 
plus crop-based, as in Pakistan (Bazza and 
Ahmad, 2002), Nigeria (Olubode-Awosola et 
al., 2006), Kazakhstan (Burger, 1998), Vietnam 
(Fontenelle et al., Chapter 7, this volume), 
Turkey (Yercan, 2003), Argentina, Greece, 
Japan, Philippines and Sudan (Cornish et al., 
2004), with occasional distinctions by season 
(as in India, Saleth, 1997; or Nepal). This type 
of charge accounted for 60% of the sample 
studied by Bos and Wolters (1990).

Volumetric pricing is usual in the Middle 
East or North Africa, e.g. Tunisia (Hamdane, 
2002a), Iran (Perry, 2001a,b), Jordan (Venot et 
al., Chapter 10, this volume) and in countries 
such as the USA, Australia, Southern Europe 
and Mexico. Volumetric pricing is often associ-
ated with a quota, and defined at a bulk rather 
than at an individual level. Two-part tariffs are 
also common (e.g. Spain: Maestu, 2001; 
Colombia: Garcés-Restrepo, 2001; Lebanon: 
Richard, 2001; Morocco: Ait Kadi, 2002). 
Volumetric charges are widespread in lift irri-
gation given the ease of measurement (though 
not in Vietnam; see Fontenelle et al., Chapter 7, 
this volume).

Numerous variations occur: in Indonesia 
charges may be differentiated by head, middle 
and tail, and be lower in unproductive areas 
(Hussain and Wijerathna, 2004), and in India 
they sometimes reflect water dependability (Sur 
and Umali-Deininger, 2003). In Bangladesh, at 
one time charges were set as 3% of gross incre-
mental benefit but this proved impracticable 
(ADB, 1986b). In contrast, simpler approaches 
may be negated by considerations of equity: a 
flat per acre rate was, for instance, adopted in 
Sind in 1972 to reduce irregularities only to be 
abolished in 1980 since charges based on actual 
crop areas were thought fairer. Some countries 
once collected charges in kind (e.g. the Office du 
Niger, Mali: Aw and Diemer, 2005; Philippines: 
Oorthuizen, 2003), and in Tanzania this is still 
an option (Tarimo et al., 1998). Elsewhere, rates 
are expressed in terms of a paddy quantity (e.g. 
in Vietnam and Philippines), though rates must 
be updated if productivity or prices vary 
(Carruthers et al., 1985).

Some countries impose a resource charge 
in addition to an irrigation charge. This may 
simply be an administrative fee, e.g. for regis-
tering a water right, but can be a contribution to 
basin management costs South Africa (Spain, 
France: Berbel, Chapter 13, this volume; 
Tanzania: van Koppen et al., Chapter 6, this 
volume; Colombia: Garcés-Restrepo, 2001). 
Resource charges are seldom significant to the 
farmer (e.g. 13% of O&M costs in Peru: Vos, 
2002).

Despite occasional claims that models can 
assist in determining technically optimal 
prices (Tarimo et al., 1998; Louw and Kassier, 
2002; Garrido, 2005), there is little evidence 
that this has ever occurred: charges are invari-
ably based on historical practice, microeco-
nomic data on crop income or the level of 
O&M/investment costs (Lee, 2000) and are the 
result of negotiations or bureaucratic arbitra-
tion (Lanna, 2003). In general, a balance is 
struck between supply costs and what farmers 
can pay or, maybe more to the point, between 
tax collection costs and higher charges that 
would not be politically possible.

Charging mechanisms are not necessar-
ily established once and for all and may 
evolve with circumstances and objectives 
(Rieu, 2005). Changes may be triggered by 
climatic circumstances (volumetric pricing 
will perform badly in dry years, as experi-
enced in Mexico: Kloezen, 2002), level of 
state subsidies, O&M costs (which may vary 
with age of the system), type of incentives 
needed, etc. (see Plantey et al., 1996; Nicol, 
2001 for two French examples).

Rates of recovery

Collection problems have plagued many sys-
tems (World Bank, 2005c). Collection is low in 
Pakistan (30–60%: Bazza and Ahmad, 2002; 
less than 30% in Sindh: Cornish et al., 2004; 
and 5–15% in schemes studied by Hussain 
and Wijerathna, 2004), Kenya (20% in West 
Kano: Onjala, 2001), Nepal (5%: World Bank, 
1997), Bangladesh (less than 10%: World 
Bank, 2005c) and India (8% in 1989: Saleth, 
1997), though 66% and 85% in Andhra 
Pradesh and Uttar Pradesh, respectively, in 
1998 (Sur and Umali-Deininger, 2003). 
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Recovery rates tend to be higher: (i) under 
authoritarian governments; (ii) if supply is cut 
off for non-payment; (iii) if charges are low, 
recovered with other taxes and/or collected 
before the crop season; (iv) where users decide 
on the use of the charges; and (v) when supply 
is reliable. Thus, it is 98% in Mali (Office du 
Niger: Aw and Diemer, 2005), 95% in Turkey 
(Özlü, 2004), 90% in Syria (Bazza and Ahmad, 
2002) and Tunisia (Hamdane, 2002a), 80% in 
Mexico (OECD, 2003) and the Jordan Valley 
(Venot et al., Chapter 10, this volume) and 
50% in Kyrgyzstan (Sehring, 2005). The over-
all rate of recovery for a sample of 82 irrigation 
providers was 77% (Lee, 2000).

Water charges come with both adminis-
trative and compliance costs that can be 
quite substantial (Nickum, 1998; Tiwari and 
Dinar, 2001; Johansson et al., 2002) and dif-
fer depending on the type of charge (Tsur 
and Dinar, 1997). In Bihar, collection costs 
are said to sometimes exceed the income 
derived, being estimated at between 52% 
and 117% of the amount collected (Prasad 
and Rao, 1991). For Bhatia (1991), collection 
keeps ‘5,000 persons busy and unproductive 

in the fields’. Transaction costs make volu-
metric charging impractical in Egypt (Bowen 
and Young, 1986) and similar settings.

The burden of irrigation charges

This burden varies widely. Bos and Wolters 
(1990) reviewed 150 systems and, in all but 
one, water charges were less than 10% of 
the net farm income excluding water costs. 
The share ranges from zero if water is sup-
plied free (as in Albania, Poland, Croatia: 
Cornish et al., 2004, Saudi Arabia: Ahmad, 
2000, Thailand: Molle, Chapter 5, this vol-
ume and Taiwan) to above 30% in pump 
schemes (e.g. 31% in Niger: Abernethy 
et al., 2000; 34% in Gujarat: Cornish et al., 
2004; and even 65–76% in the Jordan high-
lands: Venot et al., Chapter 10, this volume). 
Figure 2.5 shows the ratio for a number of 
schemes and scheme averages.

Two qualifications should be added 
here. First, formal charges do not capture in 
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Fig. 2.5. Water costs as percentage of net income.
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full the water payments made by farmers. 
Extralegal payments to local officials are 
widespread, especially if water is scarce 
(India: Wade, 1982; Indonesia: Rodgers and 
Hellegers, 2005; Vietnam: Fontenelle et al., 
Chapter 7, this volume; Pakistan: Rinaudo, 
2002). Farmers are also usually responsible 
for O&M costs within the tertiary – water-
course – command (in Egypt, India, Pakistan, 
Indonesia, etc.). Finally, farmers incur major 
on-farm costs including investments made 
to augment and/or offset insecurity in main 
system supplies (not only in private tube 
wells, but also in hand pumps, reuse sys-
tems, on-farm reservoirs, etc.). Second, 
averages disguise high variability. Low-
yielding and tail-end farmers typically pay 
a higher proportion of net income in water 
charges (Carruthers et al., 1985). Figure 2.6 
shows, for a sample of 101 rice farmers in 
Sri Lanka studied by Hussain (2005), that 
water charges would greatly decrease 
income for the 25–30% of poorer farmers 
even if, on average, they are only 10–15% of 
the average net income (Rs 11,000/acre).

In some countries, charges are limited 
by law in terms of either a maximum share of 
net income or another measure (e.g. Vietnam); 
in Iran, regulated surface water charges are 
limited to 1–3% of the gross value of crop 

output (Keshavarz et al., 2005); in Cyprus, 
the charge is limited to no more than 40% of 
the weighted average unit cost (65% in 
exceptional cases) (Tsiourtis, 2002); in India, 
a 1972 policy review recommended that 
water rates should lie within the range of 5–
12% of gross farm revenue (Prasad and Rao, 
1991; Vaidyanathan, 1992). Elsewhere, mini-
mum values are sometimes (ineffectively) 
decreed as in Korea (Sarker and Itoh, 2001) 
and Peru (Vos, 2002). Block tariffs have been 
proposed to protect the poor though others 
conclude that water pricing mechanisms are 
ineffective in redistributing income, besides 
having perverse subsidy effects (Tsur and 
Dinar, 1995; Dinar et al., 1997).

PRICING AS A FINANCIAL 
INSTRUMENT: COST RECOVERY

Arguments for Cost Recovery

Funds for physical sustainability

The least controversial – and most compel-
ling – argument in favour of cost recovery in 
irrigation is to ensure the availability of funds 
needed to sustain physical sustainability of 
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Fig. 2.6. Distribution of net income from rice cultivation (southern Sri Lanka).
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the infrastructure. Concerns relating to physi-
cal sustainability have a long provenance, but 
rose to particular prominence in the 1980s 
when many governments and lending agen-
cies faced the necessity of rehabilitating 
schemes that had sometimes been con-
structed only a few years back, but were 
already in a dilapidated state.9 In Indonesia, 
for example, one-third of the 3 million ha of 
public sector irrigation schemes has been 
rehabilitated twice in the last 25 years (World 
Bank, 2005b). In the Philippines, successive 
projects funded by the World Bank and ADB 
have similarly returned repeatedly to the 
same national irrigation systems (World 
Bank, 1992) and, no doubt, other examples 
could be quoted. The decay of irrigation 
infrastructure leads to poor water delivery 
and is thought to lower agricultural produc-
tion and decrease farmer income (Tiwari and 
Dinar, 2001; Hussain, 2005).

Degradation of facilities can be linked 
to many causes, including faulty design, 
shoddy construction, lack of incentives to 
respect covenants, pressures on public 
finances and a tendency by politicians to 
adopt a ‘build-and-forget’ approach to polit-
ically motivated projects. Widespread reli-
ance on government for financing O&M has, 
in practice, led to underinvestment, deferred 

maintenance and degradation of facilities. 
This can also be related to ‘public goods’ 
and ‘freerider’ issues, as farmers intervene 
in low-level public infrastructure to secure 
their individual interests and as the incen-
tives facing ill-paid operators and farmers 
have proved unsuited to the effective main-
tenance of both public and communal facil-
ities. In many countries, tertiary maintenance 
is the responsibility of the farmers, yet even 
this is often poorly undertaken, in part due 
to the inability of the main system to guar-
antee predictable supplies, and in part due 
to lack of cooperation, freeriding and incen-
tive issues at farmer level.

Underinvestment in maintenance is 
believed to be very considerable. For 
instance, total O&M requirements for pub-
lic systems in India have been assessed at 
about Rs. 25–30 billion per year, yet less 
than a quarter of this amount is actually 
provided, with wide variation across states 
(Thakkar, 2000) and revenue receipts cov-
ering only 10% of expenditures in 2000 
(Sur and Umali-Deininger, 2003). In Egypt, 
a desirable level of expenditures on O&M/
rehabilitation has been put at US$234 mil-
lion, yet only US$164 million is provided 
(Bazza and Ahmad, 2002). Comparable 
 situations are found in numerous other 
countries, contributing to the perceived 
need for repeated rehabilitation as in 
Indonesia and the Philippines. The con-
clusion is that states have been de facto 
major defaulters and that sustainability 
depends on users taking over responsibil-
ity for maintenance.

Performance incentives

But paying for water does not by itself ensure 
good maintenance and service. When the 
receipt from water charges is channelled to 
state coffers, farmers come to regard charges 
as a tax rather than a direct benefit to them-
selves and pressurize politicians to reduce – 
even abolish – them. The assumption that 
paying for water in itself creates a sense of 
ownership has thus no doubt been over-
stated (e.g. Onjala, 2001, for Kenya).

9 The literature provides uncontroversial evidence 
that these fi nancial diffi culties have been the driving 
force – or at least the chief justifi cation – behind the 
revision of pricing policies, and also of many pro-
grammes of participatory irrigation management 
and varied degrees of turnover of management to 
farmer collectives (Frederiksen, 2005): see Burger, 
1998 on Kazakhstan; Çakmak et al., 2004 on Tur-
key; USAID, 2002 on Egypt; and Rap, 2004 on 
 Mexico. Yet, the rhetorical argument that O&M costs 
are a ‘huge drain’ on state coffers appears frequently 
at fault. In 1997/98, canal irrigation subsidies were 
equivalent to 2.6% of the fi scal defi cit in Karnataka 
and 7% of the fi scal defi cit in Andhra Pradesh, with 
the same order of magnitude for Maharashtra, Raja-
sthan and Uttar Pradesh (Sur and Umali-Deininger, 
2003). This seems signifi cant, but only amounts to 
0.1–0.3% of the respective state expenditures, a lim-
ited subsidy if redistribution to farming populations 
is considered a state policy (Molle, Chapter 5, this 
volume, and Venot et al., Chapter 10, this volume, 
provide other examples for Thailand and Jordan).
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When incentives are provided to the offi-
cials of the relevant organizations or to pri-
vate subcontractors (these incentives may or 
may not be passed to users) to encourage col-
lection or improve water management within 
the area they control, a link is established 
between payment and benefits to users. In 
order to close a virtuous circle of incentives, 
managers should ideally depend financially 
on farmers’ contribution. Another fraction of 
the charges can be managed internally by a 
local group – e.g. farmers along a distributary 
or minor – for local repairs and maintenance 
or to pay ditch riders, thus ensuring that user 
payments are used to maintain the infrastruc-
ture and improve operations in direct sight of 
the farmers concerned. The focus here is not 
on paying benefit taxes to the state, but on 
ensuring both financial and physical sustain-
ability through direct farmer involvement.

In sum, there are numerous variations of 
incentive mechanisms, depending on the 
degree of farmers’ involvement in planning, 
allocation and hiring of staff, the level at 
which the boundaries are drawn between 
farmers’ and agencies’ responsibilities, and 
the inbuilt accountability mechanisms and 
incentives for financial contribution. Cost 
recovery makes full sense when arrangements 
are centred on financial autonomy, a clear 
definition of the responsibilities of managers 
and users and inbuilt accountability mecha-
nisms (Small et al., 1986; Small and Carruthers, 
1991; Vaidyanathan, 1992; ICID, 2004; see 
Molle and Berkoff, Chapter 1, this volume, for 
a historical perspective). A reassessment of 
this model of financial autonomy will be 
attempted in a later section.

Equity considerations

Another important argument for recovering 
costs from farmers is that, having benefited 
from exceptional public investments, farmers 
should repay at least a part to the national 
budget on equity grounds (World Bank, 1984; 
Perry, 2001a,b). One mechanism for achieving 
this is a betterment levy (e.g. by increasing the 
land tax); another is by levying water charges. 
The equity argument is often supported by 

pointing to differences between investment in 
irrigated and rain-fed  agriculture, and by the 
fact that water charges are seldom more than 
5–15% of the incremental value of production 
relative to that of rain-fed output (Easter and 
Liu, 2005). Ministries of agriculture and irriga-
tion typically spend much of their budget on 
irrigation (60% in the case of Thailand) and 
annual irrigation subsidies are often massive 
(Rosegrant, 1997; Sur and Umali-Deininger, 
2003). Investment opportunities in rain-fed 
areas are no doubt more limited than in irri-
gated areas and it is perhaps understandable 
that governments start by developing regions 
that lend themselves to irrigation. Nevertheless, 
as argued earlier, irrigation subsidies have 
probably discriminated against the rain-fed 
farmer (ICID, 2004).

A related equity argument is that cost 
recovery can contribute funds for irrigation 
expansion in currently deprived regions, an 
argument notably employed by politicians in 
advocating investments in their constituen-
cies10 (World Bank, 1984) and by those who 
advocate irrigation as the driving force for 
regional development. However, if income 
from water charges or betterment levies is 
accrued to the general public budget, there is 
no assurance that it will be used to expand 
irrigation since Ministries of Finance typi-
cally allocate resources in line with general 
political priorities.

Objections to Cost Recovery

Identification of beneficiaries

At first sight, it is obvious that farmers are the 
beneficiaries of irrigation and the large major-
ity welcome irrigation projects. Even so, they 
are neither consulted on construction nor are 
their obligations always clearly defined. Some 
may have to relinquish land while others may 
have invested earlier in private or communal 

10 This may unfortunately lead very often to uneco-
nomic projects which are granted against political 
support to the ruling party, or to other MPs (‘pork 
barrel’ in the USA). A perverse outcome can be the 
‘overbuilding’ of river basins (Molle, 2007).
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irrigation and gain little by being included in 
the new scheme (e.g. in Iran, Thailand or 
Argentina). Demanding repayment of costs 
decided by the state in these cases seems ineq-
uitable. Moreover, irrigation is often provided 
in the context of multi-purpose projects and 
irrigation itself may benefit non-farmers (e.g. 
domestic users or those in the flood plain). 
Since cost allocation is seldom applied sys-
tematically, irrigators may be asked to pay 
more than a fair share of joint costs (though 
hydropower rather than irrigation is more typi-
cally overcharged). Moreover, as argued earlier, 
if much irrigation is underpinned by strategic 
objectives and is inherently uneconomic, 
recovery of full costs is neither fair nor practi-
cable: ‘Is it fair to charge the full cost (including 
the capital cost) for projects designed without 
the farmers’ say or designed on the basis of 
higher world grain prices?’ (ICID, 2004).

Cost recovery is sometimes taken to imply 
that all costs should be recouped from direct 
beneficiaries. However, some argue that the 
‘joint private/public nature of benefits that 
result from such projects’ and the long-term 
nature of economic returns may warrant subsi-
dization by the state (Kulshreshtha, 2002). 
Others assert that irrigation facilities are a form 
of social overhead capital with farmers being 
just one category of beneficiaries amongst 
many (Small, 1996). If so, it is arguable that 
other beneficiaries – traders, processors and 
transporters – should be charged a share or irri-
gation costs. More broadly, a whole region may 
benefit from the stimulus of irrigation and con-
sumers everywhere benefit from rising farm 
output in the form of lower prices (Sampath, 
1992; Small, 1996; Bhattarai et al., 2003). Thus, 
it is sometimes argued that ‘indirect beneficia-
ries of irrigation, (notably) consumers of cheap 
food, should be happy to subsidize irrigation 
development through taxes’ (Perry, 2001a,b).

Care must be taken in disentangling 
these arguments. If multiplier benefits are 
limited to incremental impacts relative to 
those of the alternative project (which also, 
invariably, exhibit such multiplier effects), 
then – for this and other reasons – the condi-
tions under which they can be included in 
total benefits are restrictive (see first section). 
Moreover, food marketing is often amongst 
the most competitive sectors in developing 

countries. If so, participants, by definition, 
pay almost full economic costs so that charg-
ing specific indirect beneficiaries for a share 
in irrigation costs risks double-counting. The 
justification given for indirect benefits is thus 
less convincing than sometimes implied.

As Abu-Zeid (2001) recognizes, govern-
ments may ‘continue to subsidize [new] 
projects for several reasons, e.g. enhancing 
national security, maintaining political sta-
bility, decreasing population density in cer-
tain sensitive geographical regions and 
conserving water’. Given these national 
objectives, the level of capital cost recovery 
that is desirable is ultimately a political 
judgement given the context concerned, 
reflecting judgements on the weights given 
by society to national objectives other than 
economic optimization.

Cost estimation

Cost estimation – and hence the level of 
cost recovery implied – is seldom straight-
forward. For schemes constructed in part 
with unpaid labour (whether voluntary or 
otherwise) – as in China, Vietnam, Burma 
and at the tertiary level in many countries – 
implicit farmer contributions should be 
excluded. FAO and USAID (1986) have also 
suggested that ‘farmers should not be asked 
to repay the cost of over-elaborate gold-
plated designs, incompetent, expensive 
construction, costs overruns for reasons of 
corruption, bad scheduling of construction 
activities or the like’. Similarly, farmers 
should not be asked to pay for overstaff-
ing,11 poor management and corruption 
(Rao, 1984; FAO and USAID, 1986; Bhatia, 
1991; Gulati and Narayanan, 2002 – Rao 
has estimated that in India only about half 
of officially estimated costs represent real 
costs). Moreover, with regard to mainte-
nance, should actual costs or ideal costs be 

11 Lee’s (2000) review of 82 irrigation providers found 
an average of 38% of O&M costs spent on salaries, 
with a maximum of 82%; it is 80% in Sindh, Pakistan 
(SIDA, 2003), but only 10% in northern Vietnam 
(see Fontenelle et al., Chapter 7, this volume).
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considered and how should the ideal be 
defined? Systematic maintenance may 
lengthen a project’s life, but what is the 
economic optimum? Finally, convincing 
farmers that opportunity and externality 
costs are real, let alone charging them for 
these costs, is extraordinarily difficult (see 
later section).

Irrespective of whether actual O&M and 
related costs are justified, they must be 
financed either by government or by farmers 
if irrigation is to be sustained. As noted ear-
lier, scheme autonomy strengthens incen-
tives for containing costs to those justified by 
prevailing conditions. In the state of Victoria, 
Australia, for example, when farmers were 
required to pay the full costs of O&M, 
increased scrutiny of the supply agency led 
to a 40% reduction (World Bank, 2003a,b). 
While farmers tend to take a short-term view 
of what is required, often in the hope that 
government will, in due course, rehabilitate 
the scheme, they also usually have a much 
better idea than unaccountable public agen-

cies of what is truly required (sometimes less 
than external experts commonly suppose).

Cost Recovery: Empirical Evidence

The literature suggests that no more than a 
portion of O&M costs is typically recovered 
(Dinar and Subramanian, 1997; Cornish et al., 
2004; Easter and Liu, 2005), a conclusion that 
probably holds despite inconsistencies in the 
definition of these costs. OECD countries often 
recover full O&M costs (Garrido, 2002; Berbel 
et al. Chapter 13, this volume), while Latin 
America (notably after management transfer) 
and the Mediterranean basin (e.g. southern 
Europe, Tunisia, and Morocco) have fared bet-
ter than Asia and Africa, and East Asia better 
than South Asia (ESCWA, 1999 for Western 
Asia; Ringler et al., 2000 for Latin America; 
Chohin-Kuper et al., 2002 and Bazza and 
Ahmad, 2002 for Mediterranean countries; 
Cornish et al., 2004 for a review). Figure 2.7 
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Fig. 2.7. Water charges relative to O&M costs in selected schemes and countries.
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plots average levels of cost recovery for a num-
ber of cases, distinguishing between particular 
schemes (both gravity and pressurized marked 
with*) and country averages (in grey).

Beyond these average estimates drawn 
from the literature, in practice both O&M costs 
and cost recovery levels vary over time 
depending on water use patterns and the age 
of systems, government policies and organi-
zational arrangements (Carruthers et al., 
1985). For instance, the real irrigation charge 
in Tunisia was raised by 2.4 times between 
1990 and 2000 and collections rose from 57% 
to 90% so that they now cover, on average, 
115% of O&M costs (Hamdane, 2002a,b). In 
Morocco, charges in the Tadla scheme cover 
both O&M and depreciation (Hellegers et al., 
Chapter 11, this volume), although they cover 
no more than O&M costs in three other gravity 
schemes, and 66% in three major pumping 
schemes (values for 2001; Belghiti, 2005b).

Historical evidence suggests that in no 
country have the beneficiaries shouldered a 
significant share of the initial capital costs of 
large-scale irrigation, let alone the costs of sub-
sequent irrigation expansion. Many schemes 
date back to when irrigation expansion was a 
national policy and are targeted for cost recov-
ery mainly to contain current public expendi-
tures. Even in richer countries, it is difficult to 
justify the recovery of capital costs of past pub-
lic projects, given that irrigation benefits have 
usually been capitalized in land values and, 
given that relative price shifts often make it 
financially impossible (see Pigram, 1999 on 
Australia; Musgrave, 1997). Postel (1992), for 
instance, reports that 4 million ha in the west 
USA are supplied ‘at greatly subsidized prices’ 
by the Federal Bureau of Reclamation (see also 
Anderson and Snyder, 1997), reflecting the 
fact that the 1902 legislation emphasized 
 western settlement rather than full market 
returns for Federal water projects (Gollehon et 
al., 2003). Irrigators in the Central Valley 
Project have repaid only 4% of the capital 
cost. Currently, repayment of capital costs 
averages about 15% in real terms (Howe, 2003; 
Hanemann, 2006).

In South Korea, financially autonomous 
Farmland Improvement Associations (FLIAs) 
have repaid part of initial capital costs, in 
addition to shouldering full O&M costs 

(ADB, 1986b) and in Japan corporate Land 
Improvement Districts shoulder 10–15% of 
the costs of large-scale state irrigation proj-
ects and 25% of medium-scale projects initi-
ated by prefecture governments (Sarker and 
Itoh, 2001).12 The principle of capital cost 
recovery has been incorporated in European 
directives and has the clear potential to 
ensure that projects are cost-effective and to 
crowd off marginal and politically motivated 
water resource development (Garrido, 2002). 
Yet, perhaps for this very reason, obstacles 
still prove pervasive and fiscal discipline 
elusive (Hill et al., 2003).

Morocco is a rare example in the devel-
oping world in having an Agricultural 
Investment Code that specifies ‘with the 
objective to alleviate the [financial] burden 
on farmers, (irrigation rates) will be called 
upon to contribute to investment costs only 
to the level of 40% of these costs’ (Belghiti, 
2005a; emphasis added). Although this 
level has yet to be attained Morocco has 
taken bold steps towards financial auton-
omy. In Egypt, new irrigation areas (New 
Lands) for commercial entrepreneurs are 
also being granted with a degree of cost 
sharing (Perry, 1996), while expansion of 
the irrigated area in the Office du Niger 
(Mali) included 20% of contribution by 
farmers (Aw and Diemer, 2005). In contrast, 
in Bihar and Haryana, where irrigation 
remains firmly in the public sector, if capi-
tal costs were charged in full, payments 
would amount to 40–90% of net incremen-
tal farm income (Bhatia, 1991).

Development agencies have long been 
reluctant to recognize that few countries will 
recover more than a nominal share of initial 
costs, and that irrigators’ ‘debt’ to the state 
will be eventually written off, even in devel-
oped countries (Garrido, 2002). For example, 
ADB’s 1985 review (ADB, 1986a) calls for 
‘benefit-conscious project preparation’ and 
notes that the disregard for loan covenants 

12 It is perhaps no coincidence that South Korea and 
Japan simultaneously subsidize their rice-farming 
sector through import duties and controls that lead 
to very high internal prices and promote domestic 
production.
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(in particular on ISFs) by governments is not 
being addressed. Pitman (2002) observes 
that ‘Globally, most [World] Bank projects 
pay lip-service to (capital cost) cost recov-
ery’, but that those which addressed this 
issue in practice were largely water supply 
projects. Recognition of the case against full 
capital cost in irrigation and greater realism 
in practice would clearly be desirable (World 
Bank, 2003a,b).

Empirical evidence also shows that 
very seldom are incentives linked to 
charges. Bos and Wolters’ (1990) survey of 
159 schemes covering 8 million ha showed 
that there is no relation whatsoever 
between the level of charge and efficiency. 
This was confirmed by later findings by 
Jones (1995) which showed that revenue 
from water charges generally goes to the 
general treasury and is not earmarked for 
O&M. A typical example is Pakistan where 
revenues from water charges go to the pro-
vincial or state treasury, losing the link 
between payment and O&M and quality of 
service (Bazza and Ahmad, 2002) (see also 
Jordan: Venot et al., Chapter 10, this vol-
ume; and India: Samal and Kolanu, 2004). 
Conversely, the failure to ensure reliable 
supply is one of the major reasons for 
widespread defaulting (Carruthers et al., 
1985; ADB, 1995; Spencer and 
Subramanian, 1997). Samal and Kolanu 
(2004) note the ‘categorical and explicit 
refusal of [Indian] farmers to pay the water 
tax till the irrigation service was improved’. 
In Sindh, Pakistan, ‘farmers are not will-
ing to pay since the financial system is not 
transparent and they do not see that the 
charges paid are used to deliver a good ser-
vice’. The farmers said that they were will-
ing to pay for services, but not for 
‘someone’s wife’s jewellery’ (Cornish and 
Perry, 2003).

Even where progress has been made in 
transferring responsibilities at the tertiary or 
secondary level to farmer organizations under 
irrigation transfer and similar programmes, 
supply has often remained unpredictable. 
Whether due to suboptimal management, to 
real constraints in controlling stochastic 
water variability and uncertainty or to what 

happens upstream, insecure main system 
supplies have undermined efforts by farm-
ers to organize at secondary or block level. 
For example, Parthasarathy (1999) has 
shown that, in Gujarat, India, WUA mem-
bers failed to pay higher rates when they 
appreciated that managing an isolated or ter-
minal portion of the canal system failed to 
contribute to any real improvement in the 
reliability of water supplies. As Freeman 
and Lowdermilk (1991) put it: ‘To discon-
nect farmer payments of assessment for 
maintenance, whether in cash or kind, from 
water delivery is virtually to invite organiza-
tional decay.’13

In most countries, governments con-
tinue to be responsible for the funding of 
main-system O&M, together with replace-
ment, rehabilitation and modernization 
works, quite independently of charge col-
lection itself. In other countries, notably in 
East Asia, Latin America and much of 
North Africa (as well as in most developed 
countries), irrigation water charges are col-
lected and retained by scheme manage-
ment (irrigation district). But even in these 
situations, O&M expenditures can be defi-
cient. In China or Vietnam, for instance, 
the level of water charges is regulated by 
national, provincial and local price com-
missions, and, though in principle autho-
rized charges are based on estimated 
requirements, in practice increases have 
been limited with a view to reducing bur-
dens on farmers (Hydrosult, 1999; Lohmar 
et al., Chapter 12, this volume). Similarly, 
the Government of the Philippines has 
repeatedly failed to authorize the NIA to 
effectuate needed increases in water 
charges (World Bank, 1992). Financial 
autonomy – total or partial – has been prac-
tised widely in developed countries, 

13 In addition to farmers’ reluctance to contribute, 
low rates of recovery are compounded by agen-
cies’ reluctance to enforce collection (Carruthers 
et al., 1985), due to drudgery avoidance, unwill-
ingness to antagonize farmers and desire to keep 
good relations, sympathy for their economic situa-
tion, or fear to give farmers reasons to question the 
quality of service.
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including the USA, Spain, France, Italy, 
Mexico, Japan and Korea.14

PRICING AS AN ECONOMIC 
INSTRUMENT: WATER CONSERVATION

Introduction

That water is wasted due to underpricing is 
a widely held view, from the former President 
of the World Bank (‘the biggest problem with 
water is the waste of water through lack of 
charging’: Wolfensohn, 2000) to the World 
Water Vision (‘users do not value water pro-
vided free or almost free and so waste it’: 
Cosgrove and Rijsberman, 2000), to detached 
analysts (‘water is consistently undervalued, 
and as a result is chronically overused’: 
Postel, 1992) and environmentalists who 
favour ‘developing a pricing system that 
prevents excessive use of water’ (WWF, 
2002). For the EU (2000b): ‘[E]fficient water 
pricing policies have a demonstrable impact 
on the water demand of different uses. As a 
result of changes in water demand, efficient 
water pricing reduces the pressure on water 
resources. This is particularly true for the 
agricultural sector.’15

Seemingly corroborating the assump-
tion of waste is the fact that irrigation 
accounts for approximately 70% of with-
drawals on average. Agriculture ‘gobbles up 
at least 75% and sometimes as much as 90% 
of the available water’, while 60% of water 
deliveries fail to reach the fields (The 
Economist, 2003). Profligacy combined with 
agriculture’s dominant share suggests an 
easy solution: if raising irrigation charges 

can reduce losses even by a small percent-
age, sufficient water can be freed to meet the 
much smaller demands of other expanding 
sectors (World Bank, 1993; Winpenny, 1997; 
Gleick, 2001; Louw and Kassier, 2002; Davis 
and Hirji, 2003; IRN, 2003).

This section evaluates whether low 
water charges lead to waste and higher 
charges promote conservation. It first exam-
ines the received wisdom that ‘water is 
wasted because it is underpriced’. Then it 
examines the conditions under which pric-
ing water can be a ‘key to saving water’ and 
assesses the empirical evidence. It concludes 
by evaluating the potential of pricing for pro-
moting conservation.

Is Water Wasted Because It Is 
Underpriced?

Is water wasted?

The first section showed that the concept of 
irrigation efficiency is often misstated. If 
water is abundant – in surplus basins, or 
during the rainy season, after it rains – 
excess diversions matter little since they 
return to the hydrological cycle (though, of 
course, they can impact adversely on water 
control, waterlogging and flooding). If water 
is scarce, farmers compete for the limited 
flows available: the struggle for water when 
it is scarce means that little water is wasted 
when it has value, and this is shown by 
observation of shortage situations. Moreover, 
losses may be used – after a delay – down-
stream or from aquifer recharge and only if 
water flows to the sea or another terminal 
sink is it no longer available for human 
use.16 The central issue is thus one of basin 
efficiency and focusing on farm-level or 
scheme efficiency can be very misleading.

14 Although this autonomy is partly paralleled with, or 
allowed by, massive subsidies granted through out-
put prices or direct payments.

15 See also ‘Ineffi cient pricing and management of ir-
rigation water supply leads to massive wastage’ 
(Hansen and Bhatia, 2004) and similar statements 
in Holden and Thobani (1996), FAO (1998), ESC-
WA (1997), UNESCAP (1996), Ringler et al. (2002), 
TDRI (1990), Siamwalla and Roche (2001), Roth 
(2001), Bate (2002), etc.

16 Flows to the sea may still, of course, have important 
environmental functions, including: fl ushing out 
sediments, diluting polluted water, controlling sa-
linity intrusion and assuring the sustainability of 
estuary and coastal ecosystems.
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There might be cases of a water-abun-
dant scheme located within a water-short 
basin. Such a situation may be due to loca-
tional reasons, specific water rights or polit-
ical influence that insulates that particular 
scheme from overall scarcity. This is a prob-
lem of (basin-wide) allocation and equity, 
which has other roots and will not be solved 
by pricing policies.

Is wastage due to low prices?

The above explanation implies that much 
less water is ‘wasted’ than is commonly 
supposed. Residual ‘real’ losses (evapora-
tion from open surfaces, transpiration via 
unproductive growth, etc.) may be identi-
fied on a case-by-case basis but can ‘real’ 
losses be attributed to low water prices? A 
first issue is that shifts in farmer behaviour 
(induced by prices or otherwise) only 
impact on the share of diversions they 
receive. Ray (Chapter 4, this volume), for 
instance, estimates that farmers in the 
Mula scheme receive no more than 30–
35% of the water released from the reser-
voir, the remainder being ‘lost’ from the 
canal system. Typical losses of 50% imply 
that raising the water charge to farmers 
can at best impact on about one-half of the 
water diverted. A second issue is that 
scheme-level deficiencies primarily relate 
to inequities (head-end and tail-end prob-
lems) and socio-economic costs rather 
than physical losses. Whenever wastage 
(or shortage) occurs, it is because the sup-
ply made available at the farm inlet is not 
in line with needs, and the causes of this 
mismatch remain largely independent of 
the users themselves (Grimble, 1999; 
Rodgers and Hellegers, 2005). Resolving 
such problems is primarily an issue in 
design and management, and remedies lie 
at the system level rather than with chang-
ing the behaviour of farmers (Chambers, 
1988): effective control of supply is needed 
but, as Small (1987) aptly observed: ‘[I]t is 
likely that once this prerequisite exists, 
the amount of “wastage” will be greatly 
reduced, thus lowering the potential effi-

ciency gains from any subsequent attempt 
to introduce water pricing.’

Conditions for Water Pricing to Elicit 
Water Savings

Although the causal relationships between 
low water-use efficiency and low prices are 
weak, and the fundamental objective is to 
optimize agricultural returns rather than 
minimize physical losses for their own sake, 
there is nevertheless a case for adopting 
pricing policies whenever they can contrib-
ute to this fundamental objective. Although 
the opportunities may be very limited, there 
is a continuum from conditions where price 
has no impact on water use and solutions 
lie entirely in management, to conditions 
where water is on demand and farmers can 
adjust volumes to reflect marginal returns 
(Fig. 2.3). This subsection addresses the 
prerequisites for the latter (see also Ray, 
Chapter 4, this volume). Associated issues 
related to externality and third-party 
impacts are considered in a later section.

Is pricing volumetric?

It is sometimes argued that, by making 
farmers aware of the value of water, even a 
flat rate promotes water savings (for 
Tanzania, see van Koppen et al., Chapter 6, 
this volume). But there is little evidence for 
this: on the contrary, farmers try ‘to get as 
much as possible of the thing for which 
they have been taxed’ (Moore, 1989; Bos 
and Wolters, 1990; Berbel and Gomez-
Limón, 2000).

Pricing can thus conserve water only if 
supply is volumetric. Problems of volumet-
ric measurement are well known (Moore, 
1989; Sampath, 1992; Rosegrant and Cline, 
2002). For historical, technical, financial 
and managerial reasons, measurement at 
farm level is rare and even then charges may 
not be based on measured volumes. In some 
cases (e.g. for paddy), measurement at the 
farm level is unworkable without major 
structural investment (Moore, 1989) and 
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installing functional devices in flat gravity 
systems (e.g. in deltas) is impracticable. 
More generally, measurement at the farm 
level is prohibitively expensive in surface 
systems with thousands, if not hundreds of 
thousands, of small farms. Tampering is 
pervasive and the transaction costs of data 
collection, monitoring and enforcement are 
beyond the capacity of most agencies and 
control at farm level is an illusion: Cornish 
et al. (2004) conclude that ‘in practice, volu-
metric methods of supply to individual 
farmers are probably not feasible in large 
parts of the developing world at present’.

Charging for bulk allocations – to a 
WUA, distributary organization or other 
scheme entity – is a way to circumvent the 
transaction costs of charging for individual 
supply (Carruthers et al., 1985; Repetto, 
1986; World Bank, 1986; Asad et al., 1999) 
and is needed in any case for effective (volu-
metric) management. But, if bulk charges are 
to impact on water use, contractual or quasi-
contractual agreements must be enforced 
(Fig. 2.3) which requires more than reforms 
based on little more than wishful thinking, 
as noted earlier. While enforcement and col-
lection delegated down the system, closer to 
the farmer tends to promote participation 
and accountability, the critical point is to 
pass incentives on to farmers.

Is water demand elastic?

A second obstacle to effective conservation 
pricing is that the elasticity of demand for 
irrigation water at current charges is low or 
negligible (de Fraiture and Perry, Chapter 3, 
this volume). Bos and Wolters (1990) found 
that in all but one of the projects studied 
charges were less than 10% of net farm 
income and ‘too low to have significant 
impact’. Latinopoulos (2005) found no rela-
tionship between charges and water use in a 
sample of 21 irrigation districts in Greece, 
and a study of nine Spanish schemes attrib-
uted differences in water use to other fac-
tors (soils, nature and abundance of the 
source, history, etc.), concluding that inelas-
tic demand reflected the relatively low share 

of water in production costs and the lack of 
a substitute (Carles et al., 1999). Some stud-
ies carried out in the USA indicate a similar 
lack of responsiveness to price (Hoyt, 1982; 
Moore et al., 1994). Volumetric pricing is 
most often associated with pressurized sys-
tems and high-value crops, the very situa-
tions where efficiency is already high and 
water costs (hence elasticity) marginal 
(Albiac et al., 2006).

That volumetric charges seldom impact 
significantly on farmer behaviour (Gibbons, 
1986; Malla and Gopalakrishnan, 1995; 
Bosworth et al., 2002; Rosegrant and Cai, 
2002) is perhaps hardly surprising given 
that irrigation water is a subsidized inter-
mediate input. There is probably always a 
range over which demand is elastic, with 
elasticity rising as charges approach full 
cost. However, such charge levels have been 
shown earlier to be unrealistic in uneco-
nomic schemes where water is subsidized. 
At current levels, even large increases make 
little impact since other costs are relatively 
more important, and cross-elasticities deter-
mine water use. Water prices in Iran, for 
instance, would need to rise by a factor of 
10 to be effective in curtailing demand 
(Perry, 2001). Given the political sensitivity 
of pricing issues governments cannot be 
expected to risk raising charges well above 
O&M costs, just for the sake of encountering 
elasticity.17

In contrast to inelastic demand at farmer 
level, autonomous irrigation entities should, 
in theory, behave like profit-maximizing 
industries and reduce use in response to all 
bulk charges. In developed countries, regu-
lators require irrigation districts to cover 
costs but even then they often skimp on 
O&M and/or seek other income sources to 
avoid ‘bankruptcy’. In developing countries, 
farmer resistance to enhanced charges is 
stronger, whether the system is managed by 
government agencies, canal organizations or 
WUAs. Evidence from China and elsewhere 

17 Although this is advocated by Brooks (1997): ‘Most 
would argue that . . . water tariffs should be designed 
to encourage conservation, not just to recover costs 
(which implies that pricing should be high enough to 
move into the elastic portion of the demand curve).’
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(see below) suggests that institutional 
reforms can strengthen main-system man-
agement and transfer costs to autonomous 
entities, but there are still few examples 
where bulk water charges as such have led 
to significant water savings.

Lastly, true elasticity of response is very 
hard to establish because there is so little 
information on the relationship between 
improving efficiency at the farm level and 
the costs of doing so for a given irrigation 
technology and a given pattern of supply 
(see de Fraiture and Perry, Chapter 3, this 
volume). All shifts involve costs, e.g. in 
increased drudgery, labour or capital, and 
depend, inter alia, on farmer strategies and 
on the opportunity cost of their labour18 
(Venot et al., Chapter 10, this volume); but 
estimating such costs and the associated 
responses is complex. Modelling exercises 
almost invariably oversimplify and focus on 
induced changes in terms of crop mix or 
technology without recognizing all the costs 
involved. As a result, the estimates of elas-
ticities tend to be crude and unconvincing 
(more on this later).

Water Pricing and Water Savings: 
Empirical Evidence

Dinar and Subramanian’s (1997) cross-coun-
try review showed that water prices across 
countries are not related to relative water 
availability, suggesting either that the cur-
rent objective for charging is not to manage 
scarcity, or that other factors come into play. 
That countries with higher scarcity are not 
‘more aggressive in reforming pricing 

schemes’ also brings out that other mecha-
nisms are preferred. This was confirmed by 
a 2000 review of the last 67 irrigation proj-
ects funded by the World Bank, which 
revealed that in none of the projects had 
water charging mechanisms been planned 
as incentive tools (Tiwari and Dinar, 2001). 
Since, in any case, relations between water 
use and prices can only be expected under 
conditions of volumetric management, we 
focus here on cases of bulk allocation and 
individual volumetric pricing.

Bulk allocation

Sri Lanka, Turkey, China and Mexico are 
amongst countries that have promoted bulk 
allocation and in some cases have also intro-
duced charges for bulk supplies:

● Evidence from Mahaweli System H in 
Sri Lanka showed that allocation at 
block level can lead to lower diversions, 
but this is primarily due to stricter 
scheduling and improved main-system 
management, resulting in more predict-
able and uniform flows and reduced 
conflicts. Water charges are not differ-
entiated at farm level, and though WUAs 
are charged in proportion to water allo-
cations, charges are not based on volu-
metric measurement and are too low to 
provide incentives for water savings 
(IWMI, 2004).

● Similarly, in Turkey, major irrigation 
has largely been transferred to irriga-
tion districts that receive bulk water at 
no cost though they are expected to 
meet O&M costs in their own area. 
Reliability of supply has improved and 
fee recovery has increased substantially 
(Yercan, 2003; Özlü, 2004), the transfer 
of the financial burden of O&M to farm-
ers being the main objective of the pro-
gramme (Ünver and Gupta, 2003). But 
flat-rate charges have no impact on 
water conservation at farm level and 
tertiary distribution remains deficient 
(Yercan, 2003).

● The transfer programme in Mexico goes 
a step further (Kloezen, 2002). The 

18 Such interventions include avoiding breaches in 
bunds or continuous irrigation (for rice farmers), 
fi ne-tuning cut-off time to avoid losses at the end of 
furrows or not using sprinklers on windy days. Other 
adjustments relate to changing cropping techniques, 
like resorting to rice dry-seeding (e.g. in the Muda 
scheme, Malaysia: Guerra et al., 1998), using mulch 
in vegetable plots or reducing the length of furrows. 
Other responses are more capital-intensive, such as 
laser land-levelling, which allow reduced and more 
homogeneous application of water by gravity, and 
frequent renewal of drippers in micro-irrigation.
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National Water Commission in consul-
tation with user representatives deter-
mines allocations to Irrigation Districts 
on an annual or seasonal basis. Bulk 
charges are met out of an O&M charge 
assessed and collected by WUAs and 
passed to the Commission via the 
District. Although O&M charges are lev-
ied in proportion to the amount con-
tacted to the farmer by the WUA, they 
remain fairly low (2–7% of gross prod-
uct in the scheme studied by Kloezen) 
and reflect O&M costs rather than con-
servation objectives. Seasonal quotas are 
tradable amongst WUAs within a dis-
trict, with trades usually triggered when 
a WUA cannot meet the contractual 
demands of their members (Kloezen and 
Garcés-Restrepo, 1998). Maintenance is 
often suboptimal, with many WUAs 
unwilling to incur major costs and rais-
ing revenues only as immediate needs 
arise (Pérez Prado, 2003).

● Lessons from China are masked by the 
diversity of physical and institutional 
settings (Lohmar et al., Chapter 12, this 
volume). Water is usually delivered in 
bulk by basin and system organizations 
to township or village entities, WUAs 
and even private operators. Bulk water 
charges in some cases have contributed 
to reduced diversions as entities at each 
level seek cost savings. Generally, how-
ever, even if bulk water supplies are 
priced volumetrically, current pricing 
policies rarely effectively encourage 
water saving at farm level (see Fontenelle 
et al., Chapter 7, this volume), in part 
because farmers may be unaware of how 
water charges relate to other rural 
charges. Farm quotas necessarily decline 
when diversions decline but the reform 
process still appears strongly govern-
ment-controlled (Mollinga et al., 2005).

These examples confirm that bulk alloca-
tion is primarily a mechanism for: (i) improv-
ing the predictability and reliability of 
deliveries at basin and main canal levels; 
and (ii) allowing partial financial and 
managerial autonomy to WUAs, thus shift-
ing part of the O&M costs to them. Bulk 

water pricing can generate revenue, but 
even if farmer charges are assessed in rela-
tion to delivered quantities, they are sel-
dom charged on a volumetric basis; and 
even if charged volumetrically, they are 
seldom high enough to promote conserva-
tion (Asad et al., 1999; Tiwari and Dinar, 
2001). Internal trading (as in Mexico) can 
improve scheme-level efficiency but, of 
the examples quoted, only in China is 
there evidence that some scheme manag-
ers have a clear incentive to reduce bulk 
diversions (Lohmar et al., Chapter 12, this 
volume).

Individual Quotas and Irrigation 
on Demand

Technical control may allow volumetric 
monitoring at farm level, but only if water is 
supplied on demand can the full potential 
of water pricing be realized. There is a con-
tinuum from individual quotas to irrigation 
fully on-demand, depending on how con-
straining quotas are and how responsive the 
system is to user requests:

● In Morocco, farmers pay a minimum 
fee equivalent to 3000 m3/ha (Ait Kadi, 
2002). In most cases, water is distrib-
uted by rotation and farmers must pay 
the full amount. In practice, quotas are 
low and any savings would depend in 
effect on the adoption of micro-irrigation. 
The water charge is based primarily on 
cost recovery rather than on conserva-
tion criteria, though in pump schemes 
the water bill can be up to 65–70% of 
gross income (e.g. Souss Massa ground-
water: Ait Kadi, 2002) and in these 
cases it undoubtedly influences farmer 
behaviour.

● In Jordan, quotas in the valley are 
assessed at individual level and based 
on crop type, thus promoting water sav-
ings (Venot et al., Chapter 10, this vol-
ume). Despite pressurized systems over 
most of the area, water variability and 
canal capacity preclude arranged 
demand irrigation and water is rotated 
at block level. Charges are set in relation 
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to O&M costs rather than to regulate 
use, though higher charges may prompt 
crop shifts and raise water productivity. 
The (coming) Wahda dam (Courcier 
et al., 2005) and on-farm reservoirs 
help offset the rigidities of rotational 
delivery.

● European countries – Italy, France, 
Spain – also provide examples of mod-
ern pressurized irrigation systems that 
handle scarcity in the first instance by 
quotas (which may be very low, e.g. 
2000 m3/ha in Capitanata (South Italy), 
Genil Cabral (Spain) and the Neste sys-
tem (France)).19 There is usually flexibil-
ity at the margin with the above quota-use 
penalized at rates as high as 10 times the 
variable component in Charentes in 
France, and 25 times unit cost in Genil 
Cabral (Maestu, 2001; Montginoul and 
Rieu, 2001). Water distribution is usu-
ally by ‘arranged demand’ rather than 
under direct farmer control, and rota-
tional delivery is often required at peak 
periods or during droughts.

● In Israel, the small unified distribution 
system is almost fully reticulated and 
pressurized, and backed by storage in 
the Sea of Galilee and managed aqui-
fers. In contrast to systems of ‘arranged 
demand’, cooperatives and farmers 
retain discretion over when to irrigate 
under normal conditions. However, 
they are subject to cooperative and/or 
individual quotas that are charged at 
rising block rates. This has contributed 
to regulating water demand at the mar-
gin (Kislev, 2001) so that average use 
has sometimes been below the quota. 
Quotas in principle are adjusted annu-
ally but, in practice, they are regarded 
as water rights (Plaut, 2000; Kislev, 
2001).

● A system that comes close to fully on-
demand is that operated by the Canal 
de Provence in France, where the main 
canal is dynamically regulated to meet 
agricultural and municipal demands. 

No formal quotas are announced and 
farmers are free to irrigate as they wish 
(although they have to subscribe to a 
given delivery discharge). Prices are set 
to recover costs rather than to control 
demand, but the price structure is com-
plex (Jean, 1999), distinguishing differ-
ing periods and between peak and 
normal demand, and it can be assumed 
that there are some incentives for water 
savings.

● Other cases include California, Canada, 
Peru and China. During the 1990–1994 
drought in California, Broadview’s 
water supply had to be decreased by 
more than 50%. Instead of raising prices 
in order to reduce demand accordingly, 
it was found preferable ‘to begin allocat-
ing water among individual farmers’ 
proportionally to the size of their farms, 
while providing cheap loans to encour-
age farmers to purchase sprinklers and 
gated pipe irrigation systems (Wichelns, 
2003). In one system of northern Peru 
studied by Vos (2002), pricing was volu-
metric but was not used to manage scar-
city: rather in times of shortages the 
rules employed promoted equity and 
defined quotas that limited use. In 
Shangdong, China, the use of integrated 
circuit (IC) machines ensures that farm-
ers cannot obtain irrigation water with-
out paying (Easter and Liu, 2005) and 
seems to provide reliable on-demand 
water.

● In some countries (e.g. in western states 
of the USA, Chile, etc.) quotas are 
defined as individual rights and a legal 
framework has been developed for 
trading these rights. Management con-
tinues to be determined by quotas and 
water distribution is still, usually, by 
‘arranged demand’. However, water 
trading redistributes quotas and con-
tributes to higher economic returns. 
System constraints, third-party con-
cerns and regulatory aspects may con-
fine trades to neighbouring farmers, 
with little impact on irrigation water 
use, but in some places water is traded 
out of agriculture (e.g. the Colorado-
Big-Thompson scheme).

19 See Mastrorilli et al. (1997), Altieri (2001), Berbel 
et al. (2001), Hurand (2001) and Maestu (2001).
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Public and communal groundwater suffers 
many of the same constraints as surface irri-
gation. A study of collective wells in Mexico 
– which modelled crop and irrigation options 
– showed, for instance, that a 30% reduction 
in groundwater use would require water 
charges to be (unrealistically) raised by a fac-
tor of 4 (Jourdain, 2004). In contrast, private 
groundwater approximates to irrigation on 
demand. So long as groundwater is abundant 
and input and output markets remain undis-
torted, extractions are determined by costs or 
prices and the results can approximate to an 
economic out-turn. But, in contrast to sur-
face systems subject to supply constraints 
and quotas, in the absence of these precondi-
tions groundwater regulation is seldom fea-
sible since the transaction costs usually 
prove insurmountable, given the number 
and dispersal of numerous small wells. Even 
where regulation is, in principle, feasible, for 
legal and historical reasons much groundwa-
ter continues to be unregulated.

Quotas versus Prices

Three main conclusions can be drawn from 
the above review. First, and most obviously, 
incentive pricing requires volumetric man-
agement and is thus precluded in the vast 
majority of developing country situations, 
at least at farm level. Second, even if volu-
metric supply is assured at farm level, in 
practice, price incentives are predominantly 
used at the margin to control use in excess 
of defined quotas or rights. This gives users 
some flexibility, whether water is distrib-
uted by ‘arranged demand’ or is under the 
control of users. This provides incentives 
for water saving, but falls short of true irri-
gation on demand. Third, even for systems 
that approach on-demand irrigation and 
have the capacity to meet peak demands, 
rights are capped by a quota and suspended 
(e.g. in favour of rotational distribution) 
during droughts since irrigation invariably 
receives low priority.

In other words, even in the rare cases 
where conditions are met to regulate demand 
through pricing, supply is instead invariably 

managed through administered quotas or 
water rights. Reasons for the predominance 
of quotas include: (i) transparency; (ii) abil-
ity to ensure equity when supply is inade-
quate; (iii) administrative simplicity and 
relatively low transaction costs; (iv) capacity 
for bringing water use directly in line with 
continuously varying available resources; 
and (v) limited income losses incurred (as 
compared with price regulation). ‘When 
water is scarce, the surest and most common 
way to make customers use less water is to 
limit supply’ (Cornish et al., 2004) and this 
has been easily the most favoured solution 
for restraining demand (Bate, 2002).20

But quotas also have their drawbacks 
(Bate, 2002; Chohin-Kuper et al., 2002; Tsur, 
2005). While price or market regulation tends 
to promote economic efficiency at the cost of 
equity (Okun, 1975), quotas (when non-
transferable) foster equity at the cost of effi-
ciency: they can lack flexibility in response 
to changing circumstances, as in the case of 
settlement quotas in Israel.21 Equity is also 
weakened in the case of conjunctive use of 

20 The virtues of rationing (in the short term) and/or 
the allocation of quotas (for long-term allocation) 
are getting more attention from the World Bank 
(2006) who reckoned that ‘quotas work better than 
prices when water users are not very responsive to 
water price changes’. Bosworth et al. (2004) also 
concluded that ‘getting the prices right’ is not the 
most appropriate solution to managing scarcity.

21 The Israeli case is instructive of the diffi culty to read-
just quotas once they have been defi ned and, at the 
same time, of the growing mismatch which can ma-
terialize between one village quota and its real use 
or needs (Plaut, 2000). The trajectories of kibbutzim 
and cooperatives depend not only on many factors, 
including ethnic composition, level of education 
and political linkages, but also on the links to mar-
kets, the availability of non-agricultural opportuni-
ties and the possible development of additional lo-
cal resources (Lees, 1998). With time, some 
settlements (and some farmers within each settle-
ment) tend to intensify agriculture, while others shift 
to partial farming. Resulting imbalances between 
quotas and needs have led to some ineffi ciency; in 
the 1980s, some farmers would irrigate carelessly so 
as to fully use their quota for fear of seeing it re-
duced (Lees, 1998); and trading within as well as 
between communities has emerged (Kislev, 2005).
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canal water and groundwater, where quotas 
are rarely adjusted to rebalance overall com-
bined supply (like in Morocco). In practice, 
quotas also often integrate pre-existing local 
systems of rights (see the Jordan valley in 
Venot et al., Chapter 10, this volume). In the 
absence of an ‘omniscient allocator’, reallo-
cation can be done either through rules that 
embody desired priority principles or by 
making quotas tradable, or by a combination 
of both in order to address equity concerns 
while promoting efficient allocations 
(Seagraves and Easter, 1983; Bjornlund and 
McKay, 1999; Johansson et al., 2002).

It is true that management of quotas 
cannot fully simulate the economic scarcity 
signals of a market price. But, given the 
socio-economic and practical constraints, 
and the political costs of promoting irriga-
tion pricing for managing scarcity, the man-
agement of quotas (the ‘visible hand of 
scarcity’) appears a far more satisfactory 
and practical solution to water savings in 
almost all real-life circumstances. Even in 
Europe, where pricing is being strongly pro-
moted, Garrido’s (2002) review concluded 
that ‘irrigation pricing reforms should not 
expect significant reductions in farmers’ 
water consumption’ and that ‘efficient allo-
cation can be made without prices’. It 
should be noted that this conclusion does 
not rule out on-demand irrigation when fea-
sible and cost-effective. Also, it does not 
rule out the development of regulated mar-
kets in water rights (or quotas) where will-
ing buyers and willing sellers cooperate to 
transfer water from low-value to high-value 
uses (see later section).

PRICING AS AN ECONOMIC 
INSTRUMENT: CROP AND 

TECHNOLOGICAL CHANGE

Shifts in Cropping Patterns

Governments often seek to promote agricul-
tural diversification. This may be to save 
water but the primary objective is to gener-
ally promote agricultural growth and raise 
farm incomes. Some equate the two, arguing 

that, if the price of water is raised (ideally to 
its opportunity cost), low-value crops are 
less attractive and farmers shift to higher-
value crops (Rosegrant et al., 199522; Bazza 
and Ahmad, 2002). In principle, of course, 
it is true that water-intensive crops become 
increasingly less profitable relative to less 
water-using crops if water charges are 
increased. But in practice, because water 
costs usually comprise only a small part of 
farm costs, very high increases in water 
costs and attendant income reduction are 
necessary to make these less water-intensive 
crops more attractive. This is illustrated in 
Fig. 2.8. Assuming that coefficients are 
fixed, crop shifts are costless and other costs 
and prices remain the same, the charge per 
cubic metre at which crop A (net income 
100, water costs of 10 deducted) becomes 
less profitable than crop B80 (initial net 
income 80% of crop A, water needs 50% of 
crop A) is five times the initial charge, while 
income is slashed by 40%.23

Possible ‘crops B’ will be available to 
the farmer only where these have a net 
income comparable to crop A and where 
water costs are already relatively (very) 
high. This is rare in practice but occurs in 
private pressurized irrigation with high 
fixed costs (Charentes, France: Moynier, 
2006), particularly in some groundwater 
areas (e.g. in Spain, Varela-Ortega, Chapter 
14, this volume) where the alternative is 
rain-fed agriculture.

Of course, a more favourable outcome 
would be to see farmers adopting higher-value 
crops instead of lower-value crops. Although 
such a shift is frequently expected from 

22 ‘We argue that valuation of water at its opportunity 
cost will provide incentives for farmers to shift from 
water-intensive rice to higher-valued, less water-
 intensive crops after wet-season rice; and in other 
environments to shift from fi eld crops to fruits and 
vegetables’ (Rosegrant et al., 1995).

23 For crops B60 and B40 which have initial net in-
come of 60% and 40% of crop A, the increases are 
even more massive (see Fig. 2.8). Even in the case 
where water costs represent 30% of the initial net 
income (a very high value) crop B80 becomes more 
profi table after multiplying water costs by 2.3, but 
with an unchanged income loss (40%).
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increased prices, one may wonder in the first 
place why farmers would have neglected such 
an opportunity since it was already available 
to them, and why they would have to wait to 
see their benefits reduced by higher water 
costs before adopting it. This will enable us to 
get a closer scrutiny at farmer decision  making 
regarding crop selection.

It must also be noted that high water 
use does not always imply low profitability 
and vice versa. ‘Thirsty’ crops with high 
returns include bananas (e.g. Jordan), rice 
(e.g. Egypt, Iran), sugarcane (parts of India) 
and qat (Yemen). Lucerne may consume a 
lot of water but does not have to be low-
value, e.g. when in rotation with cereals. 
Above all, paddy is seldom grown because 
water is free or cheap (Falkenmark and 
Lundqvist, 1998) but in response to numer-
ous environmental, social and other factors. 
Crops with lower requirements may not 
increase farmer incomes (and vice versa) 
and the impact on water productivity is far 
from self-evident. When high-value crops 
are also more water-intensive, higher prices 
may cause an increase in total demand for 
water, a phenomenon Dinar and Zilberman 
(1991) called ‘the expansion effect’. In sum, 
the objectives of farmers (per hactare 
income), managers (reduce demand) or 
economists (water productivity) often do 
not coincide, although policies sometimes 
posit otherwise.

Economic growth, structural change and 
urbanization fuel demand for high-value 
products such as fruits, vegetables and meat 
(Rao et al., 2004). Although the value of agri-
cultural exports has risen dramatically, cere-
als continue to occupy more than 50% of the 
cultivated area worldwide, and fruits, vegeta-
bles and related high-value crops are con-
fined to less than 7.5%. No doubt this share 
will rise but market constraints remain limit-
ing, and cultivation must inevitably be con-
fined to entrepreneurial farmers able to 
assume the costs and risks of high-return 
commercial agriculture. Access to groundwa-
ter greatly reduces water and related risks, 
but financial strength, entrepreneurial enter-
prise and credit access are still all required. 
Market volatility generates income instability 
(Hazell et al., 1989; Quiroz and Valdés, 1995; 
Combes and Guillaumont, 2002) and most 
poor farmers cannot be expected to incur 
such risks, even if market volatility can some-
times be moderated by state interventions.

In addition to financial and marketing 
risk, crop choice is governed by a host of 
other well-identified factors.24 These factors 
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Fig. 2.8. Decrease of crop profitability with water costs.

24 See, for example, Ellis (1998), Pingali and Rosegrant 
(1995) Quiroz and Valdés (1995), Pingali (2004), 
Arrojo (2001), Varela-Ortega et al. (1998), Dorjee et 
al. (2003); Barghouti et al. (2004), Gómez-Limón 
and Riesgo (2005), Binswanger and Rosenzweig 
(1986), World Bank (1988).
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include: (i) labour constraints; (ii) lack of 
capital, credit or desire to get indebted; (iii) 
lack of information on market demand, qual-
ity requirements, agricultural techniques and 
agrochemicals, or adequate skills, etc.; (iv) 
land tenure uncertainty that hinders invest-
ments and adoption of perennial crops; (v) 
drudgery and health risk; (vi) soil, drainage 
or climatic constraints; (vii) high marketing 
costs due to poor transportation means 
(Delgado, 1995; World Bank, 2005a) and lack 
of infrastructure (cold storage trucking, 
refrigeration, etc.) (Barghouti et al., 2004); 
(viii) the (un)reliability of irrigation supply 
and possible water quality constraints (Burt 
and Styles, 1999); and (ix) farmers’ strate-
gies, including food security considerations 
and many ageing farmers with exit strategies 
and no desire to take risk with new ventures, 
or to face increased drudgery.

This reminder serves here to dampen 
the enthusiasm that farm economic prob-
lems can be solved by a sweeping shift to 
high-value, capital-intensive and entrepre-
neurial agriculture. Another consequence is 
that farm models that seek to explain crop 
choice using fixed coefficients and oversim-
plified decision-making models fail to cap-
ture farmer responses, constraints and risks 
in full, with the implication that modelling 
approaches probably overstate the mobility 
of farming systems and their response to 
prices. Also, the responses are not confined 
just to farm practices. Farmers bring politi-
cal pressure to bear when charges are raised 
and/or may refuse to meet obligations they 
consider punitive or unfair, break struc-
tures, tamper with metres or collude with 
field staff. Sanctions are difficult – even 
impossible – to enforce where control at the 
farm level is so often illusory.

In contrast to water charges, rationing 
and supply management can be very effec-
tive in influencing crop choice. The reasons 
are perhaps obvious. That water costs are 
seldom a critical issue does not mean that 
water is not a critical input. Farmers’ indis-
cipline undermines supply management 
practices and, faced by shortages, deficit 
irrigation is a first response. But if sched-
ules and quotas are strictly enforced, farm-
ers perforce have to change their cropping 

patterns (or equipment) if basic water sup-
plies are insufficient to meet minimum crop 
water requirements. Besides being a mecha-
nism for managing scarcity and bringing 
supply and demand into immediate bal-
ance, supply management thus impacts on 
crop choice both in the short and (if sus-
tained year to year) the long term.

Technological Change

By far the most important response to water 
scarcity has been the tube well revolution. 
Groundwater accounts for as much as 50% of 
agricultural value-added under irrigation, 
with much of it within the boundaries of sur-
face irrigation schemes. Investment in water-
saving technologies – buried pipes, sprinklers, 
micro-irrigation, land-levelling – represents a 
further response to water scarcity and to con-
sequent high water costs. However, water is 
not the only factor involved. A profit-maxi-
mizing farmer, in principle, invests when 
(financial) capital and future O&M costs are 
justified in terms of anticipated increases in 
net income. Both farmers and conditions vary 
widely, and the decision to invest in costly 
equipment is seldom a straightforward response 
to water conditions but reflects a host of inter-
connected factors (Caswell and Zilberman, 
1985; Green et al., 1996; Schuck and Green, 
2001; Moreno and Sunding, 2005). These may 
include25: (i) feasible crops; (ii) environmental 
conditions (soil quality, slope, plot size and 
shape, wind, water quality, etc.); (iii) the pres-
ence or absence of equipment suppliers and 
after-sales service; (iv) farmer education, skills, 
financial capacity and entrepreneurial spirit; 
(v) the amortization of existing material; and 
(vi) market opportunities, costs and risks. 

25 For discussion on the adoption of irrigation technolo-
gy see also de Fraiture and Perry (Chapter 3, this vol-
ume), Green and Sunding (1997), Varela-Ortega et al. 
(1998), Dinar and Yaron (1990), Lichtenberg (1989), 
Sunding (2005), Green et al. (1996), Sumpsi Viñas 
(1998), Molle (2006), Green et al. (1996), Scheier-
ling et al. (2006b), Dinar and Zilberman (1994), 
Schuck et al. (2005), Skaggs (2001), Shrestha and 
 Gopalakrishnan (1993), Moreno and Sunding (2000).
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Moreover, even discounting for risk and 
associated factors, profit maximization is 
not always the farmer’s major preoccupation. 
Cropping in Jordan, for instance, can be 
explained in part by considerations of prestige 
and leisure (Venot et al., Chapter 10, this 
volume).

Supply management and regulation of 
water use are sometimes used to dictate farm-
level investments in water-saving technolo-
gies based on beneficial use or similar 
grounds. Some governments, supported in 
many cases by donor agencies, go further 
and subsidize such investments. Beyond ini-
tiating research and pilot schemes, however, 
such programmes are generally self-defeat-
ing, leading to overproduction, accentuated 
price volatility and discrimination against 
those who fail to obtain subsidies. Farmers 
are invariably the best judge of the invest-
ments justified in their own circumstances, 
and governments should limit their role to 
the regulation of water rights and water use 
so as to manage conflict, enable reallocation 
and promote environmental sustainability. 
Given extensive groundwater capacities, 
there is in particular little point in subsidiz-
ing modern water-saving technologies in 
massive surface systems which cannot com-
pete with groundwater and which will inevi-
tably remain largely for the production of 
cereals and other traditional crops.

Pricing, Crops and Technological 
Change: Empirical Evidence

Agricultural diversification and investments 
in water-savings technologies often go 
together, but are driven by market opportu-
nities and total farming conditions rather 
than by water prices. Broad reviews at 
national level include that by Yang et al. 
(2003), who conclude that despite strong 
promotion of agricultural diversification 
‘the pace of this shift has not accelerated . . . 
[due to] constraints of marketing channels, 
processing and transport facilities, and mar-
ket demand . . . particularly for perishable 
crops, such as vegetables and fruits’. With 
market saturation in many markets, they 

conclude that ‘further raising irrigation 
charges are unlikely to lead to a substantial 
shift to cash crops’. Siriluck and Kammeier 
(2003) analysed a nationwide project aimed 
at fostering agricultural diversification in 
Thailand. They found that extension and 
credit packages may encourage some diver-
sification but that ‘blueprint’ approaches 
insensitive to household diversity may push 
farmers into risky ventures and indebted-
ness. Artificially boosting output of specialty 
cash crops often sends market prices down, 
thus reducing the initial benefits of the shift 
and increasing the risk of bankruptcy.

Case studies provide similar conclu-
sions. Both linear programming at farm and 
system level, and econometric models have 
attempted to capture the impact of pricing 
on cropping patterns and investments. Such 
models typically assume that farmers are 
profit-maximizing agents (Pinheiro and 
Saraiva, 2005), but differ greatly in their 
treatment of risk and other factors. Price 
elasticities and other outputs of such mod-
els heavily depend on the context, the 
assumptions made, the variables retained 
and the adjustments farmers are allowed to 
make (Ogg and Gollehon, 1989; Scheierling 
et al., 2004). Most studies are from devel-
oped countries (western USA, Israel and 
southern Europe) and assume volumetric 
control and water on demand. In Spain, for 
instance, Varela-Ortega et al. (1998) show 
that to obtain a 10% reduction in water con-
sumption ‘irrigators of the Valencia region 
have to sacrifice up to 70% of their income, 
compared to 57% of their counterpart in the 
Castille region and a small 9% in Andalusia’. 
The low value in Andalusia is explained by 
the productive potential of this region, its 
large farms and the availability of alterna-
tive crops. Sumpsi Viñas (1998) obtained 
similar results for the Balbilafuente scheme, 
concluding that the elasticity of demand 
depends on farm size, initial water endow-
ments, available crop alternatives and strat-
egies of production (intensive or extensive), 
all of which differ regionally. Berbel and 
Gomez-Limón (2000) show for the 
Guadalquivir and Duero basins that farm 
incomes have to be decreased by 25% and 
49%, respectively, before water demand 
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decreases significantly. These and numer-
ous other studies in Europe (Gómez-Limón 
and Riesgo, 2004a,b for Spain; Morris et al., 
2005 for the UK; Bazzani et al., 2005 and 
Gallerani et al., 2005 for Italy; Pinheiro and 
Saraiva, 2005 for Portugal), although under-
taken in differing contexts with differing 
assumptions, hypotheses and coverage, 
tend to converge on a number of common 
conclusions:

● Response to price tends to be high for 
extensive and low for intensive high-
value agriculture and depends on the 
number of crops that can be grown in 
any given region (which may be 
limited).

● Water savings due to crop or technologi-
cal shifts only occur at price levels that 
severely dent farmers’ incomes. If irriga-
tion is extensive or has been developed 
as a social investment, large subsidies 
are needed to preserve farming after 
modernization.

● Water demand under micro-irrigation 
is inelastic. Once improvements in 
water-use efficiency have been achieved 
due to its adoption, further gains are 
increasingly unlikely.

● Water agency receipts often increase as 
water prices rise, though this is some-
times more than offset by reductions in 
water use.

● Because regions, and farmers within 
regions, are heterogeneous, nationwide 
policies will not be successful and have 
negative impacts on those who cannot 
adjust.

Many of these studies point to the adverse 
economic and political consequences of rais-
ing prices to levels that could impact on 
cropping and/or technology. Raising water 
prices sufficiently to impact on use and tech-
nology is not only a blunt instrument with 
widely differing regional impacts, but often 
results in irrigation becoming unprofitable. 
The decision on whether to provide subsi-
dies forms part of a wider discussion on agri-
cultural protection – the implication being 
that quotas are more effective in limiting 
water use if the concurrent aim is to preserve 
farm incomes and farming communities.

US studies have more mixed conclu-
sions. While some are in agreement with 
these conclusions (e.g. Scheierling et al., 
2004 for South Platte; Scheierling et al., 
2006a,b; Hoyt, 1984; Caswell et al., 1990), 
others suggest that technological change can 
occur in response to price (Caswell and 
Zilberman, 1985; Nieswiadomy, 1985; Negri 
and Brooks, 1990; Moore et al., 1994). The 
reasons are unclear but some of the latter 
US studies appear to fail to establish a sat-
isfactory level of causality between the 
water price and technological investment 
(Sunding, 2005), while others do not explore 
income losses and subsidies sufficiently to 
be comparable with the European studies. 
Be that as it may, there are many examples 
showing that water prices are seldom the 
primary driver in the adoption of water-sav-
ing technology since investment costs are 
almost invariably far greater than any sav-
ings in the water bill. Perry (2001a,b) shows, 
for central Iran, that the cost of reducing 
deliveries via such technologies is twice the 
actual cost of supply by the agency. In 
Gujarat, tube well farmers have complete 
flexibility and pay more than 30% of their 
net income for water, but there is little 
investment in improved technologies 
(Cornish et al., 2004). De Fraiture and Perry 
(Chapter 3, this volume) conclude that 
‘empirical evidence shows that technology 
choice is hardly driven by water price’ and 
Varela-Ortega et al. (1998) argue that ‘the 
adoption of irrigation technology is not the 
most significant response to water pricing 
policies . . . technology adoption in highly 
productive regions can come about at zero 
water price rates’. In India (Shah et al., 
Chapter 9, this volume) or in the Jordan val-
ley (Venot et al., Chapter 10, this volume), 
micro-irrigation developed when the price 
was very low, and Sunding (2005) concludes 
that ‘water price is not the most important 
factor governing irrigation technology adop-
tion’ in San Joaquim valley; dissemination 
of centre pivots in California occurred when 
water costs were irrelevant (McKnight, 
1983).

In practice, investment in water-saving 
technologies is linked to numerous other 
interacting factors (Dinar and Zilberman, 
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1994; Scheierling et al., 2004). Diffusion of 
drip irrigation in Israel, for instance, was 
spurred by: (i) higher yields; (ii) subsidies; 
(iii) sandy soils; and (iv) the reuse of water 
savings to expand cultivation (Dinar and 
Zilberman, 1994). In other cases, produce 
quality (e.g. potatoes in the UK) and reduced 
labour costs are paramount. Calculations 
made by Sumpsi Viñas (1998) for vegetable 
and fruit production in several regions of 
Spain showed that impacts on yield, quality 
and labour use make drip and sprinklers 
more profitable than furrow irrigation. In 
Hawaii, drip irrigation was widespread in 
sugarcane because it increased yields, saved 
labour (and some water) and allowed expan-
sion of cultivation on marginal and sandy 
soils (Shrestha and Gopalakrishnan, 1993). 
In Tunisia, although modernization targeted 
water saving, on-farm water use was not sig-
nificantly altered, though higher yields and 
incomes were obtained (Al-Atiri et al., 
2004). García Mollá’s (2000) study of 
Valencia in Spain and Carles et al.’s (1999) 
review of nine irrigation schemes also dem-
onstrated that adoption of drip irrigation 
was motivated by reduced labour, enhanced 
quality, convenience and fertilizer saving.

Finally, contrary to common wisdom, 
the use of water-saving technology at the 
farm level does not necessarily mean that 
the fraction of applied water that is depleted 
(actually transpired or evaporated to the 
atmosphere) has been reduced. Soil evapo-
ration is often reduced but crop evaporation 
is generally increased because of better and 
timelier application (Burt et al., 2001; Perry, 
2001a,b). Furthermore, evidence from arid 
and semi-arid regions, and more generally if 
land is not a limiting factor, suggests that 
water savings, to the extent they are 
obtained, are generally retained by the 
farmer or his neighbours to expand the 
cropped area. While benefits accrue to those 
expanding this area, the fraction of water 
depleted typically rises and return flows 
and aquifer recharge decline. García Mollá’s 
(2000) study in Valencia revealed that dis-
tricts adopting drip irrigation have attempted 
to maximize the area under cultivation. 
Similar situations have been described in 
countries such as Tunisia (Feuillette, 2001), 

India (Moench et al., 2003), Spain (Carles et 
al., 1999), Israel (Dinar and Zilberman, 
1994), Morocco, the USA (Caswell, 1998; 
Huffaker et al., 2000; Skaggs, 2001; Aillery 
and Gollehon, 2003; Huffaker and 
Whittlesey, 2003) and Hawaii (Shrestha and 
Gopalakrishnan, 1993). Public subsidies26 
aimed at improving efficiencies and releas-
ing water for other uses are thus often 
counterproductive.

In sum, adoption of water-saving tech-
nology is seldom driven by water scarcity or 
water prices, but by an association of bene-
fits that play out together: yield increases 
allowed by better and more homogeneous 
application of water, better quality and a 
more homogeneous product, bringing sub-
stantial increases in the market price, better 
application of fertilizers and chemicals, 
decreased labour costs, decrease in return 
flows contributing to reducing the leaching 
of fertilizer and pesticides and to control-
ling soil erosion are some of the associated 
benefits.27 Further incentives are clearly 
linked to the possibility of using water sav-
ings to expand cultivation where land is not 
a constraint, and to that of capitalizing on 
existing pressurized supply when water is 
pumped from wells (Caswell and Zilberman, 
1985; García Mollá, 2000; Becker and Lavee, 

26 Many countries subsidize micro-irrigation and 
farm-level improvement. In Morocco, for example, 
they are subsidized at a level of 30–40% and farm-
ers are granted bonuses (Belghiti, 2005a) because 
technologies are too costly for farmers, but even 
then adoption is slow (Tizaoui, 2004). In Israel, mi-
cro-irrigation is generalized but the growth of 700% 
observed during 1975–1982 was spurred by heavy 
government subsidies that made the shift profi table 
(Shevah and Kohen, 1997). In the USA, the conser-
vation of groundwater and surface water has been 
promoted by the Environmental Quality Incentives 
Program initiated in 1997, whereby cost-sharing 
may pay up to 75% of the costs of eligible conser-
vation practices (Scheierling et al., 2006a).

27 For further discussion, refer to Caswell and 
 Zilberman (1985, 1990), Dinar and Zilberman (1991, 
1994), Caswell (1998), Morris et al. (2005), Wierenga 
and Hendrickx (1985), Carles et al. (1999), Skaggs 
(2001), Sumpsi Viñas (1998),  McKnight (1983), 
Scheierling et al. (2006a), Becker and Lavee (2002) and 
García Mollá (2000).
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2002). As a rule, these shifts generally result 
more from changes in market opportunities, 
output prices and subsidies (e.g. the Common 
Agricultural Policy (CAP) in Europe) than 
from changes in input costs.

PRICING AS AN ECONOMIC 
INSTRUMENT: ALLOCATION 

BETWEEN SECTORS28

Introduction

Urban growth and industrialization fuel 
rising water demands. According to the 
World Bank Strategy of 1993 ‘setting prices 
at the right level is not enough; prices need 
to be paid if they are to enhance the effi-
cient allocation of resources’ (World Bank, 
1993); for Johansson (2000): ‘The funda-
mental role of prices is to help allocate 
scarce resources among competing uses 
and users. One way to achieve an efficient 
allocation of water is to price its consump-
tion correctly.’ With higher prices that 
reflect opportunity cost, the reasoning 
goes, low-value activities are phased out, 
thus releasing water for high-value uses 
and raising social welfare.

As water shifts, allocation stress29 mod-
erates and economic gains are realized 
(Dinar, 1998; Rosegrant and Cline, 2002; 
Merrett, 2003; Hansen and Bhatia, 2004): 
‘supporting 100,000 high-tech California 
jobs requires some 250 million gallons of 
water a year; the same amount of water 
used in the agricultural sector sustains 
fewer than 10 jobs, a stunning difference’ 
(Gleick, 2000). Elsewhere Gleick says: ‘as 
much as half of all water diverted for agri-
culture never yields any food. Thus even 

modest improvements in agricultural effi-
ciency could free up huge quantities of 
water.’ But these and similar statements30 
need to be challenged. It is true that irriga-
tion consumes much more water than urban 
uses, both absolutely and relative to diver-
sions, but this is inherent to the activity 
(Abernethy, 2005) and it does not follow 
that increased ‘agricultural efficiency’ is a 
precondition for meeting other needs. To 
recapitulate:

● Irrigation may use uncontrolled and 
other marginal sources that may be 
unable to provide the security and qual-
ity needed by domestic or industrial 
users (Savenije and van der Zaag, 
2002).

● There may be no hydraulic connectiv-
ity between irrigation and potential 
urban uses, and transfers and storage 
may be impracticable or prohibitively 
expensive (Smith et al., 1997).

● Basin efficiencies are much higher than 
subsystem efficiencies (Frederiksen, 
1996; Keller et al., 1996; Perry, 1999; 
Molle et al., 2004).

● Response to scarcity means that farm-
ers use water more efficiently than is 
commonly assumed, adopting conser-
vation measures and conjunctive use 
that offset the impact of reduced 
supply.

Moreover, if reallocation of water becomes 
necessary and is feasible, this almost invari-
ably occurs, though not necessarily at low-
est cost or in the most sustainable manner. 
Deficiencies in urban systems are thus pri-
marily due to financial constraints and 
political priorities, and not to water being 
‘locked up’ in ‘inefficient’ irrigation. The 
following subsections review these issues 
further under three headings: (i) allocation 
or financial stress?; (ii) transfer mecha-
nisms; and (iii) implications. Issues associ-
ated with environmental externalities are 
discussed in the next section.

28 This section is largely derived from Molle and 
Berkoff (2006), to which the reader is referred for 
further details.

29 The allocation stress is typifi ed by Bate (2002): ‘The 
effect of under-priced water is that farmers use ineffi -
cient irrigation technologies to produce uneconomic 
goods at the expense of lucrative alternative economic 
activities.’ The opportunity costs of this misallocation 
can be vast. See also Dinar and Subramanian (1997).

30 See similar statements in Winpenny (1997), Simon 
(1998), IRN (2003), Postel (2001), Hansen and  Bhatia 
(2004), ESCWA (1999) and Colby (1990), among 
others.
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Allocation or Financial Stress?

Allocation stress

Allocation stress is said to occur when high-
value sectors are deprived of water that is 
locked into lower-value activities. But the 
existence of a significant allocation gap is 
doubtful. In practice, farmers are ‘losing out’ 
(Winpenny, 1994), urban interests get the 
‘upper hand’ (Lundqvist, 1993) and ‘cities 
will continue to siphon water away from 
agriculture’ (Postel, 1999). Transfers out of 
agriculture or ecological reserves (to the 
extent necessary and feasible) may be minor 
or major, gradual or outright, surreptitious or 
open, on the surface or underground, and 
with or without compensation, but by and 
large cities procure the water they need 
(Molle and Berkoff, 2006), in both the shorter 
and longer terms.

Priority in a drought is almost invariably 
given to urban uses, and to industry and ser-
vices in particular. For example, shortages in 
industry and tourism in the ‘Eastern 
Seaboard’ near Bangkok have been quickly 
diffused by the implementation of six inter-
basin transfers and drilling of 290 artesian 
wells for short-term relief (Samabuddhi, 
2005).31 Page (2001) cites a survey of the 
Hebei province that showed ‘how local offi-
cials enforced restrictions on farmers but 
overlooked those on industry to lure projects 
from which they could profit’. Amman’s sup-
ply was hardly impacted by the 2000/01 
drought; the California State Water Project 
cut-off farmers in 1991, and the Bureau of 
Reclamation reduced supplies in the Central 
Valley by 75% (Anderson and Snyder, 1997); 
Jakarta’s golf courses were supplied in the 
major 1994 drought; and in Cyprus farm sup-
plies were cut by 50% in a 3-year drought 
but supplies to the 2 million tourists were 
maintained (Barlow and Clarke, 2003). Other 

examples where agriculture suffered first 
include Chennai, India (Ramakrishnan, 2002), 
the Guadaquiver basin in Spain (Fereres and 
Cena, 1997), the Alentejo region in Portugal 
(Caldas et al., 1997) and Manila (McIntosh, 
2003).

Whether longer-term investments in 
services and industry are constrained by 
water remains perhaps a matter of debate. 
Very high water-consuming industries, such 
as aluminium, are unlikely to settle in 
water-short areas, and suggestions have 
been made that water-intensive industries 
should be moved, e.g. inland from coastal 
China (Chan and Shimou, 1999). Many cit-
ies appear to be in the wrong place 
(Winpenny, 1994) and have to opt for more 
distant and costly transfers after exhausting 
nearby water supplies. But they can still 
continue to grow rapidly: Chennai, Mexico 
City, Las Vegas, Tianjin and Amman are 
widely differing cities that all illustrate this 
despite their very limited nearby resources. 
Ta’iz grew by 7.9% between 1986 and 1994, 
despite being one of the most water-stressed 
cities in the world. Even in water-abundant 
areas, cities outstrip proximate resources 
when located in upper catchments (e.g. São 
Paulo, Atlanta, Kuala Lumpur) or in small 
coastal catchments (e.g. Manila, New York, 
Boston). Although the costs of water vary 
greatly depending on local circumstances, 
there is little evidence that water constraints 
seriously impact on urban growth; and 
when this is the case it is rarely due to water 
being locked up in agriculture, except in 
situations where formal water rights may 
dictate so (e.g. western USA).

Financial and political stress

That cities, by and large, are able to obtain 
the water they need does not, of course, 
mean that water supply and sanitation 
(WSS) services have no deficiencies. Far 
from it. But these deficiencies reflect politi-
cal priorities and financial constraints 
rather than water availability as such. In 
Europe for instance, in historic times, exten-
sion of WSS facilities beyond the affluent 

31 The Finance Minister is reported to have told senior 
bureaucrats that their ‘heads are pledged as a guar-
antee, since this issue is a problem for the entire 
country . . . I don’t want to hear again that industries 
along the Eastern Seaboard are facing water prob-
lems, whether it’s this year or in any other year’.
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can be attributed to a combination of the 
hygienist movement, a perceived ‘threat 
from below’ (Chaplin, 1999) and/or the need 
‘to preserve order, cleanliness and a healthy 
workforce’ (Goubert, 1986). As early as the 
mid-18th century it was recognized that 
‘prevention of further environmental degra-
dation was cheaper and more effective . . . 
than continuing with expenditure on poor 
relief’ (Chaplin, 1999). Elites in Guayaquil 
(Swyngedouw, 2003) and Monterrey (Bennett, 
1995) reacted in more recent times to social 
unrest. In contrast, Chaplin (1999) attributes 
the negative picture in India to a failure by 
the upper classes to pressure the govern-
ment to invest. WSS investments differ in 
their political rewards and the key question 
is ‘who will pay?’ rather than ‘where is the 
water?’.

Political considerations are com-
pounded by financial and institutional con-
straints. Few cities in developing countries 
have been able to keep pace with inward 
migration (Lundqvist et al., 2003) and the 
costs of collecting, conveying and disposing 
of water in line with city expansion have 
proven beyond their financial capacity. This 
has generally remained true throughout 
their history, when the population was far 
lower than now just as much as once the 
mega-cities of the present day had devel-
oped. Even in water-abundant regions, 
developing country cities have deficient 
WSS systems (e.g. Lagos, Dhaka, and Ho Chi 
Minh City). ‘The root cause [of poor water 
supply to population] is our negligence and 
our resignation in the face of inequality’ 
(Camdessus and Winpenny, 2003). Other 
documents addressing this issue similarly 
fail to refer to physical scarcity as a con-
straint (Anton, 1995; UNESCO, 2003). The 
question of ‘who will pay’ is key to under-
standing WSS conditions in cities. Capital 
cities are particularly well placed to access 
public funds (e.g. Mexico: Connolly, 1999) 
and how taxes are shared between local 
bodies, and state and federal governments, 
has an important bearing on the outcome. 
Some cities attract foreign subsidies (e.g. EU 
funds for Athens) or benefit from geopoliti-
cal considerations (e.g. Amman) or broad 
reconstruction factors (e.g. Phnom Penh). If 

society is receptive to privatization, the 
financial burden can be shifted to users, as 
in the UK, but elsewhere privatization and 
public–private partnerships have had mixed 
results in view of the risks, poor financial 
returns and political sensitivities (SIWI, 
2004).

By and large, cities can secure neces-
sary water resources. The mechanisms 
adopted to achieve the transfer, however, 
vary greatly. They depend, in particular, on 
the characteristics of the hydrological sys-
tem, the nature and practice of government 
and on the strength of the regulatory and 
water rights systems. They are discussed 
below under three headings: expropriation 
(with and without compensation), opportu-
nity cost pricing and markets.

Reallocation: Bureaucratic Expropriation, 
Administered Prices and Markets

Expropriation

An extensive literature review suggests that 
governments, urban utilities and industries 
commonly reallocate water by bureaucratic 
action (Molle and Berkoff, 2006). When suc-
cessive urban projects take amounts that are 
small relative to river flows, reallocation 
can occur by stealth, with the impact on 
downstream farmers and ecosystems obscured 
by natural hydrologic variability. Even 
more prevalent than such reallocation of 
surface flows is the ‘hidden’ expropriation 
of groundwater resources as urban users 
deepen wells and increase pumping: app-
roximately 1.5–2.0 billion people are said to 
rely on groundwater for domestic consump-
tion, including 1 billion urban inhabitants 
in Asia (Foster, 1999), and industries often 
access groundwater directly because it is 
secure and needs no treatment. Where con-
fiscation by stealth is impracticable, utili-
ties may exercise force majeure – supported 
by politicians – and deprive farmers and 
other users outright. Since property rights 
are seldom clearly demarcated, confiscation 
may be legal in the sense that governments 
usually retain the final say on who receives 
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water in the national interest. A further 
argument used to rationalize direct confis-
cation is that irrigation was a (heavily subsi-
dized) gift of government in the first place. 
In cases where formal rights are effective, 
expropriation is precluded in the absence of 
financial compensation.

Expropriation is, in its nature, inequi-
table, depriving farmers of their traditional 
livelihood without recourse, accelerating 
the process of structural change and aggra-
vating income inequities. Thus, although it 
is conceptually the simplest mechanism for 
effecting water transfers, direct expropria-
tion can be problematic for any government, 
even an authoritarian one, especially in 
contexts where the local economy revolves 
around irrigated agriculture. This has led 
governments to consider compensation 
schemes on a case-by-case basis, even where 
formal property rights do not exist. This can 
take the form of either complementary 
action to ensure that the impact on irriga-
tion is minimized or financial compensa-
tion for the losses incurred.

An example of complementary action 
was by El Paso which obtained water from the 
Rio Grande on condition that it reduced per 
capita consumption, recycled sewage water 
and eliminated leakage (Earl, 1996). Dongyang 
city obtained water from a dam managed by 
the Yiwu city, but had to finance an increase 
in the height of the dam and line irrigation 
canals (Liu, 2003). The 1998 agreement 
between the Imperial Valley Irrigation district 
and the Southern California Metropolitan 
Water Authority (MWA) included the lining 
of the All-American Canal by MWA with usu-
fruct rights to the 100 Mm3 thought to be ‘con-
served’ passed to Southern California 
 metropolitan area (Cortez-Lara and Garcia-
Acevedo, 2000); similarly, the Upper Ganga 
canal was lined so that ‘seepage losses’ could 
be reallocated to Delhi. In both cases, how-
ever, these transfers were in practice at the 
expense of downstream groundwater users, 
who in the Californian case were Mexican 
farmers. Molle et al. (2004) use an example 
from Central Iran to show that in ‘closed 
basins’, where most or all resources are com-
mitted (often overcommitted), conservation 
measures do not save water, but merely real-

locate it across the basin in a way that is not 
always perceptible.

Examples of compensation for water 
transfers include the buying out of agricul-
tural wells around some cities (e.g. in Phoenix 
or Chennai); the diversion of water from 
neighbouring irrigation reservoirs to serve 
cities (e.g. Tsingtao in China where irrigation 
reservoirs were converted to urban use in 
preference to paying higher rates for Yellow 
River water); and the purchase of reservoir 
storage for hydro-generation from farmers 
during droughts in the Guadalquivir River 
basin, Spain. The merit of these and similar 
arrangements is that the transfer between irri-
gation and the utility can be adapted to spe-
cific local realities to the benefit of both sides. 
The government ultimately acts as mediator 
between the two and as the guarantor that the 
agreement will be honoured.

Opportunity cost pricing

Rather than expropriate water – with or 
without compensation – transfers can, in 
principle, be forced by full economic pric-
ing of supply.32 The World Bank’s 1993 
water policy and repetition by resource 
economists has disseminated the idea of the 
need for reallocation from low- to high-
value uses, and this idea has been incorpo-
rated in national policy and legal documents. 
Zimbabwe’s 1994 Irrigation Policy and 
Strategy, for example, states: ‘Since water is 
scarce, its opportunity cost should be taken 
into consideration in determining price’ 
(Nyoni, 1999). Despite these intentions and 
policies, however, charging economic prices 

32 While some see this as a desirable or compelling 
objective (although some phasing might be neces-
sary to get there) (Khanna and Sheng, 2000; 
 Rosegrant et al., 1995; EU, 2000a; GWP-TAC, 2000; 
Plaut, 2000; Socratous, 2000; Saleth, 2001; Ünver 
and Gupta, 2003), others admit that it might be a 
far-fetched – or impractical – objective, especially 
when not even O&M costs are recovered) ( Sampath, 
1992; Smith et al., 1997; Thobani, 1997; Asad et al., 
1999; Garrido, 2002; World Bank, 2003b).
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has in practice remained elusive (Bosworth 
et al., 2002; Kulshreshtha, 2002; ICID, 2004). 
Acknowledging the ‘yawning gap between 
simple economic principles . . . and on-the-
ground reality’ that has prevailed for 
decades, the World Bank (2003) reconsid-
ered the issue and singled out two main rea-
sons for this gap: first, the impossibility ‘to 
explain to the general public (let alone to 
angry farmers) why they should pay for 
something that doesn’t cost anything to pro-
duce’; and second, the fact that ‘those who 
have implicit or explicit rights to use of the 
resource consider (appropriately) such pro-
posals to be the confiscation of property’ 
(see Molle and Berkoff, Chapter 1, this 
volume).

A further reason why economic pricing 
is impractical (Asad et al., 1999) and has 
seldom if ever been adopted (ICID, 2004) is 
that opportunity costs are location- and 
time-specific, and operate at the margin, 
falling off drastically once effective urban 
demand at any specific location has been 
satisfied (Savenije and van der Zaag, 2002). 
Moreover, the opportunity cost price does 
not equal the full opportunity value in 
urban uses but an intermediate value deter-
mined by the shape of the relevant demand 
curves given that a fixed amount of water 
must be allocated between competing uses 
when externality and other costs vary 
(Green, 2003). Even if this price could, in 
practice, be estimated, the implication is 
that high charges would be paid by those in 
irrigation schemes in direct competition 
with neighbouring urban areas, and that 
those further away and not in competition 
would pay much lower prices. As noted ear-
lier, charging for opportunity costs would 
also be politically and socially self-defeating 
since the order of magnitude of these costs 
would bankrupt most of the irrigation activ-
ities affected (Bate, 2002; Tardieu and Préfol, 
2002; The Economist, 200333), especially 

when irrigation is inherently uneconomic 
(first section). Despite these impediments, 
two countervailing arguments are some-
times asserted:

● Stripped of normative content with 
regard to price fixing, the estimation of 
opportunity values in alternative uses 
sheds light on how much is recovered 
from users, paid by the state and left 
uncovered. This is a central argument of 
the EU’s Water Framework Directive.

● Even if full opportunity cost pricing is 
impracticable, moving towards higher 
water charges might still instil a degree 
of market logic, promote structural 
shifts in the rural community, and 
favour those who can make the best use 
of available irrigation supplies.

Charging opportunity costs is nevertheless 
comparable to expropriation in that those 
who lose their water as a result of an inabil-
ity to pay receive no compensation (Cummings 
and Nercessiantz, 1992) and this can be per-
ceived as expropriation by those who have 
customary rights or who have bought land 
with the value of water incorporated in the 
price (Rosegrant and Binswanger, 1994; 
Garrido, 1999; World Bank, 2003a,b). Given 
also the potential for inefficiency and rent-
seeking in the context of bureaucratic 
involvement, many point to water markets 
as a preferable solution to either expropria-
tion or opportunity cost pricing to resolve 
allocation problems (Thobani, 1997; Bate, 
2002).

Market reallocation

Small-scale water markets have long existed. 
The ancient markets of Alicante are well 
known (Maass and Anderson, 1978). More 
generally, community-based irrigation sup-
plied by springs or qanats (Beaumont et al., 
1989) often has well-defined individual 
rights that lend themselves to temporary or 
permanent transactions. Most occur in ‘spot 
markets’: neighbours swap, lend, borrow, 
sell or buy water turns in order to fine-tune 
supply to individual demands. This also 

33 The Economist (2003) emphasizes that it is not ‘po-
litically plausible to suggest that farmers must al-
ways pay the full costs of their water. Water for ir-
rigation is highly price-inelastic: since farmers have 
little alternative but to use the stuff, charging the full 
cost could simply drive them into bankruptcy’.
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occurs in large-scale irrigation systems if 
supply is sufficiently defined in terms of 
time or discharge to permit quantitative esti-
mation (a notable example being the wara-
bandi systems of Pakistan and north-west 
India). Recently, groundwater markets have 
spread in South Asia and elsewhere although 
these are perhaps more akin to buying of a 
service than of the water itself (Shah, 1993). 
At these scales, transaction costs are mini-
mized because users know each other 
(Reidinger, 1994), can readily communicate, 
and transfers are across short distances with-
out costly infrastructure or significant losses. 
Permanent transfer of ownership is also 
socially controlled and local third-party 
impacts are easily identified.

Traditional markets reallocated water 
primarily within agriculture, although con-
version of wells to water supply for tanker 
markets also occurs (e.g. in Jordan and 
India). Market reallocation has also some-
times performed well at a larger scale when 
the institutional conditions allow. Examples 
include trading of Rio Grande water in Texas 
(Chang and Griffin, 1992), the Westlands 
Water District in California (Brozovic et al., 
2002) and the Colorado-Big-Thompson 
scheme (Howe, 1986; Mariño and Kemper, 
1999), where most transactions are spot 
transactions and rental (Carey and Sunding, 
2001), but also include permanent transfers 
from agriculture to other sectors (Howe and 
Goemans, 2003). In South Africa’s Orange 
River basin, trading has occurred between 
commercial farms (Backeberg, 2006). In 
Australia, transfers within and among dis-
tant irrigated areas have developed in the 
last 10 years (90% being temporary trans-
fers) (Isaac, 2002; Turral et al., 2004). Bauer’s 
(2004) review of the Chilean experience 
describes active markets in the Limari basin 
(mostly short-term reallocation between 
irrigators supplied by the same reservoir), 
and in the Maipo and Mapocho basins close 
to Santiago (4% of all water rights were 
traded between 1990 and 1997, half being 
acquired by municipal utilities: Alicera et 
al., 1999). In Mexico, trading occurs within 
large irrigation schemes, but interstate 
transfers are closely regulated (Simpson 
and Ringskog, 1997).

As the scale and number of users increase, 
however, water’s well-known characteristics 
(see first section) make it prone to market 
failure (Livingston, 1995). Defining property 
rights can be very difficult; economies of 
scale invite natural monopolies (Easter and 
Feder, 1998); and the transaction costs asso-
ciated with markets – information, regula-
tion and enforcement – are typically large. 
Above all, third-party and externality effects 
are pervasive, and it is often very difficult to 
link particular flows with particular uses or 
users. Markets in the USA have, for instance, 
been constrained by the lengthy and costly 
litigation to which third-party impacts often 
give rise (Dellapenna, 2000; Kenney, 2003; 
Libecap, 2003). Market transactions within 
the Colorado-Big-Thompson system may 
work well, but this is partly because they are 
confined within one water district that holds 
the right to all return flows (Howe and 
Goemans, 2003; Libecap, 2003). China sus-
pended an experiment in interprovincial 
trading once the return flow and environ-
mental impacts became evident (Fu and Hu, 
2002).

Moreover, water markets fail to account 
for scheme- and regional-level impacts of 
transfers. The transfer of some water rights to 
non-agricultural investors attached to ace-
quias in New Mexico, for example, weakened 
management and maintenance of the system 
as a whole (Klein-Robbenhaar, 1996). 
Frederick (1998) reports that ‘when farmers 
want to sell water to cities, irrigation districts 
resist, fearing the loss of agricultural jobs’, 
while Wahl (1993) acknowledges that ‘most 
agricultural water districts have viewed the 
potential for water transfers only very tenta-
tively out of concern over the security of their 
water rights and potentially adverse effects 
on the districts and local communities’. The 
severity of impacts on the area of origin var-
ies greatly (Gopalakrishnan, 1973; Charney 
and Woodward, 1990; Howe et al., 1990). 
Sunk costs in social and non-irrigation eco-
nomic infrastructure, for instance, may be a 
strong argument for preserving irrigation, but 
cannot be reflected in a market price.

Finally, markets may open the door for 
opportunistic and monopolistic behaviour. 
Bjornlund and McKay (1999) observed that 
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in Australia, opportunistic buyers were able 
to exert undue pressure on sellers to obtain 
lower prices. Bauer (1997) and Hadjigeorgalis 
(1999) showed that in Chile, ‘many small 
farmers are liquidity-constrained and often 
have sold rights to pay off large debts’; as 
‘land is of little value without water . . . it is 
not expected to observe farmers selling water 
rights unless they were exiting agriculture or 
facing liquidity constraint’. In Australia, on 
the other hand, 57% of water permanently 
traded was due to farmers having excess 
water or reducing their irrigation areas (Turral 
et al., 2004). In California, presumably, trans-
fers between large commercial farms reflect 
mere shifts in economic opportunities.

Although attractive in principle, the 
complexity of establishing markets for trad-
able water rights is formidable (CEPAL, 
1995; Livingston, 1995; Siamwalla and 
Roche, 2001). Positive experience is con-
fined to countries (e.g. the USA, Australia 
and Chile) having a sound knowledge of 
hydrology; a comprehensive and modern 
hydraulic infrastructure (notably of stor-
age); strong legal, institutional and regula-
tory backgrounds; and relatively wealthy 
stakeholders. Proposals for the adoption of 
markets in tradable rights in countries 
where hydrologic data are scarce, physical 
infrastructure is lacking, water rights are ill-
defined, farmers are numerous and small, 
and states have generally weak and ill-
developed monitoring and enforcement 
capacity are unrealistic for the foreseeable 
future (see, e.g., Tanzania in van Koppen 
et al., Chapter 6, this volume).

Implications

Differences between administrative and 
market allocation are not perhaps as large as 
sometimes stated (Mariño and Kemper, 
1999). They both require considerable 
knowledge of the hydrology, control of the 
water regime, a command over who uses 
what water where and when and mecha-
nisms for enforcement and dispute resolu-
tion. Differences in the effectiveness of 
regulatory structures may well reveal cul-

tural or ideological values – even local idio-
syncrasies (e.g. preference for licenses in 
Japan or France: Tardieu and Préfol, 2002 or 
market mechanisms in Chile), rather than 
degrees of efficacy.

Differences of opinion nevertheless 
persist between those who emphasize gov-
ernment failure and those who emphasize 
market failure. The former view state 
bureaucracies as at best inefficient and at 
worst subject to corruption and rent-seeking 
(Rosegrant and Binswanger, 1994; Holden 
and Thobani, 1996; Thobani, 1997; Easter et 
al., 1999) and – in the USA – consider that 
public welfare and public trust doctrines 
destroy private property and hinder trans-
fers towards higher value uses (Anderson 
and Snyder, 1997; Gardner, 2003). However, 
the majority of observers are doubtful that 
markets can constitute a major tool for the 
reallocation of water, no matter how theo-
retically desirable they may be, most espe-
cially in developing countries (Colby, 1990; 
CEPAL, 1995; Livingston, 1995; Morris, 
1996; Gaffney, 1997; Frederick, 1998; 
McNeill, 1998; Dellapenna, 2000; Meinzen-
Dick and Appasamy, 2002; Libecap, 2003; 
Kenney, 2006; Solanes and Jouravlev, 
2006).

Markets can no doubt be facilitated at 
community and local level (Brown, 1997), 
but water allocation at higher levels requires 
a ‘delicate interplay’ between administra-
tive and market control. This ‘delicate inter-
play’ would perhaps be best served by a 
more systematic adoption of compensation 
arrangements that recognize the economic 
benefits from reallocation – and the fact that 
urban interests will obtain their water needs – 
and also ensure transparency and that the 
interests of those deprived are taken into 
account. Ideally, the urban utility and the 
affected farmers would negotiate face to 
face, with both in effect faced by the oppor-
tunity cost of the water in dispute. The gov-
ernment regulator would, in principle, act 
as moderator and guarantor, and intervene 
more generally to safeguard farmers’ inter-
ests and ensure that environmental exter-
nalities and third-party effects are taken 
into account. No doubt such a system would 
be open to abuse (government failure would 
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not be abolished), but as regulation strength-
ens, negotiated compensation could increas-
ingly approximate to regulated markets in 
which the particular circumstances of the 
water in dispute are taken into account.

PRICING AS AN ENVIRONMENTAL 
INSTRUMENT: WATER QUALITY AND 

SUSTAINABILITY

Introduction

So long as diversions are small relative to 
the water resource, consumptive and in-
stream users are unconstrained in what they 
do and most water is left to the natural envi-
ronment as the default user of last resort 
(see first section). But as diversions increase, 
especially for agriculture, and as in-stream 
users (e.g. hydroelectric dams) alter flow 
regimes, wetlands and deltas dry up, water 
tables and base flows decline, the natural 
ecology suffers and pollution is concen-
trated in the limited flow that remains. As a 
river basin closes, therefore, action must be 
taken to limit diversions if environmental 
flows and values are to be protected. What 
remains is typically diverted by irrigation, 
and agriculture rather than the environment 
becomes the residual user.

Both agriculture and urban uses con-
tribute directly to pollution of streams and 
aquifers, sometimes making water unusable 
for domestic use. Direct agricultural pollu-
tion in the USA is said to be $9 billion per 
year (Bate, 2002). Despite 13 rivers flowing 
through the city, the degradation of their 
water due to agricultural and M&I uses has 
forced Jakarta to tap surface sources 78 km 
away (McIntosh, 2003); a similar situation 
is found in Seville because of pesticide and 
fertilizer residues in the Guadalquivir river; 
in Chinese cities (Bhatia and Falkenmark, 
1993), including Chengdu, where water pol-
lution and silt have forced the closure of 
two river intakes and the government is 
investing heavily in watershed rehabilita-
tion (McIntosh, 2003). Irrigation is also 
responsible for waterlogging and soil salini-
zation as water is diverted to poorly drained 

low-lying lands within, and at the tail of, 
irrigation schemes. Other externalities 
include the mobilization of silt due to catch-
ment changes, which can have devastating 
impacts on river morphology (famously for 
the Yellow River), and the mobilization of 
toxic elements from the soil by leaching. 
Drainage of the Plain of Reeds in the Mekong 
delta, for example, releases acidity in water-
ways, while selenium in California has pro-
voked high mortality of wild fowl in 
receiving wetlands (Wichelns, 2003).

With regard to groundwater, springs 
and wetlands fed by groundwater dry up in 
response to falling water tables (e.g. Azraq 
aquifer in Jordan) and base flows in rivers 
decline; falling water yields and water 
tables lead to higher pumping costs and to 
the expropriation of poorer farmers and 
others unable to afford ever-deeper wells 
(Kendy et al., 2003 for China): falling water 
tables also aggravate salinity intrusion in 
coastal aquifers; especially in urban areas, 
land subsidence reduces aquifer storage 
and adversely impacts on infrastructure 
(Nair, 1991); and declining quality due to 
direct agricultural pollution compounds 
that from domestic use, industry and land-
fills (Sampat, 2000).

Environmentalists have vested high 
hopes in pricing mechanisms as a means of 
reducing excessive abstraction of water from 
ecosystems and of decreasing environmental 
degradation (de Moor and Calami, 1997; Avis 
et al., 2000). Hodge and Adams (1997) argue 
that ‘the price [of water] could be raised until 
the level of demand was consistent with 
the environmental constraints on supply’. 
Nevertheless, though there is an enormous 
amount of literature on valuing the environ-
ment, there has been limited work on how 
these values can be incorporated in irriga-
tion pricing and few practical examples of 
where this has been attempted. As in the 
case of opportunity cost pricing (previous 
section), there appears to be little agreement 
as to how this should be done, and not much 
hope that farmers would have much under-
standing of why they should pay such costs. 
The discussion in this subsection is there-
fore relatively brief, reflecting as it does the 
limited evidence in the literature.
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Environmental Pricing Mechanisms

The user-pays and polluter-pays principles 
embody the idea that quantity and quality 
externalities should be reflected in the price 
paid by water users as an incentive to reduce 
adverse environmental impacts and the 
emission of pollutants. These principles are 
much more forcefully applied in M&I (given 
the relative simplicity of volumetric charg-
ing and point-source pollution control) than 
in agriculture, given the problems of volu-
metric control in irrigation and the intracta-
bility of controlling and monitoring diffuse 
pollution from fertilizers and pesticides 
(UNEP, 2000).

The EU’s Water Framework Directive 
goes some way in the direction of introduc-
ing environmental pricing in agriculture 
when it states that water charges should ‘act 
as an incentive for the sustainable use of 
water resources and to recover the costs of 
water services by economic sector’ (EU, 
2000b) rather than be adopted for allocation 
purposes. Nevertheless, both full cost recov-
ery and internalization of environmental 
externalities are widely seen as ambitious 
objectives and are, in many cases, impracti-
cable. Modelling, for instance, suggests that 
much of Mediterranean irrigated agriculture 
would be jeopardized by strict application 
of the Directive (Berbel et al., 2005). 
Mechanisms that have been suggested for 
irrigation pricing include both negative and 
positive incentives:

● Resource charges. Imposing a resource 
charge on irrigation equivalent to net 
externality costs has been suggested to 
limit diversions and protect the envi-
ronment. Such charges, in principle, 
would be imposed on the scheme and 
passed down to the farmer as a compo-
nent of the irrigation charge. In prac-
tice, however, charging even for 
recurrent O&M is difficult (as shown 
earlier) and resource charges have sel-
dom been more than a small adminis-
trative fee aiming to recover the costs of 
resource management (in China, the 
UK, Spain, Peru, etc.). As far as is 
known, they have never been high 

enough to impact on irrigation diver-
sions. Groundwater abstraction fees 
could, in theory, also be levied on a 
volumetric basis to limit abstractions to 
recharge or to some other defined sus-
tainable level. In practice, however, they 
degenerate into a flat tax, and collec-
tion of volumetric charges remains an 
insurmountable issue, at least in devel-
oping countries (Albiac et al., 2006).

● Pollution charges. Pollution charges are 
an incentive for reducing water use and 
pollutant discharge, though few coun-
tries have applied them in irrigation. 
Denmark is an exception where farmers 
are subject to the 1994 ‘Green Tax Reform’ 
that imposes a water rate of €0.55/m3 of 
raw water extracted. Further environ-
mental fees are likely given concerns 
over pesticide contamination of ground-
water. Green taxes also exist in Sweden, 
the UK, the Netherlands, Germany and 
Croatia (Berbel et al., Chapter 13, this 
volume; Wright and Mallia, 2003). In 
France, farmers pay pollution fees for 
water used in cattle husbandry, but not 
in crop production. Income from such 
charges generally goes to the government 
budget rather than being used to resolve 
pollution issues, and are seldom high 
enough to alter behaviour significantly 
(Young, 1994).

● Treatment or remediation charges. 
Pollution charges may be more accept-
able to farmers if used for remedial 
works within the scheme or in irriga-
tion more widely – thus ‘internalizing 
externalities’ – for instance, to help 
resolve waterlogging, salinity and other 
problems that impact on scheme pro-
duction. In South Australia, the govern-
ment covers the costs of salinity 
management caused by irrigation proj-
ects constructed before 1988, but envi-
ronmental externalities are charged for 
all subsequent projects in a two-part 
price structure. The environmental part 
of the charge is used to cover the cost of 
renovation or construction of infra-
structure needed to reduce water qual-
ity-related externalities (Easter and Liu, 
2005).
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● Taxes and rebates. Rather than specific 
charges, pollution abatement pro-
grammes are more generally met 
through general taxes. These may, how-
ever, be limited to taxes on water users, 
introducing a degree of cross-subsidiza-
tion, with the money collected used to 
treat the wastewater generated not only 
by the user but also by other discharg-
ers, be they cities, cattle farmers or 
industries (as in the Basin Agencies in 
France). In Korea, in some upper catch-
ments, pesticide and fertilizer use has 
been prohibited with 25% of the funds 
generated from domestic consumers 
along the river used as ‘income com-
pensation’ for upstream farmers who 
suffer financial loss due to these envi-
ronmental regulations (Min, 2004). 
Rather than being taxed, farmers may 
receive a tax rebate. In western Canada, 
for instance, rural municipalities have 
used the municipal tax system as a tool 
for encouraging specific behaviour by 
producers. They offered rebates to land-
owners who implement environmental 
practices on their land (e.g. grazing 
land) (Fairley, 1997).

● Subsidies. ‘Delinking’ farm subsidies 
from direct production payments under 
the EU reforms (Berbel et al., Chapter 
13, this volume) is a major attempt to 
build on existing programmes that have 
‘paid’ farmers to adopt environmentally 
sustainable practices. Comparable pay-
ments are made directly to farmers in 
Switzerland who participate in three 
main ecological programmes: integrated 
production, organic farming and eco-
logical compensation (extensive use of 
meadows). By 1996, 60% of agricul-
tural area in Switzerland was farmed 
based on integrated production meth-
ods and 5% of the area met organic 
farming standards. The loss of income 
is said to be less than if the same effect 
had to be met through product price 
increases (Pfefferli and Zimmermann, 
1997). In Germany, revenue from water 
taxes is often used to compensate farm-
ers for restrictions on fertilizer use in 
vulnerable areas. This idea is also 

behind the wave of payments for ‘envi-
ronmental services’, at the catchment 
level, for example.

● Pollution permits. Pollution permits for 
nitrogen or another pollutant are akin to 
quotas for water use. Restrictions on 
farm animal numbers are used in Europe 
as a proxy for pollution permits, e.g. in 
the Netherlands where the primary 
objective has been to limit groundwater 
contamination from pig and other inten-
sive operations. As in the case of water 
quotas, ‘permissions to pollute’ are 
often more easily administered and 
have less implication in terms of wel-
fare losses than a comparable tax on 
nitrogen utilization or on water use 
(Martínez and Albiac, 2004, 2006). 
Effluent permits can also, in principle, 
be made tradable although this is rare in 
agriculture. A programme in California 
with regard to selenium has been suc-
cessful (Young and Karkoski, 2000) and, 
although comparable trading regimes 
have yet to be applied to irrigation or 
farming in Europe, they are being 
increasingly adopted in other sectors.

Water Pricing as an 
Environmental Instrument

Several conclusions can be drawn from this 
short review. Price incentives for the preser-
vation and restoration of environmental 
sustainability and water quality have mostly 
been adopted in the non-agricultural sectors 
and generally in developed countries. While 
there have been major programmes that aim, 
for instance, to restore wetlands or tackle 
waterlogging and salinization in developing 
countries, these have almost invariably been 
funded by government and donors and pric-
ing has seldom, if ever, been significant in 
controlling these ill-effects. With respect to 
nutrients and pesticide pollution, their dif-
fuse nature makes them very difficult to 
measure and control, even in developed 
countries.

There are a variety of potential pricing 
schemes ranging from the straightforward 
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application of the user-pays and polluter-
pays principles, through partial or full 
cross-subsidizing by other water users, to 
full state subsidies. Implementation of the 
user-pays principle is constrained by all the 
issues related to irrigation charges discussed 
in earlier subsections, though any charge 
that limits water use should have some pos-
itive environmental impact. However, the 
feasibility of major additional environmen-
tal charges must be doubted. With regard to 
pollution, potential interventions are 
numerous although again problematic in 
developing countries. They vary from indi-
vidual prevention incentives (stop the pol-
luting activity) to individual remediation 
(do it better: use organic farming, extensive 
pastures, keep cattle sludge in farm reser-
voirs), to individual treatment (clean up 
your mess before releasing it), to collective 
treatment (state infrastructure funded by 
taxes on water users or the public).

Experience in developing countries sug-
gests that negative incentives, though often 
feasible in the domestic and industrial sec-
tors (where costs can be internalized within 
utilities and industrial firms), are often 
replaced by positive incentives in the agri-
culture sector whereby the polluter is 
subsidized to improve his environmental 
management: subsidies address either the 
cost of doing so, or the foregone benefits 
from abandoning polluting (but productive) 
practices. Payment for watershed services, 
again, is a good example of a positive incen-
tive. Likewise, Varela-Ortega (Chapter 14, 
this volume) showed that among the various 
policies implemented to limit over-abstrac-
tion of groundwater in the Tablas de Daimiel, 
Spain, only the full compensation of farm-
ers’ foregone benefits proved to be success-
ful (in contrast, compulsory quotas were 
not). Agriculture is in any case heavily sub-
sidized and it makes sense to redirect subsi-
dies away from incentives that tend to 
increase pollution (e.g. by rewarding higher 
yields) to those that promote good environ-
mental management. Delinking of subsidy 
payments under the CAP is undoubtedly the 
most important and dramatic example of 
this trend, with the major underlying objec-
tive of promoting environmentally sustain-

able agriculture throughout the union 
(Berbel et al., Chapter 13, this volume).

In conclusion, as in the case of opportu-
nity cost pricing, there are severe practical 
difficulties of estimation, implementation 
and enforcement on the one hand, and of 
persuading farmers that they should pay for 
environmental externalities that – in their 
view – have only a tenuous connection with 
their activities on the other (World Bank, 
2003a,b). Direct treatment measures can 
perhaps be ‘internalized’ but, with little 
agreement on how broader externalities can 
be valued, there is little prospect that farm-
ers will be persuaded to pay for what they 
do not regard as their responsibility, and lit-
tle prospect that politicians will impose 
such burdens under conditions of rising 
income inequalities and farmer unrest.

SYNTHESIS: CONTEXTUALIZING THE 
DEBATE AND SUGGESTING ANSWERS

An Emerging Storyline

This chapter has reviewed the different 
objectives of water pricing policies in agri-
culture. The overall picture that emerges is 
that of a gap between stated objectives and 
expected benefits on the one hand, and the 
actual and foreseeable impact of these poli-
cies on the other. Too often, stated objec-
tives are based on analogy with the water 
supply and energy sectors. However, such 
an extrapolation can be very misleading 
given the particular characteristics of the 
irrigation sector.

An assumed correlation between low 
charges and low efficiency in surface irriga-
tion has fuelled the chief narrative on water 
pricing. From this alleged causal link, it is 
inferred that raising prices would generate 
more careful practices and efficiency gains. 
Although generally valid for water supply 
and energy, this cannot be systematically 
assumed in irrigation. Reasons, in part, 
reflect the hydrological context and the 
characteristics of irrigation design and per-
formance. In practice, most schemes and 
farmers are ‘water takers’, using whatever 
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water is supplied to them, with the causes 
of uneven and unpredictable supply typi-
cally lying upstream of the scheme. Even 
when scheme supplies can be assured, it is 
deficiencies in scheme management that 
result in uncertainties and inequities at the 
farm gate rather than any price (dis)incentive. 
Farmers’ responsiveness to price requires 
that charges are volumetric. Farmers have 
control over the quantity of water they take 
and the price is sufficiently high to corre-
spond to the elastic portion of the demand 
curve. This combination of circumstances 
is, unfortunately, exceedingly rare.

Empirical evidence suggests that under 
conditions of scarcity: (i) farmers use water 
more efficiently, in particular, through con-
junctive use; (ii) basin-level efficiency rises 
considerably; and (iii) surface water use is 
almost invariably regulated – in a more or 
less controlled manner – by rationing and 
quotas. The prevalence of quotas can be 
explained by their effectiveness in balanc-
ing supply and demand in response to vari-
able supplies, while incurring far less loss 
in income than with price-based regulation; 
their relative transparency and equity; and 
the low infrastructural and transactions 
costs involved in their establishment. In a 
few modern systems, users have some lati-
tude to use water above (or below) their 
quotas and in these cases water charges can 
be effective in influencing use at the mar-
gin. Markets at local level can also help bal-
ance supply and demand. Wider markets in 
quotas (water rights) can also promote high-
value use, but have demanding technical 
and institutional preconditions and are sel-
dom feasible in practice.

A more profound change than any of 
these has, however, been the spread of tube 
wells. By allowing farmer control, tube wells 
offset the risks, inadequacies and uncertain-
ties not only of rainfall, but also of surface 
supply. Not only does this approximate to 
irrigation on demand – the holy grail of 
advocates of modernization and water pric-
ing – but it also detracts from the need to 
deliver water on demand in surface systems 
since groundwater irrigation can (and in 
practice does) support a large part of the 
crop diversification and high-value farming 

that can be realistically envisaged. Ironically, 
and in contrast to surface supplies, it is the 
transaction costs of enforcing quotas that is 
prohibitive in the case of groundwater, and 
it is the long-term degradation of the resource 
that represents the major challenge in 
groundwater management.

What then is the role of irrigation water 
charges in surface irrigation? Figure 2.9 
repeats the objectives suggested in Fig. 2.1, 
together with a summary of the constraints 
on achieving these objectives that have 
emerged in this chapter. They are briefly 
discussed below.

Economic theory suggests that, if the 
necessary preconditions are met, marginal 
cost pricing provides the signals to the 
farmer that optimizes his use of water. In 
contrast to the water supply and energy sec-
tors, this chapter has suggested that marginal 
costs in irrigation should generally exclude 
initial capital costs. If so, direct marginal 
costs as a minimum comprise recurrent 
O&M, replacement and modernization costs. 
In principle, they should also reflect oppor-
tunity values in other uses and incorporate 
externality costs. The estimation and imple-
mentation of these measures is, however, 
fraught with difficulties. Moreover, marginal 
cost pricing is dependent on volumetric 
control, and in practice, pricing of water 
falls well short of full on-demand pricing.

Recovery of O&M costs is the most 
compelling reason for levying irrigation 
charges, notably if public funds are insuffi-
cient to operate and sustain the infrastruc-
ture. Cost recovery has understandably been 
the central objective of project design and 
national policies, and has become more 
pressing as irrigated areas have expanded 
and fiscal constraints have developed in 
many countries. Recovering just O&M costs 
has, however, proven much harder than 
expected and in the great majority of cases 
farmers are charged no more than a share of 
these costs. Moreover, defaulting is perva-
sive, especially in systems where supply is 
unpredictable and uneven and where staff 
has no incentives to enforce recovery. In a 
few cases, a share of capital cost is also 
recovered in addition to O&M, and/or farm-
ers pay a management or a resource fee, or 

Molle & Berkoff_Chap 02.indd   69Molle & Berkoff_Chap 02.indd   69 10/12/2007   11:52:34 AM10/12/2007   11:52:34 AM



70 F. Molle and J. Berkoff 

an environmental tax, but these seldom 
total more than about 10–25% of O&M costs. 
Charging for capital costs in new projects 
has the potential to ensure cost-effective-
ness and users’ interest and to crowd out 
politically motivated projects, but this is as 
yet seldom applied.

A wide array of benefits beyond sus-
taining the infrastructure is often antici-
pated for water charges, even when not 
warranted by the level or structure of the 
charge. This may reflect an improper under-
standing of charging mechanisms or be a 
means to justify the proposed policies. Chief 
among these are the view that raising prices 
will contribute to water conservation 
though, as discussed above, this is seldom 
valid. Charges may, however, have potential 
for eliciting longer-term shifts in crops and 
technology. Farm models often suggest that 
price-induced shifts and attendant water 
savings are possible but, as in the case of 

reducing water use, crop and technology 
choices are usually determined by other fac-
tors. Poor farmers irrigate low-value crops 
for many reasons (risk, capital, skill, mar-
kets, water supply, etc.) and, in particular, 
the risks to them of shifting to higher-value 
crops are considerable. Moreover, high-
value cropping is inherently limited by 
market conditions and surface irrigators 
must compete with those having access to 
tube wells. If alternative crops or possible 
gains in efficiency are limited, farmers with 
extensive agriculture and low revenues will 
often revert to rain-fed farming, rent or sell 
out their farm, or just keep land fallowed, 
unless subsidies help them invest and inten-
sify their practices. In practice, subsidies 
are often made available for such farmers.

High-value cropping often goes together 
with modern technologies, taking advantage 
of a host of positive factors beyond water 
savings, including higher yields, better 

Needs volumetric pricing

Needs high prices to
generate elasticity

Better management has
costs in terms of drudgery,
labour, capital

Many losses occur further
upstream in the system or
because of inadequate flows
to farms

Experience shows that in
irrigation scarcity is not 
primarily managed by prices
but by quotas

The potential for increasing
water-use efficiency is often
greatly overstated

Reallocation is very seldom
achieved through prices

Charging opportunity cost
would drive competing
farmers out of business.
The rationale is
hardly understandable
and acceptable by
farmers, and implemen-
tation politically very
problematic

The allocation stress is
often not as severe as
believed: urban water
scarcity has financial and
political ramifications and is
little due to irrigation use

Savings in the water bill can
never pay for water-saving
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Price-induced shifts to less
water-intensive crops tend
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Fig. 2.9. Summary of constraints to using prices as an economic tool.
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product quality, fertigation, reduced labour, 
etc. Water costs are seldom the only or even 
the primary motivation for such shifts. In 
addition, water-saving technologies reduce 
return flows, but impact little on the frac-
tion depleted by evaporation and transpira-
tion; and in some cases, the water saved is 
used to expand the cultivated area, thus 
increasing depletion. In the latter case, pro-
moting micro-irrigation can be counterpro-
ductive since the fraction consumed by 
crops increases at the expense of aquifer 
recharge, return flows and/or reallocation to 
other uses.

Low charges are also commonly taken 
to indicate a misallocation of resources that 
can be rectified by charging an opportunity 
cost. In practice, not only has opportunity 
cost pricing seldom, if ever, been attempted, 
but the very existence of an ‘allocation gap’ 
can be disputed. Priority is invariably given 
to M&I during a drought; over the longer 
term, most countries transfer water out of 
agriculture by stealth or administrative 
action; and there is little to indicate that 
urban and economic growth are eventually 
seriously constrained by water that is locked 
up in irrigation uses (except for some situa-
tions in the USA). Urban water and sanita-
tion deficiencies are overwhelmingly due to 
political priorities and financial constraints 
rather than to lack of water. Moreover, 
opportunity cost is location-specific and, 
once effective demand in competing M&I 
uses is satisfied, opportunity cost falls off 
drastically. Opportunity cost pricing would 
drive those few farmers facing urban com-
petition out of business, while most others 
would continue to obtain water at a much 
lower price. Markets are an attractive alter-
native, but the technical and institutional 
preconditions are daunting. Perhaps the 
most promising approach is negotiation on 
a case-by-case basis since, though govern-
ment regulation is still required, compensa-
tion can be assured to those deprived in an 
open and transparent manner and in ways 
adapted to the particular conditions. 
Planning compensation mechanisms for 
temporary transfers in anticipation of 
drought will help avoid conflicts and tur-
moil when these occur.

Similar practical objections face the 
estimation and implementation of environ-
mental pricing. Any charge that limits water 
use is likely to have some positive environ-
mental impact but, given the constraints 
discussed above, imposing additional envi-
ronmental charges on water use may not be 
feasible. It is therefore, perhaps, no surprise 
that while both the user-pays and the pol-
luter-pays principles claim to internalize 
externalities by negative incentives at the 
source, in practice these externalities tend 
to be internalized at the system, basin or 
national level, through cross-subsidization 
from other users or the general taxpayers. 
Users get paid to control water losses or pol-
lution, or even for the foregone revenue of 
not creating the externality, rather than 
being charged for the externality.

In conclusion, given the struggle to 
recover O&M and other recurrent costs in 
large-scale public irrigation, it is unlikely 
that water charges at levels much above O&M 
costs will ever become feasible. Participatory 
management, co-management, and auton-
omy can strengthen incentives for meeting 
the financial costs of supply, but irrigation 
charges are unlikely to have major impact 
on cropping patterns, technology or alloca-
tion between sectors; objections to opportu-
nity and externality cost pricing will remain 
and, where farmers are given a say in the 
determination of charges, these are unlikely 
to be set much over O&M costs. In sum, 
whether management remains under state 
agencies or is shifted to farmer organiza-
tions, O&M will remain the reference ‘peg’. 
Pricing will be sometimes effective in 
groundwater use and as a mechanism to 
regulate use beyond the quota, wherever 
individual volumetric pricing is possible. 
Bulk allocation with innovative incentives 
may also, in the future, help achieve effi-
ciency gains, as experimentation in China 
suggests. In other words, the consensus of 
the mid-1980s (see Molle and Berkoff, 
Chapter 1, this volume) still largely holds 
and much of the discussion on pricing 
instruments in public surface irrigation, 
and the hopes vested in them over the last 
two decades have been an unhelpful dis-
traction. Physical sustainability and proper 
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management remain compelling objectives 
and finding ways to strengthen financial 
autonomy and the reliability of supply 
remains paramount.

Cost Sharing with Power Sharing

Analysts in the 1980s appreciated that irri-
gation pricing policies had limited potential 
for promoting conservation and realloca-
tion. Rather, they emphasized that farmer 
payments should be part of a wider realign-
ment of roles and responsibilities in irriga-
tion management. Irrigation charges could 
be the ‘glue’ of contractual arrangements 
between higher- and lower-level entities, 
down to the WUA. Autonomy at each level 
would create ‘downward accountability’, 
with payment made from the lower to the 
higher level in return for a negotiated ser-
vice (defined as a certain pattern of supply). 
Each level would maintain and operate the 
infrastructure under its jurisdiction while 
contributing its share of system O&M costs. 
Under such conditions, user charges could 
help: (i) enhance availability of funds for 
O&M; (ii) strengthen accountability of man-
agers to water users; (iii) increase involve-
ment of water users in O&M; and (iv) 
improve the quality of investment decisions 
(Small, 1990).

This model has been constantly redis-
covered and is deeply interwoven with 
strands of participatory management and 
turnover (Molle and Berkoff, Chapter 1, this 
volume). The nature and scale of what is 
transferred have varied widely. In some 
cases (Thailand, Sri Lanka, Pakistan and 
India) participation was based on tertiary 
canal user groups that were to federate. In 
practice, however, most were given too little 
power and fee collection has often failed 
(Merrey, 1996). Limitations in hydraulic 
infrastructure (Lankford and Gowing, 1997; 
Facon, 2002) have also been a constraint that 
often revealed the mistaken conception – 
perhaps inherited from domestic water sup-
ply – that it is possible to define a service in 
irrigation as ‘simply’ as in the domestic sec-
tor. In more successful cases (Mexico, 

Turkey and Argentina) O&M of the main 
system are retained by the public agency 
but WUAs are established at block and ter-
tiary levels. In yet other cases, often smaller 
schemes with fewer richer farmers, the 
scheme has been entrusted wholly to farm-
ers, with the state retaining a supervisory 
role (e.g. in Peru: Vos, 2002; Colombia: 
Vermillion and Garcés-Restrepo, 1998; 
Japan: Sarker and Itoh, 2001; and Catalonia: 
Fernandez-Urrutia, 1998).

The responsibilities transferred have 
also varied. WUAs are generally responsible 
for O&M within their area of jurisdiction, 
but some are only responsible for water 
management at higher levels. Their role in 
planning may be symbolic (allocations 
decided by the agency based on water avail-
ability), more proactive (with joint deci-
sions on allocations to different areas) or 
even entail total responsibility. Financial 
contributions also differ (Spencer and 
Subramanian, 1997). Allotments to WUAs 
can be decided by the agency alone or 
jointly with WUAs; enforcement and moni-
toring of service can be more or less strict 
and with varied recourse by users; WUAs 
may trade allocations (as in Mexico); and in 
some cases charges levied also fund part of 
the agency’s costs, while in others the agen-
cies are subsidized by the state. Variations 
are inevitable and desirable and it is diffi-
cult to generalize. Nevertheless, empirical 
evidence collected over the last 20 years or 
so suggests a number of observations on the 
basic pattern.

The model is by and large valid but has 
exceptions

There is a strong relationship between the 
power devolved to farmers and their finan-
cial contribution. Where farmers are con-
fined to tertiary-level activities, success has 
often been poor. When given management 
responsibilities besides O&M, they have 
often been able to take more substantive 
decisions, e.g. hiring field staff and decid-
ing how to spend funds on maintenance 
(Mali: Aw and Diemer, 2005; northern Peru: 
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Vos, 2002; Argentina, etc). Where they are 
also contributing to the costs of running the 
public agency, their powers also tend to 
increase (Peru, Colombia), though this is 
not always the case (Vietnam: Fontenelle 
et al., Chapter 7, this volume; Philippines). 
A farmer’s financial contribution to O&M is 
no doubt necessary if farmers are to be given 
significant managerial powers, but is nei-
ther necessary nor sufficient for effective 
overall management and maintenance. In 
some cases (e.g. Morocco, Tunisia and Iran) 
farmers cover most or all of O&M costs and 
receive a reasonable service without strict 
accountability mechanisms. In contrast, the 
NIA in the Philippines illustrates the dan-
gers of overestimating the capacity of sup-
posedly autonomous agencies to ward off 
political interference. Moreover, NIA has 
responded to inadequate funds not by aug-
menting revenues, but rather by reducing 
costs and servicing only parts of the system 
(Kikuchi et al., 2001; Oorthuizen, 2003). In 
the case of Taiwan (Moore, 1989; Lam, 1996) 
effective management by officials and farm-
ers is achieved though user charges have 
long lost their significance, since the state 
re-established O&M funding in the early 
1990s. Accountability is not supported by 
bureaucratic rules, but is embedded in 
social relationships and social control.

Narrow functionalism

Small and Carruthers (1991) recognized 
‘linkages existing between structural and 
managerial aspects on the one hand, with 
financial approaches on the other’ (Small, 
1990) but retained a functionalist view of 
agency–farmers arrangements: that charging 
linked to accountability could ensure trans-
parent and effective cross-compliance and 
end the ‘degradation vicious circle’. They 
have been criticized for overlooking the 
wider social and political dimensions that 
affect the level and utilization of charges 
independently of performance (Oorthuizen 
and Kloezen, 1995). Water charges are ele-
ments of negotiation in power struggles 
between farmers and their associations, and 

between WUAs and the agency or state. 
While these negotiations are bounded by 
hard-nosed realities, such as farmer finan-
cial capacity and the actual cost of supply-
ing water (Lee, 2000), they also reflect 
competing interests, differing perceptions, 
the political clout and bargaining power of 
the different parties, and the various levels 
of accountability and dependency between 
them. They are permeated by the distribu-
tion of power within and across these groups 
(see case studies for the Philippines: 
Oorthuizen, 2003; Peru: Vos, 2002; Vietnam: 
Fontenelle et al., Chapter 7, this volume; 
Taiwan, South-Korea, Japan: Sarker and 
Itoh, 2001; Tanaka and Sato, 2003). In other 
words, while ‘money talks’ and creates 
some dependency, accountability was 
shaped predominantly by inter-group and 
interpersonal relationships expressed in 
such factors as friendship, kinship, gifts, 
business partnerships, bribes, threats of vio-
lence, patronage, debts, asymmetries of 
power and information, and political alle-
giance. This warns us against simplified 
views of human organization and may help 
anticipate dysfunctions.

Second-generation problems

Encouraging financial and managerial 
autonomy of irrigation blocks or schemes 
coincides with the retreat of public agencies 
to higher levels of management. Autonomy 
has, in general, been successful in divesting 
the state of financial burdens but, according 
to many observers, has been largely neutral 
in terms of irrigation efficiency, water reli-
ability and water productivity (Meinzen-
Dick et al., 1994; Vermillion, 1997). This in 
part reflects unrealistic expectations given 
that irrigation has always been more effi-
cient than is commonly supposed and that 
farmers and managers have in any case 
adjusted to prevailing conditions. But it also 
reflects ‘second-generation problems’ that 
have gradually surfaced and have adversely 
affected performance including: the failure 
to adjust charges leading to deferred main-
tenance; the lack of data collection and 
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analysis; imprecise rules governing asset 
ownership and management; and an unclear 
definition of water rights (Svendsen et al., 
1997; Vermillion and Garcés-Restrepo, 
1998; Vermillion and Sagardoy, 1999). 
Among these, the most important problem 
has probably been the first: a short-term 
unwillingness to adjust fees upwards, to the 
detriment of long-term sustainability.

Opening up the model

The focus on financial autonomy has some-
times been superseded by more general par-
ticipatory policies that emphasize reducing 
agency costs, or social engineering objec-
tives. Nevertheless, there has also been 
renewed interest in the potential role of pri-
vate operators and public–private partner-
ships (Frederiksen and Vissia, 1998) and in 
reviewing the whole spectrum of ‘water ser-
vice entities’ from private to self-governing 
bodies (Lee, 2000; ICID, 2004; Frederiksen, 
2005). Préfol et al. (2006) have pointed to the 
need for ‘professional third parties’ between 
farmers and government, irrespective of 
whether these are public or private. The cru-
cial questions are accountability and incen-
tive structures (Merrey, 1996). Promotion of 
volumetric management and bulk allocation 
is no doubt essential, but cannot ensure that 
incentives reach the individual farmer. 
Greater attention thus needs to be given to 
strengthening incentives at the tertiary and 
block levels. Interesting examples include 
the Philippines, where commissions are 
paid to WUAs that are successful in recov-
ering charges (Ofrecio, 2005), and China 
where managers and subcontractors have 
both been given performance incentives 
(Lohmar et al., Chapter 12, this volume; Li, 
2006).

An alternative to the fiscal autonomy 
model patterned on utilities (O’Mara, 1990) 
takes up the idea of water delivery as ‘co-
production’ (Lam, 1996; Ostrom, 1996). 
Under a ‘co-production’ approach, farmers 
and others participate in the production of 
public goods, in contrast to a ‘service’ 
approach under which they are merely pas-

sive ‘clients’. It is argued that involving 
users at higher levels strengthens account-
ability and ensures that participants are 
aware of management constraints, existing 
inequities and actual available resources, 
the aim being to shift their role from that of 
‘selfish complainers’ to co-managers of the 
whole system. According to this, the state 
must still inevitably retain supervisory 
powers, especially over financial manage-
ment and maintenance standards, and in 
this regard it is lack of effective government 
capacity rather than lack of farmer and 
‘client’ awareness that remains the major 
obstacle to creating self-sufficient entities 
(Frederiksen, 2005).

Perspectives for the Future

This review suggests that water charges can 
only achieve the objectives assigned to pric-
ing as an economic tool (Fig. 2.1) in very 
special circumstances. But there is a contin-
uum from projects with excess water and 
poor management at one extreme to those 
under volumetric management and – at the 
limit – irrigation on demand, at the other. 
Scarcity will continue to be dealt with by 
rationing in the large majority of cases, but 
price incentives can sometimes promote 
conservation and in a few cases regulate 
water use at the margin. The way forward is 
thus to expand the area served by volumet-
ric management so as to facilitate extension 
of quota-cum-price regulation (Fig. 2.10), 
recognizing that this will be a slow process, 
given the structural and institutional 
changes needed, and that it may not always 
be appropriate or cost-effective to do so.

Such changes cannot be driven primar-
ily by modernization investment or by social 
engineering that is inconsistent with the 
broader context. Effective financial mecha-
nisms are predicated on the emergence of 
autonomous entities that vary with context 
but which entail genuine user empower-
ment. It should be recognized, however, that 
irrigation efficiency and water productivity 
are more about changes in irrigation man-
agement than changes in farmer behaviour; 
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more about designing cross-compliance 
arrangements and financial autonomy than 
simply establishing WUAs; (iii) and more 
about defining positive incentives to manag-
ers than introducing negative incentives to 
end-users.

Policies based on negative incentives 
alone are unlikely to have great success. The 
user-pays and polluter-pays principles thus 
need to be complemented by positive incen-
tives. It may be more efficient (as well as 
more equitable) to buy out wells than to 
decree extraction quotas; to pay upstream 
farmers for not polluting water or deforesting 
watersheds than to tax these activities; and 
to negotiate compensation arrangements for 
water transfers than to expropriate them. The 
limited capacity of the state, and the political 
sensitivity of actions to modify behaviour 
that result in significant loss of income are 
major reasons why water and pollution 
charges have, in practice, been so difficult to 
introduce and enforce. Policy packages 
should ideally combine ‘positive’ and ‘nega-
tive’ instruments in ways that are adapted to 
circumstance (Bazza and Ahmad, 2002; 
Chohin-Kuper et al., 2002; World Bank, 
2005a). Since many factors other than water 
price so often determine water use, water 
policies must also be designed with due con-
sideration to policies in other sectors.

Since individual metering is so prob-
lematic in surface irrigation, priority must 
be given to bulk allocation, all the more 
because it is consistent with strengthening 
co-management institutions and arrange-
ments. Since financial incentives seldom 
impact directly on individual users, empha-
sis should normally be placed on manage-
ment incentives (whether to private or 
community operators), while ensuring 
financial transparency. This is consistent 
with the fact that efficient management of 
supply is easier at block level than at indi-
vidual farm level. There may be potential 
for trading in bulk allocations within the 
system, provided this is ultimately decided 
by stakeholders and can be effectively 
 regulated, but intersector trading is likely 
to be feasible in only a few exceptional 
circumstances.

It must be recognized that much, if not 
most, surface irrigation, especially in coun-
tries with large irrigation sectors, will con-
tinue to be devoted to cereals and other 
relatively low-value crops. No doubt an 
increasing number of farmers will intensify 
and diversify output, often based on tube 
wells, but this is limited by market con-
straints and most farmers in surface irriga-
tion are likely to remain relatively poor, at 
least as long as prices remain at current 

Fig. 2.10. Management types and desirable shifts.

Molle & Berkoff_Chap 02.indd   75Molle & Berkoff_Chap 02.indd   75 10/12/2007   11:52:35 AM10/12/2007   11:52:35 AM



76 F. Molle and J. Berkoff 

 levels and until such time as economic 
development draws population off the land 
sufficiently to allow significant farm con-
solidation. This suggests caution in imple-
menting expensive modernization and 
similar programmes that may not be justi-
fied by the production benefits. It also sug-
gests the necessity of taking account of the 
deep social and political concerns raised by 
poor farmers. As stressed by Garrido (2002): 
‘[N]o pricing policy will ever make progress 
if irrigators’ benefits are severely compro-
mised as a result of its full implementation. 
In the short and medium term, irrigation 
farms’ economic survival is essential.’ 
Economic policies pursuing efficiency will 
thus inevitably have to compromise with 
equity and social concerns and take into 
consideration the diversity of farming sys-
tems and regions.

Overemphasis on ‘getting the prices 
right’ (Svendsen and Rosegrant, 1994) has 

distracted attention from the nature of most 
of the irrigation in developing countries. 
Very few schemes can distribute water in a 
way approaching the on-demand supply 
model that typifies urban tap water. 
Farmers cannot be blamed for losses occur-
ring upstream of their farm; nor can they be 
blamed for much of the waste arising out of 
a pattern of supply that is largely indepen-
dent of their will. The importance of the 
old unglamorous issue of managing supply 
will thus continue to override that of man-
aging demand. No doubt this will gradu-
ally change as irrigation moves along the 
continuum suggested in Fig. 2.10. But even 
then, developed countries’ experience sug-
gests that most efficiency gains are due to 
the numerous other factors involved in the 
shift from pragmatic to volumetric man-
agement; and that the task left to pricing 
even in the long term may well be far more 
modest than often assumed.

References

Abernethy, C.L. (2005) Financing river basin management. In: Svendsen, M., Merrey, D.J. and Shah, T. (eds) 
Irrigation and River Basin Management: Options for Governance and Institutions, CAB International, 
Wallingford, UK.

Abernethy, C.L., Sally, H., Lonsway, K. and Maman, C. (2000) Farmer-Based Financing of Operations in the 
Niger Valley Irrigation Schemes. Research Report 37. IWMI, Colombo, Sri Lanka.

Abu-Zeid, M. (2001) Water pricing in irrigated agriculture. International Journal of Water Resources 
Development 17(4), 527–538.

ADB (Asian Development Bank) (1986a) Review of bank operations in the irrigation sector 1966–1985. 
Manila.

ADB (1986b) Irrigation service fees. Proceedings of the Regional Seminar on Irrigation Fees, Manila, 21–25 
July 1986. Manila.

ADB (1995) Sector synthesis of post-evaluation findings in the irrigation and rural development sector. 
Manila.

Ahmad, M. (2000) Water pricing and markets in the Near East: policy issues and options. Water Policy 2(3), 
229–242.

Aillery, M. and Gollehon, N. (2003) Chapter 2.2: irrigation water management. In: Heimlich, R. (ed.) 
Agricultural Resources and Environmental Indicators, Agriculture Handbook No. (AH722). US 
Department of Agriculture (USDA), Economic Research Service, Washington, DC.

Ait Kadi, M. (2002) Irrigation water pricing policy in Morocco’s large scale irrigation projects. Hommes Terre 
& Eaux 32(124), 25–33.

Al-Atiri, R., Faïza, R. and Bel Hassen, A. (2004) Les efforts de modernisation de l’agriculture irriguée en 
Tunisie. Project INCO-WADEMED, Proceedings of the seminar ‘Modernisation de l’Agriculture Irriguée’, 
Rabat, Morocco, 19–23 April 2004.

Albiac, J., Martínez, Y. and Tapia, X. (2006) Water quantity and quality issues in Mediterranean agriculture. In: 
Water and Agriculture: Sustainability, Markets and Policies. OECD, Paris, Chapter 5, pp. 137–156.

Albinson, B. and Perry, C.J. (2002) Fundamentals of Smallholder Irrigation The Structured System Concept. 
Research Report 58. IWMI, Colombo, Sri Lanka.

Molle & Berkoff_Chap 02.indd   76Molle & Berkoff_Chap 02.indd   76 10/12/2007   11:52:35 AM10/12/2007   11:52:35 AM



 Mapping the Debate 77

Alicera, M.L., Brown, E.F. and Doña, J.E.N. (1999) Bases Para el Análisis del Mercado de Derechos de 
Aprovechamiento de Aguas en la Cuenca de Rio Maipo. VI Jornadas del CONAPHI-Chile. Santiago, Chile.

Altieri, S. (2001) Gestione tecnica ed administrative, in autogoverno, di un comprensorio irriguo pubblico. In: 
Leone, A. and Basile, A. (eds) Proceedings of the Trans-National Workshop on ‘Managing Water Demand 
in Agriculture through Pricing: Research Issues and Lessons Learned’. CNR (National Research Council), 
Ercolano, Italy, pp. 213–219.

Anderson, T.L. and Snyder, P.S. (1997) Water Markets: Priming the Invisible Pump. Cato Institute, Washington, DC.
Anton, D.J. (1995) Thirsty Cities: Urban Environments and Water Supply in Latin America. International 

Development Research Centre, Ottawa. Available at: http://web.idrc.ca
Aquastat (2004) Available at: http://www.fao.org/AG/agl/aglw/aquastat/main/index.stm
Arriens, W.L., Bird, J., Berkoff, J. and Mosley, P. (1996) Towards effective water policy. In: The Asian And 

Pacific Region. Vol. 1. Overview of Issues and Recommendations. Asian Development Bank, Manila.
Arrojo, P. (2001) The impact of irrigation water pricing policy in Spain. In: Pricing Water. Economics, 

Environment and Society. Conference Proceedings. Sintra, European Commission, Brussels, 
pp. 177–184.

Asad, M., Azevedo, L.G., Kemper, K.E. and Simpson, L.D. (1999) Management of Water Resources: Bulk 
Water Pricing in Brazil. World Bank Technical Paper. World Bank, Washington, DC.

Avis, C., Tydeman, C. and Gelabert, E.R. (2000) What Role for Water Pricing? Ten Actions for Internalising 
Sustainability. WWF International, European Freshwater Programme, Brussels.

Aw, D. and Diemer, G. (2005) Reforming the Office du Niger in Mali: Fostering Partnership between Farmers, 
Irrigation Agency and Government 1978–2000. World Bank Technical Paper. World Bank, Washington, DC.

Backeberg, G.R. (2006) Reform of user charges, market pricing and management of water: problem or oppor-
tunity for irrigated agriculture. Irrigation and Drainage 55(1), 1–12.

Barakat, E. (2002) Cost recovery for irrigated agriculture: Egyptian experience. In: Hamdy, A., Lacirignola, C. 
and Lamaddalena, N. (eds) Water Valuation and Cost Recovery Mechanisms in the Developing Countries 
of the Mediterranean Region, Options Méditerranéennes: Series A. Séminaires Méditerranéens No. 49, 
CIHEAM-IAMB, Bari, pp. 73–90.

Barghouti, S., Kane, S., Sorby, K. and Ali, M. (2004) Agricultural Diversification for the Poor. Guidelines for 
Practitioners. Agriculture and Rural Development Discussion Paper 1. World Bank, Washington, DC.

Barker, R. and Molle, F. (2004) Evolution of Irrigation in South and Southeast Asia. IWMI Comprehensive 
Assessment Research Report 5. IWMI Comprehensive Assessment Secretariat, Colombo, Sri Lanka, vi.

Barlow, M. and Clarke, T. (2003) Blue Gold. LeftWord Books, New Delhi.
Bate, R. (2002) Water – can property rights and markets replace conflict? In: Morris, J. (ed.) Sustainable 

Development: Promoting Progress or Perpetuating Poverty? Profile Books, London.
Bates, R.H. (1981) Markets and States in Tropical Africa. University of California Press, Berkeley, California.
Bates, R.H. (1993) Urban bias: a fresh look. Journal of Development Studies 29(4), 219–228.
Bauer, C.J. (1997) Bringing water markets down to earth: the political economy of water rights in Chile, 

1976–1995. World Development 25(5), 639–656.
Bauer, C.J. (2004) Siren Song: Chilean Water Law as a Model for International Reform. Resources for the 

Future, Washington, DC, 173.
Bazza, M. and Ahmad, M. (2002) A comparative assessment of links between irrigation water pricing and irri-

gation performance in the Near East. Paper presented at the International Conference ‘Irrigation Water 
Policies: Micro and Macro Considerations,’ Agadir, Morocco, June 2002.

Bazzani, G., Viaggi, D., Berbel, J., López, M. and Gutiérrez, C. (2005) Methodology for analysis of irrigated 
farming in Europe. In: Berbel, J. and Gutiérrez, C. (eds) WADI – The Sustainability of European Irrigated 
Agriculture under Water Framework Directive and Agenda 2000. European Commission, Joint Research 
Center, Institute of Prospective Technological Studies. Seville, Spain, pp. 26–48.

Beaumont, P., Borine, K. and McLachlan, K. (eds) (1989) Qanat, Kariz, and Khattara. School of Oriental and 
African Studies, London.

Becker, N. and Lavee, D. (2002) The effect and reform of water pricing: the Israeli experience. International 
Journal of Water Resources Development 18(2), 353–366.

Belghiti, M. (2005a) Gestion de l’eau d’irrigation au Maroc. Communication au Séminaire de promotion du 
SEMIDE et sur l’utilisation des systèmes d’information géographique pour la gestion et la protection des 
ressources en eau. Rabat, Morocco, 27–28 April 2005.

Belghiti, M. (2005b) Valorisation de l’eau et tarification dans les périmètres de ‘grande hydraulique’ au Maroc. 
Paper presented at the INCO-WATERMED seminar ‘Modernisation de l’agriculture irriguée.’ Rabat, 
Morocco, April 2004.

Molle & Berkoff_Chap 02.indd   77Molle & Berkoff_Chap 02.indd   77 10/12/2007   11:52:35 AM10/12/2007   11:52:35 AM



78 F. Molle and J. Berkoff 

Bennett, V. (1995) The Politics of Water: Urban Protest, Gender, and Power in Monterrey, Mexico. University 
of Pittsburgh Press, Pittsburgh, Pennsylvania.

Berbel, J. and Gomez-Limón, J.A. (2000) The impact of water-pricing policy in Spain: an analysis of three irri-
gated areas. Agricultural Water Management 43, 219–238.

Berbel, J., Lopez, M.J. and Gomez Barbero, M. (2001) Survey of Current Institutional Framework for Water 
Management in European Irrigated Systems: Spain. Report for the WADI Project. University of Cordoba, 
Cordoba, Spain.

Berbel, J., López, M. and Gutiérrez, C. (2005) Spain (1): the case of the Guadalquivir river. In: Berbel, J. and 
Gutiérrez, C. (eds) WADI – The Sustainability of European Irrigated Agriculture under Water Framework 
Directive and Agenda 2000. European Commission, Joint Research Center, Institute of Prospective 
Technological Studies, Seville, Spain, pp. 49–70.

Berkoff, J. (2002) Economic valuation: why is it often unsatisfactory? And does it matter? With reference to the irriga-
tion sector. Paper presented at the International Consulting Economists’ Association meeting, 19 June 2002.

Berkoff, J. (2003a) A critical look at the irrigation sector. Presentation to World Bank Water Week, 4 March 2003.
Berkoff, J. (2003b) Prospects for irrigated agriculture: has the international consensus got it right? Paper pre-

sented to the Alternative Water Forum. Bradford University, Bradford, 1–2 May 2003.
Bhatia, R. (1991) Irrigation financing and cost recovery policy in India: case studies from Bihar and Haryana. 

In: Meinzen-Dick, R. and Svendsen, M. (eds) Future Directions for Indian Irrigation. Washington, DC, 
pp. 168–213.

Bhatia, R. and Falkenmark, M. (1993) Water Resources Policies and the Urban Poor: Innovative Approaches 
and Policy Imperatives. World Bank, Washington, DC, 47.

Bhattarai, M., Barker, R. and Narayanamoorthy, A. (2003) Who benefits from irrigation development in India? 
Implication of irrigation multipliers for cost recovery, and irrigation financing. In: ICID Asian Regional 
Workshop, Sustainable Development of Water Resources and Management and Operation of Participatory 
Irrigation Organizations, 10–12 November 2003. ICID, Taipei, Taiwan, pp. 285–296.

Binswanger, H.P. and Deininger, K. (1997) Explaining agricultural and agrarian policies in developing coun-
tries. Journal of Economic Literature 35(4), 958–2005.

Binswanger, H.P. and Rosenzweig, M.R. (1986) Behavioral and material determinants of production relations 
in agriculture. Journal of Development Studies 22(3), 503–539.

Bjornlund, H. and McKay, J. (1999) Do water markets promote a socially equitable reallocation of water? A 
case study of a rural water market in Victoria, Australia. Paper presentation, 6th Conference of the 
International Water and Resources Consortium, Hawaii.

Bos, M.G. and Wolters, W. (1990) Water charges and irrigation efficiencies. Irrigation and Drainage Systems 
4(3), 267–278.

Bosworth, B., Cornish, G., Perry, C. and van Steenbergen, F. (2002) Water Charging in Irrigated Agriculture. 
Lessons from the Literature. Report OD 145. HR Wallingford, Wallingford, UK.

Bowen, R.L. and Young, R.A. (1986) Appraising alternatives for allocating and cost recovery for irrigation 
water in Egypt. Agricultural Economics 1, 35–52.

Brooks, D.B. (1997) Water demand management: conceptual framework and policy implementation. In: 
Brooks, D.B., Rached, E. and Saade, M. (eds) Management of Water Demand in Africa and the Middle 
East: Current Practices and Future Needs. International Development Research Centre, Ottawa.

Brown, F.L. (1997) Water markets and traditional values: merging commodity and community perspectives. 
Water International 22(1), 2–5.

Brozovic, N., Carey, J.M. and Sunding, D.L. (2002) Trading activity in an informal agricultural water market: 
An example from California. Water Resources Update Issue No. 121: January 2002. Universities Council 
on Water Resources, Southern Illinois University, Carbondale, Illinois.

Burger, R. (1998) Water Legislation and Pricing in Kazakstan. Environment Discussion Paper No. 40. NIS-EEP 
(Newly Independent States Environmental Economics and Policy) Project. Available at: http://www.epic.
kz/hiid/finalwua.pdf

Burt, C.M. and Styles, S.W. (1999) Practices in Irrigation Impact on Performance. FAO Water Report No. 19. Rome.
Burt, C.M., Howes, D.J. and Mutziger, A. (2001) Evaporation Estimates for Irrigated Agriculture in California. 

ITRC paper P01-002. ITRC, Fresno, California.
Çakmak, B., Beyribey, M. and Kodal, S. (2004). Irrigation water pricing in water user associations, Turkey, 

Water Resources Development 20(1), 113–124.
Caldas, J.C., Sousa, P.L. and Pereira, L.S. (1997) Need for new approaches in valuing water: learning from a 

less successful case. In: Kay, M., Franks, T. and Smith, L. (eds) Water: Economics, Management and 
Demand. E & FN Spon, London. Cambridge University Press, Cambridge, pp. 137–144.

Molle & Berkoff_Chap 02.indd   78Molle & Berkoff_Chap 02.indd   78 10/12/2007   11:52:36 AM10/12/2007   11:52:36 AM



 Mapping the Debate 79

Camdessus, M. and Winpenny, J. (2003) Financing water for all. Report of the World Panel on Financing Water 
Infrastructure. Available at: www.wsscc.org/download/Camdessus%20document.doc

Carey, J.M. and Sunding, D.L. (2001) Emerging markets in water: a comparative institutional analysis of the 
Central Valley and Colorado-Big Thompson Projects. Natural Resources Journal 283(41), 288–289.

Carles, J., Abellá, L. and García-Mollá, M. (1999) Precios, costos y uso del agua en el regadío mediterráneo. 
In: El agua a debate desde la Universidad. The Congreso Ibérico sobre Planificación y Gestión de Aguas, 
Zaragoza.

Carruthers, I. and Clarck, C. (1981) The Economics of Irrigation. Liverpool University Press, Liverpool, UK.
Carruthers, I.D., Peabody, N.S. III, Bishop, A.A., LeBaron, A.D., Mehra, R., Ramchand, O., Peterson, D. and 

Wood, D.H. (1985) Irrigation Pricing and Management. Report to USAID. DEVRES, Washington, DC.
Caswell, M. (1998) Technologies as a water conservation tool. Water International 14(1989), 19–26.
Caswell, M. and Zilberman, D. (1985) The choices of irrigation technologies in California. American Journal 

of Agricultural Economics 67, 224–234.
Caswell, M.F. and Zilberman, D. (1990) The effects of well depth and land quality on the choice of irrigation 

technology. American Journal of Agricultural Economics 68, 798–811.
Caswell, M.F., Lichtenberg, M. and Zilberman, D. (1990) The effects of pricing policies on water conservation 

and drainage. American Journal of Agricultural Economics 72(4), 883–890.
CEPAL (Comisión Económica para América Latina y el Caribe) (1995) Mercados de Derechos de Agua: 

Entorno Legal. CEPAL, Santiago de Chile.
Chambers, R. (1988) Managing Canal Irrigation: Practical Analysis from South Asia. Cambridge University 

Press, Cambridge.
Chan, R.C.K. and Shimou, Y. (1999) Urbanization and sustainable metropolitan development in China: pat-

terns, problems and prospects. GeoJournal 49, 269–277.
Chang, C. and Griffin, R.C. (1992) Water marketing as a reallocative institution in Texas. Water Resources 

Research 28(3), 879–890.
Chaplin, S.E. (1999) Cities, sewers and poverty: India’s politics of sanitation. Environment and Urbanization 

11(1), 145–158.
Charney, A.H. and Woodward, G.C. (1990) Socioeconomic impacts of water farming on rural areas of origin 

in Arizona. American Journal of Agricultural Economics 72(5), 1193–1199.
Chaudhry, M.G., Majid, S.A. and Chaudhry, G.M. (1993) The policy of irrigation water pricing in Pakistan: 

Aims, assessment and needed redirections. The Pakistan Development Review 32(4), 809–821.
Chohin-Kuper, A., Rieu, T. and Montginoul, M. (2002) Economic tools for water demand management in the 

Mediterranean. Paper presented to the forum on ‘Progress in Water Demand Management in the 
Mediterranean’ Fiuggi, 3–5 October 2002.

Colby, B.G. (1990) Transactions costs and efficiency in western water allocation. American Journal of 
Agricultural Economics 72(5), 1184–1192.

Combes, J.-L. and Guillaumont, P. (2002) Commodity price volatility, vulnerability and development. 
Development Policy Review 20(1), 25–39.

Connolly, P. (1999) Mexico city: our common future? Environment and Urbanization 11(1), 53–78. Contributing 
Paper to the World Commission on Dams. Available at: http://www.dams.org/

Cornish, G.A. and Perry, C.J. (2003) Water Charging in Irrigated Agriculture. Lessons from the Field. Report OD 
150. HR Wallingford, Wallingford, UK.

Cornish, G., Bosworth, B., Perry, C. and Burke, J. (2004) Water Charging in Irrigated Agriculture: An Analysis 
of International Experience. FAO Waters Reports 28. FAO, Rome, Italy, p. xi.

Cortez-Lara, A. and Garcia-Acevedo, M.R. (2000) The lining of the All-American canal: the forgotten voices. 
Natural Resources Journal 40, 261–279.

Cosgrove, W.J. and Rijsberman, F.R. (2000) World Water Vision: Making Water Everybody’s Business. Earthscan, 
London.

Courcier, R., Venot, J.-P. and Molle, F. (2005) Historical Transformations of the Lower Jordan River Basin (in 
Jordan): Changes in Water Use and Projections (1950–2025). IWMI Comprehensive Assessment 
Research Report 9. IWMI, Colombo, Sri Lanka, pp. vi, 85.

Cummings, R.G. and Nercessiantz, V. (1992) The use of water markets as a means for enhancing water use effi-
ciency in irrigation: case studies in Mexico and the United States. Natural Resources Journal 32, 731–755.

Davis, R. and Hirji, R. (Series eds) (2003) Water Conservation: Irrigation. Water Resources and Environment, 
Technical Note F2. World Bank, Washington, DC.

de Moor, A. and Calami, P. (1997) Subsidizing Unsustainable Development: Undermining the Earth with 
Public Funds. Earth Council, San Jose, Costa Rica.

Molle & Berkoff_Chap 02.indd   79Molle & Berkoff_Chap 02.indd   79 10/12/2007   11:52:36 AM10/12/2007   11:52:36 AM



80 F. Molle and J. Berkoff 

Delgado, C.L. (1995) Agricultural diversification and export promotion in sub-Saharan Africa. Food Policy 
20(3), 225–243.

Dellapenna, J.W. (2000) The importance of getting names right: the myth of markets for water (Fall, 2000). 
William and Mary Environmental Law and Policy Review 25, 317–377.

Dinar, A. (1998) Water policy reforms: informational needs and implementation obstacles. Water Policy 4, 367–382.
Dinar, A. and Saleth, R.M. (2005) Issues in water pricing reforms: from getting correct prices to setting appro-

priate institutions. In: Folmer, H. and Tietenberg, T. (eds) The International Yearbook of Environmental 
and Resource Economics 2005/2006. Edward Elgar, Cheltenham, UK.

Dinar, A. and Subramanian, A. (1997) Water Pricing Experiences. An International Perspective. World Bank 
Technical Paper No. 386. World Bank, Washington, DC.

Dinar, A. and Yaron, D. (1990) Influence of quality and scarcity of inputs on the adoption of modern agricul-
tural Technologies. Western Journal of Agricultural Economics 15(2), 224–233.

Dinar, A. and Zilberman, D. (1991) The economics of resource-conservation, pollution-reduction technology 
selection: the case of irrigation water. Resources and Energy 13, 323–348.

Dinar, A. and Zilberman, D. (1994) Economía de las tecnologías modernas de riego: lecciones de la experi-
encia Israelí. Revista de Estudios Agro-Sociales 167(1), 155–183.

Dinar, A., Rosegrant, M.W. and Meinzen-Dick, R. (1997) Water Allocation Mechanisms: Principles and 
Examples. Policy Research Working Paper 1779. World Bank, IFPRI, Washington, DC, pp. ii, 41.

Dorjee, K., Broca, S. and Pingali, P. (2003) Diversification in South Asian Agriculture: Trends and Constraints. 
ESA Agricultural and Development Economics Division. Working Paper No. 03–15. The Food and 
Agriculture Organization of the United Nations, Rome.

Duane, P. (1986) Cost recovery in irrigation projects: perceptions from World Bank operation evaluation. In: 
FAO. Land and Water Development Division, USAID. Water Management Synthesis II Project Technical 
Papers from the Expert Consultation on Irrigation Water Charges, Volume I, Rome, 22–26 September 
1986. FAO, Rome, Italy, pp. 122–157.

Earl, R.A. (1996) Sunbelt water war: The El Paso–New Mexico water conflict. The Social Science Journal 33(4), 
359–380.

Easter, K.W. and Feder, G. (1998) Water institutions, incentives, and markets. In: Parker, D. and Tsur, Y. (eds) 
Decentralization and Coordination of Water Resource Management. Kluwer Academic, Boston, 
Massachusetts, pp. 261–282.

Easter, K.W. and Liu, Y. (2005) Cost Recovery and Water Pricing for Irrigation and Drainage Projects. Agriculture 
and Rural Development Discussion Paper No. 20. World Bank, Washington, DC.

Easter, K.W., Rosegrant, M.W. and Dinar, A. (1999) Formal and informal markets for water: institutions, per-
formance and constraints. The World Bank Research Observer 14(1), 99–116.

Ellis, F. (1998) Household strategies and rural livelihood diversification. The Journal of Development Studies 
35(1), 1–38.

Elston, J. (1999) Water Pricing Study. Ministry of Water Resources and World Bank: Action Program Study for 
Water Resources (Australia-China Development Co-operation). Working Paper.

ESCWA (Economic and Social Commission for Western Asia) (1997) Review of the Impact of Pricing Policy on 
Water Demand in the ESCWA Region, with a Case Study on Jordan. (E/ESCWA/ENR/1997/6), Economic 
and Social Commission for Western Asia, Beirut, Lebanon.

ESCWA (1999) Updating the Assessment of Water Resources in ESCWA Member Countries. United Nations, 
New York.

EU (European Union) (2000a) Pricing Policies for Enhancing the Sustainability of Water Resources. 
Communication from the Commission to the Council, the European Parliament, and the Economic and 
Social Committee (COM(2000) 477 final). European Union, Brussels.

EU (2000b) Pricing Policies for Enhancing the Sustainability of Water Resources. Communication from the 
Commission to the Council, the European Parliament and the Economic and Social Committee (COM 
(2000) 477 final). European Union, Brussels.

Facon, T. (2002) Downstream of irrigation water pricing – the infrastructure design and operational manage-
ment considerations. Paper presented at the conference ‘Irrigation Water Policies: Micro and Macro 
Considerations,’ Agadir, Morocco, 15–17 June 2002.

Fairley, B. (1997) Water Use and Water Quality in National Agricultural Policies: Canada’s Experience. OECD 
Workshop on the Sustainable Management of Water in Agriculture: Issues and Policies. Directorate for 
Food, Agriculture and Fisheries and Environment Directorate, Athens, 3–6 November.

Falkenmark, M. and Lundqvist, J. (1998) Towards water security: Political determination and human adapta-
tion crucial. Water Resources Journal 198, 12–28.

Molle & Berkoff_Chap 02.indd   80Molle & Berkoff_Chap 02.indd   80 10/12/2007   11:52:36 AM10/12/2007   11:52:36 AM



 Mapping the Debate 81

FAO and USAID (1986) Water Management Synthesis II Project. Report on the Expert Consultation on Irrigation 
Water Charges, Rome, 22–26 September 1986. FAO, Rome, Italy, pp. vi, 70.

Fereres, E. and Cena, F. (1997) Social benefits and environmental constraints of irrigation in an era of water 
scarcity. In: Kay, M., Franks, T. and Smith, L. (eds) Water: Economics, Management and Demand. E & FN 
Spon, London, pp. 128–136.

Fernandez-Urrutia, J.A.O. (1998) Spain: the institutional management of irrigation water in Spain. In: 
Workshop on the Sustainable Management of Water in Agriculture. The Athens Workshop, Case Studies. 
OECD, Paris, pp. 153–182.

Feuillette, S. (2001) Vers une gestion de la demande sur une nappe en accès libre: exploration des interactions 
ressources usages par les systèmes multi-agents; application à la nappe de Kairouan, Tunisie Centrale. 
Unpublished PhD thesis. Université de Montpellier II, Montpellier, France.

Foster, S. (1999) The interdependence of groundwater and urbanisation. In: Proceedings of the 9th Stockholm 
Water Symposium. ‘Urban Stability through Integrated Water-Related Management,’ 9–12 August, 
Stockholm, pp. 125–138 (cited in Lundqvist et al., 2001).

Frederick, K.D. (1998) Marketing water: the obstacles and the impetus. Resources for the Future, Issue 132. 
Available at: http://www.rff.org/resources_archive/pdf_files/132_water.pdf

Frederiksen, H.D. (1996) Water crisis in developing world: Misconceptions about solutions. Journal of Water 
Resources Planning and Management 122(2), 79–87.

Frederiksen, H.D. (2005) The future of rural water services in the developing countries and the governments’ 
role. Irrigation and Drainage 54(5), 501–508.

Frederiksen, H.D. and Vissia, R.J. (1998) Considerations in formulating the transfer of services in the water 
sector. IWMI, Colombo, Sri Lanka, pp. ix, 80.

Freeman, D.M. and Lowdermilk, M.K. (1991) Middle-level farmer organisations as links between farms and 
central irrigation systems. In: Cernea, M.M. (ed.) Putting People First: Sociological Variables In Rural 
Development, 2nd edn. A World Bank Publication, pp. 113–143.

Fu, C. and Hu, Z.P. (2002) The practice on water rights allocation and trade-off in China. Paper presented to 
the River Symposium 2002, September 2000, Brisbane, Australia.

Gaffney, G. (1997) What price water marketing? California’s new frontier – special issue: commemorating the 100th 
anniversary of the death of Henry George. American Journal of Economics and Sociology 56(4), 475–520.

Gaitskell, A. (1959) Gezira – A Story of Development in the Sudan. Faber & Faber, London.
Gallerani, V., Baani, G.M., Viaggi, D., Bartolini, F. and Raggi, M. (2005) The case of Italy. In: Berbel, J. and 

Gutiérrez, C. (eds) WADI – The Sustainability of European Irrigated Agriculture under Water Framework 
Directive and Agenda 2000. European Commission, Joint Research Center, Institute of Prospective 
Technological Studies, Seville, Spain, pp. 141–165.

Garcés-Restrepo, C. (2001) Irrigation management devolution in Colombia. IMT case study: Colombia. FAO, 
Rome. Available at: http://www.fao.org/ag/agl/aglw/waterinstitutions/docs/CScolombia.pdf

García Mollá, M. (2000) Análisis de la influencia de los costes en el consumo de agua en la agricultura valen-
ciana. Caracterización de las entidades asociativas para riego. Unpublished PhD thesis. Universidad 
Politécnica de Valencia. Departamento de Economía y Ciencias Sociales, Valencia, Spain.

Gardner, B.D. (2003) Weakening water rights and efficient transfers. Water Resource Development 19(1), 
7–19.

Garrido, A. (1999) Agricultural Water Pricing in OECD Countries. Organisation for Economic Co-operation 
and Development, Environment Directorate, Paris.

Garrido, A. (2002) Transition to Full-Cost Pricing of Irrigation Water for Agriculture in OECD Countries. 
Organisation for Economic Co-operation and Development, Environment Directorate, Paris.

Garrido, R. (2005) Price setting for water use charges in Brazil. International Journal of Water Resources 
Development 21(1), 99–117.

Gibbons, D. (1986) The Economic Value of Water. Resources for the Future, Washington, DC.
Gittinger, J.P. (1982) Economic Analysis of Agricultural Projects, 2nd edn. EDI Series in Economic Development. 

World Bank, Washington, DC.
Gleick, P.H. (2000) The changing water paradigm: a look at twenty-first century water resources development. 

Water International 25(1), 127–138.
Gleick, P.H. (2001) Making every drop count. Scientific American, February 2001. Available at: http://ic.ucsc.

edu/~pchuang/eart006/sciam%20freshwater%20conservation.pdf
 Gollehon, N., Quinby, W. and Aillery, M. (2003) Water use and pricing in agriculture. In: Heimlich, R. (ed.) 

Agricultural Resources and Environmental Indicators, Agriculture Handbook No. (AH722). US 
Department of Agriculture (USDA), Economic Research Service, Washington, DC.

Molle & Berkoff_Chap 02.indd   81Molle & Berkoff_Chap 02.indd   81 10/12/2007   11:52:36 AM10/12/2007   11:52:36 AM



82 F. Molle and J. Berkoff 

Gómez, M., López, M.J., Gutiérrez, C. and Pujol, J. (2005) Water framework directive and irrigation. In: 
Berbel, J. and Gutiérrez, C. (eds) WADI – The Sustainability of European Irrigated Agriculture under 
Water Framework Directive and Agenda 2000. European Commission, Joint Research Center. Institute of 
Prospective Technological Studies, Seville, Spain, pp. 26–38.

Gómez-Limón, J.A. and Riesgo, L. (2004a) Irrigation water pricing: differential impacts on irrigated farms. 
Agricultural Economics 31(2004), 47–66.

Gómez-Limón, J.A. and Riesgo, L. (2004b) Water pricing: analysis of differential impacts on heterogeneous 
farmers. Water Resources Research 40 W07S05.

Gómez-Limón, J.A. and Riesgo, L. (2005) Spain (2): the case of the Duero river. In: Berbel, J. and Gutiérrez, C. 
(eds) WADI – The Sustainability of European Irrigated Agriculture under Water Framework Directive and 
Agenda 2000. European Commission, Joint Research Center. Institute of Prospective Technological 
Studies, Seville, Spain, pp. 71–94.

Gopalakrishnan, C. (1973) The economics of water transfer. American Journal of Economics and Sociology 
32(4), 395–403.

Goubert, J.P. (1986) La Conquête de L’eau. Robert Lafont Collection, Pluriel, Paris.
Green, C. (2003) Handbook of Water Economics: Principles and Practices. Wiley, Chichester, UK.
Green, G., Sunding, D., Zilberman, D. and Parker, D. (1996) Explaining irrigation technology choices: a mic-

roparameter approach. American Journal of Agricultural Economics 78(4), 1064–1072.
Green, G.P. and Sunding, D.L. (1997) Land allocation, soil quality, and the demand for irrigation technology. 

Journal of Agricultural and Resource Economics 22(2), 367–375.
Grimble, R.J. (1999) Economic instruments for improving water use efficiency: theory and practice. Agricultural 

Water Management 40(1), 77–82.
Guerra, L.C., Bhuiyan, S.I., Tuong, T.P. and Barker, R. (1998) Producing More Rice with Less Water from 

Irrigated Systems. SWIM Paper 5. International Irrigation Management Institute, Colombo, Sri Lanka, 
p. v.

Gulati, A. and Narayanan, S. (2002) Subsidies and reforms in Indian irrigation. In: Water policy reform: 
Lessons from Asia and Australia. Proceedings of an International Workshop held in Bangkok, 8–9 June 
2001. ACIAR Proceedings 106, 171–176.

GWP-TAC (2000) Integrated Water Resources Management. TAC Background paper no. 4. Global Water 
Partnership, Stockholm.

Hadjigeorgalis, E. (1999) Trading under risk and uncertainty in an agricultural water market in Chile. American 
Agricultural Economics Association, 12.

Hamdane, A. (2002a) Irrigation Water Pricing Policy in Tunisia. FAO Regional Office for the Near East, Cairo, 
Egypt.

Hamdane, A. (2002b) The National Strategy for Irrigation Water Conservation: The Tunisian Case, Mimeo.
Hanemann, W.H. (2006) The economic conception of water. In: Rogers, P.P., Llamas, M.R. and Martinez-

Cortina, L. (eds) Water Crisis: Myth or Reality? Taylor & Francis, London.
Hansen, S. and Bhatia, R. (2004) Water and poverty in a macro-economic context. Report to the Norwegian 

Ministry of the Environment, United Nations, New York.
Harris, A.H. (1994) Agricultural Taxation under Structural Adjustment. Economic and Social Development 

Paper No. 128. Food and Agriculture Organization, Rome.
Harris, L.M. (2002) Water and conflict geographies of the southeastern Anatolia Project. Society and Natural 

Resources 15, 743–759.
Hazell, P., Jaramillo, M. and Williamson, A. (1989) How Has Instability in World Markets Affected Agricultural 

Export Producers in Developing Countries? Working Paper. Agriculture and Rural Development 
Department, World Bank, Washington, DC.

Hill, G., del Moral, L., Paneque, P., Pedregal, B., Spash, S. and Urama, K. (2003) Evaluation practices in water 
project decision-making processes. ADVISOR Project, Workpackage 2.

Hodge, I.D. and Adams, W.M. (1997) Allocating water for production and rural conservation: choices and 
institutions. In: Holden, P. and Thobani, M. (eds) 1996. Tradable Water Rights: A Property Rights 
Approach to Resolving Water Shortages and Promoting Investment. Policy Research Dissemination 
Center, Working Paper 1627. World Bank, Washington, DC.

Holden, P. and Thobani, M. (1996) Tradable Water Rights: A Property Rights Approach to Resolving Water 
Shortages and Promoting Investment. Policy Research Dissemination Center, Working Paper 1627. 
World Bank, Washington, DC.

Horst, L. (1998) The Dilemmas of Water Division. IWMI and Wageningen Agricultural University, Colombo, 
Sri Lanka.

Molle & Berkoff_Chap 02.indd   82Molle & Berkoff_Chap 02.indd   82 10/12/2007   11:52:36 AM10/12/2007   11:52:36 AM



 Mapping the Debate 83

Howe, C.W. (1986) Innovations in water management: lessons from the Colorado-Big Thompson Project and 
the Northern Colorado Water Conservancy District, Chapter 6. In: Frederick, K.D. (ed.) Scarce Water and 
Institutional Change. Resources for the Future, Washington, DC.

Howe, C.W. (2003) The functions, impacts and effectiveness of water pricing: evidence from the United States 
and Canada, Mexico. In: Water Pricing and Public Private Partnership in the Americas. Inter-American 
Development Bank, Washington, DC, pp. 70–184.

Howe, C.W. and Goemans, C. (2003) Water transfers and their impacts: lessons from three Colorado water 
markets. Journal of the American Water Resources Association, October 2003. Available at: http://www.
zoeticzone.com/p/articles/mi_qa4038/is_200310/ai_n9331547

Howe, C.W., Lazo, J.K. and Weber, K.R. (1990) The Economic impacts of agriculture-to-urban water transfers 
on the area of origin: a case study of the Arkansas river valley in Colorado. American Journal of 
Agricultural Economics 72(5), 1200–1206.

Hoyt, P.G. (1982) Crop-Water Production Functions and Economic Implications for the Texas High Plains Region. 
Economic Research Service Staff Report. AGES-820405, US Department of Agriculture, Washington, DC.

Hoyt, P.G. (1984) Crop-Water Production Functions: Economic Implications for Colorado. Economic Research 
Service, Staff Rep. AGES-840427, US Department of Agriculture, Washington, DC (cited in Scheierling 
et al., 2006).

Huang, J.K. and Rozelle, S. (2002) Trade Reform, WTO and China’s Food Economy in the 21st Century. 
Working Paper 01-E5, CCAP, Chinese Academy of Sciences. Available at: http://www.ccap.org.cn

Huffaker, R. and Whittlesey, N. (2000) The allocative efficiency and conservation potential of water laws 
encouraging investments in on-farm irrigation technologies. Agricultural Economics 24, 47–60.

Huffaker, R. and Whittlesey, N. (2003) A theoretical analysis of economic incentive policies encouraging agri-
cultural water conservation. Water Resource Development 19(1), 37–53.

Huffaker, R., Whittlesen, N., Michelsen, A., Taylor, R. and McGuckin, T. (1998) Evaluating the effectiveness of 
conservation water-pricing programs. Journal of Agricultural and Resource Economics 23, 12–19.

Huffaker, R., Whittlesey, N. and Hamilton, J.R. (2000) The role of prior appropriation in allocating water 
resources into the 21st century. Water Resource Development 16(2), 265–273.

Hurand, P. (2001) La gestion opérationnelle d’un système hydrographique complexe: le Système Neste. 
Compagnie d’Aménagement des Coteaux de Gascogne, Tarbes, France. Anailable at: http://www.cacg.
fr/pages/publi/pdf/Systeme%20Neste.pdf

Hussain, I. (2005) Pro-Poor Interventions Strategies in Irrigated Agriculture in Asia. Poverty in Irrigated 
Agriculture: Realities, Issues, and Options with Guidelines. Report for the Asian Development Bank. 
IWMI, Colombo, Sri Lanka.

Hussain, I. and Wijerathna, D. (2004) Implications of alternate irrigation water charging policies for the poor 
farmers in developing Asia: a comparative analysis. Draft paper, IWMI-ADB Project, 47.

Hydrosult (1999) China: Strategic Options for the Water Sector. Report prepared under TA No. 2817-PRC 
funded by the Asian Development Bank. Montreal.

ICID (International Commission on Irrigation and Drainage) (2004) Irrigation and Drainage Services. Some 
Principles and Issues towards Sustainability: An ICID Position Paper. International Commission on 
Irrigation and Drainage, New Delhi.

IRN (International Rivers Network) (2003) A Crisis of Mismanagement: Real Solutions to the World’s Water 
Problems. IRN, Berkeley, California.

Isaac, M. (2002) The political economy of water reform feasibility in Australia. Paper presented at the World 
Water Congress, Melbourne, January. School of Political Science and International Studies, University of 
Queensland, St. Lucia, Australia.

Jean, M. (1999) Politique de tarification et application pratique: L’exemple du Canal de Provence. Paper pre-
sented at the conference ‘Pricing Water’ – Lisboa, Portugal, 6 et 7 Septembre 1999.

Johansson, R.C. (2000) Pricing Irrigation Water: A Literature Survey. The World Bank, Washington, DC, p. 80.
Johansson, R.C., Tsur, Y., Roe, T. L., Doukkali, R. and Dinar, A. (2002) Pricing irrigation water: a review of the-

ory and practice. Water Policy 4(2), 173–199.
Jones, W.I. (1995) The World Bank and Irrigation. Operations Evaluation Department, a World Bank Operation 

Evaluation Study. World Bank, Washington, DC, 150.
Jourdain, D. (2004) Impact des politiques visant à réduire la consommation brute en eau des systèmes irri-

gués: Le cas des puits gérés par des collectifs de producteurs au Mexique. Unpublished PhD thesis. 
University of Montpellier I, Montpellier, France.

Keller, A., Keller, J. and Seckler, D. (1996) Integrated Water Resources Systems: Theory and Policy Implications. 
Research Report 3. IWMI, Colombo, Sri Lanka, p. 15.

Molle & Berkoff_Chap 02.indd   83Molle & Berkoff_Chap 02.indd   83 10/12/2007   11:52:36 AM10/12/2007   11:52:36 AM



84 F. Molle and J. Berkoff 

Kendy, E., Molden, D., Steenhuis, T.S. and Liu, C. (2003) Policies Drain the North China Plain: Agricultural 
Policy and Groundwater Depletion in Luancheng County, 1949–2000. IWMI Research Report 71. IWMI, 
Colombo, Sri Lanka, p. v.

Kenney, D. (2003) Water allocation and management in the western United States: an overview. Paper pre-
sented to the International Working Conference on Water Rights: Institutional options for improving 
water allocation. Hanoi, Vietnam, 12–15 February 2003.

Kenney, D.S. (2006) Prior appropriation and water rights reform in the western United States. In: Bruns, B.R., 
Ringler, C. and Meinzen-Dick, R. (eds) Water Rights Reform: Lessons for Institutional Design. IFPRI, 
Washington, DC, pp. 165–182.

Keshavarz, A., Ashrafi, S., Heydari, N., Pouran, M. and Farzaneh, E.A. (2005) Water allocation and pricing in 
agriculture of Iran. In: Water Conservation, Reuse, and Recycling: Proceedings of an Iranian-American 
Workshop, pp. 153–174. Committee on US-Iranian Workshop on Water Conservation, Reuse, and 
Recycling, Office for Central Europe and Eurasia Development, Security, and Cooperation, National 
Research Council. The National Academies Press, Washington, DC.

Kikuchi, M., Fujita, M. and Hayami, Y. (2001) State, community and market in the deterioration of a national 
irrigation system in the Philippines. In: Aoki, M. and Hayami, Y. (eds) Communities and Markets in 
Economic Development. Oxford University Press, Oxford, pp. 265–317.

Kislev, Y. (2001) The water economy in Israel. Prepared for the conference on ‘water in the Jordon Valley: 
Technical Solution & Regional Cooperation’. University of Oklahoma, International Programs Center, 
Center for Peace Studies, Norman, Oklahoma, 13–14 November 2001.

Kisler, Y. (2005) Personal communication by email, 19 May, 2005.
Klein-Robbenhaar, J. (1996) Balancing efficiency and equity: determining the public welfare in surface water 

transfers from Acequia Communities. Natural Resources Journal 36(1), 37–58.
Kloezen, W.H. (2002) Accounting for water: institutional viability and impacts of market-oriented irriga-

tion interventions in Central Mexico. PhD thesis, Wageningen University, Wageningen, The 
Netherlands.

Kloezen, W.H. and Garcés-Restrepo, C. (1998) Equity and water distribution in the context of irrigation man-
agement transfer: the case of the Alto Río Lerma Irrigation District, Mexico. In Boelens, R. and Dávila, G. 
(eds) Searching for Equity: Conceptions of Justice and Equity in Peasant Irrigation. Van Gorcum & Comp, 
Assen, The Netherlands, pp. 176–188.

Krueger, A., Schiff, M. and Valdés, A. (1991) Political Economy of Agricultural Pricing Policy. Johns Hopkins 
University Press, Baltimore, Maryland.

Kulshreshtha, S. (2002) Water pricing under joint benefits: a case study of accounting for positive externalities. 
Water International 27(1), 105–118.

Lam, W.F. (1996) Institutional design of public agencies and coproduction: a study of irrigation associations 
in Taiwan. World Development 24(6), 1039–1054.

Lankford, B.A. and Gowing, J. (1997) Providing a water delivery service through design management interac-
tions and system management: achieving control for water pricing. In: Kay, M., Franks, T. and Smith, L. 
(eds) Water: Economics, Management and Demand. E & FN Spon, London, pp. 238–246.

Lanna, A.E. (2003) Uso de instrumentos econômicos na gestão das águas no Brasil. Bahia Análise & Dados 
Salvador 13, 441–451.

Latinopoulos, P. (2005) Valuation and pricing of irrigation water: an analysis in Greek agricultural areas. 
Global NEST Journal 7(3), 323–335.

Lee, P.S. (2000) ICID Survey on Funding of Operation, Maintenance and Management of Irrigation and 
Drainage Systems. ICID, New Delhi.

Lees, S.H. (1998) The Political Ecology of the Water Crisis in Israel. University Press of America Inc. Lanham, 
Maryland.

Li, Y.H. (2006) Water saving irrigation in China. Irrigation and Drainage 55(3), 327–336.
Libecap, G. (2003) Transaction Costs and the Reallocation of Water Rights from Agriculture to Urban 

and Environmental Uses. Working Paper. Karl Eller Center, University of Arizona, Tucson, 
Arizona.

Lichtenberg, E. (1989) Land quality, irrigation development, and cropping patterns in the northern high plains. 
American Journal of Agricultural Economics 71(1), 187–194.

Lipchin, C. (2003) Water, agriculture and Zionism: Exploring the interface between policy and ideology. Paper 
presented at the 3rd conference of the International Water History Association, December 2003, 
Alexandria, Egypt.

Lipton, M. (1977) Why Poor People Stay Poor: Urban Bias in World Development. Temple Smith, London.

Molle & Berkoff_Chap 02.indd   84Molle & Berkoff_Chap 02.indd   84 10/12/2007   11:52:36 AM10/12/2007   11:52:36 AM



 Mapping the Debate 85

Liu, B. (2003) Water rights in China. Paper presented to the International Working Conference on Water 
Rights: institutional options for improving water allocation. Hanoi, Vietnam, 12–15 February 2003.

Livingston, M.L. (1995) Designing water institutions: market failures and institutional response. Water 
Resources Management 9(3), 203–220.

Loeve, R., Lin, H., Bin, D., Mao, G., Chen, C.D., Dawe, D. and Barker, R. (2003) Long term trends in agricul-
tural water productivity and intersectoral water allocations in Zhanghe, Hubei, China and in Kaifeng, 
Henan, China. In: Shiang-Kueen Hsu (ed.) Sustainable Development of Water Resources and Management 
and Operation of Participatory Irrigation Organizations, ICID, Taipei, Taiwan, pp. 367–380.

Loeve, R., Dong, B., Molden, David: Li, Y.H., Chen, C.D. and Wang, J.Z. (2004) Issues of scale in water pro-
ductivity in the Zhanghe irrigation system: implications for irrigation in the basin context. Paddy and 
Water Environment 2, 227–236.

Louw, D.B. and Kassier, W.E. (2002) The Costs and Benefits of Water Demand Management. Centre for 
International Agricultural Marketing and Development, Paarl, South Africa.

Lundqvist, J. (1993) Rural water for expanding cities: a case study on water re-allocation in Tamil Nadu, India. In: 
Tingsanchali, T. (ed.) Proceedings of the International Conference on Environmentally Sound Water Resources 
Utilization, II–41–49. Bangkok, Thailand, 8–11 November 1993. Vol. 1. AIT, Bangkok, Thailand.

Lundqvist, J., Appasamy, P. and Nelliyat, P. (2003) Dimensions and approaches for Third World city water 
security. The Royal Society, UK, 19 No 2003. Philosophical Transactions of the Royal Society of London, 
Series B 358, 1985–1996.

Maass, A. and Anderson R.L. (1978) And the Desert Shall Rejoice. Conflict, Growth, and Justice in Arid 
Environments. The MIT Press, Cambridge, Massachusetts.

Maestu, J. (2001) The political economy of the implementation of changes in pricing practices in Spain. What 
can we learn? In: European Commission (ed.) Pricing Water. Economics, Environment and Society. 
Conference Proceedings, Sintra. European Commission, Brussels, pp. 247–267.

Malla, P.B. and Gopalakrishnan, C. (1995) Conservation effects of irrigation water supply pricing: a case study 
from Oahu, Hawaii. International Journal of Water Resources Development 11(3), 233–242.

Mariño, M. and Kemper, K.E. (1999) Institutional Frameworks in Successful Water Markets. World Bank 
Technical Paper No. 427. World Bank, Washington, DC.

Martínez, Y. and Albiac, J. (2004) Agricultural pollution control under Spanish and European environmental 
policies. Water Resources Research 40(10).

Martínez, Y. and Albiac, J. (2006) Nitrate pollution control under soil heterogeneity. Land Use Policy 23(2006), 
521–532.

Mastrorilli, M., Corona, P. and de Seneen, G. (1997) Italy: the Capitanata irrigation scheme – experiences in 
water sustainability. In: Workshop on the Sustainable Management of Water in Agriculture, The Athens 
Workshop, Case studies. OCDE, Paris, pp. 99–108.

McIntosh, A.C. (2003) Asian Water Supplies: Reaching the Urban Poor. Asian Development Bank and 
International Water Association, Manila.

McKnight, T.L. (1983) Center pivot irrigation in California. Geographical Review 73(1), 1–14.
McNeill, D. (1998) Water as an economic good. Natural Resources Forum 22(4), 253–261.
Meinzen-Dick, R. and Appasamy, P.P. (2002) Urbanization and intersectoral competition for water. In: Finding 

the Source: The Linkages between Population and Water. Available at: http://wwics.si.edu/
Meinzen-Dick, R., Mendoza, M., Sadoulet, L., Abiad-Shields, G. and Subramanian, A. (1994) Sustainable 

water user associations: lessons from a literature review. Paper presented at World Bank Water Resources 
Seminar, Lansdowne, Virginia, 13–15 December 1994, p. x.

Merrett, S. (1997) Introduction to the Economics of Water Resources: An International Perspective. UCL Press, 
London.

Merrett, S. (2003) The urban market for farmers’ rights. Irrigation and Drainage 52, 319–326.
Merrey, D.J. (1996) Institutional Design Principles for Accountability in Large Irrigation Systems. Research 

Report 8. International Irrigation Management Institute, Colombo, Sri Lanka.
Min, B.S. (2004) A water surcharge policy for river basin management in Korea: a means of resolving environ-

mental conflict? Water Policy 6(2004), 365–380.
Moench, M., Dixit, A., Janakarajan, M., Rathore, S. and Mudrakartha, S. (2003) The Fluid Mosaic: Water 

Governance in the Context of Variability, Uncertainty, and Change. Nepal Water Conservation Foundation, 
Katmandu.

Molle, B. (2006) Technical issues involved in modernizing farm irrigation system: some experiences in 
Mediterranean countries. Paper presented to the International Symposium on Irrigation Modernisation: 
Constraints and Solutions, Damascus, Syria, 28–31 March 2006.

Molle & Berkoff_Chap 02.indd   85Molle & Berkoff_Chap 02.indd   85 10/12/2007   11:52:36 AM10/12/2007   11:52:36 AM



86 F. Molle and J. Berkoff 

Molle, F. (2004) Technical and institutional responses to basin closure in the Chao Phraya river basin, Thailand. 
Water International 29(1), 70–80.

Molle, F. (2007) Why enough is never enough: the societal determinants of river basin closure. International 
Journal of Water Resource Development.

Molle, F. and Berkoff, J. (2006) Cities versus Agriculture: Revisiting Intersectoral Water Transfers, Potential 
Gains and Conflicts. IWMI Comprehensive Assessment Research Report 10. IWMI Comprehensive 
Assessment Secretariat, Colombo, Sri Lanka, pp. vi, 70. Available at: http://www.iwmi.cgiar.org/
Assessment/files_new/publications/CA%20Research%20Reports/CARR10.pdf

Molle, F. and Turral, H. (2004) Demand management in a basin perspective: is the potential for water saving 
overestimated? Paper prepared for the International Water Demand Management Conference, Dead Sea, 
Jordan, June 2004, p. 13.

Molle, F., Mamanpoush, A. and Miranzadeh, M. (2004) Robbing Yadullah’s Water to Irrigate Saeid’s Garden: Hydrology 
and Water Rights in a Village of Central Iran. IWMI Research Report 80. IWMI, Colombo, Sri Lanka, p. vi.

Molle, F., Wester, P. and Hirsch, P. (2007) River basin development and management. In: Molden, D. (ed.) 
Chapter 16: Water for Food-Water for Life. Comprehensive Assessment of Water Management in 
Agriculture. EarthScan, London.

Mollinga, P.P., Hong, G. and Bhatia, A.M. (2005) Leadership and turnover: the contradictions of irrigation 
management reform in the People’s Republic of China. In: Shivakoti, G.P., Vermillion, D., Lam, W.F., 
Ostrom, E., Yoder, R. and Pradhan, U. (eds) Asian Irrigation in Transition: Rising Challenges and Responses. 
Sage Publications, India.

Montginoul, M. and Rieu, T. (2001) Irrigation water pricing reforms and implementing procedures: experience 
acquired in Charente and in Morocco. In: Pricing water. Economics, environment and society. Conference 
Proceedings, Sintra, European Commission, Brussels, pp. 256–267.

Moore, M. (1989). The fruits and fallacies of neoliberalism: the case of irrigation policy. World Development 
17(11), 1733–1750.

Moore, M.R., Gollehon, N.R. and Carey, M.B. (1994) Multicrop production decisions in western irrigated 
agriculture: the role of water price. American Journal of Agricultural Economics 76, 859–874.

Moreno, G. and Sunding, D.L. (2000) Irrigation technology investment when the price of water is stochastic. 
American Agricultural Economics Association – 2000 Selected Paper, 2000 Annual Meeting, 30 July–2 
August, Tampa, Florida, p. 13.

Moreno, G. and Sunding, D.L. (2005) Joint estimation of technology adoption and land allocation with impli-
cations for the design of conservation policy. American Journal of Agricultural Economics 87(4), 
1009–1019.

Morris, J. (1996) Water policy: economic theory and political reality. In: Howsam, P. and Carter, R.C. (eds) 
Water Policy: Allocation and Management in Practice, pp. 228–234.

Morris, J., Weatherhead, E., Knox, J., Vasileiou, K., Vries, T., Freeman, D., Leiva, F. and Twite, C. (2005) The 
case of England and Wales. In: Berbel, J. and Gutiérrez, C. (eds) WADI – The Sustainability of European 
Irrigated Agriculture under Water Framework Directive and Agenda 2000. European Commission, Joint 
Research Center, Institute of Prospective Technological Studies, Seville, Spain, pp. 145–172.

Moynier, J.L. (2006) Devenir des Exploitations Irriguées de Poitou-Charentes. ARVALIS, Institut du vegetal, 
Saint Pierre d’Amilly, France.

Munasinghe, M. (1990) The pricing of water services in developing countries. Natural Resources Forum 14, 
193–209.

Musgrave, W.F. (1997) Decentralized mechanisms and institutions for managing water resource: reflecting on 
experiences from Australia. In: Parker, D. and Tsur, Y. (eds) Decentralization and Coordination of Water 
Resource Management. Kluwer Academic, Boston, Massachusetts, pp. 428–439.

Nair, C. (1991) Bangkok’s deteriorating groundwater. Waterlines 9(3), 21–24.
Negri, D.H. and Brooks, D.H. (1990) The determinants of irrigation technology choice. Western Journal of 

Agricultural Economics 15(2), 213–223.
Nickum, J.E. (1998) Is China living on water margin. The China Quarterly 880–910.
Nicol, J.-P. (2001) Irrigation water pricing at BRL. Proceedings of the Conference: Economic Instruments and 

Water Policies in Central and Eastern Europe, Szentendre, September 2000. The Regional Environmental 
Center for Central and Eastern Europe, Szentendre, Hungary.

Nieswiadomy, M. (1985) The demand for irrigation water in the High Plains of Texas, 1957–1980. American 
Journal of Agricultural Economics 67(3), 619–626.

Nyoni, M.J.M. (1999) Water pricing issues in a developing country: case of Zimbabwe. International Journal 
of Social Economics 26(1), 441–454.

Molle & Berkoff_Chap 02.indd   86Molle & Berkoff_Chap 02.indd   86 10/12/2007   11:52:37 AM10/12/2007   11:52:37 AM



 Mapping the Debate 87

OECD (Organisation for Economic Co-operation and Development) (2003) OECD Economic Surveys 2002–
2003. OECD, Mexico, Paris.

Ofrecio, B.P. (2005) Participatory development and management: a cornerstone of Philippine irrigation 
 program. Country paper presented at the 2005 Tsukuba Asian Seminar on Agricultural Education held 
on 8–14 November 2005. Agricultural and Forestry Research Center, University of Tsukuba, Ibaraki 
Prefecture, Japan.

Ogg, C.W. and Gollehon, N.R. (1989) Western irrigation response to pumping costs: a water demand analysis 
using climatic regions. Water Resources Research 25(5), 767–773.

Okun, A.M. (1975) Equality and Efficiency: The Big Tradeoff. The Brookings Institution, Washington, DC.
Olubode-Awosola, O.O., Idowu, E.O. and Van Schalkwyk, H.D. (2006) Assessing irrigation projects perfor-

mance for sustainable irrigation policy reform. Irrigation and Drainage Systems 20, 303–315.
O’Mara, G.T. (1990) Making Bank Irrigation Investments More Sustainable (It is time to rationalize policy 

guidelines on Bank irrigation projects). Agriculture and Rural Development Department. Working Paper. 
World Bank, Washington, DC.

Onjala, J. (2001) Water Pricing Options in Kenya: Cases of Mwea and West Kano Irrigation Schemes. CDR 
Working Paper 01.9. Centre for Development Research, Copenhagen.

Oorthuizen, J. (2003) Water, Works, and Wages: The Everyday Politics of Irrigation Management Reform in the 
Philippines. Wageningen University Water Resources Series. Orient Longman, Hyderabad, India.

Oorthuizen, J. and Kloezen, W.H. (1995) The other side of the coin: a case study on the impact of financial 
autonomy on irrigation management performance in the Philippines. Irrigation and Drainage Systems 9, 
15–37.

Ostrom, E. (1996) Crossing the great divide: coproduction, synergy, and development. World Development 
24(6), 1073–1087.

Özlü, H. (2004) Participatory irrigation management (PIM) in Turkey. Paper presented at the 7th International 
PIM Seminar, 13–18 June 2004, Tirana, Albania.

Page, J. (2001) China’s sinking city highlights water crisis. 19 January 2001. Reuters News Service. Available 
at: www.planetark.com

Parthasarathy, R. (1999) Political Economy of Irrigation Water Pricing. GIDR Working Paper No. 109. Gujarat 
Institute of Development Research, Ahmedabad, India, p. iii.

Pérez Prado, L.N. (2003) Mexico’s Irrigation management transfer program: notes for a policy research agenda. 
Journal of Environment and Development 12(4), 373–388.

Perry, C.J. (1996) Alternative to Cost Sharing for Water Service to Agriculture in Egypt. IIMI Research No. 2. 
International Irrigation Management Institute, Colombo, Sri Lanka.

Perry, C.J. (1999) The IWMI water resources paradigm: definitions and implications. Agricultural Water 
Management 40(1), 45–50.

Perry, C.J. (2001a) Water at any price? Issues and options in charging for irrigation water. Irrigation and 
Drainage 50(1), 1–7.

Perry, C.J. (2001b) Charging for Irrigation Water: The Issues and Options, with a Case Study from Iran. Research 
Report No. 52. IWMI, Colombo, Sri Lanka.

Pfefferli, S. and Zimmermann, A. (1997) Switzerland: Swiss agri-environmental policy and water quality. 
OECD Workshop on the Sustainable Management of Water in Agriculture: Issues and Policies. Directorate 
for Food, Agriculture and Fisheries and Environment Directorate, Athens, 3–6 November.

Pigram, J.J. (1999) Economic instruments in the management of Australia’s water resources: a critical review. 
Water Resources Development 4, 493–509.

Pingali, P.L. (2004) Agricultural diversification: opportunities and constraints. Paper presented to the confer-
ence ‘Rice in Global Markets and Sustainable Production Systems,’ 12–13 February 2004. FAO, Rome.

Pingali, P.L. and Rosegrant, M. (1995) Agricultural commercialization and diversification: processes and poli-
cies. Food Policy 20(3), 171–185.

Pinheiro, A.C. and Saraiva, J. (2005) The case of Portugal. In: Berbel, J. and Gutiérrez, C. (eds) WADI – The 
Sustainability of European Irrigated Agriculture under Water Framework Directive and Agenda 2000. 
European Commission, Joint Research Center, Institute of Prospective Technological Studies, Seville, 
Spain, pp. 173–200.

Pitman, G.K. (2002) Bridging Troubled Water: Assessing the World Bank Water Resource Strategy. World Bank 
Operations Evaluation Department. World Bank, Washington, DC.

Plantey, J., Tardieu, H., Mesny, M., Nicol, J.P., Rieu, T. and Verdier, J. (1996) Gestion de l’eau pour l’agriculture 
en France: Durabilité socio-économique et implication des usagers. Paper prepared for the Conférence 
Euro-Méditerrannéenne sur la Gestion Locale de l’Eau, 26 November 1996, Marseille, France.

Molle & Berkoff_Chap 02.indd   87Molle & Berkoff_Chap 02.indd   87 10/12/2007   11:52:37 AM10/12/2007   11:52:37 AM



88 F. Molle and J. Berkoff 

Plaut, S. (2000) Water Policy in Israel. Institute for Advanced Strategic and Political Studies, Washington, 
DC.

Plusquellec, H. (2002) How Design, Management and Policy Affect the Performance of Irrigation Projects. 
FAO, Bangkok.

Postel, S. (1992) Last Oasis: Facing Water Scarcity. W.W. Norton, New York.
Postel, S. (1999) Pillars of Sand. W.W. Norton, New York.
Postel, S. (2001) Growing More Food with Less Water. Scientific American, February.
Prasad, K. and Rao, P.K. (1991) On irrigation water pricing in India. Water Resources Development 7(4), 

274–280.
Préfol, B., Tardieu, H., Vidal, A., Fernandez, S., Plantey, J. and Darghouth, S. (2006) Public – private partner-

ship in irrigation and drainage: need for a professional third party between farmers and government. 
Irrigation and Drainage 55(3), 253–264.

Quiroz, J.A. and Valdés, A. (1995) Agricultural diversification and policy reform. Food Policy 20(3), 
245–255.

Ramakrishnan, N. (2002) Chennai water lorry operators on the back foot. The Hindu Business Line. 1 August 
2002.

Rao, P.K. (1984) Comment on cost recovery and irrigation water pricing. ODI Irrigation Management Network 
Paper.

Rao, P.P., Birthal, P.S., Joshi, P.K. and Kar, D. (2004) Agricultural Diversification in India and Role of 
Urbanization. Markets, Trade and Institutions Division. International Food Policy Research Institute, 
Washington, DC.

Rap, E. (2004) The Success of a Policy Model: Irrigation Management Transfer in Mexico. PhD thesis, University 
of Wageningen, Wageningen, The Netherlands.

Reidinger, R. (1994) Observations on water markets for irrigation systems. In: Le Moigne, G., Easter, K.W., 
Ochs, W.J. and Giltner, S. (eds) Water Policy and Water Markets. Technical Paper No. 249. World Bank, 
Washington, DC, pp. 65–78.

Reisner, M. (1986) Cadillac Desert: The American West and Its Disappearing Water. Penguin, New York.
Repetto, R. (1986) Skimming the Water: Rent Seeking and the Performance of Public Irrigation Systems. 

Research Report 4. World Resource Institute, Washington, DC.
Richard, A. (2001) La gestion des eaux du système Litani-Awali par l’Office national du Litani – Etat des lieux 

et préétude d’une modélisation pour une aide à la décision. ENGREF, Montpellier, France.
Rieu, T. (2005) Water pricing for agriculture between cost recovery and water conservation: where do we 

stand in France? OECD Workshop on Agriculture and Water: Sustainability, Markets and Policies, 14–18 
November 2005. OECD, Adelaide, South Australia.

Rinaudo, J.D. (2002) Corruption and allocation of water: the case of public irrigation in Pakistan. Water Policy 
4(2002), 405–422.

Ringler, C., Rosegrant, M.W. and Paisner, M.S. (2000) Irrigation and Water Resources in Latin America and the 
Caribbean: Challenges and Strategies. EPTD Discussion Paper No. 64. Environment and Production 
Technology Division, International Food Policy Research Institute, Washington, DC.

Ringler, C., Vu, H.N., Cai, X. and Linh, H.G. (2002) Water allocation policies for the Dong Nai river basin in 
Viet Nam: an integrated perspective. Paper presented at the conference on irrigation water policies: 
micro and macro considerations, 15–17 June 2002, Agadir, Morocco.

Rodgers, C. and Hellegers, P. (2005) Water Pricing and Valuation in Indonesia: Case Study of the Brantas River 
Basin. EPT Discussion Paper 141. International Food Policy Research Institute, Washington, DC.

Rogers, P., Bhatia, R. and Huber, A. (1998) Water as a Social and Economic Good: How to Put the Principle 
into Practice. TAC Background Paper No. 2. Global Water Partnership, SIDA, Sweden.

Rosegrant, M.W. (1997) Water Resources in the Twenty-First Century: Challenges and Implications for Action. 
Food, Agriculture, and the Environment Discussion Paper 20. International Food Policy Research Institute, 
Washington, DC.

Rosegrant, M.W. and Binswanger, H.P. (1994) Markets in tradable water rights: potential for efficiency gains 
in developing-country water resource allocation. World Development 22(11), 1613–1625.

Rosegrant, M.W. and Cai, X. (2002) Water prices, environment, and food security. International Conference 
on Irrigation Water Policies: Micro and Macro Considerations, Agadir, Morocco. 15–17 June.

Rosegrant, M.W. and Cline, S. (2002) The politics and economics of water pricing in developing countries. 
Water Resources Impact 4(1), 6–8.

Rosegrant, M.W., Gazmuri Schleyer, R. and Yadav, S.N. (1995) Water policy for efficient agricultural diversifi-
cation: Market-based approaches. Food Policy 20(3), 203–223.

Molle & Berkoff_Chap 02.indd   88Molle & Berkoff_Chap 02.indd   88 10/12/2007   11:52:37 AM10/12/2007   11:52:37 AM



 Mapping the Debate 89

Roth, E. (2001) Water Pricing in the EU: A Review. European Environmental Bureau, Brussels.
Saleth, R.M. (1997) India. In: Dinar, A. and Subramanian, A. (eds) Water Pricing Experiences: An International 

Experience. World Bank Technical Paper No. 386. World Bank, Washington, DC, pp. 54–60.
Saleth, R.M. (2001) Water Pricing: Potential and Problems. Policy Brief Focus 9. International Food Policy 

Research Institute, Washington, DC.
Samabuddhi, K. (2005) Mishandling of crisis leads to serious conflict. Bangkok Post, 19 July 2005.
Samal, C.K. and Kolanu, T. (2004) Water pricing and decentralized irrigation management in Andhra 

Pradesh – schism between objectives and realities. Paper presented at the Deutscher Tropentag, 
October 2004, Berlin.

Sampat, P. (2000) Deep Trouble: The Hidden Threat of Groundwater Pollution. Worldwatch Paper 154. 
Worldwatch Institute, Washington, DC.

Sampath, R.K. (1992) Issues in irrigation pricing in developing countries. World Development 20(7), 
967–977.

Sarker, A. and Itoh, T. (2001) Design principles in long-enduring institutions of Japanese irrigation common-
pool resources. Agricultural Water Management 48, 89–102.

Sarker, R., Meilke, K. and Hoy, M. (1993) The political economy of systematic government intervention in 
agriculture. Canadian Journal of Agricultural Economics 41, 289–309.

Savenije, H.H.G. (2001) Why Water Is Not an Ordinary Economic Good. Value of Water Research Report 
Series No. 9. IHE, Delft, The Netherlands.

Savenije, H.H.G. and van der Zaag, P. (2002) Water as an economic good and demand management: para-
digms and pitfalls. Water International 27(1), 98–104.

Scheierling, S.M., Young, R.A. and Cardon, G.E. (2004) Determining the price-responsiveness of demands for 
irrigation water deliveries versus consumptive use. Journal of Agricultural and Resource Economics 
29(2), 328.

Scheierling, S.M., Young, R.A. and Cardon, G.E. (2006a) Public subsidies for water-conserving irrigation 
investments: hydrologic, agronomic and economic assessment. Water Resources Research 42.

Scheierling, S.M., Loomis, J.B. and Young, R.A. (2006b) Irrigation water demand: a meta-analysis of price 
elasticities. Water Resources Research 42.

Schiff, M. and Valdés, A. (1992) The Plundering of Agriculture in Developing Countries. The World Bank, 
Washington, DC.

Schuck, E.C. and Green, G.P. (2001) Field attributes, water pricing, and irrigation technology adoption. Journal 
of Soil and Water Conservation 56(4), 293–298.

Schuck, E.C., Frasier, W.M., Webb, R.S., Ellingson, L.J. and Umberger, W.J. (2005) Adoption of more techni-
cally efficient irrigation systems as a drought response. Water Resources Development 21(4), 651–662.

Seagraves, J.A. and Easter, K.W. (1983) Pricing irrigation water in developing countries. Water Resources 
Bulletin 4, 663–671.

Sehring, J. (2005) Water User Associations (WUAs) in Kyrgyzstan. A Case Study on Institutional Reform in 
Local Irrigation Management. Working Paper No. 24. Zentrum für internationale Entwicklungs- und 
Umweltforschung (ZEU), Giessen, Germany.

Shah, T. (1993) Groundwater Markets and Irrigation Development. Political Economy and Practical Policy. 
Oxford University Press, New Delhi.

Shevah, Y. and Kohen, G. (1997) Economic considerations for water used in irrigation in Israel. In: Kay, M., 
Franks, T. and Smith, L. (eds) Water: Economics, Management and Demand. E & FN Spon, London, pp. 
29–36.

Shiklomanov, I. (2000) World water resources and water use: assessment and outlook for 2025, World Water 
Scenarios, Analyses, World Water Council. Draft.

Shrestha, R.B. and Gopalakrishnan, C. (1993) Adoption and diffusion of drip irrigation technology: an econo-
metric analysis. Economic Development and Cultural Change 41(2), 407–418.

Siamwalla, A. and Roche, F. (2001) Irrigation management under resource scarcity. In: Ammar, S. (ed.) The 
Evolving Roles of the State, Private, and Local Actors in Rural Asia. Study of Rural Asia. Oxford University 
Press, Hong Kong, pp. 183–212.

SIDA (Sindh Irrigation and Drainage Authority) (2003) Institutional reforms in the water sector. Available at: 
http://www.sida.org.pk/reforms.htm

Simon, P. (1998) Tapped Out: The Coming World Crisis in Water and What We Can Do About It. Welcome 
Rain, New York.

Simpson, L. and Ringskog, K. (1997) Water Markets in the Americas. Directions in Development Report. 
World Bank Group, Washington, DC.

Molle & Berkoff_Chap 02.indd   89Molle & Berkoff_Chap 02.indd   89 10/12/2007   11:52:37 AM10/12/2007   11:52:37 AM



90 F. Molle and J. Berkoff 

Siriluck, S. and Kammeier, H.D. (2003) Government policy and farmers’ decision making: the agricultural 
diversification programme for the Chao Phraya river basin, 1993–2000. In: Molle, F. and Srijantr, T. (eds) 
Thailand’s Rice Bowl: Perspectives on Social and Agricultural Change in the Chao Phraya Delta. White 
Lotus, Bangkok, pp. 63–96.

SIWI (Stockholm International Water Institute) (2004) Report on the seminar on financing water infrastructure. 
Stockholm, 15 August 2004. Organized by the World Bank and the Stockholm International Water Institute. 
Available at: http://www.siwi.org/downloads/www-Symp/2004_www_SIWI_World_Bank_Seminar_Final_
Report.pdf

Skaggs, R.K. (2001) Predicting drip irrigation use and adoption in a desert region. Agricultural Water Management 
51(2), 125–142.

Small, L. (1987) Irrigation Services Fees in Asia. ODI paper 87/1c, London.
Small, L.E. (1990) Financial tools for improving irrigation performance. In: Sampath, R.K. and Young, R.A. 

(eds) Social, Economic, and Institutional Issues in Third World Irrigation Management. Westview Press, 
Boulder, Colorado, pp. 147–268.

Small, L.E. and Carruthers, I. (1991) Farmer-Financed Irrigation: The Economics of Reform. Published in asso-
ciation with the International Irrigation Management Institute. Cambridge University Press, Cambridge.

Small, L.E., Adriano, M.S. and Martin, E.D. (1986) Regional study on irrigation service fees: final report. Report sub-
mitted to the Asian Development Bank. International Irrigation Management Institute, Colombo, Sri Lanka.

Smith, L.E.D., Franks, T. and Melvyn, J. (1997) Water – an economic good? Theory and practice. ICID Journal 
46(2), 1–13.

Socratous, G. (2000) Water Pricing in Cyprus. Symposium Water Resources Management. Efficiency, Equity 
and Policy, University of Cyprus, Nicosia-Cyprus, 22–24 September, 2000. Ministry of Agriculture, 
Natural Resources and Environment, European Commission DG, Brussels, XII.

Solanes, M. and Jouravlev, A. (2006) Water rights and water markets: lessons from technical advisoru assis-
tance in Latina America. Irrigation and Drainage 55(3), 337–342.

Speck, S. and Strosser, P. (2000) Fifty points for a synthesis. In: The Regional Environmental Center for Central 
and Eastern Europe (ed.) The Proceedings of the Conference ‘Economic Instruments and Water Policies 
in Central and Eastern Europe’. The Regional Environmental Center for Central and Eastern Europe, 
Szentendre, Hungary.

Spencer, G. and Subramanian, A.M. (1997) Capital cost recovery: water user organizations and irrigation 
operation and maintenance: financials aspects. In: Dinar, A. and Subramanian, A. (eds) Water Pricing 
Experiences an International Experience. World Bank Technical Paper no. 386. The World Bank, 
Washington, DC, pp. 154–159.

Squire, L. and van der Tak, H.G. (1976) Economic Analysis of Projects. Johns Hopkins University Press, 
Baltimore, Maryland.

Sumpsi Viñas, J.M. (1998) Efectos de las políticas tarifarías sobre la demanda de agua, renta agraria y recuper-
ación de costes de la agricultura de regadío en España. Paper presented to the ‘I Congreso Ibérico sobre 
Gestión y Planificación Aguas.’ Zaragoza, Spain, 14–18 September 1998.

Sunding, D. (2005) The economics of agricultural water use and the role of prices. In: The National Academies 
(ed.) Water Conservation, Reuse, and Recycling: Proceedings of an Iranian – American Workshop. 
Committee on US–Iranian Workshop on Water Conservation, Reuse, and Recycling. Office for Central 
Europe and Eurasia Development, Security, and Cooperation, National Research Council. The National 
Academies Press, Washington, DC, pp. 120–152.

Sur, M. and Umali-Deininger, D. (2003) The equity consequences of public irrigation investments: the case of 
surface irrigation subsidies on India. Proceedings of the 25th International Conference of Agricultural 
Economists, 16–22 August 2003. Durban, South Africa.

Svendsen, M. and Rosegrant, M.W. (1994) Irrigation development in Southeast Asia beyond 2000: will the 
future be like in the past? Water International 19, 25–35.

Svendsen, M., Trava, J. and Johnson III, S.H. (1997) Participatory Irrigation Management: Benefits and Second 
Generation Problems. Lessons from an International Workshop Held at Centro Internacional de Agricultura 
Tropical (CIAT) Cali, Colombia, 9–15 February, 1997. Economic Development Institute of the World 
Bank and International Institute for the Management of Irrigation, Washington, DC.

Swyngedouw, E. (2003) Flows of power: the political ecology of water and urbanization. The case of Guayaquil, 
Ecuador (1890–1990). Paper prepared for the 3rd Conference of the International Water History 
Association, Alexandria, Egypt, 11–14 December 2003.

Tanaka, Y. and Sato, Y. (2003) An institutional case study of Japanese Water Users Association: towards suc-
cessful participatory irrigation management. Paddy Water Environment 1, 85–90.

Molle & Berkoff_Chap 02.indd   90Molle & Berkoff_Chap 02.indd   90 10/12/2007   11:52:37 AM10/12/2007   11:52:37 AM



 Mapping the Debate 91

Tardieu, H. and Préfol, B. (2002) Full cost or ‘sustainability cost’ pricing in irrigated agriculture: charging for 
water can be effective, but is it sufficient? Irrigation and Drainage 51(2), 97–107.

Tarimo, A.K.P.R., Mdoe, N.S. and Lutatina, J.M. (1998) Irrigation water prices for farmer-managed irrigation 
systems in Tanzania: a case study of Lower Moshi irrigation scheme. Agricultural Water Management 
38(1), 33–44.

TDRI (Thailand Development Research Institute) (1990) Water Shortages: Managing Demand to Expand 
Supply. Thailand Development Research Institute, Bangkok, 101.

Thakkar, H. (2000) Assessment of Irrigation in India. South Asia Network on Dams, Rivers and People, 
India.

The Economist (2003) Priceless. Available at: http://www.economist.com/displaystory.cfm?story_id = 1906846
Thobani, M. (1997) Formal water markets: why, when and how to introduce tradable water rights. The World 

Bank Research Observer 12(2).
Tiwari, D.N. and Dinar, A. (2001) Role and Use of Economic Incentives in Irrigated Agriculture. Working 

Paper. World Bank, Washington, DC.
Tizaoui, C. (2004) Promotion de l’irrigation localisée dans le périmètre irrigué de la basse Moulouya au 

Maroc. Projet INCO-WADEMED, Proceedings of the seminar ‘Modernisation de l’Agriculture Irriguée’, 
Rabat, Morocco, 19–23 April 2004.

Tsiourtis, N.X. (2002) Water charge, the Cyprus experience. In: Hamdy, A., Lacirignola, C. and Lamaddalena,N. 
(eds) Water Valuation and Cost Recovery Mechanisms in the Developing Countries of the Mediterranean 
Region. CIHEAM-IAMB, Bari, 2002, pp. 91–104. (Options Méditerranéennes: Série A. Séminaires 
Méditerranéens No. 49.)

Tsur, J. (2004) Introduction to special section on irrigation water pricing. Water Resource Research 40.
Tsur, Y. (2005) Economic aspects of irrigation water pricing. Canadian Water Resources Journal 30(1), 

31–46.
Tsur, Y. and Dinar, A. (1995) Efficiency and Equity Considerations in Pricing and Allocating Irrigation Water. 

Policy Research Working Paper 1460. The World Bank, Washington, DC.
Tsur, Y. and Dinar, A. (1997) The relative efficiency and implementation costs of alternative methods for pric-

ing irrigation water. The World Bank Economic Review 11(2), 243–262.
Turral, H.N., Etchells, T., Malano, H.M.M., Wijedasa, H.A., Taylor, P., McMahon, T.A.M. and Austin, N. (2004) 

Water trading at the margin: the evolution of water markets in the Murray Darling Basin. Water Resources 
Research 41(7).

UNEP (United Nations Environment Programme) (2000) Economic instruments for environmental manage-
ment. A worldwide compendium of cases studies.

UNESCAP (United Nations Economic and Social Commission for Asia-Pacific) (1996) Guidelines for the 
establishment of irrigation. Environment and Sustainable Development Division (ESDD). ESCAP, 
Bangkok.

UNESCO (2003) Water for People Water for Life. World Water Assessment Programme. UNESCO, Paris. 
Berghahn Books, Barcelona.

Ünver, O. and Gupta, R.K. (2003) Water pricing: issues and options in Turkey. International Journal of Water 
Resources Development 19(2), 311–330.

USDA (United States Department of Agriculture) (2001) The road ahead: agricultural policy reform in the 
WTO. In: Burfisher, M.E. (ed.) USDA Agricultural Economic Report No. 797.

Vaidyanathan, A. (Chair) (1992) Report of the Committee on Pricing of Irrigation Water. Planning Commission, 
Government of India, New Delhi. Reproduced in the Indian Journal of Agricultural Economics 49(1), 
107–133, Jan–March 1994.

Varela-Ortega, C., Sumpsi, J.M., Garrido, A., Blanco, M. and Iglesias, E. (1998) Water pricing policies, public 
decision making and farmers’ response: implication for water policy. Agricultural Economics 19, 
193–202.

Vermillion, D.L. (1997) Impacts of Irrigation Management Transfer: A Review of the Evidence. IIMI Research 
Report 11. International Irrigation Management Institute, Colombo, Sri Lanka, p. v.

Vermillion, D.L. and Garcés-Restrepo, C. (1998) Impacts of Colombia’s Current Irrigation Management 
Transfer Program. Research Report 25. IWMI, Colombo, Sri Lanka.

Vermillion, D.L. and Sagardoy, J.A. (1999) Transfer of Irrigation Management Services: Guidelines. FAO 
Irrigation and Drainage Paper 58. FAO, Rome, Italy, p. x.

Vos, J.M.C. (2002) Metrics matters: the performance and organization of volumetric water control in large-
scale irrigation in the north coast of Peru. PhD thesis. Wageningen University, Wageningen, The 
Netherlands.

Molle & Berkoff_Chap 02.indd   91Molle & Berkoff_Chap 02.indd   91 10/12/2007   11:52:37 AM10/12/2007   11:52:37 AM



92 F. Molle and J. Berkoff 

Wade, R. (1982) The system of administrative and political corruption: canal irrigation in South India. Journal 
of Development Studies 18(3), 287–327.

Wahl, R.W. (1993) Water Marketing in California: Past Experience, Future Prospects. Reason Public Policy 
Institute, Los Angeles.

Wichelns, D. (2003) Experience in Implementing Economic Incentives to Conserve Water and Improve 
Environmental Quality in the Broadview Water District, California. World Bank, Washington, DC.

Wierenga, P.J. and Hendrickx, J.M.H. (1985) Yield and quality of trickle irrigated chili. Agricultural Water 
Management 9(4), 339–356.

Willardson, L.S., Allen, R.G. and Frederiksen, H.D. (1994) Universal Fractions and the Elimination of Irrigation 
Efficiencies. 13th Technical Conference. USCID, Denver, Colorado, 19–22 October 1994. Question 47, 
Irrigation planning and management measures in harmony with the environment.

Winpenny, J. (1994) Managing Water as an Economic Resource. Development Policies Studies. Routledge and 
Overseas Development Institute, London.

Winpenny, J.T. (1997) Demand management for efficient and equitable use. In: Kay, M., Franks, T. and Smith, L. 
(eds) Water: Economics, Management and Demand. E & FN Spon, London, pp. 296–303.

Wolfensohn, J.D. (2000) Remarks at the Second World Water Forum: ‘From Vision to Action.’ The Hague, 22 
March 2000.

World Bank (1984) Financing operation and maintenance in Irrigation. Agriculture and Rural Development 
Department, World Bank, Washington, DC.

World Bank (1986) World Bank Lending Conditionality: A Review of Cost Recovery in Irrigation Projects. 
Report No 6283. Operations Evaluation Department, World Bank, Washington, DC.

World Bank (1988) Rural Diversification in Asia. Agriculture and Rural Development. Working Paper. World 
Bank, Washington, DC.

World Bank (1992) Philippines: Irrigated Agriculture Sector Review. Report No 9848-PH. World Bank, 
Washington, DC.

World Bank (1993) Water Resources Management: A World Bank Policy Paper. World Bank, Washington, 
DC.

World Bank (1997) Nepal Irrigation Sector Project: Project Appraisal Document. Report No. 17104-NEP 
NEPAL. World Bank, Washington, DC.

World Bank (2003a) International trade in agriculture: a developing country perspective. World Bank, 
Washington, DC. Available at: http://siteresources.worldbank.org/INTARD/214576-1112347900561/ 
20424230/agtr.pdf

World Bank (2003b) World Bank Water Resources Sector Strategy: Strategic Directions for World Bank 
Engagement. World Bank, Washington, DC.

World Bank (2005a) Shaping the Future of Water for Agriculture. A Sourcebook for Investment in Agricultural 
Water Management. Agriculture and Rural Development, World Bank, Washington, DC.

World Bank (2005b) Priority issues for Indonesian agriculture. Policy briefs. January 2005. Available at: 
http://www.worldbank.or.id

World Bank (2005c) Reengaging in Agricultural Water Management: Challenges, Opportunities, and Trade-
offs. Water for Food Team, Agriculture and Rural Development Department (ARD). World Bank, 
Washington, DC.

Wright, S. and Mallia, C. (2003) The potential of Eco-Taxes as instruments for sustainability. An analysis of the 
critical design elements. The Journal of Transdisciplinary Environmental Studies 2(2), 14.

WTO (World Trade Organization) (2000) Agriculture agreement, Geneva. Available at: http://www.wto.
org/english/tratop_e.htm

WTO (2001) WTO agriculture negotiations: Proposal by Jordan. Committee on Agriculture Special Session. 
Available at: http://www.wto.org/English/tratop_e/agric_e/ngw140_e.doc

WWF (2002) Pricing as a Tool to Reduce Water Demand. WWF-Spain/ADENA’s ‘Alcobendas: water city for 
the 21st century’ – a demonstration project. Available at: http://www.panda.org/downloads/europe/ 
pricing2.pdf

Yang, H., Zhang, X. and Zehnder, A.J.B. (2003) Water scarcity, pricing mechanism and institutional reform in 
northern China irrigated agriculture. Agricultural Water Management 61(2003), 143–161.

Yercan, M. (2003) Management turning-over and participatory management of irrigation schemes: a case 
study of the Gediz river basin in Turkey. Agricultural Water Management 62(2003), 205–214.

Young, R.A. (1986) Why are there so few transactions among water users? American Journal of Agricultural 
Economics 68(5), 1143–1151.

Molle & Berkoff_Chap 02.indd   92Molle & Berkoff_Chap 02.indd   92 10/12/2007   11:52:37 AM10/12/2007   11:52:37 AM



 Mapping the Debate 93

Young, R.A. (1994) Water resources: economics and policy. Background paper for the Food and Agriculture 
Organization, Rome.

Young, R.A. (1996) Water Economics. In: Mays, L. (ed.) Handbook of Water Resources. McGraw-Hill, 
New York.

Young, T.F. and Karkoski, J. (2000) Green evolution: are economic incentives the next step in nonpoint source 
pollution control? Water Policy 2(2000), 151–173.

Zilberman, D., Dinar, A., MacDougall, K., Khanna, M., Brown, C. and Castillo, F. (1992) Individual and 
Institutional Responses to the Drought: The Case of California Agriculture. ERS Staff Paper. US Department 
of Agriculture, Washington, DC.

Molle & Berkoff_Chap 02.indd   93Molle & Berkoff_Chap 02.indd   93 10/12/2007   11:52:38 AM10/12/2007   11:52:38 AM



3 Why Is Agricultural Water Demand 
Unresponsive at Low Price Ranges?

C. de Fraiture and C.J. Perry

Introduction

With growing populations, increasing stand-
ards of living and growing concern for envi-
ronmental issues, claims on water resources 
are intensifying. Competition between sectors 
is increasing and water allocation mecha-
nisms currently in place, such as fixed allo-
cations or rationing, may no longer be 
adequate. At the World Water Forum 2000, a 
large international conference, the majority 
of the international water community called 
for reforms in water allocation mechanisms 
(Cosgrove and Rijsberman, 2000). Proposed 
reforms relate especially urgently to agricul-
ture. Worldwide, 70–80% of all developed 
water resources is used for agricultural pro-
duction. In arid countries where rainfall is 
insufficient for rain-fed agriculture, this per-
centage may be as high as 90% (Gleick, 
1998). Water use in agriculture is often heav-
ily subsidized and trade in water is limited. 
Several studies report problems related to 
water scarcity and resources overexploita-
tion in the USA, India, Pakistan, China, the 
Middle East and the Soviet Republics (Postel, 
1999; Seckler et al., 2000; Rosegrant et al., 
2002). They foresee that these problems will 
only intensify and spread to more regions in 
the near future, unless adequate action is 
undertaken to reform prevailing water man-
agement practices.

Economic incentives and mechanisms, 
such as water pricing and introduction of 
water markets, are often proposed as effi-
cient and effective measures in demand 
management. According to Perry (2001), the 
three most common reasons for recom-
mending water charges are:

● To recover the cost of providing water 
delivery service;

● To provide an incentive for efficient 
use of scarce water resources;

● As a benefit tax on those receiving 
water services, to provide potential 
resources for further investment to the 
benefit of others in society.

Cost recovery and tax purposes can be 
achieved through area- or crop-based pric-
ing. These charging mechanisms are gener-
ally preferred to volumetric pricing because 
they are easier and cheaper to implement. 
To provide an incentive for more efficient 
use, charges must be a direct function of 
consumption.

Underpricing may lead to inefficient use 
of scarce water resources, and the introduction 
of volumetric water pricing may reduce water 
wastage and generate revenue to continue 
essential services in the future (Briscoe, 1996; 
Rosegrant, 1997; Huffaker et al., 1998; Kumar 
and Singh, 2001). ‘Getting the prices right’, i.e. 
reflecting the economic and social value of the 
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resource, is a desirable way to allocate water 
efficiently (Dinar and Subramanian, 1997; 
Johansson, 2000).

But it is debatable if volumetric pricing 
is an effective measure in water demand 
management. The development of the required 
institutional and physical infrastructure, 
lacking in many places, is a costly process. 
Externalities in water use, caused by recy-
cling of drainage water, may render pricing 
less effective in reducing water use than fore-
seen by planners (Seckler, 1996). Perry (1997, 
2001) shows that, in Egypt and Iran, costs of 
pricing to farmers and society outweigh pro-
jected benefits. Ray (2002) examines the 
implicit assumptions under which market 
forces can induce more efficient water use. 
She concludes that for India these assump-
tions are violated and that enforceable and 
transparent allocation rules may be more 
effective to curtail water demand. Molle 
(2001) reaches similar conclusions for 
Thailand. For the Middle East, Ahmad (2000) 
predicts that in the absence of well-defined 
water rights, economic measures may lead to 
higher water use rather than conservation of 
water.

Others argue that, especially in devel-
oping countries, there are millions of 
in direct beneficiaries such as the con sumers 
who benefit as much as, or even more than, 
the direct beneficiaries of irrigation (i.e. 
farmers). It is therefore unjust to expect the 
farmers to bear the full burden. They argue 
that the cost of irrigation development 
should be legitimately shared by both con-
sumers and producers (Sampath, 1983, 
1992; Rhodes and Sampath, 1988).

Finally, several researchers claim that 
irrigation water demand is inelastic below 
a threshold price, and elastic beyond it 
(Varela-Ortega et al., 1998; OECD, 1999). To 
induce a reduction in demand, considerable 
price increases are required (either in the 
general level of charging or through more 
complex multilevel charges). Political con-
siderations may prevent such price increases 
(Perry, 2001; Ray, 2002).

For their analysis of policy impacts, 
economists rely on observed prices and mar-
ket transactions to infer the value of a partic-
ular good. Commonly, the demand curve – as 

the basis of quantitative economic analyses 
– is determined through econometric curve 
fitting techniques using field data. This 
‘direct’ approach is difficult in the analysis 
of water demand in agriculture. The price of 
water is only rarely determined in the mar-
ket. Consequently, the value of water needs 
to be derived from modelling, starting from 
production functions and setting up the 
farmer’s optimization problem. Examples of 
this analytical approach are found in Dinar 
and Letey, 1996; Rosegrant et al., 2001.

Many analytical studies implicitly 
assume an ideal situation, free of price distor-
tions and externalities. But the introduction 
of volumetric water charges as a demand 
management tool does not happen in a void. 
Water management practices already in place 
prior to the introduction of pricing have an 
important bearing on its effectiveness as a 
demand management tool. In this chapter 
two factors are explored: (i) the impact of 
technology; and (ii) the impact of prevailing 
rationing regimes.

The remainder of this chapter is organ-
ized as follows: the second section explores 
the impact of technology choice, applica-
tion efficiency and scale; the third section 
examines the consequences of rationing; 
and the last section provides the conclu-
sions and discussion.

Impact of Technology

Gardner (1983, cited in Ray, 2002) states that 
if water prices rise to reflect its opportunity 
cost, a rational farmer will have any or all of 
the four following responses: the farmer 
demands less water and leaves land fallow; 
applies less water to the crop accepting some 
yield loss; switches to less water-demanding 
crops; and/or invests in more efficient irriga-
tion techniques. Literature provides evi-
dence that farmers respond in all these ways. 
Examples are found in Ray and Williams 
(1999) for India; Bernardo and Whittlesey 
(1989) for Washington State; Hoyt (1984) for 
Texas; Berbel and Gomez-Limon (2000) for 
Spain; and Ogg and Gollegon (1989) and 
Weinberg et al. (1993) for the western USA.
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The reduction in water use intended by 
more efficient irrigation depends to a large 
extent on the water application technology 
and its potential to substitute water for other 
inputs. Varela-Ortega et al. (1998) compare 
the price elasticity of water demand in three 
regions in Spain. They conclude that in the 
‘old’ irrigation schemes where water appli-
cation techniques are relatively inefficient, 
the response to increasing water charges is 
much higher than in the modern systems 
with drip systems. The authors conclude 
that the technical endowment in an agricul-
tural district has a major effect on its 
response to water pricing.

Broadly speaking, three categories of 
application technology can be distinguished: 
surface, sprinkler and drip. The most capital-
extensive but water- and labour-intensive 
technique is surface irrigation. Generally, 
sprinkler irrigation uses less water but requires 
more capital. Lastly, drip irrigation typically 
uses the least amount of water and labour but 
is the most capital-intensive technique.

Where water price is low, a rational 
farmer will substitute relatively expensive 
inputs – such as capital and labour – for 
cheap water.1 For example, instead of man-
ually weeding paddy fields, labour input 
is reduced by maintaining a water layer on 
the field to suppress weed growth, at the 
expense of additional water to cover evap-
oration and percolation losses. Conversely, 
where water charges are high, it may be 
cost-effective to invest in field canal lining 
to reduce seepage losses.2 For each techno-
logy, the substitution potential, i.e. the scope 
of water savings through increased labour 
and capital input, differs. It is typically 
highest in surface irrigation. In drip irriga-
tion systems, where water application effi-
ciency is already high compared to surface 
systems, the scope of water savings is limi-
ted and comes at a relatively high incre-
mental cost.

Theoretically, water pricing may impact 
both technology choice and the level of sub-
stitution. With increasing water charges, a 
farmer will operate the existing technique in a 
more water-efficient manner, until it becomes 
cost-effective to switch to a more advanced 
application technique using less water.

Technology choice

Empirical evidence, however, shows that 
technology choice is hardly driven by water 
price. It is mainly determined by structural 
factors, agronomic conditions and financial 
constraints (see Molle and Berkoff, Chapter 2, 
this volume). For example, on sloping fields 
the use of sprinklers may be more appropri-
ate than flood irrigation which requires level-
ling. For reasons of erosion control and better 
fertilizer application, a farmer may opt for 
furrows or drip. Favourable subsidy schemes 
may induce a switch to drip because it gives 
higher yields per hectare, reduces labour 
input and is less prone to salinity problems. 
Lack of spare parts, knowledge and credit 
may prohibit the use of advanced technolo-
gies as sprinkler and drip. Crop choice may 
limit technology choice: tuber crops are best 
grown on furrows while cereals cannot be 
grown under sprinkler or drip. Caswell and 
Zilberman (1986) and Caswell et al. (1990) in 
their studies on California demonstrate that 
while the probability of drip irrigation adop-
tion increases with higher prices, land qual-
ity and environmental considerations play a 
more prominent role. Green and Sunding 
(1997) find that technology choice primarily 
depends on land quality and crop choice. 
Varela-Ortega et al. (1998) arrive at similar 
conclusions for three irrigation systems in 
Spain. Hoyt (1984) notes that, in Texas, only 
dramatic price increases will induce capital 
investment in better technology.

Level of substitution

Within each application category, water can 
be substituted for capital and/or labour. For 
example, within the category of surface 

1 The potential of fertilizer and pesticides as substitute 
for water seems limited, at best. There is evidence 
that at some parts of the demand curve they behave 
as complements rather than substitutes.

2 For the individual farmer this may lead to savings, 
but not necessarily at system level.
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 irrigation the most labour-extensive appli-
cation is to simply flood the field, resulting 
in high water losses. Water application can 
be reduced dramatically at the expense of 
extra labour by field levelling, constructing 
bunds, using furrows or increasing the 
intensity of monitoring field conditions. 
Likewise, a labour-extensive way to operate 
a sprinkler system is to use a timing device 
so that the sprinklers are turned on at regu-
lar intervals. But this does not account for 
the rainfall that may occur during these 
intervals, and irrigation water may be lost. 
More water-efficient, but more capital-
intensive, is to install moisture probes to 
determine the right time to sprinkle, based 
on actual water needs. This method does 
not account for rainfall that may occur in 
the days following irrigation. Even more 
efficient in terms of water use, but more 
capital-intensive, is a computerized system 
that uses actual water needs and weather 
forecast information.

There are clear limits to substitution. 
Below a certain point it is no longer possible 
or desirable to use more water to replace capi-
tal and labour. Too much water will damage 
crops, create erosion problems, cause water-
logging and flush away fertilizer. Consequ-
ently, there is a maximum amount of water a 
farmer will take, even if abundant water is 
available at zero cost. As a result, at low water 
prices water demand is not determined by 
price but by agronomic- and technique-related 
factors and water use is unresponsive to price. 
With the introduction of water pricing as a 
demand management tool, water use becomes 
elastic only beyond a certain threshold. The 
size of the threshold depends on initial water 
management practices and the substitutabil-
ity of water for other inputs. The model devel-
oped in the following paragraphs explores the 
impact of these factors on water demand at 
low price ranges.

Demand curves

The water requirements of a crop depend on 
physical factors, such as climate, soils and 
crop characteristics. In general, the more 

the soil moisture is available to the crop, the 
higher the crop yield, up to a certain limit. 
At low water application rates an additional 
unit of water results in a substantial yield 
increase but the marginal product of water 
quickly declines at higher water levels. 
Beyond a certain level of water application 
crop yields suffer due to lack of aeration in 
the root zone. At that point, the marginal 
product of water becomes negative. A poly-
nomial functional form, best captures the 
physical relationship between crop growth 
and soil moisture. Hargreaves (1977) pro-
poses a cubic form. Following Dinar and 
Letey (1996) and Rosegrant et al. (2001), a 
quadratic functional form is adopted here:

Y W Wp c c= + +b b b0 1 2
2

 (3.1a)

Y Y Yc r p= i
 (3.1b)

Where, Yr stands for relative crop yield, Yp 
is potential yield, Yc is crop yield, bs are 
regression coefficients and W is the amount 
of crop evapotranspiration. The crop pro-
duction function depends on crop charac-
teristics, soil and climate and is unique for 
each crop and location. This is reflected by 
the intercept β0. In the representation given 
by the equation (3.1a and 3.1b) inputs other 
than water (e.g. agrochemicals) are kept 
constant at an optimum level.

The variable W represents the amount 
of crop water evaporation. To get this 
amount to the plants it needs to be conveyed 
from source to fields and applied in the 
right quantities at the right time. The irriga-
tion efficiency indicates the extent of water 
losses occurring in conveyance and applica-
tion. Application efficiency at field level is 
defined as the amount of water beneficially 
used by crops (W ) divided by the total 
amount diverted to the field (TotWat).

Eff
TotWat

=
W

  (3.2)

Confronted with rising water charges, a 
farmer can reduce total water diversion by 
reducing the water layer on the field (W) 
through the adoption of deficiency irrigation 
or switching to a less water-demanding 
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crop.3 Alternatively, a farmer can improve 
application efficiency (Eff) by substituting 
labour and/or capital for water, or, ulti-
mately, leave land fallow. As explained 
above, for agronomic and technical reasons 
there is an upper limit to the amount of 
water a farmer takes, independent of price. 
Thus, water is applied with a minimum effi-
ciency. An application efficiency of say 10% 
is undesirable because the large amount of 
water to meet crop water requirements (W) 
will cause problems as erosion, fertilizer 
loss, waterlogging and crop damage.

Figure 3.1 depicts the relation between 
application efficiency and cost of improve-
ment for different technologies. The exact 
shape of these curves is site- and crop-specific 
and largely unknown. Three features are 
important for the discussion here. First, the 
curves do not intersect the y-axis at zero. In 
other words, an efficiency of zero does not 
exist and the minimum is well above zero. 
Second, additional labour/capital input exhib-
its a diminishing return. Third, the upper and 
lower bounds differ by technology. Efficiency 

in surface irrigation exhibits the widest range, 
while drip irrigation has the narrowest scope.

When these elements are incorporated 
in a simple farmer optimization model, the 
water demand curve reveals three zones 
(Fig. 3.2). At low ranges, price is not a deter-
mining factor in decisions related to tech-
nology choice and application efficiency 
and water demand is unresponsive to price. 
With increasing prices, the farmer may opt 
to slightly reduce the water layer on the field 
but because this will directly affect crop 
yields, demand is inelastic. Beyond a certain 
threshold, demand becomes elastic. At 
higher price ranges, demand becomes inelas-
tic again, as water quantities approach the 
minimum amount needed for plant growth.

Price threshold

Several studies conclude that water demand 
becomes elastic only beyond a certain price 
threshold (Varela-Ortega et al., 1998; OECD, 
1999). Where prevailing prices are low rela-
tive to the threshold price, a considerable 
price increase is necessary to induce the 
desired reduction in demand. Political con-
siderations may prevent such price increases 
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Fig. 3.1. Application efficiency cost curves.

3 Often crop choice is limited, due to climatic factors, 
the absence of marketing infrastructure, diet prefer-
ences and risks associated with other (cash) crops.
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(Perry, 2001). To gauge the effectiveness of 
pricing as a demand management tool, it is 
thus essential to investigate the importance 
of the price threshold.

In the following paragraphs the sensi-
tivity of technology on the threshold value is 
examined, using a numerical example using 
crop data from California. Crop production 
parameters are adapted from Dinar and 
Letey, 1996 and summarized in Table 3.1.

Little is known about prevailing appli-
cation efficiencies and associated cost 
curves. This example, therefore, explores a 
wide range of values of substitutability, 
scope of improvement and initial efficien-
cies. Figure 3.3 presents a family of cost 
curves for an application technology of 
which the application efficiency ranges 

from 25% to 80%. That is, if farmers are free 
to take the amount of water they desire free 
of cost, they will choose to operate the sys-
tem at 25% efficiency. The lowest curve 
represents a situation where efficiency 
improvements come at a high cost: $500/ha 
to increase efficiency from 25% to 50% (for 
comparison in this example, maximum crop 
revenue is $2500/ha). The ‘high substitut-
ability’ curve indicates a low marginal cost 
of efficiency improvement: $150/ha to 
increase efficiency from 25% to 80%. Figure 
3.4 depicts the resulting water demand 
curves. Water demand is elastic and thresh-
olds are low and of minor importance, even 
in case of low substitutability of water.

The situation changes dramatically if the 
initial efficiency is set at 40% instead of 25% 
(Fig. 3.5). The dotted lines in Fig. 3.5 depict 
that part of the demand curve which is sup-
pressed because of the high initial efficiency. 
The threshold level varies from negligible to 
considerable, depending on the ease of substi-
tution. Figure 3.6 shows the family of demand 
curves for a technique whose scope of im - 
provement is relatively limited (efficiency 
ranging from 60% to 80%). In this case, water 
demand is inelastic, unless the substitution of 
water comes at a very low cost.

This analysis makes clear that the 
threshold value depends on three  interrelated 
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Fig. 3.2. Demand curve.

Table 3.1. Crop data used in the numerical 
example. (From Dinar and Letey, 1996.)

Crop: cotton  Location: California

Parameters

b0 −0.13 Crop price ($/t) 1600
b1 2.30 Potential yield (t/ha) 1.7
b2 −1.20  

Note: In this table and throughout the book $ means US$.
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 factors, namely the prevailing applica-
tion efficiency, the scope of efficiency 
improvement and the ease of substitu-
tion. These factors are, to a large extent, 
determined by technology choice and 
existing on-field water management 
practices, which are mostly unrelated to 
water price.

In this example, when the application 
efficiency is 25%, water demand is fairly 
elastic at low prices, even if efficiency 
improvements come at a relatively high cost. 
On the other hand, if the existing efficiency 
is 40% or 60%, reduction of water demand 
may require a substantial price increase 
depending on the ease of substitution.

Fig. 3.3. Efficiency improvement cost curves (efficiency range 25–80%).
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Fig. 3.4. Demand curves for efficiency range 25–80%.
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Costs of water reduction

The existence of an inelastic section of the 
demand curve at low prices, or the lack 
thereof, has major implications for the cost of 
water reduction to farmers. Figure 3.7 shows 
the relation between water reduction and 

cost of water for the demand curves depicted 
in Fig. 3.5. Water reduction is expressed as a 
percentage of the maximum quantity 
demanded under price zero (i.e. 2.25 m/ha). 
Water costs, expressed as a percentage of 
total crop revenue, include water charges 
plus the costs of efficiency improvement.

Suppressed due to higher
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Fig. 3.5. Demand curves for efficiency range 40–80%.
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Unless the ease of substitution is high, 
considerable impacts on farm income are 
implicit for using water pricing as a means to 
limit demand. Empirical evidence supports 
this finding. Perry (1997) estimates for Egypt 
that inducing a 15% reduction in water 
demand through volumetric pricing would 
decrease farm incomes by 25%. Berbel and 
Gomez-Limon (2000) estimate that farm 
income in Spain will decrease by 40% before 
water demand decreases significantly. 
Bernardo and Whittlesey (1989) and Hoyt 
(1984) conclude that in the Washington State 
and Texas farmers substitute water with 
labour, by switching to a more water-efficient 
mode of operation. But to induce these water 
savings by pricing (as opposed to restricting 
supply) results in a significant income loss to 
farmers and painful adjustments as some 
farmers may have to stop irrigating.

In countries where low-income farmers 
make up a large part of the voting popula-
tion, pricing may not be a feasible demand 
management option from a social and polit-
ical point of view.

Scaling up

Volumetric water pricing in agriculture is 
geared towards influencing water use behav-

iour of individual farmers. The aggregated 
impact of pricing at a scale larger than a 
farm may be governed by different processes 
and scaling up the impacts of pricing by 
aggregating individual responses may lead 
to erroneous conclusions.

Efficiency of water use is a scale-dependent 
concept. From a river basin perspective, drain-
age water from ‘inefficient’ farms is not neces-
sarily lost, but can be reused by downstream 
users, water quality allowing (Seckler, 1996). 
Molden et al. (2000) show that, for Egypt, farm-
level efficiency is as low as 40%, but overall 
basin efficiency is 90%. This implies that 90% 
of all diverted water is beneficially used for crop 
growth. Water ‘wastage’ is negligible and the 
scope for water savings, induced by pricing or 
other measures, is very small.

Although field efficiency is low, return 
flows from ‘inefficient’ users may be reused by 
downstream farmers, either by recapturing 
drainage flows or by pumping excess seepage. 
Pricing induces upstream farmers to use water 
more efficiently and thus create less return 
flows. Downstream farmers have to divert more 
water to compensate for this loss. Consequently, 
at the aggregate level of river basins, the reduc-
tion of water diversions as a result of pricing 
may be less than foreseen (Perry, 2001). A proper 
assessment of the impact of water pricing at 
basin scale requires a knowledge of hydrologi-
cal interaction between users.

0
0

20

40

60

80

100

120

5 10 15

Water costs (% of total crop revenue)

R
ed

uc
tio

n 
in

 w
at

er
 d

em
an

d 
(%

)

20 25 30 35 40

Fig. 3.7. Cost of water reduction.
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Impact of Existing Rationing

In many parts of the world, farmers are not 
free to take the amount of water they prefer. 
Farmers’ access to water is bounded by 
water rights or by fixed allocations. Also the 
size of canals, inlets or pipes may limit the 
amount of water a farmer can take (this 
could be called technological rationing as 
opposed to institutional rationing).

Where water is scarce and water prices 
low, the amount allocated is likely below the 
‘free market’ amount (i.e. the amount of water 
that farmers would be willing to take at the 
prevailing price). A good example of an allo-
cation mechanism in water-scarce areas is 
warabandi, which is practised on a large scale 
(over millions of hectares) in irrigation 
schemes in India and Pakistan. The system is 
designed to provide a rationed and equitable 
service (in proportion to landholdings) to all 
farmers under conditions of extreme water 
scarcity. Instead of planning for full irrigation 
of a small part of the area, the available water 
is spread over a large number of farms, thus 
giving farmers a choice between fully irrigat-
ing part of their land with water-intensive 
crops, or irrigating a larger area of less water-
intensive crops, or deliberately underirrigat-
ing a still larger area. This approach encourages 
maximum output per unit of water, rather 

than maximum output per unit of land 
(Bandaragoda, 1998).

Figure 3.8 depicts the relation between 
water price, demand and actual use. The 
dotted line represents the demand curve. 
The solid line shows the actual use.

At low prices water use is constrained by 
rationing. Farmers optimize water use by 
choosing an appropriate crop, level of risk and 
efficiency according to its limited availability, 
independent of price. Consequently, water use 
is unresponsive to price. At a certain thresh-
old, pricing becomes effective in reducing 
demand. This is the point where price equals 
the productive value of an additional unit of 
water (price equals marginal product).

If the price of water is set below the 
threshold and the maximum allocation is still 
in place, farmers start ‘paying off the absorbed 
scarcity rent’. In other words, water diversions 
remain constant but farmer profit suffers sub-
stantially.4 If the rationing system is fully 
replaced by water pricing allocation, and the 
price is set below the threshold, farmers will 
divert more water, until the gap between actual 
price and productive value is bridged.

These observations imply that where 
irrigation water is currently rationed, the 
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Fig. 3.8. Water demand and use under restricted supply.

4 Society as a whole may benefi t depending on how 
water revenues are invested.
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introduction of water pricing as a demand 
management tool is effective, only if the 
price is set above a certain threshold, i.e. 
the productive value of the last unit allo-
cated under the rationing scheme. Depending 
on the initial water price and the size of the 
allocation, this threshold may be several 
times the original price. The lower the price 
actually paid and the more binding the 
existing allocation to farmers, the bigger is 
the gap between price and productive 
value. For Iran, Perry (2001) estimates that 
the productive value of water is $0.04, 
while the farmers at present pay $0.004. To 
induce water savings by pricing, a tenfold 
increase is required. Ray (2002) in her 
study on water pricing in India shows that 
in order to induce the water-conserving 
response under existing allocation prac-
tices, a sixfold price increase would be 
needed. She adds that under the prevailing 
political circumstances in India, this is very 
unlikely.

Conclusions and Discussion

The price of water is only rarely determined 
in the market. Consequently, models are 
needed to derive demand as a function of 
price. Many analytical studies implicitly 
assume an ideal situation, free of price dis-
tortions and externalities. But the introduc-
tion of volumetric water charges as a demand 
management tool does not happen in a void. 
Water management practices already in 
place before the introduction of pricing have 
an important bearing on its effectiveness as a 
demand management tool. This chapter 
explores the impact of technology choice, 
application efficiency and prevailing ration-
ing practices on water demand elasticity.

At low water prices, farmers’ decisions 
concerning technology choice and water 
use primarily depend on crop choice, land 
quality, agronomic considerations and 
structural factors (e.g. availability of capital 
and labour). Where water is restricted – 
either by institutional rationing or limits 
imposed by technology – farmers optimize 
water according to its limited availability. 

At prevailing (low) prices, the amount of 
water diverted is independent of price and 
water demand is unresponsive to price. It is 
only beyond a certain threshold that demand 
becomes responsive to price.

When prevailing prices are low relative 
to the threshold, considerable increases are 
necessary to induce the desired reduction in 
demand. Political considerations may pre-
vent such increases. To gauge the effective-
ness and feasibility of pricing as a demand 
management tool, it is crucial to investigate 
the importance of the threshold.

Where water is rationed, the threshold 
level mainly depends on the size of the allo-
cation relative to the ‘free market’ amount 
(i.e. the amount of water farmers would be 
willing to take at prevailing prices). In water-
scarce areas with low prevailing prices and 
very restrictive allocations, the required 
increase may be prohibitive.

The analysis presented in this chapter 
reveals that, where water is freely available, 
the threshold value depends on three inter-
related factors: (i) the field application effi-
ciency prior to the introduction of pricing as 
a demand management tool; (ii) the scope of 
efficiency improvement; and (iii) the ease of 
substitution (i.e. the marginal costs of effi-
ciency improvement). These factors are, to a 
large extent, determined by technology 
choice and existing on-field water manage-
ment practices, which are mostly unrelated 
to water price. When prevailing application 
efficiencies are low, say around 25%, demand 
is fairly elastic at low prices, even if effi-
ciency improvements come at a relatively 
high cost. On the other hand, if the existing 
efficiency is 40% or 60%, reduction of water 
demand may require a substantial price 
increase, depending on the costs of substitu-
tion. This may lead to considerable income 
losses to farmers.

Although this conclusion may seem 
obvious, the implications are by no means 
trivial. Reliable information on field appli-
cation efficiencies is not available, except 
for local case studies often implemented in 
an experimental set-up. Estimates are typi-
cally based on common perceptions and 
rules of thumb rather than on measurements. 
In this context, it is important to distinguish 
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between field application and irrigation effi-
ciency. The latter is substantially lower than 
the former because it includes conveyance 
and operational losses in the main irrigation 
system.5 System losses are beyond the con-
trol of individual farmers, and thus unrespon-
sive to water pricing charged to individual 
farmers. In large irrigation schemes, system 
losses may be more important than those 
occurring at the field level. Without reliable 
estimates on field application efficiencies 
prior to the introduction of pricing, its effec-
tiveness as a demand management tool 
remains subject to personal judgements and 
opinions.

This issue is further complicated due to 
the scale dependency of irrigation effi-
ciency. From a river basin perspective, 
drainage water from ‘inefficient’ farms is 
not necessarily lost, but can be reused by 
downstream users – water quality allowing. 
Pricing induces upstream farmers to use 
water more efficiently and thus create less 
return flows. Downstream farmers have to 
divert more water to compensate for this 
loss. Consequently, at the aggregate level of 
river basins, the reduction of water diver-
sions as a result of pricing may be less than 
foreseen. A proper analysis of the impacts 
of water charges requires consideration 
beyond the individual farm level.

Results of this analysis depend on the 
model formulation, its underlying assump-
tions and parameter values. The model uses 
total seasonal demand curves without 
accounting for short-term rainfall variabil-
ity. There may be short periods of zero 
responsiveness (after rain) or short periods 
of high elasticities (after unseasonal drought). 
The analysis here neglects these and pro-
vides an ‘average’ picture over the entire 
growing period. Further, the analysis is 
based on crop data for cotton in California. 
A sensitivity analysis revealed that as long 
as the crop production function is polyno-
mial (with a clear maximum), the resulting 
form of the demand curves (with a thresh-
old) does not change. The efficiency cost 
functions are assumed for want of data. The 
wide range of values tested most likely cover 
all plausible parameter values. The conclu-
sions of this analysis are independent of the 
exact functional form of the efficiency func-
tion as long as efficiency has a clear upper 
and lower bound and the minimum effi-
ciency is greater than zero.

The analysis in this chapter focuses on 
the impact of water management practices 
existing prior to the introduction of pricing. 
It does not include several potentially 
important factors influencing effectiveness 
of pricing, such as uncertainty in water sup-
ply (Perry and Narayamurthy, 1998), risk 
due to fluctuations in revenue (Bontemps 
et al., 2001) and difficulties related to imple-
mentation (Tsur, 2000; Molle, 2001; Perry, 
2001). The inclusions of these factors, which 
are considered outside the scope of this 
chapter, will improve the analysis but may 
not significantly affect its conclusions.
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4 ‘Get the Prices Right’: A Model 
of Water Prices and Irrigation Efficiency 

in Maharashtra, India

I. Ray*

Introduction

In the name of food security  for the nation 
and poverty alleviation for the rural popula-
tion, every developing country provides its 
farmers with irrigation water at a fraction of 
its delivery cost (Repetto, 1986). However, 
growing populations, higher cultivation 
intensities, increasing urbanization and, of 
late, environmental concerns, have all com-
bined to put pressure on global water 
resources. Irrigation is by far the largest con-
sumer of freshwater, and the realization that 
this water is scarce and getting scarcer has 
forced a widespread rethinking of the ‘cheap 
water’ policy. Elementary economic theory 
says that farmers who pay next to nothing 
for water have no incentive to use it effi-
ciently. They could use it to grow water-
intensive but perhaps low-value field crops, 
irrigate carelessly using flood and furrow 
methods, neglect to maintain their field 
channels and overwater their standing crops. 
Water use inefficiency has therefore been 
cited, in developing and developed coun-
tries alike, as an argument for raising the 
price of irrigation water to reflect its scarcity 
value.

This policy is now under considera-
tion (and partial implementation) in several 
countries, from Tunisia to Taiwan and from 
Botswana to Brazil, including India (Dinar, 
2000, Table 1.1). Most country reports on 
water sector reforms mention – among other 
things – the need for higher water prices 
and the removal of flat, per unit-area irriga-
tion charges. In short (irrigation) water is an 
economic good1 and not a birthright, and 
wasteful water use can best be combated by 
‘getting the prices right’.

In this chapter, I examine the hypothe-
sis that, in order to induce efficiency at the 
farm level, irrigation water prices should be 
raised. In the next section, I set out the ratio-
nale for opportunity-cost water pricing, cit-
ing modelling and empirical evidence in its 

Much of the world’s freshwater is wasted. Governments are shying away from the answer: 
to price this valuable substance correctly.

 (The Economist, 23 March 2000)

* An earlier version of this chapter appeared in Eco-
nomic and Political Weekly, 13 August 2005. I thank 
François Molle, Jeremy Berkoff and A. Vaidyanathan 
for their valuable comments and suggestions on 
 earlier drafts.

1 ‘Water has an economic value in all its competing 
uses and should be recognized as an economic 
good’ is one of the four Dublin Principles from 1992 
(Solanes and Gonzalez-Villarreal, 1999).

108  ©CAB International 2007. Irrigation Water Pricing (eds F. Molle and J. Berkoff)
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favour. In the third section, I bring out the 
(often implicit) assumptions under which 
higher water prices at the farm level can, in 
fact, increase irrigation efficiency. The fourth 
section briefly describes the system of canal 
irrigation in Maharashtra, western India, and 
introduces the case-study canal. In the fifth 
section, I show that when these assumptions 
do not hold water prices have only limited 
impact on irrigation efficiency.2 I illustrate 
the point with a programming model cali-
brated to the Mula canal in Maharashtra as a 
concrete example.3 Finally, I analyse a dif-
ferent price policy – specifically, support 
prices4 or procurement prices for particular 
crops – as an alternative means of conserv-
ing water.

Overall, this chapter does not claim 
that higher irrigation charges cannot induce 
water conservation, but that they will do so 
only under several preconditions. If these 
preconditions are far from ground reality, 
and I argue that in developing countries 
they often are, then water prices will not be 
the best way to save water or to increase its 
productivity. Transparent and enforced allo-
cation rules may be more feasible, and  output-
price policy changes more effective, at least 
in the near term.

I should note that cost recovery rather 
than efficient irrigation is another impor-
tant reason for charging higher water prices. 
Many developing country governments, 
India included, are considering higher water 
prices as a way to recover at least the operat-
ing costs of canal systems, and not as a way 
to reflect the opportunity cost of water. 
However, the rationale for cost recovery is 
financial, whereas the rationale for efficient 
pricing is economic. It is possible to raise 
water prices to the point where administra-
tive costs are covered, and yet have them 
lower than the opportunity cost of water. In 
fact, an adequate per area-irrigated flat fee 
(that cannot induce efficiency) could cover 
the capital and operating costs of a canal 
system. Similarly, efficiency-inducing water 
prices can coexist with massive subsidies at 
the system level. The role of water prices for 
cost recovery purposes is not addressed in 
this chapter.

Opportunity-cost Pricing: The Evidence

If water prices rise to reflect its opportunity 
cost, a profit-maximizing farmer should have 
any or all of the following four responses 
(Gardner, 1983). He5 can demand less water 
and leave some land fallow. He can cultivate 
all his land but stress the crop a little, thus 
maximizing his output per unit of water rather 
than output per unit of land. He can diversify 
out of thirsty but low water-productivity field 
and fodder crops into water-efficient crops 
such as vegetables. And finally, he can invest 
in efficient irrigation technologies, such as 
sprinkler and drip systems, which allow a 
larger fraction of diverted water to be used 
consumptively by the plant. Even a simple 
change such as shortening the length of the 
irrigation furrow could raise field-level irriga-
tion efficiencies by up to 10%. The conclu-
sions of both econometric analyses and 

2 The case study in my analysis is not meant to be 
‘representative’ of canal irrigation all over India; 
rather, it illustrates the role of water prices in a context 
that shares many features with other canal-irrigated 
regions.

3 I focus on canal water prices rather than on ground-
water prices for three reasons: fi rst, many analysts 
believe that canal water is used more ineffi ciently 
than groundwater (Dhawan, 1988); second, canal 
water prices are administratively set and so can be 
changed through public policy, while most irriga-
tion wells are privately owned; and third, large ca-
nal irrigation schemes are the most signifi cant users 
of freshwater. However, groundwater use in Indian 
agriculture is growing at a rapid rate.

4 ‘Support prices’ are minimum prices that (usually) 
governments guarantee to farmers. These protect the 
farmer against low open-market prices. ‘Procure-
ment prices’, on the other hand, are prices at which 
a farmer must sell a portion of his crop – usually to 
the government. These protect not the farmer, but 
the government and consumers, from potentially 
high open-market prices.

5  I am using the term ‘he’ throughout the paper to re-
fer to individual farmers, because most of the farm-
ers I interviewed for this research were male. There 
are, of course, both male- and female-headed farm 
households throughout India.
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mathematical programming models imply 
that farmers could respond to price-induced 
water scarcity in all these ways.6

Much of the literature on water prices is 
from the agriculturally rich, but water-short, 
western USA.7 Using agronomically derived 
production functions for cotton, Ayer and 
Hoyt (1981) show that farmers in Arizona 
and New Mexico would reduce the water 
applied over the growing season as its price 
rises from $0.5 to $5 per acre-foot. Using 
Census of Agriculture data for several crops, 
Ogg and Gollehon (1989) derive downward-
sloping, albeit rather price-inelastic, demand 
functions for irrigation water for the western 
USA. Caswell and Zilberman (1985), using 
an econometric analysis of several Californian 
water districts, find that the probability of 
adopting drip-irrigation technologies for 
perennial tree crops increases with increased 
water prices, among other factors such as 
land quality and crop type. Kanazawa (1988) 
asks: what range of price increases will 
induce conservation? For the Westlands 
Water District he finds that a three- to five-
fold rise would take the price of water to its 
shadow value and beyond that, farmers 
would conserve.8

It should be noted that in most of these 
studies on water prices, the response of 
water use is rather low within observed price 

ranges. It is only when the price is projected 
to rise significantly, by a factor of 5, or some-
times 10, that the water demand is respon-
sive. The consensus from the literature 
appears to be that the water-demand curve 
for agriculture is inelastic at low water 
prices. The elasticity is high when water 
prices are already high, and when it is cheap 
and feasible to substitute other inputs, such 
as labour, for water. For example, Levy 
(1982), a proponent of regulating water use 
through the price mechanism, agrees that 
the price elasticity of water is high when 
water is readily substitutable and when its 
share in total production costs is high. I shall 
revisit these points later in this chapter.

Programming models, which are not 
restricted to observed price ranges, can yield 
more elastic water-demand estimates. Many 
of these confirm the existence of low elastic-
ities at low prices. In a modelling exercise, 
Weinberg et al. (1993) show that as water 
prices offered to the farmer rose from 0 
to $50 an acre-foot, water-intensive crops 
were no longer optimal, and the amount of 
irrigation water applied fell. Hooker and 
Alexander (1998), in a programming model 
of San Joaquin valley, show that water 
demand is inelastic over a substantial price 
range, and steps towards conservation are 
taken only at certain threshold water prices. 
However, Howitt et al. (1980) have argued 
that including a demand function for the 
crop itself – not just one for water – should 
generate higher own-price elasticities.9

Implementing water trading – as opposed 
to implementing higher water prices – is 
another way in which market discipline can 
be brought to irrigation. Several agricultural 
regions of Australia are experimenting with 
intrabasin water trades, such as on the Murray–
Darling basin. Spot markets are common in 
California, and interdistrict water trades, 
though less frequent than spot trades, do occur 
(Haddad, 2000; Chong and Sunding, 2006). In 
the developing country context, informal, 

6 There are no controlled experiments in natural set-
tings that have tracked the response of farmers to 
progressively higher water prices while holding oth-
er key variables (more or less) constant. Therefore, 
the water pricing literature is largely made up of 
cross-sectional statistical analyses and modelling 
exercises. However, the latest OECD report on full-
cost pricing of irrigation water in Europe questions 
the accuracy of demand elasticities derived from hy-
pothetical price variations (OECD, 2002).

7For reports of European studies, see OECD (2002).
8 These fi eld studies measured water diverted, not water 
consumed. Therefore, the production functions used 
in such research could overstate or understate the 
yield response to water actually taken up by the 
crop. Molden (1997) points out that the marginal 
and average values of water should really be a func-
tion of water consumed. This distinction also has 
implications for how farm-level effi ciency and 
 system-level effi ciency are measured, as I discuss 
later in the chapter.

9 The logic works as follows: higher water prices raise 
the cost of production which is passed on as higher 
product prices to the consumer, thus lowering the 
demand for the product and fi nally bringing down 
the derived demand for water.
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intrawatercourse trading exists in Indian and 
Pakistani canal systems (Bandaragoda, 1998). 
Short-term sales of groundwater are common 
although limited in their geographical scope. 
However, groundwater markets in Gujarat 
have functioned for many years (Shah, 1993; 
Dubash, 2002). Tradable water rights refer to 
longer-term commitments, for an entire grow-
ing season or longer. The most celebrated case 
of such rights comes from Chile, where agrar-
ian reforms and the Water Code of 1981 for-
malized water rights, and allowed water sales 
to be separated from sales of land (Bauer, 
1997).

In this chapter, I focus on water price 
policy rather than water trading as a tool for 
water conservation and irrigation efficiency. 
I note here, however, that many of the phys-
ical and managerial barriers to effective 
water price reform discussed in this chapter 
(and elsewhere in this volume) are equally 
barriers to effective water markets.

What Does It Mean to ‘Get 
the Prices Right’?

The claim that increasing irrigation water 
prices is an effective means to irrigation 
efficiency is much more than a generic state-
ment about downward-sloping demand 
curves. It contains many assumptions which 
are not always made explicit and thus need 
unpacking. These are:

1. Water costs are significant in the overall 
crop budget, and as a fraction of crop net rev-
enues. (If they are not, the net effect of price 
increases may be so small that the water-
demand function will barely respond.)10

2. There is a volumetric link between what a 
farmer pays and what he receives. (If water is 
charged by the hectare, as it usually is in 
developing countries, its marginal cost is zero 
and higher prices cannot induce efficiency.)11

3. Farm-level inefficiencies are significant 
in relation to overall system inefficiencies. 

(If this is not the case, the farm may not be 
the best place to look for water savings.)
4. Farmers irrigate using wasteful methods 
and/or grow low water-productivity field 
crops because water is so cheap. (If field crops 
are grown because local food or fodder mar-
kets are thin, or farmers overirrigate because 
their water deliveries are erratic, water price 
signals may not have the expected effect.)
5. The changes to the infrastructure that 
may be necessary to implement volumetric 
pricing, such as measuring devices, chan-
nels for conveyance, managerial and admin-
istrative changes, etc., are not prohibitively 
expensive. (If they are, any gains from more 
efficient water use will be neutralized by 
these implementation costs.)

The last item relates to the difficulties of 
implementing higher water prices on account 
of institutional or infrastructural barriers. It 
has borne the brunt of criticisms levelled at 
water price reform and water markets in the 
literature to date. Many reservations exist 
about the inadequate physical infrastructure 
of canal systems in developing countries, the 
administrative cost of introducing volumetric 
pricing (Perry, 1996), the difficulty of measur-
ing water consumed rather than water diverted 
(Molden, 1997) and the possible third-party 
effects of water reallocation through pricing 
or trade (Rosegrant and Binswanger, 1994). 
The income losses that farmers could face on 
account of higher prices – especially small 
and marginal farmers on large canal systems – 
have also been critiqued on grounds of social 
equity (Chakravorty and Roumasset, 1991). In 
this chapter, I approach water prices as a 
means of water saving not from an infrastruc-
tural or administrative point of view, but from 
the point of view of the farmer – the actor who 
is supposed to do the saving.

I model an Indian canal system – the 
Mula canal system in Maharashtra – to ask: 
How effective are higher water prices as a 
means of curtailing a farmer’s water 
demand, even if transaction and infrastruc-
tural costs are assumed not to be constraining? 
The model is a simplified representation 
of  irrigation in the Mula canal system – 
 simplified in order to isolate the effects of 
water prices on water use and productivity. 

10 If there are cheap and readily available substitutes for 
water, this condition need not hold (Levy, 1982).

11 But they can aid in cost recovery, or cause farmers 
to withdraw from agriculture altogether.
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Using a detailed, farming systems model of 
a median-sized farm, I analyse:

1. Whether higher water charges are the most 
feasible way to induce farm-level efficiency;
2. Whether farm-level efficiency is indeed 
as dismal as it is generally thought to be;
3. Whether water prices are the most rele-
vant prices in a farmer’s cropping decisions.

The price and input use data for the model, 
the pattern of water delivery over the agri-
cultural year and the technical coefficients 
are all from my own 8-month-long field-
work on the Mula canal system. The net irri-
gation requirements and the yield responses 
to water are from studies conducted at the 
Mahatma Phule Agricultural University at 
Rahuri, Maharashtra.

Irrigation in Maharashtra and in the 
Mula Canal System

The system of irrigation in Maharashtra is 
demand-based. Before the start of the irri-
gation season, the farmers who want water 
submit a demand statement which speci-
fies the land they will irrigate and the crops 
they will grow. Depending on the water 
availability that year, the requests are fully 
or partially granted. The goal of canal 
 systems in India was to ensure a reliable 
 supply of food grains over a large area, 
even in drought-prone regions, to reduce 
the risk of famine and the dependence on 
food imports (Daines, 1985). Accordingly, 
canal command areas are extensive.12 Annual 
grains and oilseeds are favoured for 
 irrigation, while water-consuming cash 
crops such as sugarcane need a special 
‘sanction’ (unless they are raised  exclusively 
on ground water). Dug wells are common in 
canal- irrigated tracts. Most of the Maharashtra 
plateau is underlain by  basaltic rock; the 
basaltic layer keeps the water table high 

but the usable volume of groundwater low 
(Dhawan, 1986).

Canals in Maharashtra are fed by water 
stored in reservoirs, and are run on an ‘on and 
off’ basis (Gandhi, 1981). Only a subset of the 
watercourses is full of water at any given time. 
Each watering turn is called a ‘rotation’. To 
compensate for the locational advantage of 
head-reach farmers, canals are generally (but 
not consistently) operated from tail to head. 
When a watercourse has its rotation due, the 
last field is watered first, and the irrigation 
turns move up the channel rather than down 
it. This system is known locally as shejpali.13

Traditionally, a farmer could irrigate until 
his field was ‘adequately’ wetted. Over time, 
and especially whenever irrigation demand 
exceeded the supply, this system came to be 
seen as too loose. From 1977 onward, the 
operational rules of major canal systems were 
gradually modified to a preset number of irri-
gation hours per hectare of land within each 
watercourse.14 Only the lands and the crops 
for which the farmer has placed a demand are 
entitled to water, and this demand could dif-
fer from season to season and even from rota-
tion to rotation within a season. The fixed 
irrigation entitlement, proportional to the area 
irrigated, is influenced by, but is not identical 
to, the warabandi system of North Indian 
canals.15 It appears that this modification has 
introduced greater accountability and predict-
ability in an otherwise overflexible system 
(Datye and Patil, 1987).

The Mula canal system in western 
Maharashtra has an irrigable command area 
of 80,000 ha16; the soils are medium–deep 

12 The command area is the area within gravity fl ow 
reach of the canal system. The irrigable command 
area (ICA) is the land that is actually expected to re-
ceive water within the command area. On average, 
major canal systems irrigate half of their offi cial ICA.

13The word is derived from shesh (last) and pali (turn).
14 As a reviewer points out, the more rigid system de-

prives farmers of the ability to adjust their water use 
to the actual soil moisture, which can vary by farm-
er and by season.

15 The Northern canals are fed by perennial rivers and 
are run continuously all year. Every hectare in the ca-
nal command gets a few hours of water every week, 
on the same day and at the same time (Gustafson and 
Reidinger, 1971). This period is his fi xed (bundi) turn 
(wara). Every farmer is entitled to water in every rota-
tion; he need not submit an offi cial ‘demand’.

16 But the area actually irrigated hovers around half 
that fi gure.
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loams to dark clays; the average annual 
rainfall in the command is below 600 mm; 
the median landholding is between 1.6 and 
2 ha, and even small farms produce crops 
for the market. The primary crops are sugar-
cane (a thirsty, lucrative cash crop), wheat 
and groundnut, followed by sorghum, 
chickpea and some cotton. Of late, sun-
flower has grown in popularity. Millet, a 
coarse grain that was once widely grown 
and eaten in the region, now occupies less 
than 10% of the gross cropped area. The 
arrival of year-round water has made other 
crops more profitable.

Water is allocated in the Mula canal sys-
tem according to the modified fixed-turn 
system. As described above, it contains ele-
ments of Maharashtra’s traditional shejpali 
system, and of the warabandi method of 
North Indian canals. As under warabandi, 
canal water is supposed to be delivered to 
farmers according to a preset rotation schedule 
– starting about the third week of July (unless 
it is still raining) and continuing through 
mid-June of the following year. As with 
 shejpali, it is up to each individual farmer to 
place, or not to place, a water demand for 
each rotation of each season. The normal 
rotation interval – meaning the interval 
between two successive irrigations for any 
farm – is 21 days. Between March and June, 
when midday temperatures peak and the 
soils have no residual moisture, this interval 
is shortened to 14 days.17 Each hectare is 
given a fixed duration of irrigation, e.g. 10 h/
ha for a head-end farm and longer if the farm 
is at the tail end.18 In practice, these dura-

tions are ‘flexible’ (sometimes intentionally 
and sometimes unintentionally).

The Mula is, in many ways, a typical 
South Asian canal. The water supply is 
more generous and more predictable at the 
head of the system than at the tail; upstream 
and downstream cropping patterns reflect 
both the soil variability and the uneven 
water delivery of the region; often, water 
does not reach the fields on time; much of 
the water released into the system is ‘lost’ in 
transit, or at least unaccounted for; there is 
a significant amount of unauthorized irriga-
tion, especially in the upper half of the 
canal command; and the farmers pay a 
(small) per-hectare charge for the water they 
receive. This charge varies by the crop and 
the season, so there is some attempt, albeit a 
very loose one, to link water charges and 
volumes. The command area has several 
shallow wells, which are largely recharged 
by canal seepage, and which supplement 
canal water supplies. The water from these 
wells is also cheap because electricity for 
farm use is subsidized.19 Irrigation profes-
sionals who are familiar with India will rec-
ognize many of these features even if they 
have never been to the Mula canal.

The Farming Systems Model

In this section, using a mathematical program-
ming model written in GAMS, with numerical 
parameters calibrated to the upper–middle 
reaches of the Mula canal, I explore the role 
of canal water prices on the water use on a 
 hypothetical medium-sized farm. Throughout 

17 The 14-day rule applies only to those parts of the 
canal system that are entitled to summer-season wa-
ter. In the 1990s, the Right and Left Branch canals 
were allowed summer water, whereas a third branch, 
Pathardi, was restricted to an 8-month supply.

18 The longer per-hour irrigation allowance at the tail 
end of the canal system is an attempt to compensate 
for the lower fl ow rate at the bottom third of long 
canal systems. The AI/DC ratio, which is the planned 
area irrigated per day cusec, is lower at the lower 
reaches and along the distributaries than at the high-
er reaches and along the main canal. (A day cusec is 
the volume of water fl owing at 28.3 l/s for 24 h.)

19 How to charge for groundwater is an ongoing debate 
in irrigation policy circles in India. Electricity is cheap 
and wells are often not metered. The Irrigation 
 Department knows that the wells within a canal com-
mand are recharged by canal leakage and it frustrates 
them that farmers do not pay for groundwater. An ob-
vious option is to raise electricity prices and meter the 
wells. Even if this were politically simple, which it is 
not, farmers could counter high electricity prices by 
switching to diesel-operated pumps. Diesel is subsi-
dized too, but raising diesel prices would affect  several 
other sectors (tractor power, transportation, residential 
electricity generation, etc.).
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India, Maharashtra included, canal water is 
charged at a flat per-hectare rate. For model-
ling purposes, I have assumed that canal water 
is priced per ha-cm (water depth per hectare, 
expressed in centimetres) and have converted 
the relevant per-hectare charges to per ha-cm 
equivalents.20 The 1.6 ha farm in the model is 
endowed with a male and a female adult, a 
specified allowance of canal water in each 
irrigation rotation, and a dug well. The farmer 
can irrigate from the canal, from the well or 
from both.21 He is assumed to be profit-
 maximizing,22 so the objective function maxi-
mizes the total on-farm profits over the 
agricultural year, subject to the constraints of 
land, family labour and the water available 
from the canal and the well.

The farm is modelled as a linear pro-
gramme with eight crops (year-long sugar-
cane; monsoonal sorghum and millet; winter 
wheat, sorghum and chickpea; and summer 
season early- and late-sown groundnut) 
over one agricultural year. With year-round 
irrigation, the same piece of land can sup-
port two, or even three, crops a year. Data 
on the technical coefficients, output prices,23 
input prices for hired labour, fertilizers, 
draft power, etc., and the demand and sup-

ply constraints for family labour and water 
are from field observations and cost-of-
cultivation surveys from 67 farm house-
holds. The resource constraints for labour 
and water are separately specified for each 
14–21-day period to accommodate the water-
delivery schedule from the canal and the 
seasonal nature of the agriculture.

As more water is made available per 
hectare, the yields of most crops increase, 
but at diminishing rates (Hillel, 1987). To 
keep the model linear and yet allow the pro-
duction functions to exhibit diminishing 
returns, the concave water-response func-
tions are broken up into between four and 
six linear segments. A crop with a lower 
water availability than its net irrigation 
requirement24 is treated, in effect, as a sepa-
rate crop with a lower water requirement, a 
lower yield and lower labour use. Crops 
have critical periods when water shortages 
cause a disproportionate fall in yields, 
which cannot be reversed by adequate irri-
gation at other times. For wheat, for exam-
ple, the most water-sensitive stages are 
crown root initiation and pre-flowering. To 
reflect plant physiology as accurately as the 
data allow, the rotation-wise water require-
ments take into account any critical growth 
stage a crop might have. The final model 
has 36 crops from which the GAMS solver can 
choose.

The model entitles the farmer to a lim-
ited amount of canal water, proportional to 
his irrigated acreage, at very low crop- specific 
prices. This approximates the modified 
rotational water allocation rule in the Mula 
canal system. The farmer may use all, part 

20 Without this volumetric charge assumption, the 
marginal price of water would be zero, and the 
model solution would not respond to varying pric-
es. Water prices in the model are lowest for grains 
and pulses, higher for summer-season crops such as 
groundnut, and highest for sugarcane – refl ecting 
the offi cial water charges. I have included taxes lev-
ied on irrigation water for sugarcane, for education 
and for the Employment Guarantee Scheme, as part 
of the ‘price’ of irrigation water.

21 In keeping with the geo-hydrological conditions of 
the Maharashtra plateau, the model well is shallow. 
The water column varies with the season, and is 
lowest in summer when crop water needs are at 
their peak.

22 A profi t-maximizing farmer is, by defi nition, risk-
neutral. The literature is divided on whether risk 
neutrality or risk aversion is a more realistic as-
sumption when modelling the small farmer. My 
fi eldwork on the Mula convinced me that risk neu-
trality was the more appropriate assumption for a 
median-sized (1.6–2 ha) farmer.

23 All prices are quoted in the 1992 value of a rupee: 
$1 = Rs 30, approximately.

24 The net irrigation requirement (NIR) is the crop-
 specifi c and location-specifi c water required for 
maximum yields, over and above effective rainfall 
and stored soil moisture (in a normal year). The sea-
sonal NIRs for the crops are: sugarcane 190 cm, 
monsoonal millet 25 cm, monsoonal sorghum 
30 cm, winter sorghum 38 cm, winter wheat 47 cm, 
gram 30 cm and groundnut 70–80 cm. These fi gures 
are from the Mahatma Phule Agricultural University 
and are averages calculated from three separate es-
timates. The crop-specifi c water-response functions 
in the model are derived from IARI (1977) and from 
unpublished studies at the Water and Land Man-
agement Institute, Aurangabad, Maharashtra.
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or none of his canal water entitlement in 
each rotation. The model thus reflects the 
voluntary demand structure of the shejpali 
tradition as well as the per-hectare quota of 
warabandi. In order to analyse the effect 
of higher canal water prices, three further 
assumptions have been made. First, in addi-
tion to the cheap and limited canal water 
entitlement, the farmer can buy all the extra 
canal water he wants at a higher price. In 
effect, the farmer has access to a cheap base-
line block of water and a second, higher-
priced tier over and above the baseline 
entitlement. Second, the farmer can use 
canal water from either tier to irrigate his 
sugarcane crop, even if he does not have 
an official ‘sanction’ for this crop.25 These 
assumptions are deviations from the actual 
irrigation rules, but the (hypothetical) effect 
of water prices on irrigation efficiency can-
not be isolated if strict physical quotas and 
crop-zoning rules are binding constraints 
on the farmer’s decisions.26 Third, the model 
represents an ‘average’ year, without price 
and yield fluctuations. This assumption has 
been added to keep the model tractable as it 
is already rich in agronomic detail.

Water prices are significant in the overall 
crop budget

Canal water prices are heavily subsidized for 
the farmers on the Mula – so much so that 
water costs are insignificant in relation to the 
crops’ per-hectare revenues. The surface flow 
rates in Maharashtra vary by crop so as to 
reflect (though loosely) the crop’s water 

requirement as well as ‘the ability of the crop 
to bear it’ (Pawar, 1985). In 1985, water 
charges were supposedly fixed at 6% of the 
average gross income for food and non-cash 
crops and at 12% of the average gross income 
for cash crops. In practice, they have fallen 
far short of this goal. For example, water 
costs for sunflower are 0.77% of its (average) 
gross margins27 per hectare; for winter wheat 
this proportion is 0.59%; for summer ground-
nut 1%; and for sugarcane 1.2%. Sugarcane, 
the most water-intensive of these crops, and 
the one to which critics of low water prices 
regularly refer, is in fact the least subsidized 
in terms of its relative water costs.

All the (previously cited) evidence on 
own-price elasticities suggests that water 
demand will not respond to price increases 
when the base price of water is so low. In addi-
tion, the existing system of per-hectare water 
prices means that the marginal cost of water is 
zero for each crop. It is true that higher water 
fees for water-consuming crops might induce 
a farmer to switch over to less water-intensive 
crops, or even to withdraw from farming alto-
gether. However, prices would have to be 
raised by several hundred percent before water 
costs reach even 5% of a crop’s gross margins.

An alternative proposal would be to 
physically ration the water given to agricul-
ture, and to each irrigated hectare.28 That is, 
no second tier of canal water could be bought. 
Recall that all the ways in which a farmer 
could respond to higher water prices – 
 fallowing land, switching crops, etc. – require 
him to lower his total or his per-hectare water 
use. Rationing would directly force him into 
a lower, and potentially more efficient, water 
use pattern. By comparing the farmer’s crop 
choices under low prices with rationing, and 
under successively higher water prices with-
out rationing, we can ask:

1. At what price are the farm-level irriga-
tion demands comparable with and without 
water rationing?

25 Another interpretation of this assumption is that 
there is only very loose enforcement of the crop-
zoning rules or the sugarcane sanctions. So once 
the canal water arrives, the farmer can use it as he 
wants. There is quite a lot of unsanctioned sugar-
cane in the Mula canal system, and many farmers 
do, in fact, supplement their well-irrigated sugar-
cane crops with canal water.

26 This issue is often blurred in the literature on water 
prices. If price-based rationing and quantity-based 
rationing occur together, the physical limit rather 
than the price could well be the relevant constraint 
to water use.

27  Gross margin means revenues minus variable costs, 
on a per-hectare basis.

28 The difference between this proposal and current 
 water-allocation laws is that current law calls for crop-
 pattern restrictions in addition to a water quota.
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2. Can we estimate the net revenues per 
unit of water applied29 under various water 
price and crop choice scenarios?

Figure 4.1 plots the net revenues per unit of 
water, the price of canal water and the on-
farm water demand from running the model 
at successively higher water prices. The x-axis 
shows the price per unit of canal water over 
and above the farmer’s baseline entitlement. 
The secondary y-axis shows the model solution 
for the farmer’s additional water use at the rel-
evant price.30 The primary y-axis plots the net 
revenues per unit of water applied, from the 

canal and the well, on the farm.31 Sugarcane is 
the crop with the highest annual water require-
ment, and agronomic experiments show that 
sugarcane has low returns per unit of water 
used, but high returns per unit of land (Rath 
and Mitra, 1989). Hybrid grain varieties and 
oilseeds generally yield higher revenues per 
unit of water applied. Therefore, a cropping 
pattern that is water use-efficient should have 
less sugarcane and more seasonal crops such 
as wheat.

In each price scenario in Fig. 4.1, the 
farmer is allowed a cheap but limited vol-
ume of canal water (the first tier) which he 
can apply to any crop. In the rationing sce-
nario, this is all he is allowed. The model 
solution shows that, when a farmer’s water 
is rationed according to proportional alloca-
tion rules, a 1.6 ha plot would have 0.56 ha 
of sugarcane (which has a growing season of 
12 to 14 months), and a winter–summer 
cycle of wheat followed by groundnuts on 
his remaining land. (This wheat–groundnut 
cycle is indeed common in the upper–middle 
reaches of the Mula.) If he can buy all the 
extra water he wants beyond the minimum 
entitlement, he grows 1.6 ha of sugarcane at 
a ‘second tier’ price of Rs 50/ha-cm and less 
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Fig. 4.1. Canal water prices and net revenues per unit of water.

29 ‘Net revenues per unit of water’ means the annual 
total on-farm profi ts divided by the annual total 
quantity of irrigation water used.

30 To explain in more detail, the x-axis shows the addi-
tional price of canal water for quantities above the 
baseline ration – i.e. it is the price of second-tier canal 
water. The average price of water actually paid by the 
farmer depends on the precise mix of baseline canal 
water, second-tier canal water and well water he uses. 
This average price will always be lower than the price 
of the above-the-baseline canal water shown on the 
x-axis. The primary y-axis shows the average value of 
water used on the farm – computed annually over all 
crops and using all three water sources. Ideally, we 
would like to compare the marginal price of water to 
its marginal value, but this rises and falls each month 
for each crop and could not be shown on a graph. We 
could also run this model for a farmer without a well, 
so that canal water prices would affect only canal wa-
ter demand. But since most median-sized farmers of 
this region do have wells, and the use of well water is 
affected by availability of canal water, such a model 
would not have yielded a realistic cropping pattern.

31 My assumption in the model is that the farmer’s ob-
jective function is to maximize his total farm profi ts, 
not the output or economic returns per unit of water 
used. However, ‘more crop per drop’ or ‘more value 
per drop’ are the goals of water effi ciency in agricul-
ture, which is what we want to measure here.
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and less sugarcane as water prices rise, and 
finally replicates the rationing crop pattern 
at a price of Rs 300/ha-cm. At Rs 150/ha-cm 
the water demand has dropped sharply, and 
at Rs 300/ha-cm the net returns to water are 
comparable to those under rationing. A rate 
of Rs 150/ha-cm represents a more than ten-
fold increase over the average price of the 
baseline water block.

For the near future, such severe water-
price hikes are unlikely to be suggested, let 
alone implemented. Farmers are numerous, 
and they vote. They object vociferously to 
price increases in water or electricity (The 
Economist, 1997), especially since such price 
hikes are usually unaccompanied by better 
or more reliable services. Price increases of 
this magnitude would have to be introduced 
in stages, and over time, at least in demo-
cratic regimes which are less able to imple-
ment swift policy changes (Dinar, 2000).32 
Nor would the urban population support 
rapid price increases, out of fear that their 
food costs would rise, or that national food 
security would be compromised. As Sampath 
(1992) points out, urban consumers of cheap 
food benefit at least as much from subsidized 
irrigation water as do the farmers. In short, in 
this region, significant price increases seem 
to be politically infeasible, and feasible price 
increases are economically insignificant.33

Finally, water fee collections on the 
Mula, as on most other Indian canals, are 
poor. Pawar (1985) estimates that major 
irrigation systems recover about 67% of 
their expected annual fees and minor sys-
tems recover just over 50%. The Irrigation 
Department’s own (unpublished) records 
show that, from 1977 to 1990, collections 
on the Mula ranged from a low of 15% of 
the expected annual total to a high of 64%. 
Had the uncollected balances been rolled 
over from year to year in the accounts, these 

percentages would have been even smaller. 
If canals in India have been unable to 
recover their annual operation and mainte-
nance costs, the state’s inability to collect 
water fees is at least as much to blame as 
the low water charges themselves.34

Farm-level inefficiencies are a significant 
part of overall inefficiencies

If higher water prices are expected to improve 
irrigation efficiencies, it seems reasonable to 
ask how inefficient water use at the farm 
level really is, and what the relationship is 
between water prices, main system manage-
ment and farm-level inefficiencies.

Farmers on the Mula canal – and in 
much of southern India – do flood-irrigate 
their sugarcane and grain crops, and they do 
allow water to spill beyond the borders of 
their fields. Rarely do they channel their 
water carefully through their furrows, or 
put a lot of labour into land preparation and 
levelling, as farmers trying to conserve 
water would do. The field channels are usu-
ally poorly maintained, allowing seepage 
and runoff losses, as even casual observa-
tion would reveal. These losses increase 
non-linearly down the system; seepage and 
evaporation reduce the flow rates to the tail 
end, and the slower flowing water then 
seeps out at an even higher rate.

It is now well understood that these 
local seepage and runoff losses are not nec-
essarily lost to the basin. In a pioneering 
paper, Frederiksen (1992) distinguished 
farm- and project-level efficiency from 
 system-level efficiency and argued that it 
was worth investing in irrigation efficiency 
in the lower reaches of a basin but not nec-
essarily upstream. This is because seeped 
water re-enters the system as return flow 

32 I raised the issue of raising irrigation water prices 
(just enough to cover the annual operation and 
maintenance costs) at the Command Area Develop-
ment Authority for the Mula canal. The response of 
the Chief Engineer was brief: ‘You must be mad.’

33 This situation is not unique to India. Empirical work 
on the Zayandeh Rud basin in Iran (Perry, 2001), for 
instance, had similar implications.

34 During my fi eldwork, new canal water rates were pro-
posed for the state of Maharashtra. They were modestly 
higher than the existing rates, but some farmers in the 
Mula canal system were unhappy with the proposal. 
When I mentioned this to the Sub-Divisional  Offi cer 
with whom I worked, he seemed genuinely  surprised. 
‘Why are they angry? They don’t pay us  anyway.’
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where it has instream uses or recharges the 
water table or can be diverted again. Thus, the 
water ‘saved’ in one part of the system, 
through price incentives or other means, 
may not be a net saving at all (Seckler, 1996). 
Bromley (2000) critiques the notion that 
irrigation water should be optimally used 
on the individual farm, and recommends 
that canal water be priced recognizing that 
it is a common property resource and that 
optimality is a system-wide concept.

Of course, some return flows become 
saline and unusable. On the other hand, 
water which recharges a well over which 
the farmer has complete control, and which 
can be used in the dry intervals between 
canal deliveries, has a very high marginal 
value.35 The farming systems model shows 
that, in the parched month of May, one 
additional inch (2.5 cm) of well water had a 
marginal value equal to 1/12 of the profits 
from a hectare of groundnut.

But let us assume, for the sake of argument, 
that most of the seepage and runoff is irretriev-
ably lost. What fraction of these losses occurs at 
the field level? Large canal systems in India 
consist of one or two main or major branches, 
then several distributaries that further divide 
up into minor branches, and finally a network 
of watercourses and field channels. Irrigation 
takes place at the level of the watercourses and 
field channels. Actual transmission losses are 
not measured (or at least, are not published) 
regularly in India, especially downstream of 
the distributary outlets. However, transmission 
losses in four canal systems of Maharashtra – 
just from the main canals to the distributary 
heads – have been estimated at between 10% 
and 59% (Rath and Mitra, 1989).

The Irrigation Department of Maharashtra 
measured the rates of flow down the length of 
the Mula canal to estimate its transmission 
losses – without taking into account any return 
flows – in the mid-1980s.36 The cumulative 
measurements of conveyance, evaporation 

and other losses37 along the canal were as fol-
lows: from the reservoir to the distributaries 
the flow had dropped by 35%; from these to 
the minor heads by 42%; and from the minors 
to the farms themselves by 65–70%. The 
farmer can be given price ‘incentives’ to be 
efficient with at most 30–35% of the irrigation 
water diverted from the reservoir. This is all 
the water that he has control over.

Farmers are inefficient in their water use 
because water is cheap

Locational asymmetry is a well-known phe-
nomenon along major gravity-flow systems 
such as the Mula. Downstream farmers get 
less water than their upstream neighbours, 
and to make matters worse, their water 
deliveries are often delayed. For example, 
water from the Mula canal is supposed to 
arrive at 21-day intervals for the winter crop 
season, and 14 days apart in summer. In 
spite of the more frequent water supply in 
the hot season, this is a period of great stress. 
The clayey soils of the Maharashtra plateau 
are normally water-retentive but by April 
they are dry and cracking, and pan-evaporation 
rates can be as high as 15 mm/day (Lele and 
Patil, 1991). Despite these conditions, 
planned and actual water deliveries move 
further and further apart as they proceed 
down the canal. Table 4.1 shows the actual 
delivery intervals for one particular water-
course in 1991, which was not even a tail-
end watercourse.

Many farmers openly admit that they 
take extra water and flood their fields gener-
ously when the water finally arrives. ‘I just 
grab as much water as I can,’ said a sugarcane 
farmer. ‘The government says that’s wasteful, 
that other people need water too. But what 
else can I do?’ And in the words of a smaller 
farmer, lower in the system: ‘The canal water 

35 The number of wells in the 360 ha study area in-
creased from 22 to 183 within 15 years of the canal 
being extended to the region.

36 The exact date is unclear. I obtained these data from un-
published reports at the offi ces of the Irrigation Depart-
ment, Government of Maharashtra, in Ahmednagar.

37 ‘Other’ upstream losses include illegal water diver-
sions, mostly for unauthorized sugarcane or for ir-
rigation outside the offi cial command area. Illegal 
irrigation is often not effi cient, but, if it goes un-
checked, it can hardly be made effi cient through 
higher water prices (Ray and Williams, 2002).
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is like the rain. It may come, it may not come, 
it may come late. If it comes, we are happy. 
But my brothers and I, we can’t rely on it.’

Farmers who do not know when to 
expect water, or have to plan for long dry 
intervals between irrigations, can be forced 
into stress-tolerant, possibly low-valued field 
crops. This is especially true of downstream 
farmers who typically have fewer oppor-
tunities for unauthorized irrigation, and of 
 farmers without access to supplementary 
groundwater. The irrigation literature fre-
quently implies that low water prices cause 
farmers to grow low-productivity crops such 
as lucerne and coarse grains, and that higher 
water prices would make them switch to, for 
example, vegetables and finer cereals. Water 
is cheap, and crops with low returns to water 
are grown, but such observations do not 
establish causation. An equally plausible 
hypothesis is that higher-productivity crops 
(such as groundnut or sunflower) need a 
steady supply of water at regular intervals, 
whereas crops such as millet or sorghum can 
make do with less water, less precisely 
timed.38 To isolate the effect of delays in the 

water-delivery schedule, the original farming 
systems model was modified as follows:

1. The wells were taken out, so that the 
impact of canal water deliveries could be 
evaluated from the perspective of the most 
vulnerable farmers – those without supple-
mentary groundwater. These farmers are 
entirely dependent on the canal, either 
because they are too poor to have a well or 
because the local hydrological conditions 
cannot support a well with reliable yields.
2. The arrival of water in a specific rotation 
was delayed, but compensated for in the 
next rotation. Therefore, the annual volumes 
of water delivered are unchanged from the 
original model.
3. Quantity restrictions were put in place; 
the farmers were not entitled to water over 
and above their first-tier allocations.
4. Water prices were kept low.

Three versions of the model were run, with 
delivery delays in March, April and May, 
respectively.39 In each case only one rota-
tion is delayed and the model treats the 
delay as anticipated. In reality, delays can 
be approximately known in advance (from 
past experience), or genuinely unexpected. 
In the second case, the effect on yields and 
revenues can range from a significant drop 
in yields to total crop failure. In the first 
case, which is modelled here, the farmer 

Table 4.1. Example of irrigation delivery intervals on the Mula canal.

Winter Interval (days)  Interval (days) 
irrigation No. (planned = 21) Summer irrigation No. (planned = 14)

1 Inapplicable 1 Inapplicable
2 18 2 20
3 26 3 18
4 31 4 24
5 27 5 34
6 24 – –

38 Other plausible hypotheses exist: fi eld crops or 
coarse cereals are grown because of labour con-
straints, or a shortage of cash or credit to buy inputs 
for the more profi table crops, or are needed for 
home consumption if the local grain markets are 
thin. In this section, I analyse only the effect of 
 irrigation delays. It can also be argued that poor 
farmers are risk-averse, that they choose crops with 
low returns to water and/or land rather than higher-
productivity crops whose yields may fl uctuate. The 
model solution shows that even risk-neutral farmers 
could choose to grow crops with low returns to 
 water and/or land with untimely water supplies.

39 I focus on these months because they are hot, and 
so the crops are most sensitive to delayed water de-
liveries. Delayed kharif season deliveries, by con-
trast, would usually be less damaging; and Irrigation 
Department records show that in the upper–middle 
reaches in the Mula canal system the irrigation de-
mand for kharif season crops is, in any case, low.
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can adjust his crop choices at the start of the 
season. The model solutions therefore rep-
resent the best-case delay scenarios. The 
solutions are explained in some detail to 
illuminate the connections between water 
deliveries and crop choices.

Figure 4.2 compares the cropping pat-
terns and the net revenues per unit of water 
on a 1.6 ha farm under the planned water-
delivery schedule, with those under late 
water arrivals in March, April and May. The 
water-delivery regime is shown on the x-
axis. The optimal cropped areas under 
wheat, groundnut and coarse cereals (mean-
ing, millet and sorghum) under each regime 
are plotted on the primary y-axis. These 
areas add to over 1.6 ha because of multiple 
cropping over three seasons. The returns per 
ha-cm of water are shown on the secondary 
y-axis. There is no sugarcane in these model 
solutions, not because of risk aversion or a 
desire for food security, but because of the 
high and year-round water needs of sugar-
cane. Sugarcane remained in the model as a 
crop choice, but with strict canal water 
rationing in place, it appears not to be a via-
ble option without a well or a ‘sanction’.

During informal conversations in the 
field, farmers without wells in the Mula com-
mand overwhelmingly preferred a winter–
summer rotation of wheat (average gross 
margin Rs 7500 at 1992 prices)40 and ground-
nut (average gross margin Rs 10,000). The 
coarser cereals (gross margins between Rs 

2000 and Rs 4500) were mostly grown on 
rain-fed land or if the water supply was inad-
equate for a larger groundnut crop.41 The 
model solution with no water delays reflects 
this ground reality, with its wheat- and 
groundnut-dominated cropping pattern. If the 
farmer expects a long dry spell in April or 
May, he opts for a smaller groundnut crop and 
a larger cereal crop – as well as a drop in his 
water productivity. But a delay in March is 
the most damaging of all. March is not a par-
ticularly water-demanding month, but that is 
when groundnut is planted, and when a pre-
sowing wetting is really critical. Figure 4.2 
shows that an irrigation delay in March can-
not be made up by extra water in April, and 
that the farmer is forced into a monsoon–
 winter rotation of coarse staples followed by 
wheat – a low-value combination. Land 
records confirm that this monsoon–winter 
food grain pattern was common in the region 
before the arrival of canal irrigation.

If farmers overirrigate as a hedge against 
future shortfalls, or accept low returns to 
land or water because their canal water 
deliveries are untimely, they are not going 

40 The numbers themselves are location-specifi c, of 
course.

41 Groundnuts are summer crops and coarse cereals 
are monsoonal crops. Nevertheless, they often 
compete for the same piece of land. If groundnuts 
are sown early, the land can be cleared in time for 
the monsoonal or kharif grain crop. If they are sown 
late, there is too short an interval between harvest-
ing the summer crop and sowing winter (rabi) 
wheat to support a kharif crop. The model solutions 
accurately refl ect the Mula farmers’ preference for 
the wheat plus late-sown groundnut crop cycle.
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Fig. 4.2. Water-delivery regimes, crop patterns and profits.
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to become efficient as a result of higher 
water prices. To what extent farm-level 
 inefficiencies – which certainly exist – are 
significant in relation to, or are themselves a 
response to, main system inefficiencies is a 
very important question. Irrigation water 
prices can affect only that water over which 
the farmers have some control, and only 
those inefficiencies which are caused by 
low water prices.42 In the current situation, 
higher water prices – if collected – are likely 
to lower farmers’ net revenues, but have 
only a marginal impact on overall water-use 
efficiency.

Water Prices versus Crop Support Prices

Finally, if we must look to the price mecha-
nism as a way to induce water efficiency, 
we should ask if water prices are the most 
relevant prices. In the Mula canal system, 
sugarcane is the cash crop of choice for both 
large and small landholders. The sugarcane-
crushing mills, which are given a subsidy 
per tonne of sugarcane processed, guarantee 
a high support price to sugarcane produc-
ers. There is thus relatively little price risk 
with sugarcane compared to other cash 
crops such as sunflower or groundnut. In 
1992, the average farm-gate price reported 
from this area was Rs 35/quintal.43 The sup-
port price guaranteed by the state of 
Maharashtra was Rs 29/quintal. The average 
producer’s cost, calculated from my own 
cost-of-cultivation surveys, was just above 
Rs 21.

Sugarcane is popular for its high and 
certain returns to land (the sugarcane-crushing 
factories pay farmers more than the govern-
ment support price), for its resistance to 
pests, and for its low labour requirements 
compared to water-efficient crops such as 
vegetables, oilseeds or spices. The program-
ming model of the representative farm was 
run again, this time keeping canal water 
prices at their low ‘first tier’ values, allow-
ing the farmer to buy as much water as he 
desired at those low prices, letting him 
choose to irrigate from the canal, from his 
well or from both, and parametrically vary-
ing the price of sugarcane. The difference 
between this model and the version that 
varied canal water prices is that, in this ver-
sion, first- and second-tier canal water has 
the same price. This model specification 
allows us to analyse the role of sugarcane 
prices in the absence of high water prices or 
water-quantity constraints.

The model solution shows that had the 
government not supported the price of sugar-
cane, or subsidized the sugarcane-crushing 
facilities, it would have been unprofitable 
for the farmers to grow sugarcane (Fig. 4.3). 
When sugarcane prices (shown on the x-
axis) fall, the area under sugarcane (plotted 
on the primary y-axis) and the water used 
on the farm (on the secondary y-axis) both 
drop sharply. A 14% drop in the price of 
sugarcane triggers a 28% drop in the water 
demand44 and the equivalent response 
would have required a nearly fourfold rise 
in the price of canal water charged at sugar-
cane rates. At sugarcane prices of Rs 25, 
even at low water prices, farmers would 
switch completely to a cycle of winter wheat 
followed by summer groundnut. That repre-42 The 1992 Planning Commission Report on  irrigation 

pricing, chaired by Professor A. Vaidyanathan, in 
fact, concluded that irrigation charges should be 
raised, but that improving the physical condition of 
the main system, the timeliness of water deliveries 
and a higher rate of fee collection are preconditions 
for higher prices to be effective (GoI, 1992).

43 A quintal is equal to 100 kg. At the time, this price 
represented an effective nominal protection coeffi -
cient (NPC) for raw sugarcane of almost 1.5. The 
NPC was computed through the procedure  followed 
by the World Bank to estimate the unsupported 
price of sugarcane as a fraction of the international 
price for raw sugar.

44 Although this hypothetical farm is endowed with a 
well, the model solution shows that the 28% drop 
in water demand is entirely from the canal. Well 
water is cheaper than canal water used for sugar-
cane, so the profi t-maximizing farmer uses up his 
well water before buying canal water. Similarly, 
 canal water is the fi rst source of water he cuts if he 
reduces his overall demand. As the farmer opts out 
of sugarcane altogether, canal water for seasonal 
crops and well water can be used interchangeably 
since they cost about the same.
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sents a water-conserving choice not induced 
by higher water prices.

Maharashtra produces about 14% of 
India’s sugarcane (by cane weight) and has 
approximately 12% of India’s cropped area 
under sugarcane (Pant, 1999). If the govern-
ment did attempt to remove the support 
price, it would find a powerful, well-
 organized and hostile opponent in the sug-
arcane-processing lobby (Attwood, 1985). 
Sugarcane-growing farmers, too, would be 
up in arms as the removal of price supports 
for raw sugarcane causes farmers’ net 
incomes to fall. As I have earlier argued, 
drastic rises in water prices may not be fea-
sible either – at least not over a short time 
period. A discussion on the comparative 
politics of higher water prices versus lower 
sugarcane prices is beyond the scope of this 
chapter. But the analysis presented here 
indicates that if we want to use price policy 
to reduce the demand for irrigation, or to 
induce efficient crop diversification, output 
rather than water prices may be an equally 
effective and a more direct route.

Conclusion

Economists are right when they point out 
that irrigation water prices are absurdly low 
compared with its scarcity value, and that at 
such low prices there is no incentive to con-
serve. However, it does not follow that rais-

ing water prices is the natural next step for 
developing countries such as India. From 
the perspective of the farmer who is sup-
posed to save the water, I have suggested 
that there are two broad reasons for this 
conclusion. First, in the short to medium 
term, canal water prices cannot be raised to 
the point where they can significantly affect 
water demand. The negative impact on farm 
revenues would be too drastic and the pol-
icy would not find broad support. Second, 
low water prices are often not the main rea-
son behind water-inefficient crop choices. 
Moreover, farm-level inefficiencies appear 
not to be the most significant inefficiencies 
on existing canals; nor are water prices the 
most significant prices driving irrigation 
demand.

A better first step would be to enforce 
simple allocation rules, such as a per-hectare 
ration that would make the scarcity value of 
water immediately obvious. This step, while 
hardly simple, could be more politically fea-
sible than raising prices sharply, because 
quantity restrictions are already the basis of 
water allocation in most Indian canals. The 
rules are rather loosely followed at present 
(Wade, 1982; Ray and Williams, 2002), but a 
concerted attempt to implement them better 
would be perceived as fair, and would have 
the support of many middle- and tail-end 
farmers. There is also considerable field evi-
dence that water users’ associations (WUAs) 
could be helpful in implementing water 
 allocation rules (Wade, 1988; Ostrom et al., 
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1994), though WUAs are no guarantee against 
inefficiency (Vermillion, 1997). Physically 
rationed water shares that are transparent 
and enforced can also free up water to be 
transferred to urban areas, or to increase the 
number of farmers with access to canal water, 
or to meet environmental needs.

Proponents of water pricing certainly 
recognize that the price mechanism has to 
be embedded in a carefully designed insti-
tutional framework (GoI, 1992; Sampath, 
1992; Saleth, 1997). From most of these 
analyses, however, it remains difficult to 
isolate the (efficiency) impacts of water 
prices from those of all the other recom-
mended physical and institutional reforms. 
More research is also needed on whether 
enforcing simple allocation rules would be 
more, or less, costly to administer than a 

completely new tariff structure; it could be 
that the cost of restructuring water charges, 
under a range of conditions, is higher than 
the expected efficiency gains (Tsur and 
Dinar, 1997). Yet, over the last two decades, 
and especially since the Dublin Principles 
declared water to be an economic good, the 
mainstream literature on water sector reform 
has been significantly focused on the need 
for higher water prices and more water 
trades. In this chapter, I have argued that 
water may be cheap, and that water use in 
agriculture may be inefficient, and that 
these are indeed problems. But the case 
study of Maharashtra shows that low water 
prices are often not the most immediate 
causes for irrigation inefficiency, and so we 
cannot conclude that ‘getting the prices 
right’ is the most appropriate solution.
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5 Thailand’s ‘Free Water’: Rationale 
for a Water Charge and Policy Shifts*

F. Molle

Introduction

Despite the success claimed for the irrigation 
sector in contributing to falling food prices, 
food security and raising farm income, irriga-
tion has, in the last two decades, elicited 
growing frustration in the community of aid 
agencies and development banks. A major 
reason for such sentiment is the low finan-
cial sustainability of the sector, which incurs 
recurrent rehabilitation expenditure and 
subsidies to operation and maintenance 
(O&M) that add to the large initial invest-
ment costs. A second reason is that agricul-
ture accounts for 70% of the use of water 
and, despite growing shortages, is seen to be 
bedevilled by very low levels of efficiency 
(the water effectively used is only a small 
fraction of the water diverted) that seem 
unacceptable in a time of growing needs in 
other sectors. In addition, farmers often 
apply large quantities of water to irrigate 
crops that have both high water requirements 
and a low return (typically, rice in Asia).

These problems of perceived low effi-
ciency, poor management and financial 
unsustainability have been addressed by a 
wide range of actions that include rehabili-
tation, modernization, improved technical 
management, participatory management, 
turnover and collection of water charges. 
The limited benefits obtained have spurred 

many proposals to tackle these problems 
with some economic tools and incentives, 
particularly in the aftermath of the Hague 
and Dublin meetings (Rogers et al., 1997).

In Thailand, water is supplied to agricul-
ture free of charge: water is best seen as a gift, 
traditionally linked to the good will or power 
of the absolute king, who mediates its supply 
from supernatural forces. Chonlaprathan, the 
Thai word for irrigation, embodies a notion of 
the royal gift. The Loy Krathong festival, in 
November, when offerings are put afloat on 
the waterways of the kingdom to thank the 
water spirits for the life that water brings, 
epitomizes the relationship between people 
and water. However, proposals for water pric-
ing in the country can be found as early as 
1903, in the General Report on Irrigation and 
Drainage in the Lower Menam (Chao Phraya) 
Valley, submitted to the Government of Siam 
by Van der Heide (1903), a Dutch engineer in 
charge of the Department of Canals:

A water tax could be levied, in a manner 
similar to the paddy land tax, over the 
whole area at present cultivated and the 
future extension of this area, as far as the 
fields are benefited by the [irrigation] 
system . . . water rates could in general 
be assessed in some proportion to the 
quantity of water utilized, and would 
most probably be a suitable taxation for 
dry season crops and garden cultivation.

126 ©CAB International 2007. Irrigation Water Pricing (eds F. Molle and J. Berkoff)
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The logic for pricing water may have, at that 
time, been borrowed from practices in Java, 
India or other Asian countries under colo-
nial rule. Likewise, in the post-World War II 
period when the International Bank for 
Reconstruction and Development funded 
the development of infrastructures in the 
Chao Phraya delta, the consultant in charge 
of the study saw no difference between irri-
gation supply and railways or electricity 
and stated that it would ‘not be a misuse of 
language or an exaggeration to describe the 
position [of Thailand] as extraordinary. . . . 
The Irrigation Department is thus unique 
among the commercial departments of the 
Government in Thailand in deriving no rev-
enue from its services and unique or nearly 
so in this respect, throughout the world’ 
(IBRD, 1950).1 Although, at the time, the 
Thai government had shown willingness to 
establish fees once the scheme would be 
completed and proper supply ensured to 
users (IBRD, 1950), the idea seems to have 
then vanished and only recently come to 
the fore. In the aftermath of the 1997 finan-
cial crisis, reform of the agriculture and 
water sectors was encouraged by both the 
World Bank and the Asian Development 
Bank (ADB), and the latter supported the 
definition of an ambitious plan aimed at 
introducing river basin management, ser-
vice agreements between the Royal Irrigation 
Department (RID) and users, cost recovery 
dubbed as ‘cost-sharing’, and legal disposi-
tions around a Water Law. This policy 
remained a dead letter for a set of reasons 
that cannot be easily untangled, but which 
includes resistance from line agencies, weak 
political support and the over-optimistic 
and often unrealistic nature of many of the 
proposals. Despite the setting of a policy 

matrix that defined commitment to succes-
sive milestones to be achieved, the process 
lost momentum before being eventually dis-
continued by the Thaksin administration.

In this chapter, I first examine the rele-
vance of the arguments for establishing 
water charges in the particular context of 
Thailand, and most particularly that of the  
Chao Phraya delta, the rice bowl of the coun-
try (Molle and Srijantr, 2003). In the first 
section, I address successively the role of 
pricing as: (i) a means to signal to users the 
economic value of water and hence regulate 
its use and avoid wastage; (ii) an instrument 
to reallocate water to crops with higher 
water productivity or to non-agriculture 
sectors; and (iii) a cost recovery mechanism. 
In the second section, I briefly examine 
reforms that failed in the past, and attempt 
to draw conclusions on both the potential 
charging for water and the way a policy 
reform process should unfold. Although 
unsuccessful, these attempts at reforming 
the water sector provide useful lessons on 
the constraints commonly faced by water 
pricing policies, particularly when they fail 
to fully appreciate the context in which they 
are to operate.

Before turning to these points, it is use-
ful to single out a few specific features of the 
Chao Phraya delta, on which the analysis 
will focus. Agriculture in the delta tradition-
ally distinguishes between the wet season 
(where rain is abundant, sometimes in 
excess, and irrigation merely a complement) 
and the dry season (when irrigation is a pre-
requisite to agriculture). The hydrology of 
the delta is very complex, since it includes 
numerous side flows and return flows, 
canals serving for both supply and drainage, 
generalized use of pumps, predominance 
of paddy with common plot-to-plot systems 
of supply, vulnerability to flooding, use of 
waterways for navigation, domestic supply, 
dilution of pollution load, etc. This defines a 
context with numerous uses and users where 
it is difficult to clearly identify both the 
sources of supply and the uses, and which is 
therefore little amenable to quantitative reg-
ulative mechanisms. Many of these features 
apply to other Asian deltas, particularly 
those of the Cauvery, Ganges–Brahmaputra, 

1 The consultant also underlined the value of charging 
for water in order to limit wastage and to control 
society’s demand for unsound projects: ‘Mankind 
values the things it has to pay for and thinks little of 
and uses wastefully the things it gets free. Moreover 
if water is supplied free, farmers who get no water 
will be unable to see why their neighbours should 
and the Government will be embarrassed by pres-
sure to carry out schemes regardless of whether they 
are sound or not.’
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Irrawaddi and Mekong rivers. On the other 
hand, the delta includes Bangkok and enjoys 
good transportation networks and rather 
efficient linkages to urban and export 
markets.

Water Pricing and Its Potential Roles 
in Thai Irrigated Agriculture

Dealing with unacceptable water wastage?

The statement that water is wasted when it 
is free or underpriced probably appears in 
one form or another in all papers and reports 
that address the issue of water pricing (see 
Molle and Berkoff, Chapter 2, this volume). 
This simple axiom has been disseminated 
widely by analysts like Sandra Postel (1992), 
who observes that ‘water is consistently 
undervalued, and as a result is chronically 
overused’, by development banks and agen-
cies (e.g. World Bank, 1993; ADB, 2000), as 
well as by many academics. In Thailand, an 
endless number of observers2 have taken it 
for granted, notably TDRI (1990) and 
Christensen and Boon-Long (1994), who 
posit that ‘since water is not appropriately 
priced, it is used inefficiently, and consum-
ers have no incentive to economize’. Several 
reasons, related to both theoretical assump-
tions and constraints to implementation, 
showing that such statement may be mis-
leading are reviewed here.

That rising water fees may be condu-
cive to water saving is shown by numerous 
experiences in the domestic and industrial 
water sectors (Gibbons, 1986; Dinar and 
Subramanian, 1997; Dinar, 2000). Since 

individual meters can be easily installed on 
pressurized pipe networks, volumetric 
charging is practical and users’ behaviour 
is generally affected by rising charges 
although, beyond a certain point, the elas-
ticity of water demand falls drastically. The 
facts that volumetric charging is a prerequi-
site and that it is not feasible in the short 
run in most large-scale irrigation schemes 
of Asia are well recognized in the literature. 
Yet, in Thailand, where most of the hydrau-
lic structures are rather crude, this evidence 
is generally glossed over and the potential 
benefits of volumetric charging are often 
assumed implicitly for pricing in general, 
as illustrated by the various statements col-
lected in footnote 3.

Since volumetric pricing at the indi-
vidual farm level is unrealistic, ‘water 
wholesaling’ in which water is attributed to 
groups of users, for example, to the farmers 
who are served by the same lateral canal, 
appears to be an attractive option. This 
alternative has the advantage of encourag-
ing farmers to act collectively to achieve 
reduced demand within the command area 
of their canal, and shifts on them the burden 
of solving conflicts and collecting a water 
charge. However, the effectiveness of such 
an arrangement rests on the possibility of: 
(i) defining and registering who the benefi-
ciaries are; (ii) designing a transparent allo-
cation mechanism at basin, project and farm 
levels; (iii) ensuring water supply to groups 
in accordance with an agreed service; and 
(iv) having Water User Groups that are in a 
position to perform all the tasks entrusted to 
them. Therefore, the wholesaling of water 
appears more like an option that would be 
made possible by a series of critical reforms 
spanning technical, legal, managerial and 
political domains, than a measure that can 
be put forward in a ‘non-mature’ context. In 
the case of Thailand, few, if any, of these 
prerequisites are met.

The policy framework supported by the 
ADB in the 1999–2001 period (see later sec-
tion) laid some foundations for establishing 
‘cost-sharing’ and defining ‘service agree-
ments’ between the RID and users that could 
amount to a kind of bulk allocation. Attractive 
in its design, the policy probably much 

2 How popular wisdom emerges can be sensed from 
the following declarations. An offi cial of the Minis-
try of Agriculture said: ‘Water should be priced in 
order to increase the effi ciency of its use in the farm 
sector’ (The Nation, 2000, 21 April); ‘Agricultural 
experts agree that water-pricing measures would 
help improve effi ciency in water use among farmers’ 
(The Nation, 1999, 17 February); the Director of the 
National Water Resources Committee observed: ‘In 
reality water is scarce, and the only mechanism to 
save water and encourage effi cient use is to give it a 
price’ (The Nation, 2000, 23 April); etc.
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underestimated3 both the technical difficul-
ties to define and ensure service agreements 
and the institutional/political transforma-
tions required (Molle et al., 2001). Even 
where bulk allocation was implemented as 
part of a programme of management transfer 
(as in Mexico and Turkey), was credited with 
some success and contributed to a better fee 
collection and financial situation, there is 
little evidence that significant water saving 
in land or water productivity or gains have 
resulted from these reforms (Murray-Rust 
and Svendsen, 2001; Samad, 2001).

Even if some kind of volumetric pricing 
were possible, prices would have to be set at 
a level high enough to have a bearing on 
farmers’ behaviour. There is, indeed, over-
whelming evidence from the literature that 
tariffs which reflect O&M costs and are eco-
nomically feasible are in too low a range to 
have any significant impact on behaviour 
(Gibbons, 1986; de Fraiture and Perry, 
Chapter 3, this volume; Ray, Chapter 4, this 
volume). An average water fee of B(baht)120/
rai (one rai = 0.16 ha) as proposed by the 
ADB policy (H&P and A&E, 2001) would 
amount to 5–7% of the farmer’s net income 
per rai. While not negligible, such a value would 
be unlikely to affect behaviour at the margin, 
assuming – for the sake of demonstration – 
volumetric and individual pricing, saving, 
say, 30% of water would increase the reve-
nue per rai by only 2%, a value much under 
the opportunity cost of the additional labour 
necessary to achieve such water savings at 
the plot level. It can therefore be safely con-
cluded that the proposed fee, based on area 
and set at half the estimated O&M costs, 
would have no impact on water use whatso-
ever, despite repeated claims to the 
contrary.

The second issue considered here is 
whether water is indeed wasted, and whether 

significant savings could be achieved, 
through pricing or other means. Recently, 
the Director-General of the Royal Irrigation 
Department on a Thai national television 
channel declared somewhat contritely that 
water efficiency was very low in Thailand 
and that this had to be remedied in the face 
of the water shortages experienced by the 
country. International agencies (and some-
times, in their footsteps, local officials) com-
monly report that Thai farmers are guzzling 
water or are showing water greed (The 
Nation, n.d.), furthering the general idea that 
efficiency in large state-run irrigated schemes 
is often as low as 30% (TDRI, 1990), and 
sticking to this overall vision without ques-
tioning it any further. Yet, research con-
ducted in recent years has shown that water 
basins tend to ‘close’ when demand builds 
up: most of the regulated water in the basin 
is depleted and little water is eventually 
‘lost’ out of the system when it has value 
(downstream requirements and environ-
mental services taken into account). There 
has been widespread recognition that focus-
ing on relatively low irrigation efficiency at 
the on-farm or secondary levels could be 
totally misleading (Keller et al., 1996; Perry, 
1999; Molle, 2004). When analysed at the 
basin level, closing systems are eventually 
found to operate with a high overall effi-
ciency during the dry season.

In-depth investigations in the Chao 
Phraya river basin (Molle et al., 2001; Molle, 
2004), most particularly in the delta, have 
shown that users and managers have not 
been passive when confronted with water 
scarcity but, on the contrary, have responded 
to it in many ways. Farmers have developed 
conjunctive use, dug farm ponds, drilled 
wells, closed small drains and invested in 
an impressive pumping capacity to access 
these sources. Dam managers have come 
under pressure to avoid dam releases that 
are in excess of downstream requirements 
and have improved management. Reuse of 
water along the basin and within the delta 
has developed to the point that, in the dry 
season, only an estimated 12% of the water 
released by the dams is lost to non-beneficial 
evaporation or outflow – effectively  recycling 
the ‘losses’ from excessive water diversions 

3 One of the consultants involved considered that the 
policy was not optimistic but ‘simply stated what, 
ideally, ought to be done, without claiming that it 
would be done’. This, however, implies that propos-
als are made on a prescriptive and idealized mode 
without taking into consideration the institutional 
and political context in which they are supposed to 
be inserted.
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in exactly the way that research elsewhere 
has found and predicted. Because of the 
tendency to focus on state-designed poli-
cies, all the endogenous adjustments to 
water scarcity that accompany the closure 
of a river basin are generally overlooked 
(Molle, 2004).

Irrespective of whether they pay for 
water or not, farmers are aware that water is 
valuable and scarce because they are directly 
confronted with the consequences of its 
scarcity, and have made significant invest-
ments in pumps, wells and ponds to tackle 
it. To squander water, farmers should first be 
in a position to access more water than they 
need, which is contradictory to the situation 
in the dry season, where cropping intensity 
is around 60% and where water shortages 
push farmers to actively look for alternative 
sources of water.

In the wet season, patterns of water 
use often differ. In many instances water 
management is geared towards getting rid 
or controlling the potential damage, of 
excess water, rather than saving water. 
Water use at the farm level may be waste-
ful, but this only reflects the fact that sup-
ply is continuous and abundant (with a 
zero opportunity cost) and that the water 
‘wasted’ was destined to flow back to the 
river anyway. Indeed, abundant water can 
ease management both to farmers and oper-
ators so that ‘wasting’ water may be the 
economic optimum given its zero opportu-
nity cost.

Finally, stating that water is ‘free’ misses 
the point that the majority of farmers have to 
resort to pumping to access water in the dry 
season (when saving water is an issue), to 
offset both the lack of water and the uncer-
tainty in delivery. Because of the costs 
incurred by these water-lifting operations, 
there is little likelihood that farmers (80% of 
farmers in the lower Chao Phraya basin have 
at least one pump set) will squander water 
(Bos and Wolters, 1990).

Shortages and crises are not due to a 
hypothetical low efficiency but to the insuf-
ficient control over interannual regulation, 
water allocation and distribution. The lack 
of strong technical criteria in managing 
dams and in allocating water to irrigation, 

the uncontrolled planting4 by farmers and 
the irresistible political pressures to which 
competition for water gives rise, lead to 
escalating risk and sporadic shortages. This 
does not dismiss the fact that efficiency 
gains are desirable but draws our attention 
to the inconsistency of the commonly stated 
relationship between farmers’ efficiency 
and water shortage.

Overall, it emerges that both the empir-
ical and theoretical justifications advanced 
to support the use of water pricing as a regu-
latory tool for saving water do not hold in 
the present case. On the one hand, water is 
not squandered as commonly assumed 
(adjustments to de facto scarcity occur), the 
overall efficiency of water use is high (reuse 
of return flows), and most farmers incur 
costs to access water that is, therefore, nei-
ther free nor wasted. On the other hand, 
theoretically, savings could be expected if 
pricing was volumetric and high enough to 
affect farmers’ behaviour, but this has not 
been verified.

Pricing as a reallocation tool

Improving irrigation efficiency is only one 
aspect of better using scarce water resources. 
Another potential benefit from water pricing 
could be to encourage a shift towards crops 
that are less water-intensive, and/or that dis-
play a better water productivity ($/m3), or 
towards non-agricultural uses. Volumetric 
pricing would directly penalize crops with 
high consumption of water, but it could also 
be possible to establish water charge differ-
entials based on crop type, that would 

4 The hopelessness of offi cials is apparent in public 
declarations: The Deputy Agriculture Minister report-
ed in early 1998 that ‘plantations in Nakhon Sawan, 
Tak and Kamphaeng Phet had increased to more than 
670,000 rai from a target of 190,000’ (Bangkok Post, 
1999, 13 January), while the RID Director admitted 
that ‘things are out of control’, with 330,000 rai under 
cultivation, against a limit set at 90,000 rai (The Na-
tion, 1999, 8 January). ‘Our major concern is that we 
have no effective measures to control the use of water 
by rice growers. The only thing we can do is ask for 
their cooperation to cut down rice cultivation.’
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encourage farmers to grow crops with lower 
water requirements. This runs into the same 
difficulties exposed in the preceding section 
regarding the elasticity of water use, the 
impact on farm income, and the constraints 
to metering volumes (crop-type-based fees 
escape this last constraint but face costs in 
monitoring effective land use). This ratio-
nale on crop selection often implicitly 
assumes that farmers do not diversify into 
field crops, vegetable or fruit crops because 
water is cheap or free, leading them to favour 
water-intensive crops (e.g. rice or sugar-
cane). This assumption also needs to be put 
in context.

In Thailand, the possibility of achieving 
water conservation by inducing a shift away 
from rice to field crops, which consume (ET) 
only 50–80% of the amount of water needed 
for rice, has long been underlined by policy 
makers and has formed the cornerstone of 
state projects aimed at fostering agricultural 
diversification (Siriluck and Kammeier, 
2003). This was already a recommendation 
of the FAO as early as the 1960s, as well as 
the alternative that ‘received the most atten-
tion’ from Small (1972), in his study of the 
delta. Such a concern has been constantly 
expressed for at least four decades. Even 
nowadays, it is not rare to hear officials com-
plaining off record, that ‘farmers are stub-
born’, that ‘they lack knowledge and only 
know how to grow rice’ and that ‘they 
oppose any change’, despite being shown 
the benefits they might expect from it. Crop 
selection, however, is a more complex issue 
than merely choosing the crop with higher 
return to land or water.

First, the rationale for induced shifts in 
land use is generally – implicitly or explicitly 
– based on average farmers’ income, over-
looking the aspect of risk, which is crucial in 
shaping farmers’ decision making. Even for 
irrigated agriculture, where yields are deemed 
to be more secured, risks in production are 
not negligible and include both agronomic 
hazards (diseases, pests, etc.) and a higher 
risk in marketing, further compounded by 
the higher requirements of cash input 
demanded by commercial crops. As a gen-
eral rule, the potential return of capital 
investments is strongly correlated to the level 

of risk attached to the activity undertaken 
(Molle et al., 2002). This is clearly exempli-
fied by Szuster et al. (2003) in their compara-
tive study of rice and shrimp farming in the 
delta. In other words, while cash crops may 
generate higher average returns, they are also 
subject to more uncertainty, either in terms 
of yields or farm-gate prices. Thus, only 
those farmers with enough capital reserve to 
weather the losses experienced in some years 
can afford to benefit from the average higher 
returns; others become indebted or go bank-
rupt. Shrimp farming in the delta, again, pro-
vides a good example of such a situation.

It could be argued, however, that the 
price of rice in Thailand is also unpredict-
able and that rice production suffers from 
uncertainty as much as other crops do. If the 
rice price does fluctuate, its crucial impor-
tance for the rural economy brings it under 
more scrutiny. Despite recurring complaints, 
echoed in newspapers, that rice farmers lose 
money when producing rice, the political 
ramifications of possible low prices and the 
outcry they instantaneously generate, largely 
shield them in reality from dropping under 
the break-even threshold.5 Ad hoc public 
interventions are always implemented when 
such a risk arises (even though their impact 
generally falls short of expectations, and 
benefits tend to be captured by millers and 
other actors in the rice industry). This does 
not hold, however, for secondary or marginal 
crops (that invariably include the desirable 
‘cash crops’), and complaints of scattered 
producers have little chance of being heard 
in case of depressed prices. A typical exam-
ple of such a cash crop is chilli, a rather capital- 
and labour-intensive crop, which can fetch 
B25/kg in one year (providing a high return) 
and B2 or B3/kg in the following year (with a 
net loss for farmers).6

5 In addition, rice can also be readily stored and used for 
own consumption, or provided to relatives and friends.

6 This situation differs signifi cantly from that of west-
ern agriculture, where fl oor prices or ‘intervention 
schemes’ are generally established to compensate 
for economic losses when these occur. In addition, 
western farmers generally benefi t from insurance 
(against exceptional yield losses) that comes with 
stronger cooperative and professional structures.
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Second, several other constraints to 
diversification related to production factors 
are faced by farmers: labour may be lacking; 
for example, the harvest of mung bean, a 
typical supplementary crop with no addi-
tional water requirements, is often a prob-
lem because of labour shortage; capital is 
often required to transform the land (e.g. 
conversion to shrimp farms or orchards) or 
to invest in microirrigation; specific skills 
are necessary and not easily acquired by an 
ageing farming population; markets may be 
limited or the farmers not linked to them. 
Third, the delta agroecology, including 
heavy soils with little drainage and flood 
risk, is overall not favourable to growing 
field crops especially if neighbours are all 
growing rice. Fourth, the overextension of 
irrigation facilities, fostered by consider-
ations of regional equity and by political 
patronage, makes it impossible to confine 
them to high-return agriculture only.

The last point is noteworthy. Farmers 
are expected to behave as rational profit-
maximizers and they are not directly con-
cerned with water productivity ($/m3) but, 
rather, by the net income per unit of land 
($/ha) as well as by the risk attached to a 
given crop or activity (Wichelns, 1999). 
There are several alternative crops to rice. 
A first group – vegetables, fruits and flow-
ers – fares better in terms of income, water 
productivity and absolute water consump-
tion. A second group – field crops, such as 
groundnut, mung bean and maize – uses 
less water, and may have better water pro-
ductivity, but is generally less profitable 
and/or riskier with regard to selling prices. 
A third group – fruits in raised beds, aqua-
culture – includes crops with better income 
and water productivity but higher consump-
tion of water. Considering these various 
options it is clear that water productivity 
may or may not be increased by a profit-
maximizing cropping pattern.7

Siriluck and Kammeier’s (2003) study 
of a large-scale public programme aimed at 
encouraging crop diversification in Thailand 
showed that such interventions are met with 
mixed success and are not flexible enough 
to adapt to different physical and socio-
 economic environments. In many instances, 
the attempt by extension workers to meet 
the ‘targets’ ascribed by the project has led to 
inadequate investments and choices, some-
times resulting in debts or bankruptcy. It is 
doubtful that ‘pushing’ for more diversifica-
tion is eventually beneficial. Decisions 
should be made by farmers, based on their 
own appreciation of their environment and 
left to market mechanisms, in order to avoid 
exposing non-entrepreneurial farmers to 
bankruptcy. Evidence of the dynamics of 
diversification in the delta (Kasetsart 
University and IRD, 1996; Cheyroux, 2003; 
Molle and Srijantr, 2003) points to the fact 
that farmers display great responsiveness to 
market changes and opportunities (a point 
definitely confirmed by the recent spectacu-
lar development of inland shrimp farming: 
Szuster et al., 2003). Good transportation 
and communication networks allow market-
ing channels to perform rather efficiently. 
Farmers will shift to other productions if 
uncertainty on water and sale prices is low-
ered. Time and again, Thai farmers have 
shown dramatic responsiveness to con-
straints on other production factors, such as 
land and labour for example (Molle and 
Srijantr, 1999), and have already sufficiently 
experienced the scarcity of water to adapt 
their cropping patterns, should conditions 
be favourable. Inducing crop shifts by rais-
ing differential fees to the level where they 
might be effective would substantially 
impact on farm income and critically raise 
economic risk, which is precisely the main 
factor that hinders diversification. While 
some potential may remain unrealized it is 
very unlikely that water would be a main 
constraint, or that pricing it would result in 
any significant shift.

The reallocation of water towards more 
beneficial uses can also occur across sectors. 
The issue is somewhat simpler, as few object 
to the fact that domestic and industrial uses 
are to receive priority over irrigation. Here 

7 An example of this contradiction can be found in 
Iran, or in Egypt, where rice appears as a productive 
and profi table crop, while being water-intensive, 
presenting a ‘headache issue’ (El-Kady et al., 2002) 
to managers.
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again, differential prices could theoretically 
help reallocate water, although water mar-
kets8 are generally seen as being more effi-
cient in theory. While the literature seems 
to underscore that there are significant poten-
tial economic gains to be expected from such 
transfers, it is apparent that in Thailand, 
this reallocation does occur and that non-
 agricultural activities are very little constrained, 
if at all, by lack of water. While the impact of 
the transfer of water out of agriculture is an 
important question (Howe et al., 1990; 
Rosegrant and Ringler, 1998), leaving open 
the question of compensation, reallocation is 
taken care of by the state in several ways, as 
shown by the case of Bangkok Metropolitan 
Area (BMA): the growth of BMA generated 
a rise in demand from 0.46 million m3/day in 
1978 to approximately 7.5 million m3/day 
in 2000, a 16-fold increase in 22 years (Molle 
et al., 2001). This has been made possible 
not only by increasing the share of the Chao 
Phraya flow allocated to the city (up to 45–
50 m3/s) but also by using groundwater, with 
an average extraction around 3 Million m3/day 
(TDRI, 1990). Future demand will be met by 
a recently completed canal which transfers 
water from the adjacent ‘water-rich’ Mae 
Klong basin (with a planned capacity of 
45 m3/s to be reached in 2017).

This shows, first, that the priority given 
to Bangkok has readily translated into an 
increased diversion of surface water (to the 
detriment of irrigation to the extent that it 
reduces the amount available in the dry sea-
son), and, second, that the impact of the 
shift has been mitigated by allowing indus-
tries to mine deep aquifers (at the cost of 
land subsidence and sustainability). Water 
from the Mae Klong basin will allow 

Bangkok to face future growth in demand, 
although possibly at a higher capital cost in 
economic terms than might have been pos-
sible if more water had been diverted out of 
agriculture in the delta area. This illustrates 
that Bangkok’s needs are attended to in pri-
ority and that – despite its larger share in 
total water use – agriculture largely gets the 
leftover water in the system. Commentators, 
however, keep on asserting that the state has 
proved inefficient in centrally allocating 
water to the most beneficial use.9 It is inter-
esting to note the ubiquity of this argument 
even in settings where this problem has 
been handled relatively successfully.

Pricing and Cost Recovery

Justifications for cost recovery are diverse. 
One argument is that irrigators form a seg-
ment of society that has benefited from a 
specific capital investment by the state and, 
as such, are expected to channel back to the 
nation a part of the profit generated. If this 
logic of ‘reimbursement’ is often justified by 
notions of equity (redistribute part of the 
profits of those benefited), ideology (state 
involvement should be limited) or financial 
clarity (activities must be turned autono-
mous), shifts in public policy are generally 
motivated by more mundane reasons of 
‘financial drought’. We will examine here 
the rationale for cost recovery, as applied to 
the case of Thailand.

8 A market is unrealistic in the present situation given 
the lack of control over volumes and of connectivity 
between users. The assertion that ‘if the price of rice is 
low, [Thai] farmers would be happy to cede their right 
to industrialists’ (Wongbandit, 1997) not only runs 
counter to the evidence that industrialists or  cities are 
anyway served fi rst, but also that physical constraints 
make such a reallocation impossible. How would the 
‘rights’ of a group of farmers in, say, Kamphaeng Phet 
(middle basin) be transferred to a given golf course or 
factory in the suburbs of Bangkok?

9 A typical example is provided by Christensen and 
Boon-Long (1994): ‘[A] concern which could raise 
problems in the area of basin management involves 
the authority of the basin authorities to impose allo-
cation priorities. . . . The burden of proof for such an 
initiative is to show that command and control could 
result in better allocations and less market failure.’ 
Israngkura (2000), for his part, considers that ‘the re-
turns on the irrigation dam investment have been 
low due to the lack of effective water  demand man-
agement that could prevent less productive water 
utilisation’. This suggests that the assumed low return 
of irrigation has deprived other potentially more 
 productive use, whereas irrigation is, in fact, largely 
 allocated the leftover in the system.
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Equity, redistribution and the overall 
arithmetic of rice production

A first line of debate is about whether, indeed, 
irrigated agriculture can be said to have bene-
fited from a preferential treatment within the 
national economy and, thus, whether – out of 
a concern for equity – water pricing as an 
additional government tax is justifiable as 
means to: (i) return part of its value-added to 
government coffers; or (ii) allow, in particu-
lar, further investments in the non-irrigated 
agriculture sector (FAO, 1986).

It is necessary, therefore, to examine 
whether irrigated agriculture, and in partic-
ular rice cultivation, is – overall – subsidized 
or taxed. Thailand has long chosen to tax 
its agricultural exports (Schiff and Valdés, 
1992) and to recover her investments in irri-
gation through indirect mechanisms (Small 
et al., 1989). The revenues siphoned by the 
state off rice cultivation through the mecha-
nism of the rice premium, between 1952 and 
1986, have been estimated at 25% of all rural 
income (Ingram, 1971; Phongpaichit and 
Baker, 1997) and it is clear that rice farmers 
have indirectly paid back more than any 
realistic water fee. It was estimated that in 
1980 these indirect revenues amounted to 
three times the O&M costs (Small et al., 
1989) while capital cost recovery reached 
uncommon levels. Indirect taxation may be 
inequitable but is quite efficient since it 
avoids the costs of collection and the possi-
ble corruption that may come with it 
(Hirschman, 1967). Because declining food 
prices in the last two decades (driven, in 
large measure, by the increase in reliable 
production from irrigation investments) 
have depleted the surplus that could be 
extracted from agriculture, these indirect 
revenues have now dwindled down, being 
captured as consumer surplus.

This questions the rationale used by 
consultants to support cost recovery: ‘Thai 
taxpayers are paying B35 billion a year to 
run RID. If this is worthwhile to the farmers 
then why should the taxpayers have to pay 
for RID?’ (H&P and A&E, 2000). This ques-
tion stems from a narrow definition of what 
‘taxpayers’ pay for and ignores the more 
global arithmetic of sectoral taxes, subsidies 

and cross-subsidies, not to mention the dis-
tribution of benefits to consumers and mul-
tiplier effects in the economy. Indeed, rice 
farmers have probably contributed more to 
the rest of society than they have received 
from it, both through taxation and impact 
on rice market prices.

One might argue, however, that this 
holds for the past but that the situation has 
changed. Leaving aside the argument that 
the water subsidy could be seen as a (small) 
compensation for the past pattern of indi-
rect, yet heavy taxation, a water fee could be 
now construed as a charge reflecting the 
costs of providing irrigation water. This 
argument differs, depending on whether one 
considers that: (i) the disappearing of the 
premium reflects an increasing rice supply 
in the international market and a decline in 
real price (squeezing farmers’ income and 
rendering the extraction of surplus unsus-
tainable); or (ii) it stemmed from the grow-
ing political clout of a rent-seeking rice 
sector. Since the evidence unambiguously 
points to the first interpretation (Isvilanonda, 
2001), this can be taken as an indication that 
rice incomes are now squeezed and that fur-
ther taxation would have substantial socio-
economic and political implications.

Another major argument regarding 
equity is that of discrimination against rain-
fed agriculture, resulting from both the sub-
sidies in capital costs and the supply of free 
water, since the irrigated sector can produce 
more per unit of land than rain-fed agricul-
ture and better absorb the impact of declin-
ing rice prices driven by overproduction 
(and, initially, by taxation). Such concern for 
equity is often mentioned by officials and 
ADB consultants (‘60% of the budget of the 
Ministry of Agriculture went to 20% of farm-
ers’ provided with irrigation). This militates 
for closing the gap between the two sub-
 sectors, for example, by having irrigators 
bearing the cost of water delivery. This argu-
ment is valid when applied to the initial 
phase of irrigation development, when rain-
fed farmers disproportionately bore the costs 
of the rice premium and low prices, although 
this was smoothened by the fact that rain-fed 
production was mostly for home consump-
tion and little for the market. In addition, 
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 initial differences have now been evened out 
by the evolution of farming systems: in the 
mid-term, average farm size and the degree 
of farm fragmentation at inheritance appear 
to be in line with the average income derived 
from a unit of land. Molle et al. (2002) have 
studied three sub-areas of the Chao Phraya 
delta where cropping intensities and return 
to land per year markedly differ. The study 
showed that differences in annual land pro-
ductivity were largely compensated over 
time (albeit not fully) by growing differences 
in farm size, family size (linked to the rate of 
migration) and pluri-activity which partly 
rebalance final farm incomes.

Rice as a global commodity

Another relevant issue is the international 
dimension of subsidies, as many of these 
commodities, notably rice, are traded in 
international markets. The insistence on 
having farmers pay the ‘real’ cost of water 
can first be questioned when European and 
American agriculture is admittedly heavily 
subsidized (Sarker et al., 1993; Baffes and 
Meerman, 1997; CRS, 2002). This applies 
especially for crops that compete in interna-
tional markets – here the price is substan-
tially set by the lowest (net)-cost producers  
– and it is not clear why developing coun-
tries should adopt policies which are not 
part of the agenda of their western or East 
Asian competitors. The US Congress, for 
example, provided $24 billion between 
October 1998 and 2001 to shield growers 
against low prices and crop disasters (The 
Nation, 2001). In May 2002, another 10-year 
$190 billion farm bill was signed by 
President Bush. This concerns, in particu-
lar, rice production whose revenue includes 
a share of 50% of subsidies (USDA, 2001, 
web site). Complying with orthodoxy (full 
operational cost recovery and ‘real’ factor 
prices), on the one hand, and disregarding it 
entirely, on the other, through intervention 
when benefits get squeezed by declining 
prices, illustrate that a real-cost regulated 
market is not yet in place for reasons that 
are far broader than water pricing.

An additional difficulty for Thai rice 
farmers comes from their wide linkage with 
international markets. Whereas in many 
markets a change in input prices is readily 
passed on to the consumers, albeit partly 
depending on the structure of the market, 
this does not easily occur for commodities 
where producers mostly operate as ‘price 
takers’, for example, because of links to 
international markets. In the case of rice, 
the Thai farm-price elasticity relative to the 
world-market price is 0.8 (Sombat Saehae, 
by e-mail, January 2000, personal commu-
nication). It follows that farm-gate prices are 
predominantly driven by the world market 
and that internal balancing mechanisms to 
reflect changes in factor prices are critically 
constrained, to the detriment of producers.

O&M expenditures, financial drought 
and payment for service

The need for ‘cost-sharing’, however, may 
become more pressing when the government 
is faced with financial squeeze and seeks to 
reduce expenditure, while the deterioration of 
irrigation facilities impinges on productivity 
and farm income, and gives way to costly 
recurrent rehabilitation programmes. Such 
deterioration appears relatively limited in the 
present case (RID’s maintenance, especially in 
the Central Region, can be considered quite 
good if compared with many other countries), 
and there is no evidence that financial 
squeezes, even after the 1997 economic crisis, 
have drastically altered RID budgets or its 
capacity to carry out maintenance work. In 
Thailand, O&M costs are said to correspond to 
a ‘huge drain on the national budget’ (H&P and 
A&E, 2001) but these costs must be put in con-
text10: the potential gains from the cost-sharing 
policies proposed represent 0.37% of the 
value of Thai agricultural exports, 0.27% of 
Thai government expenditures or 15% of the 

10 The proposal by ADB’s consultants was to set up a 
tentative fee of B120/rai in pilot projects. This value 
was intended as a compromise derived from the 
total estimated O&M costs: B522/rai, out of which 
B210 were true direct costs (H&P and A&E, 2000).
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RID budget itself. Savings of 0.27%, not con-
sidering the transaction costs corresponding 
to the collection of fees, may be not negligible 
but certainly not considerable when compared 
with the political risk attached to it. Thus, it 
seems that the financial squeeze that was one 
of the major drivers of the Philippine NIA and 
of the Mexican reforms is not (yet) a crucial 
incentive to change in the Thai case.

An important distinction must be made 
between cost recovery that goes to the gov-
ernment coffers, and irrigation financing, 
that is the provision of funds actually used 
for irrigation costs (Small, 1996). Surprisingly, 
the Royal Irrigation Act of 1942 recognized 
this fact early. It made it legally possible to 
charge users for water (despite fixing unreal-
istically low limits), but stipulated that col-
lected money could not be considered as 
state revenue and should constitute a special 
fund to be put back into the development of 
irrigation. If this is the case, and if users are 
granted partial or total control of the alloca-
tion of these funds, then incentives to pay 
and limit degradation are created and a sense 
of ‘property’ may emerge. More generally, it 
is the potential role of pricing at the interface 
between line agencies and users, which 
deserves emphasis (see next section).

Raising fees that only contribute to the 
government income is a measure that is not 
conducive to internal improvement and is, 
therefore, a decision pertaining to the design 
of the tax system as a whole: making users 
bear a part of O&M costs is helpful in inter-
nalizing costs from the point of view of the 
government, but shifting this financial bur-
den has to be reasoned, based on wider pub-
lic objectives of poverty alleviation and 
wealth redistribution, sectoral policies, pos-
sible treasury difficulties and political risks, 
which are all dependent upon the context of 
each particular political economy. Schiff 
and Valdés (1992) showed how governments 
are caught up in a web of contradictory 
goals, including protecting farmers, protect-
ing consumers from high food prices, raising 
revenues through taxation and ensuring the 
competitiveness of economic sectors in the 
world market. This makes decision making 
more complex than just embracing the prin-
ciple of cost recovery. The question raised 

here is how governments can change their 
policy, for example, from providing public 
goods for free to charging for it, without pro-
viding compensation.

To conclude this section it is interesting 
to draw a parallel between charging for irriga-
tion water and charging for groundwater use. 
Charging for groundwater use is backed by 
strong economic justifications because of the 
critical costs of overdraft in terms of land 
subsidence and increased flood risk and dam-
age. Yet the constraints faced in establishing 
such charges illustrate what is at stake. 
Groundwater use mostly concerns industries 
in BMA and has remained admittedly under-
priced, largely because of the political clout 
of both the Federation of Thai Industries.11 
All in all, charging for irrigation water use 
may be a more difficult business – both 
socially and technically – than charging for 
groundwater, which lends itself much more 
easily to control and volumetric charging.

Recent Attempts to Reform the Water 
Sector and Future Prospects

Further to the 1997 financial crisis, Thailand 
obtained a $600 million loan from both the 
ADB and the Japanese Bank for International 
Cooperation under the name of Agriculture 
Sector Program Loan (ASPL), conditional 
upon acceptance of some principles and a 
reform of the water sector (RWS). A policy 
matrix was defined, showing commitment 
and successive milestones to be achieved. 
The RWS was designed by consultants to the 
ADB and issued in March 2001. It included 
several components (H&P and A&E, 2001):

● Strengthening of the Office of the National 
Water Resources Committee (ONWRC) 
and transforming it into an apex body;

11 The federation opposed a gradual rise of the ground-
water price (from B3.5 to 8.5/m3, in an attempt to 
catch up with tap water at B12.5/m3), stating that a 
price of B5 would ‘lead to hardship’. Recently, the 
Thaksin administration seems to have adopted a more 
energetic stance and given deadlines for the phasing 
out of wells in areas where pipe water is available.
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● Decentralization of water management 
to river basins;

● Watershed protection strategy;
● Setting of performance indicators and 

service standards;
● Participatory irrigation management 

(PIM) and definition of farmers as cli-
ents rather than beneficiaries;

● Cost-sharing of O&M;
● Reorganization, decentralization and 

privatization of RID.

In parallel, the National Water Resource 
Committee was drafting a Water Law which 
was supposed to encapsulate many of the 
crucial aspects of this ambitious reform, 
notably the establishment of River Basin 
Committees (RBCs), and the separation of 
the water policy, management and O&M 
functions. It is beyond the scope of this 
chapter to discuss the merits of the proposed 
reform but the aspects of cost-sharing, ser-
vice agreements and participatory manage-
ment are relevant to our current discussion.

The RWS aimed at establishing a con-
tractual relationship between RID as pro-
vider and farmers as clients. It was expected 
that such agreements duly defined through 
established standards and monitored 
through performance indicators would sig-
nificantly increase the quality of delivery, 
thus justifying the principle of cost-sharing 
put forth (as opposed to cost recovery). This 
would set in motion a virtuous circle 
whereby farmers would get financial auton-
omy and better service, while participating 
fully in the definition of operational targets 
and maintenance priorities. This virtuous 
circle is well identified in the literature 
(Small et al., 1989; Small and Carruthers, 
1991; see Molle and Berkoff, Chapter 1, this 
volume) but it has several prerequisites that 
were overlooked in the RWS.

The first crucial weak point of the 
reform was that there was no provision to 
ensure that RID will deliver water, follow-
ing standards of service agreed upon. By 
failing to link RID’s financial income to 
such service, no drastic pressure would be 
put on RID to reform its management and it 
is highly doubtful that raising their aware-
ness of the necessity of change by seminars 

or capacity building would be sufficient to 
ensure this. When fees contribute signifi-
cantly to the salary of the officials of the 
agencies, or are used to pay field staff who 
are selected by the users themselves, there 
is a real change in the governance pattern of 
irrigation. This, of course, was the most 
contentious part of a reform and the one 
that was likely to be compromised.

Service agreements were supposed to 
be established between users and RID but 
little was said about whether the existing 
human and physical capacity needed to 
achieve this, exists or not. After the early 
overemphasis on structural aspects, it has 
now become all too common to disregard 
the physical dimensions of management 
and to overlook their impact on reforms 
(Briscoe, 1997; Facon, 2002). Water manage-
ment in the Chao Phraya basin is con-
strained by various aspects, including 
the lack of control over abstraction along the 
waterways, the occurrence of side flows, the 
crude technical design of most hydraulic 
regulation structures and the development 
of conjunctive use by farmers (Molle et al., 
2001; Molle, 2004). This makes the defini-
tion of service agreements at lower levels 
extremely problematic. The RWS made no 
provision to ensure that hydraulic regula-
tion was up to the task envisaged. It just 
assumed that ‘farmers will receive improved 
irrigation service delivery. Farmers need to 
feel confident that service is being improved’ 
(H&P and A&E, 2001).

Initial service agreements were to be 
developed at the project level between RID 
and Water User Groups (WUG): ‘[A]s soon as 
WUG get ready . . . as federation of water users 
moves up the system, to IWUGs and WUAs, 
service agreements will move with them.’ This 
was the second weak point of the reform. As is 
the case in many failed reforms of PIM, farmer 
organizations are first built at the tertiary level. 
This is easily accepted by irrigation agencies 
because they usually have no interest in what 
is occurring beyond the tertiary turnout and 
blame for deficiencies can then be placed if 
required on the farmers themselves. Since cer-
tainty in supply at the tertiary level generally 
depends on allocation and distribution at 
higher levels in the system and cannot be fully 
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ensured, farmers soon discover that there is 
nothing to be managed and that they are wast-
ing their time. Present reforms still consider 
water management at the tertiary level and 
maintenance as crucial issues but these may 
actually have lost importance in the eyes of 
farmers. As a result of the ongoing decentral-
ization process, local administrations have 
seen their budget increasing and are now 
using the resources under their control to fund 
maintenance (notably mechanical ditch 
dredging). Likewise, the organizational needs 
of water management have been radically 
changed further to the introduction of direct 
seeding in lieu of transplanting, the develop-
ment of secondary water sources and the 
spread of pumps. This has weakened the exi-
gency of collective action and fostered indi-
vidual strategies.

In contrast, the issue that has gained 
prominence in a context of water scarcity is 
the allocation of water in the dry season 
(Molle, 2004). The process towards involv-
ing users in management should be initi-
ated by allowing a transparent allocation 
process in which users would have repre-
sentatives at each level (main canal level, 
scheme level, plus the delta and basin lev-
els for farmers in the Chao Phraya delta). 
The definition of (seasonal) entitlements in 
which users have a say (as a first step to 
defining water rights) is the preliminary 
step to the definition of service agreements. 
Such agreements must be accompanied by a 
technical capacity to operationalize them, 
to monitor distribution and to assess 
whether the actual and the agreed supply 
match. This, again, has technical, manage-
rial, legal and political implications that 
need combined support from the govern-
ment, the political class and the society, 
which does not seem to be forthcoming. 
A part of RID officers’ foot-dragging in con-
sidering the issue might be linked to the fact 
that establishing service agreements and a 
water charge may eventually backfire, in 
that farmers would be given ‘the legal stand-
ing to bargain forcefully with the water con-
veyance bureaucracy for timely and efficient 
service’ (Rosegrant and Binswanger, 1994).

The reform process initiated under the 
ASPL has been phased out during 2002 and 

2003. Pilot projects have been implemented 
partly, and without supervision, leading to 
no real change. Cost-sharing policies and ser-
vice agreements have disappeared from the 
front scene. The draft Water Law has been 
shelved. The restructuring of RID has been lim-
ited to measures such as the non-replacement 
of retiring staff. Only the setting of RBCs has 
proceeded, under the guidance of the ONWRC. 
At present, however, RBCs still lack the for-
mal recognition that would give them more 
importance than a mere consultative forum. 
The failure of the reform can be partly attrib-
uted to some of its internal weaknesses (over-
optimism, structural constraints to the 
definition of service agreements, misplaced 
emphasis on building from the tertiary level, 
etc.) but was chiefly undermined by the lack 
of support from the Thai side, from both 
bureaucratic and political quarters. Its final 
dismissal came with the decision of the 
Thaksin administration to discontinue loans 
from the ADB. This failure exemplifies disre-
gard of what Briscoe (1997) considers the 
first requirement for reform: that there be a 
demand for it. However sound and well 
intentioned they may be, reforms decided 
and imposed by external institutions have 
little chance of succeeding.

In addition to the lack of strong political 
commitment and support, and of structural 
rehabilitation, the reform failed to ensure the 
crucial point of financial autonomy. Financial 
autonomy makes the water charge a ‘glue fac-
tor’ in a wider process of transfer of responsi-
bility to users, who can decide on the hiring 
of staff and the priorities in maintenance 
which are ensured by their own funds. This 
factor, crucial in the Mexican reform, was 
absent from the ASPL and raises the question 
of whether a partial reform can achieve par-
tial benefits or whether it is doomed to failure 
because of the absence of crucial linkages in 
the virtuous circle to be created.

Conclusions

Pricing mechanisms are often held as a 
potential tool to help ‘rationalize’ the use of 
water in ways that increase the economic 
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efficiency of both water use and allocation. 
Application of such measures has been met 
with some success in the domestic and 
industrial water sectors but has so far failed 
to produce convincing examples in the 
large-scale public-irrigation sector of devel-
oping countries. In the particular case of 
Thailand, both the rationale and the applica-
bility of such measures were found to be 
problematic.

The idea that water waste would be a 
consequence of the non-pricing of water was 
little supported by evidence. The closure of 
river basins, most notably the Chao Phraya 
basin, is accompanied by reductions in 
losses, both at the farm and the basin level, 
with only 12% of dam releases in the dry 
season lost to non-beneficial use: a reality 
which contrasts sharply with the image of 
outright waste that is routinely conjured up 
to justify pricing as a way to induce water 
savings. The technical impossibility of estab-
lishing volumetric water deliveries, as well 
as the wholesaling of water in the present 
context, removed the possibility of influenc-
ing users’ behaviour through pricing. Even if 
this is possible, there are indications that the 
elasticity of water use is very low at the range 
of prices proposed to meet appropriate cost 
recovery objectives, in addition to the politi-
cal difficulties in implementing them.

The possibility of inducing land-use 
shifts towards crops with higher water pro-
ductivity runs into similar difficulties. It 
was shown that farmers’ decision making 
gives much emphasis to risk, and that water 
savings or water productivity objectives do 
not necessarily coincide with income maxi-
mization. To assume that there are substan-
tial gains to be expected from shifts in 
cropping patterns if water is priced is to 
misunderstand the dynamics of, and con-
straints to, diversification. If much higher 
profits could readily be made through diver-
sification, farmers would not wait for this. 
To penalize rice because of its higher water 
needs would only raise the vulnerability of 
the main crop, without making alternatives 
more secure or removing the other con-
straints to diversification, particularly the 
need of stable markets. Likewise, few eco-
nomic gains can be expected from intersec-

toral reallocation of water, as non-agriculture 
sectors are already given de facto priority.

The principle of cost recovery is gener-
ally propped up by an image of irrigators 
who have unduly benefited from govern-
ment largesse and are expected to pay back 
the ‘taxpayers’. This was confronted with the 
net transfer of wealth from agriculture to 
other sectors, symbolized in Thailand by 30 
years of rice premium, and with the multi-
faceted benefits of irrigation accruing to the 
society. It was also recognized that political 
considerations and national challenges, such 
as food security, rather than mere aspects of 
return to capital, dictated earlier priorities in 
state investments and that shifts in policy are 
not easily justified and implemented.

A water charge would be akin to a flat 
tax that would decrease farm income, with-
out effectively sending a signal of water 
scarcity, and decrease international compet-
itiveness (especially with regard to western 
countries that continue their policy of sub-
sidy), while it would not be easily passed on 
to the consumer because of the strong link-
ages between domestic and world rice mar-
kets. While reductions in price subsidies in 
developed countries are compensated for by 
adequate income policies, the latter are gen-
erally omitted in developing countries 
(partly due to the difficulty in implementing 
such income-support schemes). Shifting, 
even partly, the O&M costs to the users is 
helpful in internalizing costs from the point 
of view of the government and signalling to 
all concerned the real cost of system O&M. It 
may help ensuring financial sustainability if 
public budgets happen to be lacking, but has 
socio-economic and political implications 
that need to be addressed.

Beyond ‘the obsessive traditional con-
cern on the part of resource economics with 
correct pricing levels for irrigation water’ 
(Svendsen and Rosegrant, 1994), water pric-
ing is made more attractive when it is con-
strued as a binding element of a wider 
mechanism that redefines relations between 
users and the agency (Small and Carruthers, 
1991; Bromley, 2000). It gains sense if a full 
reform is implemented that includes a 
degree of turnover and financial autonomy 
whereby water delivery service is paid for 
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by users and linked to the quality of service. 
Service agreements should include defini-
tion of the allocation of resources and of the 
timing of the distribution of allotments. In 
both processes, the users should have a say, 
given their importance in a context of scar-
city. Modifying the status of public agencies 
and civil servants in order to link their sal-
ary to performance and to the payment of 
users requires a much more ambitious 
reform in the direction of which the govern-
ment has so far taken no unequivocal steps.

The failure of the ASPL reform illustrates 
several lessons that failed to be learnt, in par-
ticular, the importance of infrastructure in the 
design of service agreements or bulk alloca-
tion, as well as the necessity to muster internal 
and political support for the reform. Emphasis 
thus, should be placed on paving the way for a 
thorough reform, ensuring in particular, the 

technical and managerial capacity to define 
and operationalize services, as well as the 
legal framework and the political/public sup-
port for changes in line agencies. Failing to 
alter the pattern of governance jeopardizes 
reforms which remain generally restricted to 
isolated components, backed by arguments 
that are turned invalid. It is not clear, there-
fore, whether ‘half-measures’ provide ‘half-
benefits’, and must be seen as ‘second-best’ 
options, as economic parlance suggests, or if 
they are likely, because of the absence of link-
ages and invalid supporting assumptions, to 
fail and lead to an overall negative result, 
rather than to the theoretical gains envisioned. 
All in all, it appears unwise to propel water 
pricing to the fore of the reform, as a symbol of 
restored economic orthodoxy, when it is 
expected to play a more crucial and later role 
in a wider and longer reform process.
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6 Water Rights and Water Fees 
in Rural Tanzania

B. van Koppen, C.S. Sokile, B.A. Lankford,
N. Hatibu, H. Mahoo and P.Z. Yanda

Introduction and Background

Aim of the chapter

Tanzania is an agrarian country, which ranks 
151th out of 173 on the Human Development 
Index (UNDP, 2002) and 80% of its 34 mil-
lion inhabitants live in rural areas, where 
agriculture constitutes their primary eco-
nomic mainstay. Agriculture contributes 
48% to the gross national product (GNP). 
Physical water resources are relatively abun-
dant in the coastal and highland areas, which 
receive well over 1000 mm of rainfall/year, 
but most parts of the drier interior receive 
less than 600 mm. An estimated 50% of all 
annual surface runoff flows into the Indian 
ocean and the large lakes (URT, 2002). 
However, temporal and spatial variability in 
rainfall and surface flows is high. Yet, 
Tanzania’s level of infrastructural develop-
ment to harness water and to mitigate nature’s 
variability is still very low, primarily because 
of the lack of financial, technical and institu-
tional resources to bridge the infrastructural 
gap. It is estimated that the naturally avail-
able land and water resources are sufficient 
for 2.3 million, 4.8 million and 22.3 million 
ha of high-, medium- and low-irrigation 
potential areas in the country respectively. 
However, currently, the total area under irri-

gation is only 191,900 ha, out of which 
122,200 ha (64%) falls under traditional irri-
gation schemes (JICA/MAFS, 2003). The 
remaining 36% are medium-sized centrally 
managed irrigation schemes, owned by pub-
lic and private institutions, primarily for 
sugarcane, rice and tea. More than 60% of 
energy produced in the country is from 
hydropower plants located in the Rufiji and 
Pangani basins, downstream of smallholder 
irrigators. Other economic sectors that uti-
lize the underdeveloped water resources 
include livestock, forestry, mining, tourism, 
industry and fisheries (URT, 2002).

The priority in Tanzania’s National Water 
Policy of 1991 was to further develop water 
resources for domestic and productive uses 
nationwide to boost socio-economic develop-
ment. However, this changed drastically in the 
mid-1990s, when the Tanzanian government 
amended the national water rights system and, 
anticipating a redrafting of the entire water 
law, started implementing pilot experiments 
of this system in the Rufiji and Pangani basins. 
The amendment increased fees charged for the 
mere use of water, in addition to the fees users 
paid for service delivery through public infra-
structure construction, operation and mainten-
ance. The twofold aim of this new fee was cost 
recovery for basin-level water management 
services and fostering the wise use of what 
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was seen as a scarce ‘economic’ resource 
(World Bank, 1996). The new fees system con-
cerns anyone who diverts and abstracts even 
the smallest quantities of surface and ground-
water for productive uses and also includes all 
water users who invest privately in water 
infrastructure. In state-supported irrigation 
schemes, the fee is additional to the partial or 
full cost recovery of infrastructural construc-
tion, operation and maintenance – the latter 
type of fee is not further addressed in this 
chapter. Related to this fee payment is that all 
water users or groups are obliged to register 
with the Ministry of Water and Livestock 
Development to obtain a ‘water right’. This is a 
certificate indicating the purpose and an 
annual volume of water resources to which 
the right holder is entitled. Water users have to 
pay an application fee at the moment of regis-
tration of the water right equivalent to $40,1 
plus an annual ‘economic water user fee’, pro-
portionate to the volume allocated and depend-
ing upon the purpose of the water use. The 
minimum flat rate for uses up to 3.7 l/s for the 
annual economic water fee is $35.

In this new policy and law, the govern-
ment also started advocating stronger user 
participation in the river basin Water 
Boards, which were fully governmental up 
to the mid-1990s. It further strengthened the 
establishment of Water User Associations 
(WUAs) at the lowest tiers, which were 
expected to manage water for multiple uses 
at village and ward level and were to be rep-
resented at higher levels, up to the basin 
level (World Bank, 1996).

With all ingredients present for what 
was then, at abstract level, seen as the best 
practice of integrated water resources man-
agement, but nowhere in sub-Saharan Africa 
really implemented as yet, the first results 
of implementation in the early 2000s 
appeared disappointing, at least among 
small-scale informal users, who constitute 
the large majority of water users in Tanzania. 
This was apparent in the Upper Ruaha 
catchment in South West Tanzania, the 
focus of this chapter. The Upper Ruaha 
catchment is a sub-basin of the Rufiji basin 
where, together with the Pangani basin, the 
amendment was implemented through the 
River Basin Management (RBM) project, 

funded by a loan from the World Bank. In 
the Upper Ruaha catchment, neither of the 
two goals of cost recovery for water manage-
ment services by the government nor wiser 
water use to solve the water-scarcity prob-
lem has been achieved, at least among the 
majority of small-scale users. In contrast, 
fee payment by the few large users did con-
tribute to achieving the goal of cost recovery 
for basin management.

This chapter analyses the implementa-
tion and impacts of the new water rights and 
fees system in the Upper Ruaha, which 
encompasses farmer-managed irrigation 
through river abstractions, the typical mode 
of irrigation in 64% of Tanzania’s irrigated 
area. The second section analyses how the 
Tanzanian government, advised by the World 
Bank, suddenly abandoned its agenda of 
water development in the early 1990s. 
Justified by basin-specific, localized conflicts 
over water in the dry season, a water regula-
tion agenda was introduced that put water 
scarcity and conservation nationwide at the 
centre stage. It describes how the new water 
administration that was put in place to effec-
tuate that regulation agenda was grafted upon 
the formal legal framework that was inherited 
from the colonial powers since 1923. These 
colonial roots explain why water manage-
ment has ever since been implemented by 
highly centralized water authorities. However, 
up till 1994, the administrative system of 
water rights remained rather dormant, and 
reached only few formal, large-scale users. 
The revival of that system, expansion of its 
implementation nationwide to also include 
the informal rural majority, and the drastic 
increase of the fees to obtain water rights 
were to generate revenue and self-finance gov-
ernment and the expanding basin- management 
institutions and activities. Payment and valu-
ing water as an economic good were put for-
ward as effective ways to stimulate water 
conservation and saving.

The three subsequent sections evaluate 
the implementation processes and impacts 
on the ground in the Upper Ruaha basin, dis-
tinguishing the three components of the 
water rights system: registration, cost recov-
ery and water allocation. The third section 
discusses the strengths and weaknesses of 
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registration. As elaborated in the fourth sec-
tion, the weaknesses of the registration ren-
der the system a shaky foundation for 
volume-based cost recovery among many 
small users. The fifth section highlights how 
the new water rights and fees system com-
pletely failed as a water allocation tool and 
aggravated upstream–downstream conflicts 
in the dry period. The sixth section concludes 
the chapter by identifying the adjustments 
required in the current water law in order to 
reach logistically realistic registration, cost 
recovery that generates net benefits for gov-
ernment, and government intervention in the 
water allocation issue that effectively support 
conflict mitigation during the dry season.

Background of the Upper Ruaha catchment

The Upper Ruaha catchment covers an area 
of 21,500 km2 and forms the headwaters of 

the Great Ruaha river – itself forming a major 
sub-basin of the Rufiji river (Fig. 6.1). The 
catchment can be broadly divided into a sur-
rounding high escarpment, the lower slopes 
and a central plain, named the Usangu 
plains. The plain receives 600–800 mm of 
average annual rainfall with a peak of 
1500 mm observed on the high escarpment. 
There are five perennial rivers and a large 
number of seasonal streams draining from 
the escarpment. Most of the rain falls in one 
season from mid-November to May. The dry 
season is from June to November.

The population in the Upper Ruaha 
catchment which stood at 1.3 million in 1996 
in this area has grown extremely rapidly, 
mainly because of a continuous influx of 
migrants. By 1990, 55% of the population 
consisted of migrants from at least 20 differ-
ent ethnic groups – especially cultivators 
from the southern highlands. In-migrating 
livestock herders from central and northern 
Tanzania constituted 18% of the population, 

Fig. 6.1. The Upper Ruaha catchment.
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and today they own the majority of herds in 
the area. They are concentrated in the down-
stream plains (SMUWC, 2000a,b, 2001). 
Since the government’s gazetting (a notifica-
tion of its legal status as a game reserve), and 
closure of the wetland area situated at the 
lowest point in the plains in 2002, pressure 
on land and water resources in the other parts 
of lower plains further increased. While the 
clans of settler-cultivators located upstream 
have kept their social structures somewhat 
intact in spite of Ujamaa villagization and the 
growing influence of local governments, the 
social cohesion among dispersed communi-
ties in the downstream plains is weaker.

Since the early 20th century, the original 
settler societies and the in-migrating cultiva-
tors started taking up irrigated agriculture in 
both the wet (paddy) and dry seasons (paddy 
and other crops, albeit in small areas) by 
abstracting water from the many streams. By 
blocking these streams with dindilos (sea-
sonal weirs of wood and grasses), water is 
diverted into earthen diversion canals 
(Lankford, 2004). In the last two decades, 
external support was provided to replace 
some of these seasonal structures with per-
manent concrete structures. This saved the 
communities the recurrent efforts of rebuild-
ing the seasonal weirs after the floods had 
washed them away. Unfortunately, these 
structures have not been made with a view of 
providing an easy and transparent way to 
apportion water between the canal and the 
river. Sluices are rudimentary and if it is not 
clear whether the maximum capacity of the 
intake is related to real needs, it is apparent 
that they have not been designed based on an 
analysis of the catchment overall supply and 
demand (nor on an idea of how to reduce 
diversions in times of shortage). In total, 
there are an estimated 120 offtake structures 
in the catchment, 70 of which are in the 
Mkoji sub-catchment. More than two-thirds 
of the intakes were constructed after 1970 
(SMUWC, 2000a,b; Sokile and van Koppen, 
2004). In the 1970s and 1980s, three state-
owned rice schemes were initiated for small-
holder cultivation at the lower slopes: 
Kapunga (3000 ha), Mbarali (3200 ha) and 
Madibira (3000 ha). In addition, ‘valley bot-
toms’ of small streams are cultivated in the 

high and medium catchment towards the 
south and west of the area. Recently, favour-
able markets for irrigated crops further 
increased demand for irrigated land and 
water. While prices for the original non-
 irrigated crops such as coffee and pyrethrum 
fell, prices and markets for irrigated vegeta-
bles and maize improved. Currently, the total 
wet-season irrigated area ranges from 20,000 
to 40,000 ha depending on the annual rain-
fall. Most irrigated land is farmer-managed.

Farmers’ own irrigation development 
has been accompanied by effective custom-
ary water management arrangements within 
and between schemes of a common stream. 
Community-based user groups govern the 
construction and maintenance of dindilos 
and diversion canals, and water distribu-
tion within the local schemes. Customary 
water management principles that contrib-
ute to this efficacy include water rights 
based on labour contributions, rotational 
water allocation within a scheme and, at 
times, some forms of rotation among 
upstream and downstream schemes, con-
sensus building and conflict resolution 
before escalation, consideration for the 
weakest community members, and peer 
control with low transaction costs (Maganga, 
1998; Sokile and van Koppen, 2004; Sokile, 
2005). In the dry season, rotation between 
the respective schemes covers villages 
along long stretches of the common stream 
(Sokile, 2005).1

However, customary water-sharing 
arrangements between upstream and down-

1 An example of customary interscheme water rotation 
(locally known as zamu, or ‘turn’) is the Mlowo tribu-
tary to the Mkoji river. At the beginning of the critical 
dry period, local leaders and canal committee mem-
bers from four villages, other formal and informal 
water right holders, two private farmers, the govern-
ment-owned Langwira seed farm, the NARCO ranch 
and representatives of pastoralists from four villages 
further downstream – Mahongole, Mhwela, Mwa-
tenga and Kilambo – come together to agree on a 
weekly rotation. On Sundays, water is left to fl ow for 
domestic uses, including brick-making along the 
banks, and for the users further downstream that are 
not part of the zamu. The distance between the up-
stream and downstream participants is 24 km.
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stream users came under considerable stress 
in the last two to three decades and they could 
not prevent the rapid growth in water abstrac-
tion in the upper catchment, and also by the 
three public schemes, which increasingly 
deprived the further downstream areas of the 
dry-season flows they used to have in the 
past. Some downstream dindilos and schemes 
have even been abandoned for this reason, 
while former perennial flows now dry up for 
some weeks in the dry season. Initially,  vil-
lage elders from the downstream areas orga-
nized official delegations to upstream 
communities and the public schemes, but 
without much effect (Video, ‘Talking about 
Usangu’, 2001). Some downstream farmers 
sought individual solutions and started to 
rentirrigable land in upstream farmer- managed 
irrigated areas.

Further downstream are the Ruaha 
National Park which requires a minimum 
flow of water for wildlife and tourists, and 
the Mtera and Kidatu hydropower plants. 
The Great Ruaha river fills these two dams 
with the floods during the rainy season; the 
contribution of the small dry-season flow is 
very limited. Hence, the remaining sections 
exclude the hydropower plants as stake-
holders in the upstream–downstream con-
flicts in the Upper Ruaha catchment.

The Crafting of the New Water 
Rights and Fees System

Water legislation in Tanzania 
up till the 1990s

The system of water rights and fees designed 
in the 1990s and implemented in the pilot 
World Bank-funded RBM project builds on 
three key aspects of the formal water law 
and institutions introduced to Tanzania by 
German and British colonial settlers in the 
early and mid-1900s. First, the ownership 
claims to water by the state, rooted in the 
colonial origins of water appropriation, 
legitimize an even more far-reaching claim 
stipulated in the new water rights and fees 
system, which is that the government as 
owner of the nation’s water resources is, 

therefore, also fully entitled to charge its 
citizens for the use of the resource. Initially, 
the settlers developed water rights systems 
in areas where they intensified their own 
agricultural water use, for example around 
Kilimanjaro. This enabled the regulation of 
their own local water use but, implicitly, 
this also entailed the exclusion of others 
without such water rights from formal enti-
tlements. In 1948, the then colonial state 
enshrined this appropriation of water 
within the then prevailing colonial bound-
aries into formal law. The Water Ordinance 
of 1948, Chapter 257, stipulates in section 4 
that ‘the entire property in water within the 
Territory is hereby vested in the Governor, 
in trust for His Majesty as Administering 
Authority for Tanganyika’. After the inde-
pendence in 1961, the new government 
under Julius Nyerere continued this princi-
ple, declaring that ‘all water in Tanganyika 
is vested in the United Republic’ under the 
Water Utilization (Control and Regulation) 
Act 1974, section 8.

A second aspect of the new water rights 
and fees system that has its roots in the 
colonial design of water management is the 
highly centralized, top-down nature of gov-
ernment institutions for water management. 
This absolute central state authority is dele-
gated and expanded to lower tiers of 
regional- and basin-level water management 
institutions and Water Officers who are only 
accountable upwards. Since the Water 
Ordinance of 1959, the Minister has been 
appointing national Water Officers, vested 
with the almost absolute authority to make 
decisions regarding the allocation and changes 
of water rights. The Water Ordinance of 
1959 and the Water Utilization (Control and 
Regulation) Act of 1974 prescribe regional 
officers below the national Principal Water 
Officer, all to be appointed by the Minister. 
From 1981 onwards, basin boundaries have 
been introduced to gradually replace the 
regional boundaries (URT, 1981). In the 
Pangani basin a Water Office was opened in 
1991, supported by NORAD of the 
Norwegian government. In the Rufiji basin, 
the Water Office started in 1993 with gov-
ernment funds. These two basins were 
selected because of their importance for the 
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nation’s hydropower generation. Over the 
years, the central Principal Water Officer 
and his delegates at regional or basin level 
had almost absolute powers in carrying out 
their key tasks of assessing whether new 
entrants applying for a right could be 
approved or not, and of issuing these water 
rights with or without attached conditions. 
Up till 1997, a Water Officer had only to 
‘consider’, but was ‘not bound to follow the 
advice’2 of regional- and later basin-level 
government-appointed (Advisory) Water 
Boards. From 1997 onwards, the duties of 
the Water Officer became more specified 
and uniform (Water Utilization (General) 
Regulations of 1997).3 Also since 1997, 
members of the Central and Basin Water 
Boards were to be drawn from public, pri-
vate, NGO and women’s organizations, 
instead of exclusively from governmental 
bodies. The National Water Policy of 2002 
expresses the intention to further devolve 
authority for water rights allocation to Basin 
Water Sub-Offices at the ‘catchment’ level 
or even to local WUAs (URT, 2002), but this 
has not been implemented as yet.

Third, the core of the administrative 
water rights system through which govern-
ment seeks to manage water has hardly 
changed either since the early 20th century. 
Registration to obtain a paper water license, 
permit or right from the recognized water 
authority of the area was already practised 
under German law, and then stipulated in the 
Water Ordinance of 1923 and every revision 

thereafter. With each legal revision, registered 
rights under any former Water Ordinance 
were continued in one form or another. 
Besides white farmers since the early coloni-
zation, other water users seeking registration 
included large-scale governmental and often 
foreign private-irrigated farms and forestry 
estates, and the Tanzanian Electricity Supply 
Company (TANESCO). Urban water supply 
was ‘protected’ under other specific legisla-
tion. Thus, ‘water rights’ strengthened the 
claims of large-scale rural and urban govern-
mental and private enterprises of a predomi-
nantly colonial rural and later urbanizing 
formal economy, at least on paper.

The obligation to register played an 
important implicit role in the legal recogni-
tion, or not, of small-scale rural water uses 
under customary arrangements by the inhab-
itants of Tanzania. In the colonial era, the 
law gave some legal status to these existing 
uses, albeit a secondary status with specific 
conditions. Sections 3 and 5 of the Water 
Ordinance of 1948, Chapter 257, recognize 
earlier rights including those ‘under the 1923 
Water Ordinance, lawful mining operations, 
some claims under the Indian Limitation 
Act, and native law and custom’. For the lat-
ter, however, only the ‘duly authorized rep-
resentative’ of natives is recognized (section 
13 (9) ). Moreover, under some conditions, 
natives are only recognized in addition to the 
District Commissioner (section 33 (9) ).

This secondary status shifted into ‘ille-
gal use’ once registration for water rights 
was made compulsory for all those who 
‘divert, dam, store, abstract and use’ water. 
In the next Water Ordinance of 1959 (sec-
tions 11, 12 and 14) the option of registra-
tion was also extended to native water users, 
leaving the legal status of those who did not 
register their water use somewhat undeter-
mined. However, the Water Ordinance 
(Control and Regulation) Act No. 42 of 1974 
(section 14) rendered registration obliga-
tory. It stipulated that registration for a right 
was the only way for any Tanzanian to 
ensure that his or her water use was consid-
ered formally legitimate (Maganga et al., 
2003). Hence, any de facto unregistered cus-
tomary small-scale water use became de 

2 Water Ordinances 1959 5–(4); Water Utilization 
(Control and Regulation) Act 1974 6–(2).

3 From 1997 onwards, through the Water Utilization 
(General) Regulations of 1997, the obligation to 
check comments about new entrants among those 
 affected was further formalized, e.g. by stipulating 
that the Water Offi cer has to announce new applica-
tions through the Gazette, by notifying those who 
may be affected and those who are nominated in the 
Water Boards, and through announcements at the 
District Commissioner’s offi ce. This law also harmo-
nized criteria and registration by promulgating uni-
form water rights application forms, which specify 
the purpose of water use and also the volumes allo-
cated (not the  volumes used) and annual or, if further 
detailed, half-yearly averages.
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jure illegal and susceptible to legal prosecu-
tion (Kabudi, 2005). On paper, the formal 
water law declared the large majority of 
mostly illiterate rural ‘traditional’ small-
scale water users, who were completely 
ignorant of the law, as offenders.

In practice, though, up till the 1990s, this 
water rights system remained largely dor-
mant and served primarily as an incomplete 
register. Even though registration was for-
mally obligatory, there was a silent consensus 
among water professionals that it was mean-
ingless to impose the bureaucracy of registra-
tion designed for a few large-scale users on 
many small-scale users whose water use was 
fully legitimized under customary arrange-
ments. For them, registration would hardly 
serve as a water allocation tool and certainly 
not as a fee collection tool. There was hardly 
any link between the registered use of water 
and actual state intervention for water alloca-
tion and conflict management, even for the 
larger users who did register. The certificate 
usually only mentioned the purpose of water 
use and conditions, if any, attached to the 
right such as water quality or obligatory 
return flows. The assessment of any volume 
of water allocated, if stipulated at all, was 
typically the Water Officer’s best subjective 
guess of an average annual volume as mea-
suring devices were virtually non-existent. 
Water Officers could regulate new entrants 
and stipulate conditions to be attached to cer-
tain water rights. They also had the formal 
power to curtail excessive water abstractions 
by title-holders and manage water-scarcity 
situations. Evidently, average annual vol-
umes were of no use to regulate the low flows 
during the dry season, when scarcity prob-
lems are most acute. Underdeveloped infra-
structure in most areas implied that there 
were hardly any devices to control water 
according to any agreement. Hence, Water 
Officers’ intervention in water allocation and 
conflict resolution itself was subjective and 
largely based on top-down state authority. 
There was no formal accountability either, as 
the water law mentioned that ‘nothing in any 
such water right shall be deemed to imply 
and guarantee that the quantity of water 
therein referred to is or will be available’ 

(Water Ordinance, 1959, pp. 16-4; Water 
Utilization (Control and Regulation) Act 
1974, pp. 15-4).

Similarly, up till the 1990s the colonial 
and post-colonial governments had never 
used the authority ascribed to itself to ‘pre-
scribe the fees payable in respect of any 
application or other proceeding under this 
Ordinance’ since the promulgation of the 
Water Ordinances Chapter 257 of 1948 
(35(d) ). This authority was reproduced in 
the Water Ordinance of 1959 (38-2b), and the 
Water Utilization (Control and Regulation) 
Act of 1974 (38-2) but actual fees for registra-
tion were absent or nominal and they were 
only charged at the moment of registration in 
order to cover some of the administrative 
costs. No other fees were applied.

In sum, for decades this water rights 
system had remained a rather dormant 
administrative measure. The few large-scale 
rural and urban water users who registered 
could declare their own existing and expand-
ing water uses as more legitimate than that 
of all (potential) water users who failed to 
register: typically the small-scale water users 
and the original rural inhabitants of 
Tanzania.

Legal reform in the 1990s

Blanket revival of the system with new fees

In 1994, a Subsidiary Legislation (Govern-
ment Notice No. 347 of 1994 under section 
38 (2) of the Water Utilization (Control and 
Regulation) Act No. 42 of 1974) was pro-
mulgated. This new piece of law not only 
revived the dormant registration system but 
also used the formal authority to charge fees 
and introduced, at once, a fixed once-off 
payment for registration of $40, plus the 
‘economic water users fees’. The annual 
economic water user fee was proportional 
to annual volumes of water allocated (in 
absolute volumes [m3] or flows [l/s] ) and 
depended upon its use. Three years later, in 
the Water Utilization (General) Regulations 
of 1997, a Schedule of Fees for much higher 
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amounts was promulgated. The tariffs were 
slightly revised in the Water Utilization 
(General) (Amendment) Regulations, 2002 
(see Tables 6.1 and 6.2 in the Annex). The 
main difference with the list of tariffs of 
1997 was that for small uses below 3.7 l/s, 
charges were not volume-based anymore. 
Instead, a flat rate of $35/year was applied, 
irrespective of the actual flow or volume 
used. The motive for this decision was that 
one uniform legal system for all was pur-
sued, while the majority of water users in 
Tanzania fell under this category and ‘one 
cannot exempt a majority from cost recov-
ery’ (senior water manager, Iringa, 2004, 
personal communication). Charging a flat 
rate for those who would otherwise be 
exempted from any payment would increase 
tax collected while avoiding the hassle for 
the Water Officers of setting rates for lower 
amounts than the minimum flat rate – but at 
the expense of the small users who now had 
to pay disproportionate amounts. Besides 
including these drastic new fees in the 
national administrative water rights system 
on paper, implementation of the full-fledged 
system was effectively taken up in the 
Pangani and Rufiji basins.

Drivers of the reform: from water development 
to water regulation

This change of a dormant administrative 
system for a few large-scale water users into 
a blanket cost recovery system for water 
management fell in a period in which 
Tanzania also introduced cost recovery for 
many other government services, such as 
domestic water supply, health services and 
education – radically breaking with the 
socialist past, in favour of structural adjust-
ment and privatization programmes. 
Similarly, a much larger portion of opera-
tion and maintenance costs of irrigation 
schemes was transferred to the irrigators, 
although investments in capital costs are 
still seen as at least a partial government 
responsibility. The new water fees were one 
of the several new financial burdens for 
Tanzania’s citizens. The simultaneous 
decrease in government’s own financial 
resources increased the attractiveness for 

the government to explore options for rais-
ing money out of ‘its’ water resources.

A driving force behind the transformation 
in the water sector was the Rapid Water 
Resources Assessment in 1994/1995 supported 
by the World Bank and DANIDA (URT, 1995). 
Findings of this mission were used as inputs 
into the Staff Appraisal Report (World Bank, 
1996) for the formulation of the River Basin 
Management and Smallholder Irrigation 
Improvement Project (RBMSIIP) that started in 
1996 with a loan from the World Bank. The 
design and pilot-testing of the legal reform 
under the RBM component is implemented 
by the Ministry of Water and Livestock 
Development.4 The drafting of the new National 
Water Policy of 2002 is part of the same project 
and reflects the same assumptions.

The diagnosis in these various docu-
ments is that there would be an urgent need, 
nationwide, to shift away from the water 

4 The River Basin Management component ‘would 
fund interventions designed to improve water man-
agement both at a national level and in the two target 
basins. Activities to be funded include: (i) strengthen-
ing national water resources management by reform-
ing the regulatory framework to improve stakeholder 
participation in basin management, strengthen the 
water rights concepts and management, increasing 
penalties and raising fees for water use and improv-
ing information gathering and analytical capabilities 
at the national level; (ii) improving both the regula-
tory capabilities and the information and resource 
monitoring capabilities at the basin offi ces in Rufi ji 
and Pangani; and (iii) rehabilitating the hydrometric 
network in the Rufi ji and Pangani basins’ (World 
Bank, 1996, Section 2.8). The loan disbursed for the 
River Basin Management and Smallholder Irrigation 
Improvement Component to the Tanzanian Treasury 
under the Development Credit Agreement amounts 
to $18.2 million Special Drawing Rates (equivalent 
to $26.3 million) to be reimbursed within 30 years 
after the fi rst payment, due in October 2006. Till 
2016, the interest rate is 1% and after that, 2%. The 
RBM component comprised slightly more than $10 
million. The latter was to support the national Water 
Resource Department and offi ce of the principal Wa-
ter Offi cer through specialized equipment, vehicles, 
training and technical assistance. The two basin of-
fi ces were to be provided with equipment, training 
and technical assistance (Section 2.18). After project 
closure in 2004, part of these costs is to be borne by 
the basin inhabitants.
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resources development agenda of the 
National Water Policy of 1991, which the 
Government of Tanzania had just adopted. 
Instead, a regulatory agenda would be 
needed, because in two of the nine basins, 
the Pangani and Rufiji basins, ‘there are seri-
ous user conflicts, deterioration of resources 
due to misuse and lack of comprehensive 
planning and management mechanisms’ 
(URT/MOW, 1995). In the Rufiji, upstream 
water use was believed to have reduced 
electricity delivery by the Mtera–Kidatu 
power plants, which caused electricity 
rationing in Dar es Salaam in 1993.5 Hence:

[A] framework is needed for preventing 
and resolving conflicts among competing 
users and for regulating demand. The 
conflicts surrounding the inflow and 
use of water in the Mtera reservoir 
crystallize the issue. With . . . an 
 emphasis on drainage of wetlands, so 
land can be used productively and 
other water development and flood 
control structures, the 1991 National 
Water Policy may result in actions 
which further degrade environmental 
quality in Tanzania. The Bank and the 
Government would collaborate on the 
refinement of the National Water Policy 
under the project.
 (World Bank, 1996, section 1.27)

‘The conflict in the demand for water can 
only be resolved through more transparent, 
structured allocation and control mecha-
nisms for basin water resources’ (World Bank, 
1996, section 2.1). Even though only two of 
the nine basins are mentioned as having 
water-scarcity problems, the shift from the 
water development agenda to the water regu-
lation agenda was seen as a matter of new 
national policy and a new uniform nation-
wide framework, without any explanation.5

Fee payment to recover costs and deter 
water use

The solution to this growing competition over 
water proposed in the RBM project was to fur-
ther increase the ‘economic water users fees’ 
that had been introduced in 1994 and ‘which is 
recommended to be redefined as a tax on water 
use assessed to cover the costs of operation and 
maintenance of basin monitoring and regula-
tory facilities’ (World Bank, 1996). According 
to the Staff Appraisal Report, the key weakness 
of the existing law had been that neither the 
economic water users’ fees for all productive 
water uses nor the service charges only for 
those using public infrastructure cover the true 
cost of managing the resource. According to 
the report, this had caused two problems:

In both the water supply sector as well 
as in irrigation, insufficient revenues 
are generated to cover operation and 
maintenance costs. The quality of the 
service and of the water received is 
undermined. A second problem is that 
the low tariffs encourage inefficient 
use of water and waste by industry, 
consumers and irrigators.
 (World Bank, 1996, section 1.28)

The introduction of economic fees was 
expected to solve these two problems at the 
same time. First, such fees would enable 
self-financing of basin and catchment Water 
Offices and Water Boards. In other words:

With regard to the ‘economic water 
users fees’ to be collected by basin 
Water Officers, it is proposed under this 
project that these rates be raised to a 
level which would provide sufficient 
funds to support the administration of 
basin Water Offices, including the 
 collection of information on water quality 
and availability, the enforcement of 
pollution standards, and the 
administration and monitoring of 
water rights.

Functions of Basin Water Boards encompass:

the issuing of water rights and registration, 
regulation and enforcement, but also 
water resources exploration, assessment, 

5 Recent studies by Machibya et al. (2003) and Yawson 
et al. (2003) show that the reduced electricity pro-
duction in 1993 had no relationship with upstream 
water fl ows, but had been caused by deviating from 
the originally designed management arrangements 
of dam storage within the stretch between Mtera 
and Kidatu.
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pollution control, monitoring and 
 evaluation, environmental protection, 
basin planning and development and 
other cross-sectoral activities.
 (URT, 2002, p. 50)

Second, payment of fees was expected to 
contribute to managing water as an eco-
nomic good. Volume-based fee payment 
would enable ‘the allocation of water as a 
public good and as an economic good with a 
value in all its competing uses and the use of 
a water user fee as a means of encouraging 
efficient use of the resource and for meeting 
the cost of regulatory functions’. The 
National Water Policy expresses the same 
expectations of fee payment for cost recov-
ery. ‘Economic instruments include water 
pricing, charges, penalties and incentives to 
be used to stimulate marketing mechanisms, 
and serve as an incentive to conserve water, 
and reduce pollution of water sources’ (URT, 
2002, p. 7). Further, ‘decision making in the 
public sector, private sector and in civil 
society on the use of water should reflect the 
scarcity value of water, water pricing, cost-
sharing, and other incentives for promoting 
the rational use of water’ (URT, 2002, p. 21). 
‘Economically, trading of water rights, appli-
cation of economic incentives and pricing 
for water use, shall be gradually built into 
the management system as a means or strat-
egy for demand management and water con-
servation’ (URT, 2002, p. 30).

The practical implementation of the 
proposed ‘enhancement of water fees and 
pollution charges as incentive for water 
conservation and pollution control, and as a 
source of funds for water regulation activi-
ties, catchment conservation, and water 
resources monitoring’ (World Bank, 1996, 
annex A) would be via the Water Officers.

The basin Water Offices will be 
 mandated to collect revenue such as 
fees and charges and to be used to meet 
the cost of regulatory functions and 
financing of water resources assessment 
services. The Minister of Finance has 
already authorized the basin Water 
Officers to collect user fees and operate 
a bank account for the use of such 
funds. The basin Water Offices and 

basin Water Boards will be required to 
account for the use of these funds, 
which will also be audited annually by 
Government auditors as is occurring 
with other public funds.
 (World Bank, 1996, annex A)

Thus, by 1996, referring to the economic 
water fees, ‘plans were in effect to progres-
sively increase water tariffs throughout 
Tanzania and to be continued under the 
present project’ (World Bank, 1996, section 
1.29), and ‘it was agreed that Government 
will, by December 1996, revise existing regu-
lations so as to increase the water user fee to 
a level sufficient to cover operating costs of 
the river basin offices’ (World Bank, 1996, 
section 2.17). These plans led to the above-
mentioned schedules in the Water Utilization 
(General) Regulations of 1997 and its amend-
ment of 2002, and were also reflected in the 
National Water Policy which seeks to ‘ensure 
financial sustainability and autonomy of 
Basin Water Boards’ (URT, 2002, p. 26), 
especially ‘by charging water use for pro-
ductive purposes’ (URT, 2002, p. 50).

Water use registration system as the basis for 
fee payment and water allocation

The existing administrative water rights 
system was welcomed as a good and readily 
available basis for fee payment and also 
actual allocation and regulation. The sys-
tem was expected to perform well; it just 
needed to be implemented.

The conceptual framework for 
integrated river basin management is 
already laid out in the 1974 Act, as 
amended in 1981. However, the 
legislation has never been effectively 
implemented. The Government has 
submitted a letter of Water Resources 
Management Policy outlining measures 
to be taken to update the legislation and 
improve management of this resource.
 (World Bank, 1996, section 2.13)

The expectations regarding the effective-
ness of the existing administrative water 
rights system as a water allocation and regu-
lation tool were also high:
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The administrative system, centralizing 
information for the river basin, should: 
(i) be in a position to control withdrawals 
of surface and groundwater by issuing 
and revoking water rights; and 
(ii) know at all the times the quantity of 
water available in the basin, and its use, 
by monitoring both the sum of water 
rights granted, and physical 
availability.
 (World Bank, 1996, section 2.24)

Similar optimism about the existing system 
as an effective tool to curtail water use was 
expressed in the National Water Policy of 
2002. The key legal instruments to be 
adopted would ‘include restrictions and all 
prohibitions imposed by the regulatory 
body and the Government. These are indi-
vidual licenses for abstractions and their 
revisions’ (URT, 2002, p. 7). Yet, some prob-
lems in implementing the new legal frame-
work were anticipated. It was recognized 
that ‘water rights applications required a 
fairly lengthy procedure’ (World Bank, 
1996, section 1.24) and that ‘data on precipi-
tation, hydrometric data and actual abstrac-
tions for irrigation is inaccurate and sketchy’ 
(World Bank, 1996, section 1.25). Six years 
later, the problem is still serious. ‘Currently 
the data collection networks are in a state of 
near total collapse due to lack of adequate 
resources and tools’ (URT, 2002, p. 35).

Problems in registering, charging fees 
and managing water allocation among many 
scattered small-scale water users under cus-
tomary water management arrangements 
were also foreseen. Three possible solutions 
were mentioned. First, long-term govern-
ment measures would include ‘encouraging 
smallholders to form groups, especially 
smallholder farmers, which will make it 
easier to collect the fee from the groups, 
rather than from individual users’ (World 
Bank, 1996, annex A). Second, a review of 
the institutional framework was foreseen 
that would address:

the strengthening of the water right 
 concept by: (i) clarifying how the 
 vesting of all water in the State, with the 
Government sanctioning all uses, affects 
customary water rights, exercised by 

riparians or livestock owners or other 
traditional users, who have not sought, 
nor been given water rights under the 
law; (ii) clarifying the cases in which 
the State is entitled to modify or 
 withdraw this water right (now very 
broadly defined, and permitted whenever 
water is required for a public purpose).
 (World Bank, 1996, section 2.15)

A third solution was to introduce fee  payment 
in a phased manner.

The actual user fee will be levied first 
on economic activities such as 
 hydropower production, and large 
farms, followed by levies on  smallholder 
farmers. The related fees will gradually 
be built into the management system 
that touches all users with the ultimate 
objective of promoting conservation 
and minimizing abuses.
 (World Bank, 1996, annex A)

The Water Utilization (General) (Amendment) 
Regulations of 2002 already include all 
water users as proposed for this last stage.

‘At the start, we thought it would be easy’, 
commented a senior Tanzanian staff member 
of the RBM project in 2003. The findings of 
the factual implementation of the new water 
rights and fees system in the Upper Ruaha 
catchment demonstrate that none of the 
above-mentioned assumptions are valid with 
regard to small-scale water users in that area, 
and most probably elsewhere in Tanzania. 
However, among the few large-scale water 
users, the new system appeared to work for 
fee payment for cost recovery.

Registration Tool: Limited Information

Available data: names and uses

The Rufiji Basin Water Office in Iringa has 
started to compile a considerable list of names 
of water users and the purposes of their water 
use. By mid-2003 the database contained 990 
water rights issued in the entire Rufiji basin, 
with 40% of the titles held by governmental 
agencies, 12% by Brooke Bond Tea Company 
and 8% by various Catholic dioceses. The 

Molle & Berkoff_Chap 06.indd   153Molle & Berkoff_Chap 06.indd   153 9/10/2007   8:04:18 PM9/10/2007   8:04:18 PM



154 B. van Koppen et al.  

remaining 40% of registered users include 
private irrigation schemes, such as those 
belonging to Baluchistani and other Asian 
immigrants who were brought by the British 
colonialists (Sokile, 2005).

Of all water rights 14% were issued 
between 1955 and 1960. The number steadily 
increased over the years. From 1995 onwards, 
registration intensified with more than 29% 
of the rights administered under the new 
Rufiji Basin Office, though these are largely 
still in the stage of application or with a pro-
visional status. The right holders utilize water 
mostly for domestic purposes, followed by 
irrigation, but often also in combination. 
Livestock is sometimes explicitly mentioned, 
and sometimes considered under domestic 
purposes. Water rights for hydropower con-
stitute 3% of rights, while industrial use con-
stitutes only 2%. The cadastre of the Rufiji 
basin also stipulates the status of the water 
right, which includes those who abandoned 
the use of their water right. As many as 47% 
of the registered rights are ‘not operated’ any 
more. The proportion is highest for the oldest 
rights, and may be related to the outflow of 
Germans, Baluchis, Greeks after indepen-
dence in 1961 and the Arusha Declaration in 
1967, which announced further nationaliza-
tion. However, even in the most recent appli-
cations, abandonment of the water right 
occurs (Sokile, 2005). Probably, other cases of 
abandonment of water rights, e.g. by people 
who have died or moved out of the region, 
have not been notified as yet.

In the Upper Ruaha catchment, requests 
for water rights are first processed in the 
catchment sub-office, before being brought to 
Iringa, 300 km away, for final approval by the 
Basin Water Officer and incorporation in the 
register. In this catchment, more than 100 
water rights have been issued, including 
water rights for individual farmers and farm-
ers organized in Water User Associations. 
Slightly more than half (56) of the water rights 
are in the Mkoji sub-catchment, and are 
mainly issued for irrigation purposes. Most 
rights in this sub-catchment, especially those 
among smallholders, were issued in the late 
1990s or recently under the RBM project, 
especially since the opening of the Rufiji 
Basin Water sub-office for the Upper Ruaha 

catchment in Rujewa, Mbarali district, in 
2001 (Sokile, 2003).

An inventory in the whole Rufiji basin 
of the 990 names of the individual or collec-
tive water users, their main uses and the 
operational status of the right are an obvious 
first step for any cadastre. However, many 
actual water users have not been registered 
as yet. Recently, an inventory of unregistered 
water users in the Rufiji basin was con-
ducted, which estimated that the number of 
unregistered users is 573, so more than half 
of the registered users (Msuya, 2003).

Estimates: Sites

Any information other than names and pur-
poses of water use becomes much more prob-
lematic. Information about the sites where 
water is used is only documented in the register 
by mentioning names of the larger streams and 
the nearby villages and wards. There are no 
detailed maps, coordinates or map references 
to provide more precise information attached 
to the cadastre. While water rights would still 
allow estimating water availability to some 
degree at aggregate levels, this lack of clarity of 
the sites of water rights renders formal water 
rights a meaningless, if not a counterproductive 
tool, if it is used in localized water disputes. 
Indeed, in one dispute, the issue at stake was 
the location of the water right, which, accord-
ing to the disputant, differed from the site men-
tioned on the certificate (Maganga et al., 2003).

Lack of data: volumes

An even weaker part in the registration sys-
tem concerns the figures for annual volumes 
of water use. Only 28% of the rights regis-
tered have any specified volume at all. 
However, even for this portion, the variation 
in annual volumes allocated shows that mis-
takes have been made, for example, in regis-
tering and entering the place of the commas 
and the number of decimals. As yet, there is 
hardly any registration of half-yearly average 
volumes, differentiating the rainy and dry 
seasons (Sokile, 2005). This lack of reliable 
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and accurate data on volumes of water allo-
cated, let alone volumes of water used, is 
inevitable. The high seasonal and annual 
variability of runoff, streams, and water 
abstracted and the general lack of any meas-
uring devices render any estimate a subjec-
tive guess. Even if the few permanently 
constructed intakes that divert water from 
the streams were fully operated according to 
their technical design, which is never the 
case, fluctuations of abstractions during 
flooding and dry spells cannot be captured 
in half-yearly and yearly average abstrac-
tions. Moreover, water abstractions vary with 
the quantities of direct rainfall on farmers’ 
land, evaporation rates, cropping patterns, 
changes from grazing land to cropland, etc. 
Return flows are equally variable. In fact, 
even the most sensitive hydrological models, 
based on information from ample flow moni-
toring devices, can only generate rough esti-
mates for aggregated annual uses in major 
streams, and certainly not for each individ-
ual along such streams, especially in the dry 
weeks. Therefore, there are no grounds at all 
for the assumption that the administrative 
system – or even hydrological models – 
would ‘know at all the times the quantity of 
water available in the basin, and its use, by 
monitoring both the sum of water rights 
granted, and physical availability’ (World 
Bank, 1996). It is only if water resources are 
fully developed into highly (large-scale) con-
trolled systems that volumes can be suffi-
ciently known and manipulated – a rare 
situation even in developed countries.

Costs of maintaining cadastres

While the current computerized spreadsheets 
of the water register only include names of 
some of the water users and approximate 
streams or communities where they are 
located, the costs of maintaining even this sim-
ple system in rural Tanzania are much higher 
than in most other places in the world. This is 
due to the generally low levels of literacy 
among small-scale users, the distance to many 
scattered hamlets, bad roads especially in the 
rainy seasons, expensive vehicles and fuel, the 

lack of affordable telecommunications, no way 
of writing to water users, and minimal com-
puter and software facilities. The costs of com-
piling and maintaining an administrative 
cadastre may be justified when it only con-
cerns a few large users. However, among all 
water users in a basin, costs of just noting the 
names of users and updating changes are 
extremely high. The question is whether the 
costs of blanket registration are justified in 
light of the limited benefits of the registration 
system as a basis for water resources planning, 
charging fees, and allocating water and water 
conflicts (see elaborated next).

Cost Recovery Tool: Subjectivity by 
Design and Costing Public Funds

Subjectivity by design

Before the 1990s none of the water lawyers 
drafting the administrative water rights system 
had ever thought of using the system for charg-
ing volume-based fees. Indeed, insurmountable 
problems arose as soon as this administrative 
system became the foundation for volume-
based blanket tariff setting and fee collection to 
finance the government’s water management 
services. First, the lack of objective and trans-
parent proced ures incorporates ‘subjectivity by 
design’ into the new system of water rights and 
fees in at least four ways: in rate setting; enforce-
ment of fee payment; handling of public funds; 
and in discouraging genuine organization of 
water users. Second, among small users, the 
system appeared to drain public funds, instead 
of generating funds. Third, it met with fierce 
protest on the ground.

Arbitrary rate setting

Volume-based rate setting may seem objective 
and fair. However, in the absence of any objec-
tive basis to assess the volumes allocated and, 
thus, to set volume-based rates, Water Officers 
can only rely on their subjective judgement. 
Even setting tariffs relatively by ranking struc-
tures according to their sizes appeared difficult. 
In the Mkoji sub-catchment, for example, the 
volumes and related fees for the larger structure 
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of Inyala A were initially set at lower rates than 
for a nearby smaller structure of Inyala B. The 
water users complained. In this case, the Water 
Officer accepted the complaints and changed 
the fees the other way around. However, gener-
ally there is enormous confusion among small- 
and medium-scale users in the Upper Ruaha 
about the amounts to be paid (Sokile, 2003).

The recently introduced threshold 
below which a flat rate has to be paid may 
mitigate the problem of rate setting along 
some range of volumes, but it hits the small-
est, often poorest, users hardest. Punishing 
small water users by charging dispropor-
tionately high rates because of administra-
tive problems is difficult to justify on social 
grounds and, once they have paid, would 
certainly fully justify that they start using as 
much water as possible. Significantly, among 
private larger water users, rates were not set 
on the basis of water volumes used, but 
rather negotiated with the Water Officers. 
Payment followed promptly (Sokile, 2003). 
So willingness and ability to pay seem a 
sounder basis for rate setting than highly 
contestable hypothetical water volumes.

Arbitrary and weak enforcement

Significantly, 92% of private companies/
estates, such as Brooke Bond Tea Company Ltd 
or Tanzania Wattle Company Ltd, appeared to 
fulfil their duties (Sokile, 2003). In fact, enforce-
ment of payment appeared most difficult vis-à-
vis other government agencies. Only 38% of 
the government agencies holding water rights 
(e.g. local government for domestic supply and 
state farms) regularly pay fees. In the Mbarali 
and Kapunga State Farms, in particular, the 
arrears in payment are among the highest and 
the cash instalments paid during each trip are 
typically small. In these schemes, where the 
Water Officers have control over scheme oper-
ational devices to cut water use, enforcement 
still remains extremely difficult. These and 
other government agencies use the argument 
‘why should the government pay the govern-
ment?’ to justify their refusal to pay the water 
fees, but this jeopardizes the goal of cost recov-
ery for the functioning of the basin offices.

The degree of payment varied among 
smallholders, livestock keepers and other 

water users. The main threat that the limited 
staff on the ground can use is intimidation that 
defaulters will be brought to court, which 
mainly works in the case of the least powerful. 
However, in case of reluctance to pay, time 
and transport costs of repetitive reminders are 
high, let alone the costs of initiating a court 
case. The threat to cut access to water in case 
of non-payment can hardly be implemented 
because there are hardly any sluices, gates or 
other water control structures that the Water 
Officer can operate. And even if he locked any 
of the few improved intake structures, farmers 
would break them as soon as he left the vil-
lage.6 Obviously, subjectivity by design, com-
bined with strong delegated state power, 
invites corruption and abuse of power.

Arbitrariness in water user associations 
as tax collectors

As already proposed in the RBM project Staff 
Appraisal Report, the remedy to high costs for 
individual registration and fee collection was 
to promote the formation of new WUAs by 
smallholders who were irrigators. As water 
rights can be either individual or collective, 
any number of water users sharing a common 
water source could apply collectively for one 
water right, for example, as an existing farmer 
association or by forming a WUA. The water 
users would save on individual application 
fees, while the government would win the 
most by shifting most transaction costs for fee 
collection to these local bodies.

6 Collecting and transfer of public money is a new 
task for Water Offi cers. Water Offi cers are account-
able by writing receipts for taxes received. Further, 
when submitting the collected funds from the sub-
catchment offi ce to the basin offi ce in Iringa, the 
accountant notes the amounts in the books. A pub-
lic auditor is supposed to check the various amounts, 
but, for the moment, the public auditor’s key interest 
is in the publicly allocated funding from the govern-
ment, and not parallel funds for basin offi ces. This 
administrative system for fee payments is separate 
from the computerized spreadsheet of registered 
water users. An alternative is to include water cost 
recovery in the mandate and implementation chan-
nels of the Tanzania Revenue Authority, which has 
much more experience in these matters.
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More than 24 new WUAs have been 
formed in the Upper Ruaha catchment 
(Sokile, 2003). Although the WUAs are still 
too young for impacts to be assessed, the risks 
are real that the rapid ‘organization’ into some 
form of committee revives the same type of 
rent seeking that existed under government-
imposed villagization and cooperative build-
ing, as also prevailed in the Upper Ruaha 
sub-basin. Committee leaders have more 
power than government officials to effec-
tively cut water of those who do not pay their 
share of the government taxes. If seen as power-
ful, they can more easily interfere in the cus-
tomary irrigation arrangements or threaten to 
do so. Thus, the commonly shared water 
resources risk becoming a source of income 
for the few more powerful – again hitting the 
most powerless the hardest. Moreover, the 
incentive for organization is low indeed if it 
mainly implies that one has to pay fees.

Draining public funds

Contrary to expectations, charging fees for 
cost recovery among small users appears to 
be a drain of scarce government human and 
financial resources. Government officials 
from the lowest to the highest level with 
whom this issue was discussed admitted 
that the transaction costs of charging scat-
tered smallholders in farmer-managed irri-
gation schemes without telephone, e-mail, 
post office or bank account facilities are con-
siderably higher than any net revenue gained 
from this category. A simple calculation 
illustrates this point. For an immediately 
paying small-scale water user at only 15 km 
distance from the sub-basin office, the 
income of $35–40 breaks even with the esti-
mated fuel costs, according to government 
tariffs, which are 2 × 2 × 10 km × $0.75/km = 
$45. However, the Water Officer typically 
needs to make two or three trips to small-
holder areas, one for announcement, one for 
the collection of fees and, often, one trip as a 
reminder. Moreover, the distances in the 
Rufiji basin from the Water Office to the 
water users, even if one can reach various 
water users within the same trip, are much 

longer. The average distance from either the 
Iringa or the Rujewa basin offices is esti-
mated at 87 km (Sokile, 2004). So, the fuel 
costs for collecting taxes from small-scale 
water users typically requiring three trips/
year amount, on average, to $392, divided 
by the number of water users that can be 
reached during one trip. Evidently, there are 
many more costs than fuel alone, such as the 
costs of the four-wheel drive vehicle pur-
chase and maintenance, the salaries and per 
diems of the Water Officer, driver and assis-
tants, plus all other administrative costs.

This stands in sharp contrast with the 
very minimal transaction costs of taxing 
large users. For example, TANESCO pays an 
annual Royalty Fee directly to the Ministry 
by bank transfer. After billing, large users 
such as the Brooke Bond Tea Company, 
Kilombero Sugar Company, Kilombero 
Valley Teak Company, District Governments 
and the Dioceses normally pay by cheque or 
bank transfer. For the rare payments in cash, 
one trip to such large-scale users is usually 
sufficient. The Rufiji Water Office estimates 
the negotiated average fee paid by large-scale 
users at $100, which is three times the mini-
mum flat rate (Sokile, 2004). This amount is 
negotiated independently from any water 
volume allocated or used in reality as those 
volumes are not given in the registers.

Currently, the annual fees for basin man-
agement collected in the Rufiji basin amount 
to $50,000, as estimated by the Basin Office 
(Sokile, 2004). TANESCO’s royalty payment 
of $165,500 for the hydropower works in 
both the Rufiji and Pangani basins is not 
included in this because it remains at national 
level. Overall expenditures of the Rufiji basin 
office are estimated at nearly $225,000 (see 
Table 6.3 in the Annex; Sokile, 2004).

In sum, taxing scattered small-scale water 
users has not contributed to achieving the 
goal of self-financing of the Rufiji basin office. 
The huge implementation costs of taxing this 
majority of water users were insufficiently 
anticipated during the design of the new water 
rights and fees system. Promoting WUAs and 
Water Officers merely as tax collectors is no 
solution either. However, collecting a net 
income appeared feasible among large-scale 
water users. This is also justifiable on the 
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ground that small users are primarily subsis-
tence farmers with limited land, while large-
scale companies are undertakings with large 
water abstraction and considerable benefits.

Lack of legitimacy

The government’s new water fees for basin 
management have met with fierce local 
opposition among smallholders and live-
stock keepers in the Upper Ruaha catchment. 
The well-intended explanations of the Water 
Officer that money is needed for the vehicles, 
fuel, construction and office costs of the 
Rufiji Basin Water Office did not impress the 
protesters. Their main complaint was that 
there has been no improvement in services 
delivered in return for what they perceive as 
taxation and rent-seeking. Rural water users 
contest the government’s claims of owner-
ship that would also entitle them to charge 
for water use. According to their customary 
notion of property claims, water is given by 
God, and use rights are only established on 
the basis of their own efforts to build infra-
structure. Given this widespread opposition, 
one could have expected a categorical rejec-
tion of the new system. Ironically, the reason 
for its partial acceptance can be found in the 
new conflicts and divisions that emerged 
between upstream and downstream users, 
where the former use the new system to 
strengthen their own claims to water at the 
expense of the latter, as described below.

The legitimacy of the new taxation sys-
tem has also been questioned at national 
level. In the budget speech of June 2003, the 
government abandoned the proliferation of 
rural cost recovery, realizing that the costs 
for collecting small, rural taxes are often 
higher than the amount collected; that they 
tend to discourage economic activity; and 
that they often meet with widespread resis-
tance, among others by opposition politi-
cians (O-H. Fjeldstad, e-mail, 2004, personal 
communication). The trend of abolishing 
existing taxation is diametrically opposite 
to the efforts of the Ministry of Water and 
Livestock Development to introduce new 
rural taxes. Last but not least, charging up to 

$35 or $40 from individuals or groups of 
organized poor people earning a dollar or 
two a day merely aggravates poverty.

Conclusion

Imposing a blanket fee payment system on 
small-scale water users failed to achieve the 
expected goal of self-financing governmen-
tal basin management. Instead, it cost the 
government its scarce resources. The new 
system lacks legitimacy at local and national 
level because there is no improvement in 
government service delivery and because 
fee payment for basin management is at 
odds with both national poverty eradication 
and rural taxation policy. Government cred-
ibility is further weakened by the arbitrari-
ness of the new system. At the same time, 
the ability and willingness to pay fees for 
basin management services of large-scale 
private users who derive considerable ben-
efits from water use appeared effective.

The straightforward implication is to 
continue taxing the large users who make 
the highest profits from water and can eas-
ily be reached logistically. However, for 
informal, small-scale users the lose–lose 
scenarios for both water users and govern-
ment is to be avoided. Taxation of these 
users should, in any case, be phased accord-
ing to logistical capabilities – as also pro-
posed by the designers of the RBM project. 
However, the real challenge for the govern-
ment is to deliver tangible services in return 
to the taxes, in order to achieve willingness 
to pay and reduce transaction costs for fee 
collection in a sustainable way. As dis-
cussed below, the oversimplistic connec-
tion between claims to water and payment 
is certainly to be thoroughly revisited. This 
is even likely to save water.

Water Allocation Tool: Increasing Water 
Use and Inequities

The expectations of the RBM project and 
the National Water Policy of 2002 that an 
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administrative water rights and fees system 
would, by itself, serve as a tool to allocate 
water and mitigate conflicts and ‘be in a 
position to control withdrawals of surface 
and groundwater by issuing and revoking 
water rights’ (World Bank, 1996) were high. 
While the registration and taxation compo-
nent of the new water rights system worked 
at best partly, issuing water rights and mak-
ing people pay for water failed completely 
as a water allocation tool, and even aggra-
vated downstream water scarcity.

The above-mentioned lack of water mea-
suring and control devices that prevented 
Water Officers from effectively controlling 
access to water and the lack of implementa-
tion capacity to enforce state authority under-
mined the obligatory registration and fee 
payment. Moreover, water certificates with, 
at best, an average annual volume specified 
appeared to have no meaning at all for the 
key water problem in the Upper Ruaha, 
which is the dry season in which fractions to 
be used are much smaller than any average, 
certainly for downstream users. These imple-
mentation weaknesses are the Achilles heel 
for any water rights system that solely 
depends on the government’s authoritative 
and practical ability to curtail water use.

Ironically, the newly introduced pay-
ment of water ‘as an economic good’ even 
exacerbated water scarcity downstream dur-
ing the dry season. The Water Officer had 
started issuing water rights to the upstream 
irrigators. They were somewhat wealthier 
and already quite well organized. In that 
area, irrigation expanded rapidly, for exam-
ple up to 40% as in the Inyala village, where 
land values doubled as well. This rapid 
expansion was triggered not only by market 
and other opportunities but also by the 
newly constructed intake structure under 
the RBMSIIP project, which increased water 
security in the dry season. Reluctantly, these 
irrigators registered and paid fees. The 
Water Officer hardly contacted and informed 
the more distant and largely unorganized 
livestock keepers and the fragmented in-
migrating communities in the plains down-
stream. Not a single WUA has been 
established in that area. In the initial days of 
implementing the water rights system, the 

promise of the Water Officer that those who 
registered and paid the new fees would be 
better supported in water conflicts than 
those who had not paid as yet helped to 
convince them and others. It certainly facil-
itated the Water Officer’s job of achieving 
quick registration and fee payments.

As a result, the irrigators in the Inyala vil-
lage argued that ‘since 2000 they had bought 
water for $100’ – in their perception of water 
as an economic good – to strengthen their 
claims to exploit this precious resource to the 
maximum. So contrary to the assumption of 
the RBM project and the National Water 
Policy of 2002 that paying for water leads to 
reduced water use, it increased the water use 
of upstream users. This was with immediate 
detriment to the downstream users as registra-
tion and tax payment did not generate any 
extra drop of water in the zero-sum game of 
dividing a limited pie during the dry season 
in the Upper Ruaha catchment.

Significantly, in 2003 the Water Officer 
of the Upper Ruaha realized the likely reper-
cussions of ‘selling unrealistic expecta-
tions’, and started emphasizing how the 
water law itself stipulates that the govern-
ment does not provide any guarantee that 
issued water rights, for which taxes are 
paid, are actually delivered (Msuya, 2003), 
as mentioned earlier.7 The Water Officer 
protected himself by emphasizing the dis-
connection between fee payments and water 
allocation. Recently, the Water Officers 
stopped issuing water rights altogether. 
They now first finalize the identification 
and registration of all significant users that 
should have taken place at the onset. Crude 
and unmonitored water rights are inade-
quate tools to regulate upstream–downstream 
water conflicts in such a context.

In order to address water scarcity  during 
the dry season in the Upper Ruaha catch-
ment, the government does not rely anymore 

7 As mentioned in Section 2, the Water Ordinance 
1959, Part IV 16 (4) and its literal repetition in the 
Water Utilization (Control and Regulation) Act 1974 
Part IV 15 (4) stipulate: ‘Nothing in any such water 
right shall be deemed to imply any guarantee that 
the quantity of water therein referred to is or will be 
available.’
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on paper water rights but  catalyses the for-
mation of negotiation fora. The newly 
established Rujewa Sub-catchment River 
Basin Water Office, supported by the 
Sustainable Management of the Usangu 
Wetlands and Its Catchment (SMUWC) 
 project, brought the managers of the three 
smallholder irrigation schemes, TANESCO 
and the Ruaha National Park together into 
what is now called the Planning Group. 
In 2003, the River Basin Water Office 
 supported the introduction of a ‘River Basin 
Game’,  developed by RIPARWIN (Lankford 
et al., 2004a,b) to foster dialogue between 
upstream and downstream users, to raise 
awareness about downstream deprivation 
during the dry season, and to elicit reme-
dial options, such as the further exploita-
tion of groundwater or construction of 
small dams to hold storm water and floods 
during the rainy season for use during the 
dry weeks. For example, a small dam is 
proposed in the Ndembera river in the 
Upper Ruaha  catchment, which would pro-
vide the minimum flow required for wild-
life in the Ruaha National Park during the 
dry season. Significantly, FAO already pro-
posed this in the 1960s, but the plan was 
shelved ever since because the discourse 
shifted away from water development to 
water regulation for the reasons mentioned 
in this chapter. Rotations along streams and 
building upon customary practices are also 
elaborated. Also, an encompassing legal 
infrastructural framework for catchment 
apportionment is proposed. This allows 
rebuilding the concrete intakes in the 
upstream part in such a way that, during 
the dry season, less water is diverted 
upstream in order to leave more water in 
the flows for downstream use. Water fees 
for the respective irrigation schemes would 
be based on abstractions during the wet 
season as concretized in the technical 
design (Lankford and Mwaruvanda, 2006).

Conclusions and Recommendations

The foregoing analysis illustrates, above 
all, how well-intentioned reforms that are 

governed by ideological principles in 
vogue (centralized formal water rights and 
cost recovery for water as an economic 
good) and an unsound scientific analysis 
of the complexity of the real world, com-
bined with a lack of meaningful prior 
 consultation with stakeholders, can get it 
wrong.

Grafted upon a dormant colonial sys-
tem of water rights, Tanzania supported by 
the World Bank, introduced increased water 
fees with two objectives: managing water 
resources and cost recovery for water 
resources management functions. Relative 
failure to achieve the first goal of water 
resources management was primarily due to 
the heroic assumptions on the regulation 
capacity of the state. However, in the Upper 
Ruaha, as in many rural areas in sub-Saharan 
Africa, the state manages only a few of the 
structures, reservoirs and large public 
schemes. It has only direct control over the 
water regime through the canal regulation 
programme on two out of more than 150 
intakes. This lack of ‘reach’ was com-
pounded by the hydrological complexity of 
many catchments, high resource variability 
and unpredictability, the lack of hydrologi-
cal knowledge, the multitude of small unor-
ganized users, and the inaccessibility of the 
dindilos. Moreover, the concrete structures 
to replace the indigenous dindilos were 
built without full acceptance of the hydrol-
ogy and uses, and without a view on how 
dindilos and dindilo-type structures could 
practically and technically apportion water. 
These new structures now hinder water-
sharing arrangements even more. The cart 
was put before the horse again by distribut-
ing ‘rights’ before knowing about use, users 
and resources. So, managing water appeared 
illusory. However, even if the state had been 
able to sufficiently control and manage the 
streams and registers would have been well 
maintained, water rights based on registered 
average annual volumes are of little help in 
sharing and prioritizing water resources 
during dry-season scarcity. Not only was 
the goal of improved water management 
not achieved at all, but new upstream–
downstream conflicts were created. These 
experiences suggest that it is more reason-
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able and effective to entrust management of 
water to sub-catchment decision-making 
networks, building on already existing cus-
tomary arrangements. Their tasks would be, 
first, to regulate allocation in times of low 
flows, with constraints to ensuring down-
stream flow determined by the RBO and, 
second, to find arrangements for the increas-
ing demands by new users. For example, a 
‘catchment water master’ could be appointed 
and paid by the catchment users. This could 
also start a mechanism of fee collection with 
a clear objective and benefit, which can be 
extended to a wide range of basin and water 
services once benefits are received from that 
level. For managing water in a case like the 
Mkoji sub-catchment and the many similar 
sub-catchments, formal collective rights 
rather than individual rights would be most 
appropriate.

The second objective, raising net reve-
nue for the River Basin Water Office, was 
not achieved in the Mkoji sub-catchment 
because of the disproportionate costs of reg-
istration and cost recovery from many small 
users compared to the amounts gained. 
Moreover, users had little incentive to pay 
from the perspective of water assurance or 
service in exchange though they had more 
incentive from the perspective of the ill-
defined threats of not being legally entitled 
to the water. In contrast, taxation of the few 
large users in the Rufiji basin did generate 
net revenue for the Basin Water Office. From 
these experiences, it can be concluded that 
cost recovery should be limited to the users 
who derive large benefits from high water 
diversions and allow the government to 
recover costs. The national government 
would considerably support the process if 
government schemes were also forced to 
pay and if the TANESCO contribution 
stayed at basin level instead of going to the 
central government. Given the different 
state interventions at stake, especially in 

informal settings with limited physical 
water control, water allocation and water 
taxation, a clearer separation of the goals 
and means to reach the goals of both meas-
ures, would contribute to the rationality, 
transparency and effective implementation 
of both. Above all, water allocation would 
recognize and build upon the many strengths 
of existing customary practices.

Last, Tanzania is a country still with a 
very low per-capita storage capacity. In 
many instances, the option of year-round 
storage development for improving the 
water supplies to all is still open. Instead of 
suggesting that localized and temporal abso-
lute scarcity issues are the nation’s key con-
cern, more resources should be allocated to 
solve the primary issue: economic water 
scarcity.
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Annex

Table 6.1. Fees according to Water Utilization (General) Amendment Regulations (2002).

 
Application

 User fees ($/year)

Item of water use fees ($) Flat rate Increment rate

Domestic/livestock 40 35 0.035/100 m3 above 3.7 l/s
Small-scale Irrigation 40 35 0.035/1000 m3 above 3.7 l/s
Fish farming 40  35 0.035/100 m3 above 3.7 l/s
Large-scale irrigation 150 70 0.070/100 m3 above 3.7 l/s
Industrial 150 35 0.035/100 m3 above 1.11 l/s
Commercial 150 35 0.15/100 m3 above 0.94 l/s
Mining 150  0.17/100 m3

Table 6.2. Non-consumptive water use fees in Tanzania.

Use Charge ($/year)

TANESCO – Power royalty 165,500
Power royalty fees per 1 MW installed capacity 300
Transport in inland water bodies (less than 5 t) 10
Transport (above) for every additional tonne 2.2

Note: Exchange rate (2004): $1.00 = TSh 1000.

Table 6.3. Estimated costs of the Rufiji Basin Office. (From Sokile, 2004.)

Cost elementa Estimated amount ($)

Remuneration – Basin Officer 8,640.00
Remuneration – Resource Management staff (2) 7,200.00
Remuneration – Quality Management staff (2) 6,000.00
Remuneration – Operations staff (5) 4,800.00
Remuneration – Corporate services 5,000.00
Remuneration – Casual labour 13,860.00
Institutional support (including resolving conflicts) 11,900.00
GIS data capture 12,100.00
Water quality analysis/hydrology sampling and analysis 9,200.00
Fixed overheads 4,500.00
Travel and subsistence 37,000.00
Printing and photocopies 8,700.00
Communication 11,000.00
Bills (electricity, water) 3,900.00
Consultants –
Sundry and contingency 6,700.00
Interest and finance costs 5,000.00

Total 155,500.00
Other expenditures (occasional) 

Improvement of intakes 37,300.00

Continued
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7 Who Will Pay for Water? The Vietnamese 
State’s Dilemma of Decentralization of Water 

Management in the Red River Delta

J.-P. Fontenelle, F. Molle and H. Turral

Introduction

Many state-run large-scale irrigation 
schemes worldwide have long been finan-
cially supported by public funds. Because 
of stretched public finances and a general 
trend to hand over the management of irri-
gation schemes to farmers, an emphasis is 
often placed on both cost recovery and the 
financial autonomy of these schemes. 
Water fees in most countries generally 
cover only a part of operation and mainte-
nance (O&M) costs and amount to a small 
percentage of the agricultural gross prod-
uct, typically less than 10%. In some other 
countries, water supply is free and is con-
sidered to be a state obligation. However, 
in situations where irrigation and drainage 
operations demand the use of pumping 
devices, operational costs are generally 
 significantly higher, as they include the 
costs of energy and the maintenance of 
equipment, and consequently water fees 
also tend to be higher. This is the case in 
the Red River delta, where thousands of 
pumps of all capacities are used in water 
management.

The Red River delta is also well known 
for having one of the highest rural popula-
tion densities of the world. Consequently, 
agricultural production is extremely inten-

sive, cropping intensity is high and the 
proper management of water is paramount 
in achieving social welfare and food secu-
rity. The relationship between the state 
and the farming population has seen dra-
matic changes, from colonial times to the 
recent liberalization, throughout the col-
lectivist period. The question of financing 
irrigation must therefore be addressed as a 
particular aspect of a changing political 
economy, where the taxation system and 
the roles and responsibilities of the differ-
ent actors are being redefined. With all 
these changes, the pumping costs of irriga-
tion and drainage have yet to be covered. 
This warrants an investigation into how 
water pricing is conducted in the Red 
River delta and who eventually pays for 
what.

The first section of this chapter 
describes the political changes which 
induced the technical and institutional evo-
lution of this delta’s water control systems, 
as the organization of the operation and 
even the technological nature of these sys-
tems were influenced by national political 
choices. The second section describes the 
management framework and the financial 
organization of the delta’s water control sys-
tems. In-depth studies conducted at local 
level provide a better understanding of the 

©CAB International 2007. Irrigation Water Pricing (eds F. Molle and J. Berkoff) 165

Molle & Berkoff_Chap 07.indd   165Molle & Berkoff_Chap 07.indd   165 9/12/2007   9:59:39 AM9/12/2007   9:59:39 AM



166 J.-P. Fontenelle et al. 

present situation.1 Water management in 
the Red River delta appears to be strongly 
organized by the state into successive nested 
levels, from the central level of the Ministry 
of Agriculture to the local level of the coop-
eratives. This structure has been challenged 
by the emergence of local pumping stations 
and water management practices, which 
have superimposed themselves upon this 
bureaucratic structure. It is shown that the 
mismatch between administrative and 
hydraulic units adds to the complexity of 
the definition of both the financing and the 
management of hydraulic operations. The 
third and last section of this chapter exam-
ines the financing of the different operators, 
the amount and use of the water fees paid 
by farmers, and questions the process of 
water management decentralization and 
‘privatization’2 in the delta. While there is 
scope for improving downward account-
ability to farmers, the present system of bulk 
pricing and nested levels of subsidiarity 
allows a relatively high rate of cost recovery 
and a relative financial self-sufficiency.

The Evolution of the Red River Delta 
Water Control Systems

With a population of more than 75 million 
and a total area of 331,700 km2, of which only 
one-third is covered by plains, Vietnam shows 
much concern for its food security (Cuc et al., 

1993; Fforde and Sénèque, 1995). Fertile and 
crowded plains, notably the Mekong and Red 
River deltas, play a key role as the country’s 
rice bowls. The Red River delta is the smaller 
and more densely populated of the two deltas 
(Fig. 7.1). It has a gross area of 1.5 million ha 
(or 4.5% of the total area of Vietnam) and a 
total population of 20 million (27% of the 
total population of Vietnam) (Le Ba Thao, 
1997). This represents one of the world’s high-
est rural population densities, with more than 
1300 inhabitants/km2 in some areas. This 
explains why agricultural intensification, 
anchored in a strong security against climatic 
vagaries provided by irrigation, drainage and 
flood-protection infrastructures, is such a 
vital issue for the Government of Vietnam.

Water control before collectivization

High population density is not a new fea-
ture of the Red River delta. Population den-
sity was already above 400/km2 at the 
beginning of the 20th century (Dumont, 
1935; Gourou, 1936). This delta is an area of 
ancient human settlement where reclama-
tion by paddy growers has been proved to 
date back to more than 2000 years (Sakurai, 
1989). Early and dense settlements are quite 
conspicuous, judging from the unfavour-
able natural conditions faced by the popula-
tion living in this delta: dangerous river 
floods and occasional typhoons, as well as 
droughts, are common during summer mon-
soons. During dry winter and spring sea-
sons, the main concern is accessing water 
for irrigated agriculture. To minimize the 
impact of these constraints, large-scale 
water control works, such as dykes and 
canals, were initiated by the imperial state 
more than eight centuries ago and devel-
oped during the 19th century before the 
arrival of the French (Chassigneux, 1912). 
Dykes protected the Vietnamese population 
from floods during the monsoon3; during 
the dry season, canals could receive water 

 1 This description is based on the results of the ‘DEL-
TAS’ INCO-DC research project, funded by the 
 European Union (DG XII). In Vietnam, the project 
was implemented by GRET (Paris) and the Vietnam 
Agricultural Sciences Institute (Hanoi) between 
1998 and 2000. Additional information is sourced 
from ACIAR (Australia)-funded project 9404 ‘Inte-
grated management of pumped irrigation systems 
in the Red River Delta – 1995–1998’, carried out with 
the Vietnam Institute of Water Resources Research.

 2 The term ‘privatization’ may be ambiguous and is 
understood here as the emancipation from the state 
of groups of users who are able to manage their 
pumping stations and irrigation schemes indepen-
dently. However, these undertakings are commu-
nal, theoretically non-profi t-oriented, and have 
 often been made possible thanks to public funds.

 3 The monsoon in northern Vietnam is characterized 
by high precipitation and frequent typhoons (Taillard, 
1995; Le Ba Thao, 1997).
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from the river (through sluices in the dykes) 
and channel it to the lowest paddy fields, 
gravity allowing. To secure and intensify 
paddy agriculture, individual irrigation 
equipments such as water-lifting baskets 
and tripod scoops were introduced through 
Chinese influence, which lasted in Vietnam 
for 1000 years.

The imperial state took responsibility 
for the construction of dykes, water gates 
and main canals along river banks by mobi-
lizing local (forced) labour. The responsibil-
ity of irrigation was left to the villages (lang 
xa) (Fontenelle, 1998). During the French 
colonization, state investment in hydraulic 
works increased dramatically, with the 
improvement and completion of the Red 
River delta system of dykes, gates and the 
network of main canals. Although the com-
bined action of the central state and farming 
communities had already gone a long way in 
developing intensive agriculture in this 
delta, the farmers’ situation remained uncer-
tain due to the occurrence of droughts and 
floods, as well as the imposition of taxes and 
the burden of forced labour (Hémery and 
Brocheux, 1995). Poor drainage within the 
polders4 resulted in continuously saturated 
conditions and a predisposition to rapid 
flooding, as the water levels in the river were 
(and still are) higher than in the surrounding 
paddy fields during the rainy season. As 
regards irrigation, low levels in the river 
made manual water lifting necessary and 
hindered rice development during the dry 
season.

The centralized modernization 
of water control

The modernization of water control in the Red 
River delta began in the 1960s under the pol-
icy of agricultural collectivization and with 
the establishment of cooperatives. The mod-
ernization of water control was considered a 

strategic mission, as a necessity towards the 
collectivization of agriculture. The combined 
effects of collective mobilization for hydraulic 
works and the improvement of agricultural 
conditions were supposed to encourage popu-
lar participation in the new cooperative system 
(Yvon-Tran, 1994).

The state placed great emphasis on mech-
anized drainage and irrigation. In 1962, 9.8 
million man-days of labour were recorded 
against 2.3 million in 1959. In the Hung Yen 
province alone, 4000 km of canals were dug at 
the end of 1963. More than 80% of the direct 
investments in agriculture by the state were 
dedicated to the improvement of water con-
trol. Large drainage and irrigation schemes 
were created with a comprehensive network 
of canals, from the primary to the tertiary 
level, channels connecting polders to rivers, 
and large-scale irrigation and drainage pump-
ing stations. Between 1961 and 1965, more 
than 2500 pumping stations were reportedly5 
set up in the Red River delta (Vo Nhân Tri, 
1967 quoted in Yvon-Tran, 1994). By 1966, 
73% of the cultivated area of the Red River 
delta was equipped with electrically powered 
irrigation and drainage pumping  stations. 
Thus water could be extracted and supplied 
without human labour (Lê Thanh Khoi, 1978). 
These works, combined with the introduction 
of improved paddy varieties and chemical 
fertilizer, led to the further intensification of 
agriculture and to the  double cropping of rice 
throughout the delta. Beyond the mere mod-
ernization of infra structure, the way in which 
the Government of Vietnam intended to man-
age water supply also changed. From a situa-
tion where local management at the village 
level prevailed, water management was trans-
ferred to the state, provincial and district 
water services. Water distribution was orga-
nized according to strict irrigation turns 
among all cooperatives belonging to a single 
irrigation scheme, and farmers were effec-
tively excluded from the water distribution 
process (Fontenelle, 1999).

 4 The Red River delta is divided into 30 independent 
 hydraulic units, which are fully dyked and surrounded 
by arms of the river. These are called polders or  casiers, 
in this chapter.

 5 These offi cial statistics are subject to caution. Howev-
er, there is no doubt that the 1960s witnessed a mas-
sive development of large-scale pumping stations.
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However, the improvement of food 
security in the Red River delta did not last 
long. Between 1960 and 1975, the popula-
tion resisted and resented the move towards 
collectivist economy and cooperatives. 
This, combined with the dysfunctional cen-
tralized management, appeared to have 
compounded an emerging economic crisis 
(Kerkvliet, 1999). The situation worsened at 
the end of the 1970s, when the government 
tried to sustain the collectivist economy 
through further heavy investments in water 
control equipment and stronger centraliza-
tion of production management. Drainage 
capacities were upgraded through invest-
ment in new pumping stations with higher 
discharge capacity. Most village coopera-
tives were aggregated into commune coop-
eratives. Districts became responsible for all 
production aspects, including the establish-
ment of the crop calendar, choice of rice 
variety and the management of hydraulic 
structures. This policy failed dramatically 
and the very poor living conditions of farm-
ers sometimes degenerated into starvation 
(Nguyên Duc Truyên, 1993). The food crisis 
faced in this delta at the end of the 1970s 
was not the result of a lack of production 
capacity or funds, since water control infra-
structures were well developed by then. 
This crisis appeared to be due to excessive 
state intervention, which undermined the 
capacity of farmers to innovate in, and take 
control of, production. The crisis was politi-
cal rather than technical (Tessier and 
Fontenelle, 2000).

Liberalization reforms and decentralization 
of water control

This situation lasted until the beginning of 
the 1980s, when Vietnamese authorities 
recognized the failure of the ‘great socialist 
agriculture’ and proposed, through the 
Khoan 100 (Directive 100), a new contract 
for production with farming households. 
This contract, in which paddy land was 
leased to households for a fixed contribu-
tion and the surplus of production left to 
farmers, arose in a context of an economic 

crisis compounded by farmers’ rejection of 
collectivism (Beresford, 1988; Kerkvliet, 
1995). The directive resulted in a boom in 
agricultural production and encouraged 
farmers to claim fuller responsibility for 
agricultural production, including the sup-
ply of water. The aspirations of farmers 
could not be satisfied through the strict 
rotation of irrigation turns which prevailed 
in centrally managed schemes. First, indi-
vidual land management created the need 
for a specific access to water for each small 
field leased to farmers, in contrast to the 
former organization of water supply on 
large collective plots6 (Mai Van Hai, 1999). 
Second, a strict organization with the estab-
lishment of a collectively fixed crop calen-
dar did not allow for the diversification of 
crops and paddy varieties (Fontenelle and 
Tessier, 1997). The negative impact of this 
constraint was reinforced in the case of 
droughts or power cuts. In order to improve 
local irrigation conditions, farmers and 
cooperatives had to free themselves from 
their dependency on centralized irrigation 
systems. Farmers deepened existing tertiary 
canals to store water for a few days after 
pumping and to gain some flexibility in 
irrigation at the farm level (Dang The Phong 
and Fontenelle, 1995).7 Cooperatives set up 
local pumping stations to get direct and 
autonomous access to water supply 
(Fontenelle and Tessier, 1997). These 
pumps were financed by revenues from 
cooperatives and subsidies from the state. 
Local pumping stations abstracted water 
from arroyos8 and from the canal networks 
built by the state in the 1960s. Local irrigation 

 6 Reality, however, is diverse. In other areas, like Dan 
Hoai and La Khe polders, the water management 
groups still do the bulk of in-fi eld water manage-
ment. Because of the disaggregation of holdings 
due to land reform, farmers fi nd it too diffi cult to 
manage water individually.

 7 This added to signifi cant secondary storage and in-
drain storage within command areas, which tapped 
direct supply or return fl ow from the ‘centralized’ 
irrigation systems, which had long been developed.

 8 The term ‘arroyo’ is used to defi ne the network of natu-
ral drainage channels and the lands lying in between 
that, in most cases, are now bounded by dykes.
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schemes thus emerged as fragments of the 
old centralized irrigation schemes.9

The construction of local pumping sta-
tions increased during the 1980s taking advan-
tage of further political reforms initiated by the 
government. In 1984, through Directive 112/
HDBT, the central government decreased its 
involvement in water management, not only 
partly devolving management of water control 
services but also strengthening mechanisms 
aimed at balancing revenues and costs under 
strong provincial control. A new actor, the 
Irrigation and Drainage Management Company 
(IDMC), was created in each polder. The 
IDMCs are public companies owned by the 
state, which were supposed to balance their 
accounts through the collection of a water fee 
paid by the cooperatives. They are essentially 
bulk water suppliers. Furthermore, the Doi 
Moi reform in 1986, which resulted in the abo-
lition of subsidies and in the liberalization of 
production activities, the Khoan 10 (Directive 
10) in 1988 and the Land Law in 1993, which 
governs the redistribution of land to farming 
households, created new conditions for water 
management and agriculture. Finally, in 1996, 
the state issued a law on cooperatives aimed at 
improving their management in a way remi-
niscent of the 1984 reform of the IDMCs. 
Cooperatives were no longer considered 
responsible for production and were supposed 
to provide service to farmers, for which they 
could charge a fee. They were still responsible 
for the collection of water fees paid by the 
farmers.

Agriculture became more diversified 
and intensive, as farmers gained the freedom 
to manage their production individually. 
Farmers diversified the number of paddy 
varieties they used, adopted direct seeding 
techniques, and increased commercial crop 
production, especially during the winter sea-
son (Lê Duc Thinh and Fontenelle, 1998; 
Bach Trung Hung et al., 1999). These changes 

had an impact on water demand, both in 
terms of overall requirements and frequency 
of supply (Mai Van Hai, 1999). To meet these 
requirements the cooperatives increased the 
number of local pumping stations in order to 
get more autonomy and flexibility in water 
supply. These stations now serve approxi-
mately half the irrigated area of the Red River 
delta. High population densities do not seem 
to have jeopardized food security in the Red 
River delta as it did in the past, as agriculture 
now provides more than 300 kg of paddy 
per head per year (Dao Thê Tuan, 1998). 
Agriculture is very intensive and the paddy 
production of this delta  accounts for up to 
22% of all Vietnamese rice production. The 
people of this delta seem to successfully 
combine a high population density with 
intensive agriculture and strong water con-
trol measures.

Institutional and Financial Framework 
of Water Management

This section focuses on the example of the 
Bac Hung Hai (BHH) polder. It is the largest 
polder and the first in which hydraulic 
modernization was implemented at the 
end of the 1950s. With an extension of 
210,000 ha, 185,000 ha of which are pro-
tected by the dyke system, 126,000 ha culti-
vated and 100,000 ha irrigated, the BHH 
polder makes up 13% of the total area of 
the delta. It includes 15 districts from four 
provinces: Hanoi Metropolitan area (1), Bac 
Ninh province (2), Hung Yen province (6) 
and Hai Duong province (6) (Fig. 7.2). In 
1996, the number of pumping stations in 
BHH totalled 1022, including 698 local 
stations.

National and provincial administrative levels

In 1995, the former Ministry of Water 
Resources, the Ministry of Agriculture and 
Food Industries, and the Ministry of Forestry 
were combined into a new Ministry of 
Agriculture and Rural Development (MARD). 
The Department of Water Resources within 

 9 Built along arroyos from which they abstract water, 
local pumping stations also benefi t from the pres-
ence of former centralized irrigation canals built 
on the side of arroyo banks. Therefore, centralized 
irrigation canals are cut into several reaches, which 
become primary irrigation canals of the new local 
irrigation systems.
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this ministry is responsible for the planning, 
design, construction and funding of major 
irrigation projects larger than 150 ha. It fixes 
the national guidelines for the calculation of 
the water fee according to the type of irriga-
tion (gravity, one or two pumping operations) 
and drainage (gravity and/or pumping).

The responsibility for managing existing 
public irrigation and drainage systems, and 
planning and executing smaller projects is del-
egated to the province under the leadership of 
the Provincial People’s Committees (PPCs). 
The PPCs provide policy advice and funds and 
oversee the work of technical services, set pro-
vincial water rates based on national guide-
lines, allocate subsidies for local water 
resources projects, and make investments in 
local infrastructure. The provinces have estab-
lished Water Resource Services (WRS) to han-
dle these water-related responsibilities. There 
are ten WRS involved in the water manage-
ment of the Red River delta, since the delta 

overlaps ten provinces. WRS are line agencies 
of the provincial governments. Their duties are 
similar to those of the central Department of 
Water Resources in terms of planning, design 
and construction, but are focused on smaller 
projects below 150 ha.

Additionally, they shoulder the responsi-
bility of calculating water fees paid by farmers, 
in consultation with PPCs and the party bureau-
cracy, and oversee the District Enter prises (DEs), 
which operate irrigation systems within pol-
ders. Water fees and their calculation were orig-
inally based on a national decree that the 
government cabinet promulgated in August 
1984 (112 HDBT, 1984). Following national 
policy, the total water fee cannot exceed 8% of 
each province’s average paddy yield for the last 
five consecutive seasons, for spring and sum-
mer seasons. The fee calculation is based on 
three subsidiary fees which correspond to rice 
nursery irrigation, paddy field irrigation and 
paddy field drainage operating costs. The 
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Fig. 7.2. The Bac Hunh Hai polder and administrative boundaries.
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 maximum value of the fee for these different 
services depends on whether water is supplied 
by gravity, or through one or two pumping 
operations: the irrigation fee, for example, 
includes a ‘diversion’ fee which is paid to the 
company in all cases (operation of the main 
system), a pumping fee if such an operation is 
necessary and a field application fee. The diver-
sity of situations leads to a great complexity in 
the calculation of the fees. Even though farmers 
now generally pay in cash, the fee is expressed 
in kilograms of paddy, and the PPCs determine 
every year an official rate for 1 kg of paddy in 
order to insulate the calculation of the fee from 
the price fluctuations in the paddy market.

IDMC at the polder level

IDMCs are provincial state companies estab-
lished under the WRS to identify and design 
water resource projects, to construct and repair 
civil works and to manage irrigation water. Most 
often, an IDMC has responsibility for all existing 
public irrigation in a primary hydraulic unit (or 
polder). Several IDMCs can respond to the same 
WRS when the province encompasses more 
than one polder. Unlike the Department of 
Water Resources and WRS, the IDMC level is 
not based on an administrative division but on 
the polder division. There are 30 IDMCs in the 
delta, managed by 10 provincial WRS (Fig. 7.3). 
In larger polders, which extend over more than 
one district, the IDMC is assisted by several sub-
companies10 (otherwise known as District 
Enterprises or DEs), one per district concerned. 
In 1995, 14 DEs were recorded in BHH, the larg-
est polder in the delta.11 Each IDMC or DE is 
structured based on irrigation stations, called 
cum, each of these being responsible for approx-

imately 1000 ha. Hydraulic cum work with an 
average of 3–5 cooperatives to manage water, 
maintain facilities and collect the water fee. 
Hydraulic cum are responsible for the O&M of 
schemes, from the pumping station to the sec-
ondary canal.12 Overall, the mismatch between 
hydraulic units (polders, irrigation units) and 
administrative ones (province, districts, com-
munes) generates a complex set of nested struc-
tures. Management practices, financing and 
accountability will have to be defined at all lev-
els and made compatible.

With the 1997 national Directive 56/CP, 
IDMCs (and DEs) were transformed into pub-
lic utilities. They were expected to cover the 
costs of water diversion, O&M of irrigation 
and  drainage and depreciation, through the 
collection of the water fees paid by the farm-
ers. However, IDMCs do not have control 
over their income and are, in particular, not 
allowed to raise service fees or keep surplus 
funds, except for minimal maintenance. In 
case of climatic hazards, such as typhoons 
and droughts, state subsidies are supposed 
to be granted in order to compensate for extra 
drainage and field application costs, while 
water fees are reduced in case of paddy losses 
from flooding. Implementing Directive 56/
CP is the responsibility of each PPC, which 
adapts the directive to its own situation and 
issues provincial circulars on this issue.

The DEs are normally responsible for the 
main pumping infrastructure located at the 
head of the main canals and for operating the 
main drainage stations within an irrigation sys-
tem (usually a large sub-polder). The DEs are 
nominally district-level organizations, but in 
practice they may often cover multiple districts 
within one province. The IDMC operates the 
main hydraulic infrastructure on the river sys-
tem and the DEs, which are owned by the indi-
vidual provinces, pay a bulk water fee to the 
IDMC. At Bac Hung Hai, the DEs tap water from, 
and discharge it into, the natural channel and 

10 In the case of BHH, this distinction is important since 
the DEs are managed by the individual provinces, 
but the IDMC is managed by a consortium of prov-
inces and the MARD centre: the Director of BHH 
does not report to the provinces but to MARD, and is 
in fact usually in confl ict with the provinces over the 
payment of bulk service charges by the DEs.

11 The two districts of Bac Ninh province have a joint 
DE. This is why there are only 14 DEs for 15 districts 
in the BHH polder, which overlap with four differ-
ent provinces (Fig. 7.2).

12 Their formal responsibility ends at the tertiary turnout, 
which is where the responsibility of the cooperatives’ 
water management groups begins. However, in prac-
tice, the cooperatives often control the secondary 
channels and even sometimes control the operation 
of the secondary head gates, but this usually brings 
them into confl ict with the company and the cum.
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main canal network, which is operated by the 
BHH IDMC. Where the IDMC operates only 
within a province, payment of bulk water 
charges is enforced by the Provincial WRS (and 
the Economic Court) and it has not been a major 
problem. However, in BHH, the IDMC was 
jointly owned by four provinces and was then 
taken under the Ministry’s jurisdiction because 
of financial losses amounting to around $1.00 
million per  annum over the period 1994–1998. 
Underpayment of bulk water charges by DEs 
has been a significant contributing factor to this 
situation, and it is still unresolved.

Because of the size of the BHH polder, 
BHH IDMC constitutes a special case: before 
1998, it was supervised by the Hai Hung pro-

vincial WRS.13 Nowadays, BHH IDMC is 
supervised by a System Management Council, 
constituting representatives from the four 
provincial WRS concerned, and chaired by 
the Director of the Department of Water 
Resources. BHH IDMC is responsible for 
water diversion and transportation from the 
river through the dual-purpose central canal 
network on the whole BHH polder, and for 

National level: Department of Water Resource (Ministry of Agriculture and Rural
Development): Planning, design, construction and funding of major projects

Provincial level: Water Resource Service (10 WRS in the delta)
Planning, design and construction of smaller projects
Organization of irrigation and drainage management

Polder level (30): Bac Hung Hai IDMC
O&M of water diversion infrastructure,

O&M of drainage and water sales to 14 DEs

Infra polder level (29): DEs (14 in BHH)
O&M of drainage, management of hydraulic cum

Infra DE (around 10/DE): Hydraulic cum
O&M of centrally managed irrigation schemes,

water fee collection for water diversion,
drainage and cum field application cost

Cooperative level (5 or more/cum)

43% supplied by cum

324 pumping stations for irrigation;
service negotiation between

cooperatives and cum. Full water fee
payment to cum for water diversion,
drainage and field application costs

53% supplied by cooperatives

814 pumping stations; O&M of
local irrigation schemes by

cooperatives, water fee payment to
cum for water diversion and

drainage costs only. Cooperative
management of field application fee

Fig. 7.3. Water management organizational framework in the Bac Hung Hai polder.

13 The Hai Duong and Hung Yen provinces formerly 
formed the Hai Hung province. The 1997 reform led 
to the division of several provinces and districts in 
Vietnam and resulted in the BHH overlapping with 
four provinces.
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the operation of most tail-end drainage facili-
ties (pumping stations and gravity gates) 
which discharge outside the dykes of the 
BHH polder.

Within the BHH polder, the situation of 
each district depends on the province it 
belongs to: the DEs from Hung Yen and Hai 
Duong provinces (which make up 85% of the 
BHH-supplied area: Fig. 7.1) pay, based on 
actual supplied area (36 kg/ha for the spring 

season and 24 kg/ha for the summer season), 
while DEs of Hanoi and Bac Ninh provinces 
pay a percentage of BHH IDMC annual expen-
ditures equivalent to the share of area covered 
by each DE (3% for Hanoi DE and 12% for Bac 
Ninh DE). Table 7.1 indicates the breakdown 
of revenues and expenditures of the IDMC as 
dictated by the national regulation and its evo-
lution in the Hai Duong province after decen-
tralization measures started to be enacted. 

Table 7.1. Annual revenues and expenditures of IDMCs and DEs in the Hai Duong province.

   Hai Duong provincial 
  National regulation regulation

  Circular 90/1997/TTLT/TC-NN Decision 1854/1998/QD-UB

Incomes Water fee  From 3% to 8% of the From 1.6% to 5.9% of the
  average level  yield Directive 112/HDBT (1984)  yield Decision 1132/
    QD-UB (1993)
   Decision 283/QD-UB (1998)
  Circular 90/1997/TTLT/TC-NN (1997) - when yield decreases 
    >30%
 Public subsidies - when yield decreases >30% - when income 
  - when income < expenditures   < expenditures (from 
   (from national budget)  national/provincial 
  - when drainage cost >  budget)
   average ratio kWh/ha - when drainage cost 
    > average ratio kWh/ha 
    - permanent subsidy to 
    decrease water diversion
    cost to farmers
 Commercial  Directive 112/HDBT (1984) Directive 112/HDBT (1984)
  activities  
 Gasoline and <50% Circular 16/DM-XN (1989)
  electricity  
 Salaries <8% of total expenditures  <8% of total expenditures 
   Circular 06/NNPTNT (1998)  Circular 06/NNPTNT 
    (1998)
Expenditures Social and  19% of salaries 19% of salaries
  health  Directive 112/HDBT (1984) Directive 112/HDBT (1984)
  insurance  
 Diversion cost  Directive 112/HDBT (1984) Decision 1132/QD-UB
  paid to   (1993)
  BHH IDMC  
 Depreciation of  Decision 1062TC/QD/CSCT Decision 1062TC/QD/CSCT
  equipment  (1996)  (1996)
 Exceptional  18–20% 16–19%
  repairs Decision 506TC/DTXD Circular 06/TL (1990)
 Ordinary repairs 20–30% 14–16%
  Decision 211/BNN (1988) Circular 06/TL (1990)
 Water fee  2–3% <3%
  collection
 Management  5–6% <5%
  overheads
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Regarding public subsidies, the Hai Duong 
provincial decision No. 283/QD-UB stipulates 
that altogether 136,000 kWh are annually 
needed to cover the electricity costs of drain-
age stations. When drainage needs are higher 
than this rate, subsidies are granted by the pro-
vincial WRS (no longer by the finance minis-
try) to the IDMC to compensate for the losses. 
Moreover, a permanent (but small) subsidy is 
given to the IDMC to decrease the cost of water 
to farmers. Finally, commercial activities also 
contribute to the company’s income. They 
include transport fees for boats using the pri-
mary canal network, and the maintenance fees 
for the main works directly carried out by the 
company. An analysis of the period 1995–1999 
showed that, on average, diversion fees paid 
by DEs amounted to 87% of the BHH IDMC 
annual revenue, while subsidies and commer-
cial fees represented only 2% and 11%, 
respectively (Nguyen Thi Hong Loan, 2000). 
Table 7.1 also specifies expenditures in terms 
of percentage of the revenue. The larger share 
goes to maintenance work, while salaries plus 
health-care costs have to remain approxi-
mately below 10%.

Cooperatives and farmers

Cooperatives14 are the lowest formal admin-
istrative level involved in irrigation and 
they are collective bodies supposed to rep-
resent all the farmers who depend on their 
agricultural services now mainly concen-
trated on water and electricity. They are 
managed by commune officials only, and 
access to membership (with corresponding 
rights) is restricted to volunteer farmers 
(members of the Party or of the Farmers 
Association). The relationship between 
cooperatives and DEs, via a hydraulic cum, 
depends on the existence and the location 
of local pumping stations. Every year, each 
cooperative signs a service contract with a 
cum, which acts on behalf of the district. 

These contracts are established on a sea-
sonal or annual basis by mutual agreement 
and signed between each cooperative direc-
tor and the staff in charge of the cum, or by 
the DE’s director directly. The contract 
specifies the seasonal or annual water fee to 
be paid by the cooperative. For the spring 
season, the area cultivated by the coopera-
tive is indicated and the supplier specified: 
water can be either provided by the cum or 
by a local pump of the cooperative itself. 
For the area to be supplied by the cum, 
more details are given: these include the 
kind of crop (rice, rice nursery, food crops 
or industrial crops), and the kind of irriga-
tion, which is provided (direct gravity irri-
gation, single or double pumping, ‘hand 
lifted’ irrigation). For each type of crop and 
irrigation, a water fee rate is given in kilo-
grams of paddy per hectare, based on pro-
vincial regulations. These rates are multiplied 
by the area of each type of crop and irriga-
tion, and then aggregated. The sum gives 
the amount of irrigation fee, including the 
water diversion costs, to be paid by the 
cooperative to the cum. For the summer 
season, an additional fee for drainage is 
 calculated on the basis of the whole area 
cultivated by the cooperative. The date, 
place and nature of payment are specified 
too. Contracts vary according to the water-
 supply situation of each cooperative, as 
explained below:

● When there is no local pumping station, 
cooperatives are responsible for distri-
bution of water and maintenance of irri-
gation canals, from secondary canals to 
quaternary canals. They collect a water 
fee from farmers, which is equivalent to 
water diversion, drainage and field 
application costs. Of the fee, 98% is 
paid to the hydraulic cum, which sup-
plies them with water, and 2% is kept 
by the cooperative for field-level water 
management.

● When there are local pumping stations 
built along one of the channels of the 
polder, cooperatives have to operate 
and maintain their system from the 
pumping station down to the quater-
nary canals. They collect a fee from 
farmers as explained above but they do 

14 Cooperatives are established at the commune or 
village level. In the latter case, the village coopera-
tives are subsidiaries of the Economic Development 
Committee of the commune. In any case, coopera-
tives are closely linked to commune authorities.
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not pass the total on to the cum. They 
only pay for water diversion and drain-
age costs and keep the irrigation fee 
(adjusted so as to incorporate the coop-
eratives costs) for themselves.

● When there are local pumping stations 
that withdraw water from primary 
(raised) irrigation canals supplied by a 
pumping station of the cum, coopera-
tives have to operate and maintain 
their local systems from the local 
pumping station to the quaternary 
canals. The field application fee is 
increased, since some of it is kept by 
the cooperative to cover the cost of its 
own irrigation pumping operations, 
while the standard fees for diversion, 
drainage and field application are paid 
to the cum.

Some cooperatives are fully independent 
while others still rely on centrally managed 
pumping stations for a percentage of their 
irrigated area, ranging from a few hectares 
to the whole cooperative-irrigated area. 
Combinations of two of these three cases 
can also be found within the same coopera-

tive, as sub-areas may have different sta-
tuses: in such cases, the costs of supplying 
water to farmers differ but they are aver-
aged in order to come up with a uniform fee 
per hectare. In the BHH polder, there are 
only a few cases of double pumping which 
are not recorded in DE’s statistical data. 
The official figures indicate that 53% of the 
BHH irrigated area is supplied by coopera-
tive stations and 43% by DEs (Table 7.2).

Finally, farmers have to pay part of their 
annual individual water fee to the coopera-
tive twice a year, after spring and monsoonal 
rice harvests. The amount they pay reflects 
the situation of the cooperative regarding 
irrigation and drainage facilities. They all 
pay the same amount per unit of area, irre-
spective of the location of their plots. The 
water fee is paid together with other levies 
such as the land tax and several local taxes 
established by the commune (maintenance 
of local roads, field surveillance, taxes on 
houses, gardens and ponds, solidarity tax, 
etc.). As a result, only a few farmers know 
the exact amount paid for the irrigation and 
drainage service (Fontenelle and Tessier, 
1997).

Table 7.2. District area supplied by DEs and cooperatives in the spring, 1996.

District DE (ha) Cooperative (ha) Total (ha) DE (%) Cooperative (%)

Gia Lama 1,665 132 1,892 88 7
Thuan Thanh 4,312 1,761 6,073 71 29
Gia Loc 3,796 3,367 7,163 53 47
Chau Giang 4,934 2,129 9,675 51 22
An Thi 3,238 3,651 6,889 47 53
My Van 5,391 6,094 11,719 46 52
Tien Lu 2,061 2,733 4,794 43 57
Thanh Mien 2,642 4,499 7,141 37 63
Kim Dong 1,547 2,749 4,296 36 64
Cam Giang 1,877 3,338 5,215 36 64
Gia Luong 3,282 6,094 9,376 35 65
Phu Cu 1,671 3,244 4,915 34 66
Binh Giang 1,492 4,245 5,737 26 74
Tu Ky 1,949 5,196 8,119 24 64
Ninh Giang 1,633 5,255 7,101 23 74
Total BHH 41,490 54,487 100,105 43b 53

aCooperatives outside BHH polder are not taken into account.
bThe total does not amount to 100%: a 4% difference is due to missing data.
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The Intricacies of Water Pricing

Overlapping rationalities

The emergence of local pumping-irrigation 
stations in the Red River delta led to the cre-
ation of a dual system where two kinds of 
irrigation stations, with different technical 
characteristics, supply fragments of the same 
original network. In the BHH, there were 
814 local stations in 1996 supplying 
54,487 ha, and 324 centralized stations sup-
plying 41,490 ha. Figure 7.4 provides the 
example of Van Giang DE, which includes 
four cum (the average size of local schemes, 
67 ha, is, therefore, half that of the present 
(reduced) size of centralized schemes, 
128 ha). Local pumping stations had a higher 
per-hectare pumping capacity than central-
ized stations when they were constructed 
(Table 7.3). Their investment cost per unit 
area is higher but, on the other hand, they 
provide several benefits to farmers 
(Fontenelle and Tessier, 1997; Mai Van Hai, 
1999) as listed below:

● Satisfaction of water requirements. 
Technical surveys conducted on irriga-
tion efficiency at scheme, plot and field 
levels in the An Binh cooperative, in 
the Nam Thanh district, showed that 
crop water requirements were met. This 
contrasts with the former situation of 
centrally managed stations where down-
stream cooperatives could not access 
water in time (Bousquet et al., 1994; 
Dang The Phong and Fontenelle, 1995).

● Flexibility/autonomy. Field surveys con-
ducted in 13 communes of the Nam 
Thanh district have shown that farmers 
did not want an irrigation interval 
 longer than 7 days (Dang The Phong 
and Fontenelle, 1997). On local irriga-
tion schemes, there is no delay between 
the decision to pump and the arrival 
of water. During the rice season, the 
full supply by local irrigation units is 
achieved within a day. Farmers can now 
complete their land preparation within 
2 days, instead of 11, as earlier, which 
allows them more flexibility in terms of 

Fig. 7.4. Growth of local irrigation schemes in the Van Giang centralized scheme (Chau Giang district).
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cropping patterns and choice of rice 
variety. The cooperatives’ decisions to 
pump are triggered by the actual water 
status in paddy fields and not based 
on a fixed pumping calendar. Managers 
and users of local schemes are from the 
same village, or even from the same 
hamlet. They define their water  supplies 
and rules among themselves,  without 
DE intervention. Localities commonly 
share irrigation benefits and constraints 
within their boundaries, as it was the 
case before the agricultural collectiviza-
tion of the 1960s (Fontenelle, 1998, 
1999).

● Efficiency. The design command area 
of local schemes is smaller than in cen-
trally managed schemes, below 100 ha 
instead of 1000 ha or more.15 Canals are 
shorter and less water is wasted com-
pared with centrally managed schemes, 
which suffer from water losses and ille-
gal water diversions (Bousquet et al., 
1994; Fontenelle, 1999). As a result, 
local stations pump less water per unit 
of irrigated area than central ones, as 

can be seen from Table 7.4.16 Differences 
in water use are due, in part, to the fact 
that local management is more effi-
cient, but higher per-hectare consump-
tion rates of companies are also due to 
some illicit arrangements between 
cooperatives and staff of cum pumping 
stations. In some instances, staff of 
pumping stations ‘sell’ water to coop-
eratives (which under-report their irri-
gated areas) in order to increase their 
income. This increases the total vol-
ume delivered per hectare, which puts 
further pressure on the DE to balance 
its books, since it cannot revise the 
charges per unit area.

However, reasons for investing in local pumping 
stations are not technical only. First, before the 
end of the 1980s, it was a way to justify and 
obtain the electrification of a village (thon) or 
a commune (xa) (Do Hai Dang, 1999). Second, 
the establishment of a local pumping station in 

Table 7.3. Comparison of irrigation duration for local and centralized stations.

 24 h–average Land preparation Rice-season irrigation

 Continuous Supply of 100 mm  Supply of 30 mm
 flow (night and day, 20 h) (12 h maximum per day)

Local station 7.0 l/s/ha 40 h: 2 days 12 h: 1 day
Centralized station 1.2 l/s/ha 231 h: 11.5 days 69 h: 6 days 

Table 7.4. Average volumes pumped per hectare during spring season 1996.a

 Land preparation  Rice-season irrigation Seasonal consumption
 (m3/ha) (m3/ha) (m3/ha)

Local station 1600 2400 4000
Centralized station 3900 5900 9800

aMonitoring of ten pumping stations in the Nam Thanh district, Hai Duong province. Rainfall during the 
spring season is 405 mm on average. For more information on field water balance in the Red River delta see 
Dang The Phong and Fontenelle, 1995.

15 The original area of the centrally managed Van 
Giang scheme was 14,000 ha.

16 These values are based on two combined ap-
proaches. One consisted of the monitoring of date 
and duration of each pumping. The other consisted 
of power readings. In both cases they represent ac-
tual volumes pumped and do not represent billed 
amounts.
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each village of a commune is sometimes the sign 
of political competition between influential 
 persons (notables), who all want to have a local 
station serving their village. Effective continuous 
flows of 5 l/s/ha may be technically acceptable 
but they sometimes reach 10 l/s/ha, which are 
clearly unnecessary as far as paddy cultivation is 
concerned. Beyond the mere technical question 
of crop water supply, local water  management 
and investments embody local competition for 
prestige and power political struggles among 
commune and village leaders.

Costs to farmers

To assess the cost of water to farmers, six 
cooperatives were surveyed in two districts 
of the BHH. Two were fully responsible for 
their irrigation and two others partly respon-
sible, while the last two were supplied by the 
central pumping stations of the company for 
all their irrigated area (Table 7.5). Results 
show that when pumping stations are man-
aged by the cooperatives themselves, the cal-
culation of the water fee can be based either 

on actual costs paid by the cooperatives or on 
fixed rates chosen by each cooperative. When 
the water supply to the cooperative depends 
on central stations the water fee calculation is 
based on provincial regulations only.

Table 7.6 specifies the amount of water 
fees paid by farmers and shows significant dif-
ferences between cooperatives. These can be 
due to the natural or hydraulic conditions of 
each cooperative, such as the necessity of dou-
ble pumping in the Tan Lang commune. But 
differences should not appear within each type 
of water supply, since rates are based on the 
same provincial directives and national decrees. 
For instance, single pumping fees range from 
395 to 473 kg/ha/year in the same province of 
Hai Duong (cf. Table 7.6), which is ‘officially’ 
impos sible. The highest levy was paid by farm-
ers from the Tan Lang cooperatives, where all 
irrigated areas are supplied through two con-
secutive pumping operations. It amounted to 
639 kg of paddy per hectare per year (paddy/
ha/year). The lowest fee was paid by farmers 
from the Hung Thai cooperative, in which 
water supply of all types was cheaper than in 
other surveyed cooperatives. For  example, a 

Table 7.5. Irrigation type and water fee calculation system for six surveyed cooperatives.

  Number of % of the area 
Name of the   pumping supplied by   Basis of fee
cooperative Scale stations local stations District Province calculation

Tan Vinh Village  2 100 Ninh Giang Hai Duong  Cooperative
  (since 1982)      effective 
       expenditures
       (CEE)
Tan Lang Commune 9 100 Gia Luong Bac Ninh Cooperative 
       fixed rates 
       (CFR)
Hung Thai Commune 3 61 Ninh Giang Hai Duong Provincial fixed
       rates (PFR)
Dong Tam Commune 3 (+ 4 + 12)a 60b Ninh Giang Hai Duong CEE for 
       pumping and
       PFR for water
       diversion
Ngo Phan Village  0 0 Gia Luong Bac Ninh Provincial fixed
  (since 1992)      rates
Kim Thao Village  0 0 Gia Luong Bac Ninh  Provincial fixed
  (since 1987)      rates

aThere are four local collective diesel pumping stations and 12 individual petrol pumping stations for 28% of the total 
cooperative area.
bIncluding the 28% supplied by diesel and petrol pumps.

Molle & Berkoff_Chap 07.indd   179Molle & Berkoff_Chap 07.indd   179 9/12/2007   9:59:43 AM9/12/2007   9:59:43 AM



180 J.-P. Fontenelle et al. 

single pumping operation by a local station 
costs farmers 464 kg of paddy/ha/year in the 
Hung Thai cooperative, which is 28% cheaper 
than in the Tan Lang cooperative.

But beyond these differences between 
cooperatives, another difference is introduced 
by local extra water fees defined, collected 
and used by cooperatives to improve the qual-
ity of their service (extra costs for local main-
tenance) and to develop their capacity 
(capitalizing for new investments in local sta-
tions). Extra fees, also referred to as ‘excep-
tional levies’, range from 56 to 146 kg/ha, i.e. 
between 12% and 45% of the total fee.

These differences are a manifestation of 
their autonomy but they also create a degree of 
inequity among farmers, who do not benefit 
from the same production conditions depend-

ing on the cooperative they belong to. However, 
compared with the annual production of paddy 
(an average of 8 t of paddy in two seasons, plus 
an additional crop in one-third of the area), 
water fees appear to be quite small. Even in the 
Tan Lang cooperative, they do not exceed 8% 
of the annual paddy production (not consider-
ing the benefit of the winter crop). In most areas 
of BHH water can be supplied by a single 
pumping operation. Therefore, water fees paid 
by farmers in these cooperatives (including 
extra fees established by cooperatives) range 
from 5.8% to 7.7% of their annual paddy pro-
duction, which is reasonably expensive.

The point is that most farmers do not 
know the details of the calculation of the water 
fee. This information is withheld by the village 
chief who is in charge of tax collection on 

Table 7.6. Water fee paid per type of water supply (in kg of paddy/ha/year).

 Type of access to water existing within the cooperative

 Single  Double pumping  Diversion by

Name of
 pumping (DE + Local) gravity

cooperative Total (company + cooperative) Remarks

Tan Vinh 619 (473 + 146) – 324 (178 + 146) Including 146 kg of
     extra fee for 
     maintenance 
     and new 
     construction
Tan Lang – 639 – 
Hung Thai 464 (408 + 56) 345 (289 + 56)a 253 (197 + 56) Including 56 kg of 
     extra fee for 
     maintenance 
     and new 
     construction
Dong Tam 478 (395 + 83) – 280 (197 + 83) Including 83 kg of 
     extra fee for 
     maintenance 
     and new 
     construction
Ngo Phan 475 475 475 Fee averaged for
      all, for simplicity 
     and equity 
     concerns
Kim Thao 586 (475 + 111) – – Including 111 kg of
      extra fee for 
     maintenance 
     and new
     construction

aIn fact, in this cooperative there is only one pumping from the DE. The second lift is done manually by farmers.
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behalf of the Commune People’s Committee, 
and downward accountability linkages are 
weak (Small, 1996). Ambiguity also results 
from the complexity of the breakdown of the 
water fee, depending on local conditions and 
is further strengthened by the fact that land 
taxes are usually assessed and collected at the 
same time. Farmers only know how many kilo-
grams of equivalent paddy they have to pay at 
the end of each rice season, and even if they 
know the amount of the water fee they are not 
in a position to ascertain whether the extra fees 
collected are justified or not and what their 
exact utilization is (Fontenelle and Tessier, 
1997). Sometimes, there is an ambiguity 
between irrigation services and the provision 
of electricity to households, which also allows 
some illicit gains to the cooperatives.17 All this 
lack of clarity is embedded in kinship and 
patronage relationships and tends to engender 
mistrust in the villages (Do Hai Dang, 1999). 
Altogether, the annual taxes paid by farmers 
amount to 20–25% of the value of the annual 
paddy production (Bousquet et al., 1994). They 
include not only the water fee but also the land 
tax and several other taxes (house, field watch-
ing, cooperative fund, construction of local 
roads, health, labour insurance, construction, 
crop damages, ‘solidarity tax’ for pioneer set-
tlements or solidarity with Cuba, and the 
police). More than an issue of only taxation, 
farmers’ difficulties are due to the low eco-
nomic return of paddy production. Production 
costs (not considering labour and water fees) 
amount to 25% of the annual gross value of 
paddy production. Added to the water fees 
and other taxes, almost 50% of farmers’ annual 
gross paddy production value evaporates.

The cooperatives: balanced but 
non-transparent accounts

The financial situation of the cooperatives sur-
veyed was analysed using data communicated 

by the cooperatives themselves, except for the 
Kim Thao village cooperative, where informa-
tion was not made available (Table 7.7). On the 
basis of the available information, it appears 
that the breakdown of expenditures varies 
from one cooperative to another.

The number of staff is obviously larger in 
commune cooperatives than in village cooper-
atives but it seems that there is no economy of 
scale as the share of management costs is higher 
in the former than in the latter. With the avail-
able information, it is difficult to interpret cor-
relation between this share and the degree of 
dependence on the company. The amount paid 
to the DE is directly correlated to the percent-
age of area supplied by the central pumping 
stations, ranging from 30% (100% locally irri-
gated) to 75% (100% centrally irrigated) of 
total costs. On average, repairs amount to 15% 
of total expenditures, and investment in new 
construction or savings for depreciation of the 
equipment are not frequent. With the excep-
tion of the Tan Lang cooperative, and on the 
basis of the available values, cooperatives seem 
to balance their accounts, which are not the 
cases of IDMCs and DEs, as will be shown later. 
The main point about these values is that no 
justification is given for them. Cooperative 
managers do not present their accounts with 
more detail than the data provided in this table. 
Moreover, in three of the surveyed coopera-
tives no information was provided on the 
amount of fees collected. Financial transpar-
ency is not the rule.

IDMC’s finances

The analysis of annual fee recovery of BHH 
IDMC and four DEs showed a cumulative finan-
cial deficit. Table 7.8 first illustrates the situa-
tion encountered in four DEs, one from each of 
the provinces overlapping the BHH polder for 
four consecutive years. These included Ninh 
Giang DE from the  Hai Duong province, Chau 
Giang DE from the Hung Yen province, Gia 
Lam DE from the Hanoi province and Gia 
Thuan DE from the Bac Ninh province.

The water fee collected annually by 
each of these four DEs never reached the 
expected income, but fee recovery from the 
cooperatives nevertheless exceeded 92%, 

17 The electricity for pumping (irrigation) is billed 
30% cheaper than domestic electricity by the com-
pany in charge of this service. The cooperatives 
sometimes apply only the higher tariff to all types of 
consumption.
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Table 7.8. Water fee, incomes and expenditures (DE).
 

Water fee
 

Cost/ (in billion donga) 
Incomes

 Expenditures 
income

DE Year Due Collected % (in billion dong) (in billion dong) %

Ninh Giang  1996 3.0 2.9 97 3.0 3.5 117
 (Hai Duong  1997 2.5 2.4 96 2.9 3.6 124
 province) 1998 2.7 2.4 89 3.0 3.3 110
 1999 2.3 2.2 96 2.9 ? ?
Chau Giang  1995 2.4 2.4 99 2.6 2.7 104
 (Hung Yen  1996 2.6 2.4 92 2.6 3.1 119
 province) 1997 2.1 2.1 98 2.2 2.6 118
 1998 2.8 2.7 96 2.8 3.3 118
 1999 2.5 2.5 97 2.7 3.2 119
Gia Lam  1995 2.5 2.2 88 2.5 3.0 120
 (Hanoi  1996 3.2 3.0 94 3.0 3.6 120
 province) 1997 3.2 2.8 88 2.8 4.3 154
 1998 3.1 2.6 84 3.3 4.3 130
 1999 3.9 3.2 82 3.7 4.1 111
Gia Thuan  1995 6.7 6.3 94 7.9 6.7 85
 (Bac Ninh  1996 8.4 7.4 88 11.0 9.5 86
 province) 1997 7.1 6.5 92 8.1 11.5 142
 1998 8.0 7.4 93 9.0 11.5 128
 1999 8.1 7.7 95 9.1 11.0 121
Average 5 years   92   118

aNote: $1.00 = Dong 15,980.

Table 7.7. Annual water management average expenditures and balance (years 1998 and 1999).

 No. %  %      % (Income −
Name of  of Management Paid to %  % % % expenditures)/
cooperative staff costs DE Electricity Repairs Invested Depreciation incomes

Tan Vinh 9 9.7 30.1 11.5 18.7 30.0 0.0 +7.3
Tan Langa 27 9.3 29.1 44.4 17.2 0.0 0.0 −81.4b

Hung Thai 17 23.0 43.6 18.8 11.9 0.0 2.7 +4.0
Dong Tam 32 29.9 50.0 12.5 7.6 0.0 0.0 +2.5
Ngo Phana 9 5.9 74.8 0.0 19.3 0.0 0.0 −0.8

aAverage on 1997, 1998 and 1999.
bElectricity costs are much higher for this cooperative because of double pumping.

which is quite remarkable.18 However, this 
is partly achieved though the manipulation 
of areas and income to be able to report 
such a recovery rate. The analysis of the 
annual effective expenditures compared to 

annual effective incomes (fee + subsidies + 
commercial activities) shows that the situa-
tion of the DEs is really unbalanced, with 
expenditures exceeding incomes by 18% 
on average (Table 7.8).

18 The reasons for defaulting are not clear. It is possible 
that cooperatives which receive poor services de-
cide to withhold part of the fee. Since these fi gures 
come from the DEs, it is also possible that these 
have interest in showing a shortfall. Interestingly,

there is a recent move towards establishing contacts be-
tween the cum and the cooperatives which are not 
based on area but on real pumping hours and days. 
The gains, however, may not reach farmers as they are 
unaware of the nature of the contracts.
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This situation is due to the incapacity or 
unwillingness of the provinces to provide 
subsidies to compensate for the loss, as dic-
tated by the regulation. The shortfall thus cor-
responds to debts incurred with BHH IDMC 
and electricity companies, as specified in 
Table 7.9. On average, the cumulative debt of 
these companies exceeds 55% of their annual 
income, with important differences from one 
company to another. The status of each com-
pany is strongly correlated to the importance 
of the cumulated electricity debt rather than 
to the BHH water diversion fee, which amount 
is known by each DE and does not vary much 
from one year to the next. This does not apply 
to electricity costs, which depend on annual 
rainfall and farmers’ practices. These differ-
ences between incomes and expenditures 
show that the present regulation does not 
allow the financial equilibrium of the activi-
ties of companies without the provision of 
subsidies by the national or provincial levels, 
and the granting of loans by the banks.

A similar analysis was done for BHH 
IDMC. Table 7.10 shows that for the 5 years 

studied the company could not collect the 
full water diversion fee owed by the 14 DEs. 
The fact is that DEs do not pay their diver-
sion fee to the BBH IDMC as they should 
(80% at the most).

This financial imbalance has a direct 
impact on BHH IDMC activities. Every year, 
the company has to submit its activity plan to 
the authorities. Priority is given to operational 
activities to the detriment of maintenance and 
repairs. Financial resources cover priority 
costs, such as salaries for IDMC staff, electric-
ity and petrol for station operations, costs of 
water fee recovery and interest on loans. 
Maintenance and repair activities depend on 
the annual collected income, on cash flows 
and loans made with public organizations 
(banks and public companies). Figures for 
major repairs show that differences between 
planned and achieved activities are very large 
every year (see Table 7.11). It was only in 2 
years, 1996 and 1999, that the company could 
mobilize enough funds to cover the cost of the 
planned repairs. This is because, in 1996, 
BHH IDMC got a loan of 3.7 billion dong from 

Table 7.9. Cumulative debt of four DEs (up to 1999, included).

 Ninh Giang  Chau Giang Gia Lama Gia Thuan
 (in million dong) (in million dong) (in million dong) (in million dong)

Electricity cost 116 (17%) 1349 (58%) 1126 (61%) 1754 (41%)
BHH water  444 968 697 1975
 diversion fee
Other (repairs,  141 0 25 517
 maintenance, etc.) 
Total 701 2317 1848 4246
In percentage of  24 90 60 47
 annual income

aThese figures account for the totality of the Gia Lam district (communes inside and outside BHH included).

Table 7.10. Comparison between due and collected water diversion fee (IDMC).

 Water diversion fee due  Water diversion fee collected
Year (in billion dong)  (in billion dong) Percentage

1995 7.6 4.4 58
1996 8.4 6.7 80
1997 7.4 4.3 58
1998 11.1 6.1 55
1999 9.2 6.6 72
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the dredging (public) company and in 1999 it 
got a subsidy from the Ministry of Agriculture 
and Rural Development. This shortfall in 
income weakens the capacity of the IDMC to 
meet its annual O&M costs.

Institutional contradictions and difficulties

From a functional point of view, the relevant 
unit of an irrigation scheme is the hydraulic 
unit. But decisions on water management (and, 
in a large part, on financial issues) are based on 
administrative decisions and on administrative 
units. This is a classical problem with irrigation 
schemes which also applies to the IDMCs and 
DEs, which are under control of the Water 
Resource Services of the province. Moreover, 
some IDMCs, as was the case in the BHH polder, 
are under the control of more than one prov-
ince. When water is provided to hydraulic units 
that span different provinces, the level of fees 
and subsidies can be different for the same ser-
vice. Currently, there are four different direc-
tives governing the level of the water fee paid by 
farmers living in the BHH unit, and policies on 
subsidies vary from one province to another. 
This situation leads to inequity in water fees 
paid by farmers, depending on the province 
they belong to.

The level of fees is determined by 
People Committees, under an overall frame-
work fixed by the state. They are based on a 
percentage of the yield, depending on the 
kind of water service that is provided. At 
national and even more at provincial levels, 
the determination of fees is based more on 
political considerations than on the eco-
nomic analysis of water service costs. For 
example, the level of fees did not follow the 

huge increase in electricity costs which took 
place between 1986 and the early 1990s.

The companies have limited control over 
their income, which depends on the area actu-
ally irrigated and drained, and on the level of 
the fees. Even if they collected 100% of the 
fees, Table 7.8 suggests that only half of their 
deficit would be covered. Officially, provin-
cial subsidies are supposed to cover the differ-
ences between income and expenditure. 
Moreover, the reference for the fees is sup-
posed to be the average yield for the past 5 
years. But often, this reference has not been 
revised since 1984, even if real yields have 
dramatically increased. In addition, provincial 
WRS did not add a third irrigation fee for the 
winter-season crop, even when some irriga-
tion supply was required. Instead, they 
decided that the cost of the third crop would 
be covered by subsidies as a political measure 
to promote intensification of agriculture. This 
makes DEs reluctant to supply water in winter, 
which encourages farmers to develop their 
own pumping schemes. Considering the actual 
agricultural production (paddy yields and a 
third winter crop) of farmers, the effective 
water fee they pay to the companies is lower 
than the maximum nominal official percent-
age (5.9% of yield for Hai Duong).

The main operating costs of companies 
are electricity and maintenance, along with 
salaries. The electricity bill depends on the 
year (and especially on the amount of drain-
age pumping done) but companies have to 
meet it even if they jeopardize their annual 
financial balances, for fear of occasional 
power cuts. They cannot stop drainage or irri-
gation when the electricity expenses are above 
the provisional budget. Most company charges 
are defined and fixed by the administration. 
Decrees on water management specify how 

Table 7.11. Comparison between planned and achieved main repairs (BHH IDMC).

 Main repairs planned  Main repairs achieved
Year (in billion dong) (in billion dong) Percentage

1995 3.7 1.6 43
1996 3.4 3.7 109
1997 3.2 1.5 47
1998 3.8 0.9 24
1999 2.9 3.2 110
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many people have to be employed for each 
kind of work. Depending on its power, a 
pumping unit must have a head, a worker 
and, maybe, a third person. Therefore, the 
number of persons working for the company 
is broadly defined by the structure of the 
scheme. Some officials at the central level say 
that these norms are too high and that it is not 
necessary to have so many persons. Salaries, 
social security contributions, etc., are also 
fixed by the administration. Even if they 
wanted to, companies could not significantly 
reduce the cost of labour. This cost, in all 
instances, if we trust official statistics, remains 
under 10%. It is not as high as expected but 
might reflect employees’ very low salaries. 
Thus, it would be unfair to assimilate these 
companies to overstaffed agencies commonly 
found in the irrigation sector, and reducing 
staff would only yield very limited gains.

In such a situation, companies can only 
control their expenses by deferring or leaving 
the maintenance works unpaid. Moreover, for 
patronage or political reasons, companies may 
employ more persons than the number fixed by 
decrees. Most of the maintenance work is done 
by the companies themselves, or by public 
enterprises under contract without real compe-
tition, which may result in increased costs.

Due to the emergence of local pumping sta-
tions, DEs now supply only about 50% of the 
area they served originally. Their incomes are 
based on the area supplied and have therefore 
significantly declined, but the amounts in elec-
tricity bills have also decreased because of the 
smaller area now serviced. Electricity, however, 
is only one part of the expenses, and labour or 
other fixed costs have not decreased, because 
the number of persons paid by companies 
remains the same. Moreover, the contract 
between companies and cooperatives is based 
on an estimate of the irrigated and drained areas, 
but companies are not able to accurately deter-
mine the effective area. Cooperatives tend to 
under-report this area as a way to reduce the fee 
paid to the companies, contributing to widening 
the gap between DE incomes and costs.

The evolution of the legal status of DEs has 
constituted a significant step in the restructuring 
of water management after de-collectivization. 
Compared with a fully centralized management, 
it allows a better specification of responsibili-

ties. The attempt to oblige DEs and IDMCs to 
balance their budgets, however, was a failure, 
despite efforts by DEs to improve fee collec-
tion. Defaulting by DEs could, in principle, be 
dealt with by resorting to provincial economic 
courts but since the BHH Company was made 
a national company under MARD such a move 
could be blocked by the provinces which con-
trol the courts. The situation changed in 1999, 
after riots erupted in Thai Binh in response to 
taxation perceived as abusive. DEs do not have 
to present balanced budgets anymore; follow-
ing decentralization, the provinces became 
fully responsible for all financial matters relat-
ing to the DEs, and the payment of drainage 
pumping services in ‘abnormal’ years was 
devolved to them, rather than being handled 
by the MARD/central government. With the 
reduction in central funding and continuing 
need for capital maintenance and covering 
community drainage liabilities – the provinces 
ended up with bigger commitments to subsidy 
than they had before, driven by central policy 
but with the responsibility devolved.

Synthesis

The organizational and financial framework 
of water control in the Red River delta pres-
ents a complex and confusing image. While 
most countries in Asia have decided to pro-
vide irrigation service under high levels of 
operational subsidy, the Government of 
Vietnam attempted to recover a significant 
proportion of operating costs from farmers 
both before and after economic liberalization 
in the 1990s. Because of the relatively high 
cost of service provision arising from exten-
sive pumping for both irrigation and drain-
age, pressure to recover costs intensified as 
the rest of the economy liberalized, squeez-
ing the DEs between their service providers 
(electricity) and an already highly taxed 
farming population. On the one hand, the 
liberalization of the economy meant that 
production costs would have to be covered 
by the producers themselves and, on the 
other, the struggle for national food security 
after more than 30 years of war and scarcity, 
restrained the state from levying the full cost 
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of hydraulic operations from farmers alone. 
Drainage service benefits the non-agricultural 
rural and urban population too; the public-
good nature of this service justifies that the 
state covers part of the expenditures of the 
IDMCs and DEs and that the farmers and the 
state (central and provincial) shoulder cost 
recovery for irrigation and drainage. The 
Vietnamese State has tried to combine two 
political goals by striking a balance between 
rural stability and a service-cost approach to 
irrigation and drainage.

With the decentralization policy of the 
1990s, the organization of the water control in 
the Red River delta became more complex. 
From a management point of view, some leg-
islative capacity was transferred to the pro-
vincial level. From a technical point of view, 
the increasing involvement of cooperatives in 
irrigation and in the development of local 
pumping stations led to the effective redistri-
bution of responsibilities between the IDMCs, 
DEs and the cooperatives. The resulting mul-
tiplication of circulars and rules for regulation 
at the central, provincial and communal lev-
els created some heterogeneity and inequity 
in farm taxation. The water fees paid by farm-
ers may be different from one cooperative to 
another. The calculation of income and expen-
ditures of the DEs and IDMCs varies accord-
ing to the province but this heterogeneity 
stems more from local political decisions than 
from the variety of hydraulic conditions.

The study also showed the benefits that 
can be drawn from decentralized and autono-
mous pumping stations, as opposed to central-
ized large-scale ones. Agriculture in the Red 
River delta grew dramatically in intensity and 
productivity thanks to the development of 
local pumping stations. The gains in flexibility 
and responsiveness to water needs came at the 
cost of what might appear to be excess pump 
capacity, but these gains are significant enough 
to encourage the development of local supply, 
even if the costs per hectare tend to be some-
what higher because of diseconomies of scale. 
The constraints of collective action are also 
better accepted by farmers within the limits of 
villages and communes, which are historically 
and culturally meaningful. Economically 
unsound development of local pumping sta-
tions may also be encouraged when farmers 

are able to access public funds and do not pay 
directly for the investments. The share of these 
investments paid by the communes varies with 
time and place.19 Public funds can be sourced 
through the provincial budget, but this is an 
obscure point in which personal networks of 
influence20 and the influence of the District 
Party Committees also play a great role.

Water pricing in the Red River delta is 
primarily geared towards ensuring partial 
financial stability. The closed nature of the 
Red River polders indicates that saving in 
pumping costs translates into financial gains 
but not into water savings at the macro level 
(in addition, contracts between cum and 
companies are generally made on the basis of 
area and not of volume). In any event, local-
ized water shortages are due to inadequate 
management and insufficient hydraulic con-
veyance capacity of secondary canals in the 
face of uncoordinated pumping operations, 
rather than to a lack of water resources at the 
polder level. Even if water is not scarce and 
water savings largely irrelevant, decreasing 
abstraction would mean lower energy costs. 
While local stations have incentives to reduce 
their own costs, it must be noted that service 
by the cum is paid based on the area and is 
independent of the volume effectively sup-
plied. Water charge mechanisms, therefore, 
have no direct impact on how much water is 
pumped and on the energy bill (Table 7.12).

The analysis of cooperative financial 
data suggests that farmers cover between 
70% and 85% of O&M costs, not consider-
ing depreciation costs which remain depen-
dent on state and/or provincial subsidies. 
This is, by world standards, a rather sub-
stantial contribution to cost recovery. In 
addition, the expression of the fee in terms 
of kilograms of paddy has successfully 
solved the common problem of erosion by 
inflation, by indexing costs to the price 
of food.

19 Communes can use different local taxes or state 
subsidies to support such investments. In the late 
1980s, for example, they used subsidies for agricul-
tural input that were made redundant by the liber-
alization policy.

20 Such networks may be linked to kinship, the village of 
origin, batches at the university or in the army, etc.
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Continued

Table 7.12. Main actors and their strategies.

Actor Constraints Strategies Observations

Farmers No control on what the fees 
 are for.

Develop local pumping 
 capacity in order to facilitate 
 intensification and diversifi-
 cation of agriculture.
Get water when they need it, 
 no matter what the cost is.
Revolt if tax burden is 
 unbearable.

Fees are area-based. 
Some village coop  -
 eratives introduced 
 fees, based on 
 actual costs: farmers
 pay for what they
 get and try to avoid
 unnecessary 
 supplies.

Cooperatives Need to cover their 
 electricity and O&M costs.
Direct pressure of farmers 
 to get water on time.
Need to earn income for 
 other needs, services 
 and activities at 
 commune level.

Partly default on the fee to DE.
  Use fees for other purposes.
Under-report the supplied area
  in contracts and negotiate 
 water informally with central 
 pumping stations.
Get local pumping stations to 
 be autonomous in irrigation 
 management, and get 
 access to more funds.

Investment in local 
 pumps is expensive 
 but their operation is 
 cheaper than for 
 centralized pumps.

Cums Need to follow DE 
 regulation. No means of 
 controlling cooperatives’ 
 practices.

Satisfy the demand of 
 cooperatives in order to 
 complement their low official 
 wages.

Do not have to justify
 pumping hours to 
 the DE.
Innovation: some 
 cums sign contracts
 based on effective 
 water consumed by 
 cooperatives.

DEs Have to ensure irrigation 
 and drainage; do not 
 control revenues; no 
 flexibility for staff hiring. 
 They are far from users 
 and face cum staff’s 
 private strategy, 
 opposed to DE’s interest.
The fees recovered do not
 balance their expenditures.
Must cover the costs of 
 drainage service in flood 
 years and claim back 
 subsidies – often paid 
 one year late.

Adjust claimed service areas 
 to almost match recovery.
Defer maintenance.
Wait for subsidies for big 
 maintenance works.
Take bank loans to cover 
 operating expenses, 
 particularly for electricity 
 payment.

Have to justify 
 pumping hours to 
 the WRS.
Do not have to 
 present balanced 
 budgets (since the 
 abandonment of 
 the 1997 reforms in 
 1999).
Recovery at 92%.

Bac Hung Hai 
IDMC

Increasing indebtedness 
 due to high operational 
 costs, underpayment of 
 bulk fees by DEs and 
 failure by provinces to 
 meet their financial 
 obligations. Recovery 
 only 72%. Occasional 
 but irregular subsidies 
 from the government.

Defer maintenance.
Wait for government subsidies.
Pass the debt on to a central 
 state agency – in this case, 
 the Ministry of Agriculture 
 and Rural Development.

Do not have to 
 present balanced 
 budgets.
Strategies to use the 
 Economic Courts 
 to enforce DE and 
 other provincial 
 payments have 
 faltered.

Molle & Berkoff_Chap 07.indd   187Molle & Berkoff_Chap 07.indd   187 9/12/2007   9:59:44 AM9/12/2007   9:59:44 AM



188 J.-P. Fontenelle et al. 

Part of the fees is dedicated to the satis-
faction of their irrigation needs but the opac-
ity of the management of cooperatives does 
not allow farmers to estimate the adequacy 
of their payment with regard to the real costs 
incurred by cooperatives. This opacity is 
also allowed by the wide diversity of situa-
tions regarding water control (irrigation and 
drainage at field level may be achieved by 
gravity or with a complex mix of pumping 
operations) combined with an institutional 
diversity (the operations can be ensured by 
the cooperative and/or the company), which 
makes the calculation of fees very complex. 
Moreover, it also points to the fact that coop-
erative managers are generally administra-

tive cadres, sometimes pursuing agendas 
beyond the scope of irrigation itself, as do 
company officials and district and provin-
cial politicians. Local political practices are 
inclined to heavy investments in hydraulic 
equipment and in other infrastructures, such 
as roads, which can create an unbearable 
burden to the farmers: the 1999 riots in the 
Thai Binh province were motivated by mis-
management of the fees, which were raised 
and used for building roads and for paying 
bribes or extra salaries to the local authori-
ties instead of for irrigation services.

One could argue that the water fees paid 
by farmers are still low in the Red River 
delta, but that the official water fees, which 

Table 7.12. Continued

Actor Constraints Strategies Observations

Province Supposed to pay for the 
 shortfall of revenue in 
 case of a special year.
Needs to provide subsi-
 dies to DEs since 
 decentralization is in 
 process (1999)

WRS/DE subsidizes third crop 
 on centralized systems but
  not for cooperative pumping
  stations.
Try to get subsidies from 
 central government. Provide 
 provincial directives to adjust
  national decrees to provincial 
 conditions and policy.

Responsibility of 
 each province 
 lessened because 
 four provinces are 
 represented on the 
 BHH IDMC board.

State Has control over BHH 
 IDMC through the 
 Ministry of Agriculture 
 and Rural Development 
 and is requested by 
 provinces to help for 
 investments and major 
 works.
Has to adapt its policy to 
 ecent changes which were 
 not planned (emergence 
 of local pumping stations) 
 and decentralization to the 
 provinces. The present 
 institutional framework 
 does not fit the present 
 organization of irrigation.
To get funds from interna-
 tional donors (which 
 means to include some 
 transfer measures in 
 water policy); to reform 
 without giving up strong 
 administrative control of 
 farmers.

Do not fully compensate for
  financial deficit as a way to 
 maintain pressure on IDMC 
 and to conserve its financial 
 resources.
Do not ask for full recovery in 
 order to keep a balance 
 between financial con
 straints and social peace.

Fear of countryside
  social unrest, as 
 expressed in the 
 Thai Binh riots of 
 1999.
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are often increased by many ‘unofficial’ sub-
sidiary fees and taxes managed with little 
transparency, do not encourage farmers to 
contribute to the cost recovery of irrigation 
and drainage activities and generates mis-
trust. Water charges are not a goal in them-
selves, and are not something new in a 
context where farmers have paid taxes to the 
central state for centuries, but they should 
be linked to a clear definition of responsibil-
ities and to management accountability. 
Interestingly, new contractual agreements 
signed between some cum and cooperatives 
aim to base payments on the cooperatives’ 
effective water consumption, and tend to 
reinforce downward accountability.

The same opacity prevails regarding the 
management of IDMCs and DEs. The compa-
nies lack the incentives to present balanced 
budgets, since provincial or state subsidies 
will finally cover the deficit, and may be 
inclined to favour the satisfaction of their 
internal needs to the detriment of the quality 
of service. The permanent debt regarding 
the water diversion fee due to the IDMC and 
the electricity cost can be seen as a deliber-
ate management policy: an upward transfer 
of the financial burden directly to the prov-
ince, for the electricity, and to the state via 
BHH IDMC for the water diversion and main 
repairs.21 This informal strategy was con-
firmed during interviews conducted with 
company officials during our research. At 
the same time, the companies also transfer 
part of their costs downward to the coopera-
tives by eliciting unofficial payments to field 
staff aimed at ensuring diligence and timely 
service. For the state, letting the debt grow 
might be a better strategy than purely mak-
ing up for the financial shortfall with subsi-
dies, since it allows maintaining a degree of 
pressure on provinces and districts by mak-
ing manifest their lack of financial rigour 
(regardless of whether they are responsible 
for this or not). In addition, the state has 
now shifted some of its financial burden on 
to the provinces by making them responsible 
for covering possible extra costs in abnormal 
years.

All this shows that both within the 
cooperative level and between the coopera-
tive and state companies, issues of water 
pricing are embedded within social net-
works based on kinship and political con-
nections. Financial interdependence must 
therefore be seen not only as a mere contrac-
tual relationship, whereby financial flows 
are defined by reciprocal accountability and 
managerial rationality, but also as a part of 
the wider social and political web marked 
by shifting individual strategies, asymme-
tries of information and of bargaining power, 
and varying access to higher political strata. 
Just like in the case of cost recovery in the 
National Irrigation Administration of the 
Philippines, the model of contractual and 
financial autonomy of irrigation agencies 
proves to be oversimplistic in that it largely 
overlooks local politics (Oorthuizen, 2003).

Despite these qualifications, the crucial 
point is to determine whether the financial 
imbalance is the result of poor management 
and significant improvements are possible, 
or whether real constraints such as rising 
electricity bills, straightjacketing official 
regulation on fees and shrinking service 
areas do not allow companies to fare much 
better. Reality borrows from both ends, 
although our analysis tends to lean towards 
the latter. On the one hand, the overall 
financing of irrigation and drainage gives 
way to complex financial flows between 
nested levels of power and responsibility 
(farmers/cooperatives/companies and prov-
inces/state), and the lack of transparency 
suggests that the economic efficiency of the 
service provision decreases due to financial 
losses at several levels. On the other, the 
debts of companies can be seen as implicit 
state subsidies made necessary by the politi-
cal decision to keep water charges under a 
certain level. Since the overall taxation of 
households was shown to be quite high, this 
concern might be a practical recognition that 
surplus extraction by the state cannot be 
increased (the agricultural tax was reduced 
in 1993 in order to reduce the tax burden 
(Small, 1996), before being cancelled in 
2001), and an indication that farmers’ con-
tributions might, after all, exceed what they 
get from the state in return, a point that 21At least for Bac Hung Hai and Bac Nam Ha polders.
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needs further investigation. The  apparent 
low percentage of companies’ income spent 
on staff salaries (around 10%) indicates that 
administrative reforms might yield fewer 
gains than expected, although the extra pay-
ments made by farmers also show that these 
real costs might be higher than indicated.

In other words, the shortfall in the bud-
gets of cooperatives, DEs and the BHH IDMC 
reflects both the non-optimal management of 
these organizations and the insufficient lev-
ies imposed on users, and the degree of 
defaulting that these organizations allow 
themselves is also a reflection of their percep-
tion of how much the state may be willing to 
pay, to avoid the transaction and political 

costs of engaging in more drastic or coercive 
reforms. It is also a measure of the ‘distance’ 
between the centre and decentralized admin-
istrative units, and of how upper bureaucratic 
layers fail to exert full control upon lower 
ones. From another point of view, it defines 
the trade-off between social considerations 
(constitutive of the Vietnamese Party’s legiti-
macy) and macroeconomic constraints. Any 
institutional reform must question the distri-
bution and share of responsibility in decision 
making, and introduce higher transparency 
in financing. This, of course, is an issue that 
cannot be restricted to the water sector and 
pertains to the wider question of political 
change in Vietnam.
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8 Water Pricing in Haryana, India

P.J.G.J. Hellegers, C.J. Perry and J. Berkoff

Introduction

Haryana is one of India’s major irrigating 
states, with approximately 2.9 Mha undersur-
face irrigation. Water is scarce and irrigation 
water demand exceeds available canal water 
supplies. The major challenge facing the 
responsible government agencies is to man-
age water scarcity so as to minimize long-
term damage to agriculture, fresh aquifers 
and soils.

It is indisputable that underwatering 
is pervasive and that, as non-agricultural 
demands rise, irrigation supplies will come 
under increasing pressure. Besides water 
shortages, agriculture is threatened by ris-
ing water tables in the western zone (about 
52% of the area) and by falling water tables 
in the eastern zone (about 48% of the area). 
These proportions do not fully accord with 
the distribution of saline and fresh ground-
water and suggest that brackish ground water 
is already used for irrigation, presumably 
mixed with surface water and/or rainfall. In 
1997, about 0.42 Mha were affected by high 
water tables, with 0.25 Mha totally water-
logged (GOH, 1998). Another source gives 
some 0.19 Mha affected by salinity and 
0.33 Mha by sodicity (Agarwal and Roest, 
1996). Interventions that improve on-farm 
water management reduce canal seepage, 

and installing drainage systems could help 
address these problems.

Priority objectives therefore specify the 
following:

● Increase the productivity of water in 
the context of declining long-term 
availability.

● Control abstraction of fresh ground-
water to avoid decline and salinization 
of aquifers.

● Manage saline aquifers so as to reduce 
or avoid waterlogging and soil 
salinization.

● Finance adequate operation and main-
tenance (O&M) expenditures along with 
justified capital improvements.

Volumetric water pricing is often mentioned 
to address these problems, but the role it 
can play in meeting the objectives in 
Haryana is not clear. The main aim of this 
chapter is therefore to study the potential 
role of pricing policy in meeting the above 
priority objectives. To achieve this aim, the 
way water is currently allocated will be 
described and insight will be provided into 
the price, costs and value of irrigation water 
in Haryana.

The structure of this chapter is as fol-
lows. First, the study area and warabandi 
system that allocates water to all irrigators 
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in proportion to their landholdings are 
described. Next, the price, cost and value of 
water are studied. An analytical framework 
is applied to assess the value of production 
and contribution of water to that level 
of production. Then policy recommenda-
tions are made and finally conclusions are 
drawn.

Study Area and Warabandi System

Study area

Haryana is located on the Indo-Gangetic 
plain in north-west India with a climate that 
is arid to semi-arid. It has an area of 4.4 Mha 
of which 3.8 Mha is cultivable and 2.9 Mha 
irrigable (GOH, 2004). The population totals 
21 million of which 70% is rural. GDP per 
head is $660 (32% above the national aver-
age) and has been rising in real terms at up 
to 3% per annum. Agriculture accounts for 
31% of GDP and, along with Punjab, 
Haryana led India’s Green Revolution. Grain 
yields are some 30–40% above the national 
average and, with just 1.4% of India’s area, 
this small state provides 30% of the national 
procurement of wheat and 10% of its rice. 
Gross sown area in 2001–2002 was 6.3 Mha 
and net sown area 3.6 Mha, giving an over-
all cropping intensity of 177% and an inten-
sity on irrigated land of about 190–195%. 
There are three primary sources of water: 
rainfall, surface water and groundwater.

Annual rainfall averages 545 mm, ran-
ging from more than 1000 mm in the extreme 
north-east to less than 300 mm in the arid 
west. Rainfall also varies from year-to-year 
and from season-to-season. About 80–85% 
occurs in kharif (June to September), and 
most of the rest in rabi (October to February). 
Evapotranspiration averages about 1550 mm 
so that irrigation is a prerequisite for suc-
cessful cropping most of the time over most 
of the state.

Surface water comes from the Sutlej via 
the Bhakra canal system and from the Yamuna 
via the Western Yamuna system. Sutlej and 
other Indus allocations are regulated by the 

Bhakra-Beas Management Board (BBMB), 
which was created under the 1966 Punjab 
Reorganization Act. This Act and subsequent 
agreements govern the state shares in the 
three rivers (Sutlej, Ravi, Beas) assigned to 
India by the 1960 Indus Basin Treaty. Haryana 
has yet to obtain its full share and disputes 
continue, in particular relating to construc-
tion of the Sutlej Yamuna Link (SYL) canal, 
which would allow access to water from the 
Ravi and Beas. Yamuna allocations are gov-
erned by the Tajewala Headworks Agreement 
of 1954 as modified by the Punjab 
Reorganisation Act and other agreements.

Groundwater is abundant on the allu-
vial Indo-Gangetic plain. Recharge in 
Haryana has risen greatly as a result of sur-
face irrigation. Brackish groundwater under-
lies up to two-thirds of the state, an area 
characterized by poor natural drainage, ris-
ing water tables and secondary salinization. 
The balance one-third is underlain by fresh 
groundwater and is characterized by falling 
water tables since use exceeds recharge by a 
considerable margin. By now, there are 
some 600,000 tube wells that are predomin-
antly privately owned. Well owners com-
monly sell water to their poorer neighbours 
after meeting their own needs.

The Warabandi System

The irrigation management system in 
Haryana, as in other states in north-west 
India and Pakistan, was formalized under 
the Northern India Canal & Irrigation Act of 
1873 (Eastern Book Company, 1982), based 
in part on earlier Moghul and British prac-
tices. Canals are designed based on the 
‘regime theory’ with the aim of distributing 
suspended silt over the land. Surface sup-
ply is intended to be protective (i.e. to 
spread water over a large area inter alia to 
guard against famine) rather than to be pro-
ductive (i.e. to meet full water demands of a 
specified irrigable area to maximize yields) 
(Ministry of Irrigation, 1982; Malhotra, 
1988; Jurriens et al., 1996). Supply is thus 
well below potential demand and water is 
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rationed in proportion to irrigable area. 
Although often referred to as the warabandi 
system (literally ‘fixed turn’ system), wara-
bandi is just one component of a complete 
system with the following main features.

Water allowance

Water is allocated in proportion to land, and 
farmers are free to use their allocation as they 
wish. In other words, the cropping pattern is 
a response to a pattern of supply (crops to 
water) rather than supply being a response to 
a cropping pattern (water to crops).

Delivery capacity (duty) is low, being 
typically no more than 0.15–0.175 l/s/ha at 
the outlet or perhaps 0.17–0.20 l/s/ha at the 
head allowing for canal losses. If given con-
tinuously, this satisfies the theoretical crop 
water requirements of no more than 20–30% 
of the irrigable land in kharif and 35–45% 
in rabi.

Reservoir operations

Reservoir operations are the responsibility 
of the BBMB. Subject to the priority nor-
mally given to hydropower and other non-
agricultural uses, water is delivered to each 
irrigation canal headwork in line with the 
shares of the respective states. The seasonal 
operational plan is updated at least every 3 
weeks to reflect actual water conditions.

The main system

The conveyance and distribution system is 
managed by the Irrigation Department (ID). 
Main/branch canals are operated with vari-
able flow in response to BBMB allocations 
and – to a limited extent – demand (see 
below). Distributaries and minors are either 
full ON or full OFF, with flow reduction 
limited at most to 10–15%. When main or 
branch canals run full (e.g. if river flow 
exceeds diversion capacity) lower channels 
also run full.

Distributaries operate in rotation such 
that the sum of discharges in ON channels 
equals branch canal discharge allowing for 
losses. Priorities shift every 8 days so that 
each distributary has an equal chance of 
being ON. This design has come to be known 
as the structured design, with the system 
structured at the head of the distributary 
(the point below which flows are propor-
tional and canals run full) (Albinson and 
Perry, 2002).

Adjustable gates on the main/branch 
canals support variable flow management. 
ON/OFF gates at the head of each distribu-
tary or direct minor allow canal rotation. 
Below this point, the system is un-gated 
with proportional division at each junction 
point.

Correct discharges in ON canals are 
critical to successful operation. Levels are 
monitored twice daily at key points. If flow 
at the tail falls below the design, action is 
taken to increase supply and/or close chan-
nels to maintain full supply. Canals are 
closed annually for maintenance, notably to 
check offtakes and restore cross sections.

Distribution below the outlet

Outlet capacities are based on duty. If the 
design duty is 0.15 l/s/ha, the capacity of an 
outlet serving 200 ha is 30 l/s. To ensure that 
the stream size is manageable by the farmer 
(in the range 25–40 l/s), chaks (outlet com-
mands) are generally limited to between 
100–300 ha and typically serve some 50–100 
farmers.

All outlets are un-gated and run full 
when the minor is ON. The full flow in the 
watercourse is allotted to each farmer in 
turn on a weekly (168 h) schedule. Turn 
length is based on farm size. If the chak size 
is 200 ha and duty 0.15 l/s/ha, the farmer 
receives 30 l/s for 0.84 h/ha of land that he 
owns. If the chak size is 250 ha, he receives 
37.5 l/s for 0.67 h/ha. Some limited adjust-
ment may be made to these times to account 
for losses in the watercourse.

The farmer obtains water at the same 
time each week (the clock keeps ticking). If 
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there is water, he has the right to the full 
flow. If not, he loses his turn. Equity is 
ensured by the rotation of supply to distribu-
taries and the flow in the watercourse – if 
there is one – is owned at all times by a 
known farmer. The schedule rotates through 
12 h at the end of each crop year to ensure 
equity in night-time irrigation.

The schedule below the outlet is known 
as the warabandi schedule. Farmers can 
either arrange this schedule among them-
selves (kutcha warabandi) or request regis-
tration by the authorities (pucca warabandi). 
In Haryana, almost all schedules are regis-
tered. It is then an offence to take water out 
of turn. It is also an offence to exchange or 
sell turns though this occurs in practice. 
Farmers maintain the watercourse at their 
own expense.

Groundwater

Groundwater is unregulated and the land-
owner has the right to exploit any aquifer 
lying below the surface of his land. In fresh 
groundwater areas, this means that the indi-
vidual farmer has no incentive to limit 
extractions since others may continue to 
pump; and in saline areas, the farmer has no 
incentive to install drainage facilities since 
this would have to serve the whole locality 
to be effective. These two examples of ‘the 
tragedy of the commons’ are critical to 
understanding groundwater management.

In its essence, this system has survived 
since its inception in 1886 despite develop-
ments that include: (i) independence and 
partition; (ii) population growth; (iii) falling 
farm size; (iv) the Green Revolution; (v) the 
massive growth of mechanized pumping; 
and (vi) expansion and diversification of an 
increasingly market-based economy. The 
system’s relative simplicity, transparency 
and low-cost help explain its robustness 
(Horst, 1998). Other factors include canal 
rotation ‘which makes it difficult for the 
farmers to interfere with the “automatic” 
distribution by the proportional outlet struc-
tures on the distributary’ (Jurriens et al., 
1996), and lack of ambiguity in the wara-

bandi schedule – the irrigation turn is in 
effect a property right in water and farmers 
tenaciously defend their turn. Rationing 
does not, of course, meet precise crop water 
requirements. In Sirsa Circle, for the actual 
cropping pattern and after allowing for rain-
fall ‘canal supply exceeds requirements by 
50 mm (500 m3/ha) during the winter period 
and the late-summer shortage is 210 mm 
(2100 m3/ha)’ (Agarwal and Roest, 1996). In 
fresh groundwater areas, groundwater can 
compensate for shortages.

The system does not, of course, always 
perform as designed, and deliveries may be 
inequitable both between distributaries or 
minors and along watercourses (Jurriens 
et al., 1996). Shortfalls in O&M funds, 
farmer interference (notably in the outlet) 
and other factors are all of concern, although 
farmer interference is more prevalent where 
farm size and rural power are inequitable or 
rainfall is higher (or topography and soils 
are more variable [Berkoff, 1990] ). On the 
other hand, some modifications to system 
operations may even be beneficial (illegal 
exchange or sale of turns, main-system-flow 
adjustments in response to waterlogging).

The system has worked well relative to 
other systems in India. Both relative agri-
cultural success and a priori arguments sug-
gest that it is well adapted to local conditions 
(Berkoff, 1990). Up to the 1950s, western 
Haryana was notoriously vulnerable to fam-
ine, yet now the state provides an astonish-
ing share of India’s grain and ‘is emerging 
very fast as one of the leading states in the 
field of horticulture (though horticulture 
occupies only about 5.2% of cultivable 
area)’ (GOH, 2004). The key indicator is the 
contrast between potential crop intensity 
based only on surface irrigation (55–75%) 
and actual intensity (190–195%) utilizing 
all three water sources. This contrast is 
explained in part by underirrigation. However, 
the main reason is the combined use of rain-
fall, groundwater and sub-irrigation by capil-
lary rise, all of which have been augmented 
by surface irrigation. Rainfall, which in 
terms of volume may be the largest source, 
is much less productive without irrigation; 
groundwater and capillary rise reflect sur-
face water recharge; and brackish water 
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causes less damage – whether from irriga-
tion or sub-irrigation – if used conjunctively 
with surface water and/or rainfall. The orig-
inal intention of the system designers may 
have been to provide protective irrigation 
but the unanticipated spread of mechanized 
pumping along with sub-irrigation has led 
to one of the most productive agricultural 
systems in India, with high yields and a 
cropping intensity that approaches 200%. 
The question is, however, for how long, as it 
leads to dropping of groundwater tables and 
salinization.

Crop selection in response to supply 
(crops to water) means that the farmer, 
rather than the scheme operator, is primar-
ily responsible for planning. In effect, the 
farmer maximizes farm income subject to 
his assessment of risk. Water rather than 
land or labour is generally the scarce 
resource so: ‘farmers underirrigate some 
crops in relation to full potential evapo-
transpirative demand, because reductions 
in yield may be proportionally less than 
reductions in water applied’ (Perry and 
Narayanamurthy, 1998). With regard to risk, 
rainfall is unpredictable but free; surface 
water is predictable within limits but incurs 
a small additional cost; and groundwater is 
predictable but more expensive. Ground-
water and sub-irrigation may also be unus-
able or damaging. Farmers thus divide their 
farm into distinct plots on which they plant 
crops with differing water needs, allocating 
water between plots in the light of rainfall 
with the aim of meeting their implicit objec-
tive function. Based on field evidence 
from the Bhakra command, Perry and 
Narayanamurthy (1998) conclude that: 
‘Farmers generally aim to maximise returns 
to the scarce resource, but due to the uncer-
tainties involved guard against unaccept-
able risk by reducing the area planted and 
increasing seasonal water allocations per 
unit area where supplies are less certain.’

Farmers are intensely concerned with 
their own welfare and, though there are 
good farmers and bad farmers, there is little 
doubt that, in general, they are equipped to 
perform this planning exercise. But their 
perspective is limited to their own interests, 
and this leads to the tragedy of the com-

mons as described above. In fresh ground-
water areas, water tables fall and groundwater 
irrigation on the current scale is unsustain-
able over the longer term. In saline ground-
water areas, water tables rise and agriculture 
is threatened in complex ways by waterlog-
ging and secondary salinity (Agarwal and 
Roest, 1996). Any modification to the pres-
ent management system must also take 
these externalities into account (section 
under Recommended Policy Instruments).

Price, Costs and the Value of Water

Price paid for canal water

Charges for surface irrigation are levied on 
a crop-area basis: that is, rates per hectare 
vary across crops and are charged accord-
ing to the area irrigated. The ID records 
crop areas, excluding those that utilize 
only rainfall and/or groundwater. Areas 
irrigated from canals are reported to the 
Revenue Department, which collects what 
is due as part of Land Revenue. This is 
incorporated in the general budget and 
does not directly determine budget alloca-
tions for recurrent costs. The general aim is 
to cover O&M costs, an objective that is 
almost achieved by the device of assigning 
only about one-third of ID recurrent costs 
to irrigation, with the rest assigned to non-
irrigation users who receive priority at 
times of scarcity.

There is no explicit volumetric charge, 
although crop area and type are a proxy for 
volume. Table 8.1 shows crop-based charges 
($/ha) along with their volumetric equiva-
lents ($/m3). The average charge can also be 
estimated from the total revenue derived 
from irrigation water charges ($1.00 = Rs 
47.00). In 1999–2000, the net area irrigated 
by canals was 1.44 Mha, generating rev enues 
of Rs 210 million ($4.47 million) (GOH, 
2004), equivalent to an average of Rs 145 or 
$3.1/ha. If total surface water deliveries 
were about 9.4 Bm3, this implies an average 
delivery of 6500 m3/ha and an average water 
charge of $0.0005/m3. This is comparable to 
the estimates in Table 8.1.
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Costs of water delivery

Surface water costs

Annual recurrent costs of delivering water 
within Haryana to all users during the 
period 1996–2000 averaged about $18 mil-
lion per year. Annual deliveries were about 
14 Bm3, resulting in an average O&M cost of 
about $0.0013/m3. This confirms that the 
Haryana system is low-cost which reflects 
the highly centralized system of manage-
ment, the relatively small number of control 
structures, limited staffing requirements 
and farmer responsibility for O&M costs 
below the outlet. This makes no allowance 
for capital costs, which are very substantial. 
One-third of the total O&M costs is allocated 
to irrigation (i.e. about $6 million/year). In 
1996–2000, irrigation received an average 
volume of 12.9 Bm3/year (92% of the total), 
implying a cost to irrigation of $0.0005/m3. 
This was less than 1/20 of the cost per cubic 
metre attributable to other users ($0.0107/
m3, given average deliveries of 1.12 Bm3 and 
a share in costs of $12 million). In return, 
non-agricultural users receive a more con-
tinuous and predefined service as well as 
priority at times of scarcity.

The World Bank-funded Haryana Water 
Resources Consolidation Project (World 
Bank, 1994) placed emphasis on cost recov-
ery, requiring, first, a clear definition of the 
costs of system operations; second, political 
decisions on how costs should be allocated; 
and third, that charges be raised to cover 
O&M expenses over 6 years. This process 
was important in clarifying the situation, 
raising charges and highlighting the extent 
to which the ID provides water services to 
other users (drinking water to villages, 
industrial supplies, supplies to power sta-
tions, water to Delhi and water to other gov-

ernment departments, such as mining, 
fisheries and forests). Irrigation charges are 
nevertheless a highly sensitive political 
issue. In many Indian states, poor cost 
recovery stems from a combination of both 
low charges and low rates of collection. In 
Haryana, however, though rates are low, col-
lection is 90% or more, in part due to 
 collection of water charges as part of Land 
Revenue. Shortfalls at times of crises (floods, 
droughts, pest attacks) are usually offset by 
collection of arrears in subsequent years.

Groundwater costs and charges

Tube well water is charged by well owners 
at anything between $0.2–1.6/h or at a flat 
rate of $7.0–15.0/delivery/ha irrigated. The 
wide range reflects not only differing pump-
ing heads, but also the extent to which tube 
well owners seek to recoup capital invest-
ment, exploit their monopoly powers, etc. 
(see section under Recommended Policy 
Instruments). If each delivery amounts to 
about 1250 m3, a flat rate of $7.0–15.0 is 
equivalent to $0.006–0.012/m3. This com-
pares to an average quoted fuel cost of about 
$0.005/m3. It also suggests that at the lower 
end of this range charges are largely con-
fined to marginal costs (mainly fuel). 
Whatever is covered, it is equivalent to 10–
20 times the cost of surface supplies. The 
ratio would no doubt be higher if electricity 
was charged at an unsubsidized rate.

Value of water

Net returns

Tables 8.2 and 8.3 summarize farm budget 
estimates for the Sirsa district in the western 

Table 8.1. Haryana: water charges by crop and volumetric equivalents.

 Rice (6,800 m3) Wheat (4,500 m3) Sugarcane (10,000 m3)

 $/ha $/m3 $/ha $/m3 $/ha $/m3

Haryana 2000 3.2 0.0005 2.7 0.0006 4.3 0.0004
Haryana 1999 2.4 0.0004 1.9 0.0004 3.1 0.0003
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zone. Table 8.2 is based on information derived 
from Aggarwal et al. (2001) and the World 
Bank (1998). It assumes that cropping and 
water use remain the same irrespective of the 
source of water. This is a simplification since 
cropping patterns might be expected to adapt 
to the improved security of supply and, per-
haps, to the higher costs and volumetric basis 
of groundwater. Table 8.3 gives comparable 
data without distinguishing between surface 
water and groundwater irrigation, based on a 
survey of 24 farms in rabi 2001/02 and kharif 
2002/03 (Appendix). The farms were divided 
into five categories on the basis of location in 
the canal system and type of land.

Despite considerable differences between 
the two sets of data, the tables confirm that 
water represents only a small part of farm 
costs, even in the case of groundwater, and 
that the costs of other inputs (seeds, fertil-
izers, pesticides, etc.) and labour are substan-
tially greater. In the case of the Sirsa scheme, 
for example, the average shares of inputs, 
labour and water are 78%, 18% and 4%, 
respectively. Subsidies on other inputs are 
now limited and their costs approximate to 
trade-equivalent levels. The labour market is 
also relatively competitive given seasonal 
migration from eastern India and, though 
wages may exceed the opportunity cost of 
labour, this is becoming less significant as the 
economy develops. The major distortion in 
farm costs relative to the economic optimum 
in respect of irrigation is, therefore, due to 
low water charges and electricity subsidies.

Apparent returns to water

Tables 8.4 and 8.5 show net returns per unit 
of water after allowing for all financial costs, 
including those of water, for the two sets of 
farm budget data provided in Tables 8.2 and 
8.3, respectively. Net returns to water are 
about $0.04/m3.

Discussion of price, costs and value of water

Care must be taken in interpreting these 
data. Expressing net farm returns in terms 
of the net return per unit of water seems to 
suggest that the profit over and above 
financial costs is wholly attributable to 
water. However, net returns might be simi-
larly attributed to fertilizer or some other 
input while this profit represents the farm-
er’s return to land, capital and management 
after allowing for other costs. If water was 
to be charged at a rate that equalled appar-
ent net returns per unit to water and returns 
to land, capital and management would 
sink to zero (or, in the case of family labour, 
be no more than the going wage rate), 
which is unrealistic. On the other hand, 
water is a major constraint to increased 
agricultural production and Tables 8.4 and 
8.5 suggest an extreme upper limit to the 
returns to water.

Returns to water are 50–100 times the 
water charge ($0.0005/m3), implying that 
water charges would have to rise substan-

Table 8.3. Sirsa district: farm budgets – five farm types, rabi 2000/02 and kharif 2002/03.

 
Cropped  Gross farm 

 Farm costs 
Net farm

 area (ha) return ($) Inputs ($) Labour ($) Water ($) return ($)

Farm type 1 16.6 14,380 5,673 1,570 317 6,820
Farm type 2 6.1 5,109 2,020 435 126 2,528
Farm type 3 7.6 5,510 2,162 460 106 2,782
Farm type 4 7.1 3,960 1,987 223 93 1,657
Farm type 5 7.3 3,974 2,070 423 119 1,361

Farm type 1: paddy–wheat belt, head of canal, normal soils, four farms covering a total of 9 ha.
Farm type 2: paddy–wheat belt, middle of canal, normal soils, four farms covering a total of 3.3 ha.
Farm type 3: cotton–wheat belt, head of canal, normal soils, eight farms covering a total of 5.1 ha.
Farm type 4: cotton–wheat belt, middle of canal, normal soils, four farms covering a total of 5.9 ha.
Farm type 5: cotton–wheat belt, tail of canal, problematic soils, four farms covering a total of 5.7 ha.
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tially before they had any significant 
impact on net farm returns, assuming that 
the water charge can be made volumetric 
(see next section). As is to be expected, 
water use was greater in the paddy–wheat 
than in the  cotton–wheat belt, and net 
returns per cubic metre – at least in the cot-
ton–wheat belt – declined towards the tail 
and were lower in farms with problematic 
soils. Table 8.4 suggests that net returns 
per unit of groundwater on the same basis 
were 2–10 times greater than groundwater 
charges ($0.006–0.012/m3).

This means that surface water charges 
would have to rise very substantially 
before they have an impact on water use. 
In other words, water demand at current 
charge  levels under the current system of 
rationing is almost wholly inelastic. In the 
case of groundwater, this is less self-
 evident. Water charges are higher – for the 
least profitable case, net returns per unit 

are just double the charge – but water use 
is discretionary.

Recommended Policy Instruments

The above discussion suggests that water 
charges have minimal impact on surface water 
use. The system delivers a rationed supply 
that is sufficient for a limited part of the irrig-
able area. Since charges are well below the 
value of water to the farmer, there is no reason 
for him to reject any of his share since water 
can almost always be profitably used to meet 
the needs of irrigated crops, supplement rain-
fed crops, moderate underwatering, save on 
pumping costs or leach salts from the land. It 
is only if land is waterlogged or flooded that 
the farmer has reason to reject his share and 
the ID then often closes higher canals so as to 
alleviate problems that typically go well 

Table 8.4. Sirsa district: water use and net returns by crop. (Based on information from World Bank, 
1998 and Aggarwal et al., 2001.)

 
Water use  Total water

 Net returns per farm Net returns per unit of water

 per hectare use per farm Surface Groundwater Surface Groundwater
Crop (m3/ha) (m3) water ($) ($) water ($/m3) ($/m3)

Kharif
Rice, paddy 6870 5700 142 113 0.025 0.020
Cotton 4835 2900 183 169 0.063 0.058
Chickpea 2355 800 20 16 0.025 0.020
Rabi
Wheat 2450 4900 647 622 0.132 0.127
Mustard 3715 2600 263 250 0.101 0.096

Table 8.5. Sirsa district: water use and net returns by farm type, rabi 2001/02 and kharif 2002/03.

 Average 
  water use Total water use Net returns per farm Net returns per unit of water
Farm type (m3/ha) (m3) ($) ($/m3)

Farm type 1 9,200 152,700 6,820 0.045
Farm type 2 9,310 56,800 2,528 0.045
Farm type 3 6,170 46,900 2,782 0.059
Farm type 4 5,745 40,800 1,657 0.041
Farm type 5 7,425 54,200 1,361 0.025

Note: See Table 8.3.
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beyond the individual farmer. Instances where 
water cannot be profitably used are thus few 
and excess water, in any case, may do no harm. 
Far from rejecting his turn, therefore, the 
farmer resolutely defends it.1

Considerations in groundwater are very 
different. Not only are the charges made by 
well owners (much) higher than for surface 
water but a decision whether or not to turn on 
a pump is discretionary and does not preju-
dice access to the resource at a later time. The 
amount of freshwater extracted is thus a func-
tion of demand and not of availability. In areas 
of conjunctive use, surface water is a rela-
tively stable, if limited base, supply; rainfall is 
variable and uncertain but free; and ground-
water can be fine-tuned to ‘optimize’ net 
returns after exploiting other sources. That 
fresh groundwater is overpumped reflects the 
pattern of financial incentives, with richer 
farmers better able to adjust to falling water 
tables than poorer farmers. If falling water 
tables adversely affect water quality, then the 
resource may be lost and this of course then 
becomes the decisive concern.

In other words, so long as fresh ground-
water is freely available, groundwater is pro-
vided on a volumetric basis and the amount 
demanded broadly optimizes farmer net 
returns subject to anticipated farm-gate prices, 
input costs, cross-elasticities and numerous 
other factors. Groundwater use in an imperfect 
and variable way thus reflects farmer willing-
ness to pay. If conditions change (expected 
rise in farm-gate prices, electricity subsidies 
are withdrawn, etc.), the outcome is different. 
Net farm returns over-and-above financial 
costs (including water costs) are the farmer’s 
return to land, capital and management and 
cannot be attributed to water as such. That the 

groundwater charge is so variable reflects vari-
able spatial, temporal and farm conditions and 
numerous market imperfections. Even if 
extractions were to be effectively regulated, for 
instance to account for the externality costs 
associated with overpumping and/or saliniza-
tion, the market would adjust to the new con-
ditions with the price determined by the 
property rights created rather than by the cur-
rent conditions of open access.

Surface irrigation is thus supply-driven 
and consumption is largely unaffected by 
water charges, while groundwater irrigation 
– no matter how imperfect – is demand-
driven and consumption is a function of 
alternative water sources (rainfall and surface 
supplies) and (imperfect) market incentives. 
Given this background, what is the potential 
role of pricing policy in meeting the above 
objectives? The discussion is in two parts: (i) 
policies that require restructuring of the infra-
structure; and (ii) policies that can be imple-
mented with the present infrastructure.

Policies requiring restructuring 
of the infrastructure

Volumetric charges are often advocated as a 
mechanism for reducing water use and 
increasing output per unit of water. They 
require an infrastructure that can provide 
differentiated water supply and measure-
ment at the point of sale. In the case of 
Haryana, they would thus require that the 
supply-based surface system (including the 
warabandi schedule) be replaced by a 
demand-based system that allowed water to 
be delivered in response to willingness to 
pay. To be effective, demand at the point of 
sale would have to be elastic with respect to 
price. At the theoretical limit, the charge 
would be ideally set such that demand and 
supply are brought into balance. For surface 
water in the Haryana context, volumetric 
charges could be levied at three possible 
levels: head of the watercourse, head of the 
minor or distributary and the farm.

Irrespective of how far differentiated 
supply is taken down the system, water rates 
must be sufficiently high to elicit a response 

1 If the farmer cannot defend his turn – if rural power 
is distributed inequitably or law-and-order breaks 
down – then the system is weakened. Persistent theft 
by head-enders can also wear the tail-ender down 
even under normal circumstances. Moreover, if 
rainfall is higher and the design supplements rainfall 
in kharif over the full irrigable area, or conditions 
are more variable than in Haryana, then there will 
be more instances when the individual farmer will 
want to reject water and this again tends to under-
mine this management system (Berkoff, 1990).
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if they are to impact on water use. The 
increase required is in itself politically and 
socially infeasible. But there are more fun-
damental objections to volumetric pricing to 
the farmer. The present system is stable, 
simple and cheap to operate and this has 
major advantages for large schemes in devel-
oping countries (Horst, 1998). Moreover, the 
system already provides powerful incen-
tives limiting water use and maximizing 
output; surface water use per hectare is 
already low and by Indian standards pro-
ductive although unsustainable. This is even 
so if groundwater is saline. Where it is fresh, 
applications at the margin are charged on a 
volumetric or quasi-volumetric basis from 
groundwater. Farmers operate in real time, 
adjusting groundwater use in response to 
rainfall, surface supplies and financial 
incentives. Quite apart from the costs and 
risks of restructuring the delivery system, it 
is hard to imagine that volumetric pricing 
could be more successful.

Levying a volumetric charge at the head 
of the watercourse, minor or distributary is 
a less clear-cut issue and in some circum-
stances there may be a case for creating 
water user associations (WUAs) and/or 
organizations operating at the distributary 
or minor level. If WUAs and/or autonomous 
agencies are to be financially viable, they 
may limit demand in response to even mod-
erately enhanced charges and may be will-
ing to sell allotted shares if a market 
develops at this level. Being closer to the 
farmer, they may also be in a position to 
influence on-farm use even without volu-
metric charges to the farmer. However, the 
rationale for this has more to do with cost 
recovery and effective O&M than with 
enhancing the productivity of water, and 
where the system is functioning relatively 
well, as in Haryana, the uncertainties and 
risks are almost certainly unacceptable.

Account must also be taken of falling 
water tables, waterlogging and salinity. 
Declining water tables raise costs and disad-
vantage poor farmers. More importantly, 
they can affect quality since deeper aquifers 
are more saline than shallow aquifers. 
Rationing of surface water, ceteris paribus, 
has slowed the process of waterlogging and 
salinity.

Policies within the present infrastructure

If full volumetric water pricing of surface sup-
plies is ruled out, what potential is there for 
modifying the present water charge system to 
reflect quasi-volumetric considerations? Pos-
sibilities can again be considered at three lev-
els: main system, watercourse and the farm.

Main system rotation is equitable in 
terms of irrigable area. Given the homoge-
nous character of an alluvial plain and 
equitable holding size, this also has the 
merit of transparency. Even so, differences 
between sub-commands – notably between 
fresh and saline areas and also in terms of 
rainfall, cropping patterns and other factors 
– could be reflected in differential sched-
ules (Narayanamurthy, 1985). To a limited 
extent this already happens since the ID 
closes canals where waterlogging or flood-
ing is acute irrespective of ‘equity’ consid-
erations. One option would be to devise 
rotations that provide reliable but lesser 
supplies to saline areas (to ensure security, 
minimize recharge and slow the rise in the 
water table); and less reliable but greater 
supplies to fresh areas (since they already 
have security, excess deliveries can, if nec-
essary, be recaptured by pumping or, alter-
natively, may slow the fall in the water 
table). Another option would be to devise 
schedules to meet differential demands of 
the predominant cropping pattern, e.g. dif-
ferentiating between paddy–wheat and 
 cotton–wheat (Narayanamurthy, 1985). This 
has the potential for bias and would tend to 
erode transparency. New schedules need to 
be articulated in a straightforward way.

The distinguishing feature of distribution 
within the watercourse is the warabandi 
schedule. Farmers have strong incentives to 
defend their turns and this is a major strength 
of the system. Trading beyond the watercourse 
implies a fundamental restructuring of the 
delivery system (see above) but trading along 
a watercourse is quite possible and undoubt-
edly occurs despite being an offence. Losses 
in the watercourse result in more water being 
delivered at the head than at the tail so that 
sale of tail-ender turns to head-enders adds to 
the surface water available (and incidentally 
may well be a factor in the inequities recorded 
in watercourse studies) (Jurriens et al., 1996). 
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Farmers in any case differ in their resources, 
skills and wants, which leads to trades that 
may increase total welfare. Allowing trades 
along the watercourse is a market mechanism 
that could, in principle, increase productivity 
although it impacts on patterns of groundwa-
ter recharge and runs the danger of weakening 
the traditional and accepted system.

Differential crop charges imply a quasi-
volumetric element at the farm level. 
Increased differentials and penal rates for 
crops that utilize large amounts of water 
could, in principle, make this approach more 
effective. However, cropping patterns cannot 
always be changed – paddy may be the only 
feasible crop in higher rainfall and water-
logged areas – and political objections would 
still have to be faced. A more interesting sug-
gestion is made in the Indo-Dutch report 
(Agarwal and Roest, 1996). If water charges 
were to be based on the authorized water 
delivered to the farm rather than on the mea-
sured crop areas, they conclude that irrigated 
areas in saline regions, presumably in kharif 
could increase from 50% to 85%. Much of 
the rain-fed part of the farm would be con-
verted to partial irrigation and the annual 
rise in saline water tables might be slowed – 
recharge would decline due to underwater-
ing and greater evapotranspiration. As a 
result, waterlogging problems ‘can be post-
poned by 5 to 10 years’. Of course, farmers 
even now irrigate crops on that part of their 
farm that they claim is rain-fed and subse-
quently mislead or collude with ID staff. 
Moreover, the act of measuring areas – indeed 
the whole land revenue tax process – con-
tributes much to conserving the delivery and 
land tenure systems. Nevertheless, this pro-
posal might receive further consideration.

Conclusions

Surface irrigation water in Haryana is distrib-
uted in proportion to holding size irrespective 
of soil type, crops grown, groundwater condi-
tions or climatological factors. The amount 
delivered is sufficient in itself for no more than 
20–30% of the irrigable land in kharif and 35–
45% in rabi, leading to widespread underirri-
gation. Surface supplies are supplemented by 

(variable) rainfall and, if water is fresh, by 
groundwater pumping, so that cropping inten-
sities are much higher than would be possible 
based just on surface supplies. Nevertheless, 
water remains a constraint on agricultural out-
put and this is likely to intensify as non-
 agricultural demands grow. Agricultural 
production is also threatened by rising water 
tables in saline groundwater areas and falling 
water tables in fresh groundwater areas.

Effective rationing of surface supplies 
provides powerful efficiency incentives in 
water use, both directly and as pumping 
responds to variable rainfall and regular sur-
face deliveries. This has been reflected in a 
remarkable growth in agricultural production 
despite constrained surface supplies. 
Moreover, the combination of main system 
rotation and warabandi below the outlet has 
proven robust and has demonstrated impor-
tant advantages in terms of equity, transpar-
ency, social acceptance and low transactions 
costs. A shift from an accepted supply-based 
system to a demand-based system and volu-
metric pricing would involve major recon-
struction of the physical infrastructure and a 
fundamental reform of accepted institutions 
and practices. The increase in the level of 
water charge needed to have a significant 
impact on water use would almost certainly 
be politically and socially unacceptable 
although small annual increments in water 
charges would be politically more acceptable 
than intermittent large increases in water 
charges. Thus, while in principle it might lead 
to a more responsive irrigation system, it is 
inconceivable that this could justify the costs 
and risks involved in making such a change.

More modest reforms of the supply-based 
system might include revised main system 
schedules, greater differentiation in area-
based water charges, or replacement of area-based 
water charges by charges based on the water 
delivered during a warabandi turn. Main sys-
tem schedules could in principle be modified 
to respond to soil or cropping conditions, for 
instance to provide more reliable but less abun-
dant supplies to saline areas and vice versa, or 
to respond to the predominant cropping pat-
tern in different areas. Water charges are pres-
ently collected along with land revenue and are 
based on the area of each crop irrigated by canal 
water. Charges are low but collection is 
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 relatively efficient and makes a reasonable con-
tribution to meeting recurrent costs. Rates could 
be increased and the levels for different crops 
further differentiated to encourage planting of 
water-efficient crops. Alternatively, crop-based 
charges could be replaced by a charge depen-
dent on the authorized water delivered during 
a warabandi turn, leaving the farmer to decide 
how best to allocate water on his farm.

Any such reforms need to be introduced 
cautiously given the risks associated with 
many modifications of the current accepted 
system. They would also at best have a mod-
est impact on the long-term problems of fall-
ing water tables in fresh groundwater areas 
and waterlogging and secondary salinity in 
saline areas. Regulation of groundwater use 
represents a formidable challenge given the 

large number of wells and well owners. In the 
absence of an effective regulatory system, 
water tables will continue to decline until this 
is limited by rising pumping costs or deterio-
rating water quality. Waterlogging in saline 
areas can at best be slowed by reforms of the 
type discussed above. The only ultimate long-
term solution would be costly investments in 
drainage and reclamation programmes.

Appendix: Overview of Outcome 
of the Spreadsheets

The returns to water in the Sirsa district of 
Haryana State in India were studied (see Fig. 
8.A.1), using data on 24 farms. Eight farmers 
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were selected from the Ottu Feeder in the 
paddy–wheat belt (four from Ram Pur Their 
and four from Sangatpura in eight Burji Ottu 
villages) along with 16 farmers from the 
Kasumbi distributary in the cotton–wheat belt 
in six villages (four from Fulkan, three from 
Kotli, two from Kanvar Pura, one from Ding, 
one from Kasumbi and five from Ban Mandori). 
These 24 farmers were divided into five farm 
categories on the basis of location in terms of 

the canal water source outlet and type of land. 
The data required for the AGWAT spread-
sheets pertaining to rabi 2001/02 and kharif 
2002/03 were collected from each respondent 
through personal interviews using struc-
tured question naires. The results are sum-
marized in Tables 8.A.1–8.A.5. It is important 
to note that the data are based on an excep-
tional year, with very low canal water avail-
ability and rainfall.

Table 8.A.2. Farm type 2 (paddy–wheat belt, middle of canal, normal soils, 4 farms; 3.3 ha).

 
Gross Cropped Gross

 Farm costs 
Net

 Water

 return area return Inputs Labour Water return Use Total use Net return
Crop ($/ha) (ha) ($) ($) ($) ($) ($) (m3/ha) (m3) ($/m3)

Kharif  
rice 880 3.04 2,675 1,188 366 96 1,023 13,816 41,800 0.030
Rabi  
wheat 801 3.04 2,434 831 69 29 1,505 4,934 15,000 0.100
Total 840 6.10 5,109 2,020 435 126 2,528 9,310 56,800 0.045

Table 8.A.3. Farm type 3 (cotton–wheat belt, head of canal, normal soils, 8 farms; 5.1 ha).

 
Gross Cropped Gross

 Farm costs 
Net

 Water

 return area return Inputs Labour Water return Use Total use Net return
Crop ($/ha) (ha) ($) ($) ($) ($) ($) (m3/ha) (m3) ($/m3)

Kharif  
rice 499 0.10 51 36 5 3 7 10,000 1,400 0.010
Cotton 792 2.96 2,342 918 228 62 1,134 9,460 27,700 0.040
Rabi  
wheat 772 3.37 2,598 974 198 32 1,393 4,154 13,600 0.100
Mustard 443 1.17 519 234 29 10 247 3,419 4,100 0.060
Total 725 7.60 5,510 2,162 460 106 2,782 6,170 46,900 0.059

Table 8.A.1. Farm type 1 (paddy–wheat belt, head of canal, normal soils, 4 farms; 9 ha).

 
Gross Cropped Gross

 Farm costs 
Net

 Water

 return area return Inputs Labour Water return Use Total use Net return
Crop ($/ha) (ha) ($)  ($) ($) ($) ($) (m3/ha) (m3) ($/m3)

Kharif  
rice 894 7.88 7,046 3,256 1,155 233 2,403 13,782 108,600 0.020
Cotton 580 0.36 208 112 28 6 62 8,611 3,100 0.020
Rabi  
wheat 857 8.24 7,067 2,293 385 78 4,313 4,927 40,600 0.110
Mustard 655 0.09 59 13 2 1 43 3,333 300 0.150
Total 868 16.60 14,380 5,673 1,570 317 6,820 9,200 152,700 0.045
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Table 8.A.5. Farm type 5 (cotton–wheat belt, tail of canal water, problematic soils, 4 farms; 5.7 ha).

 
Gross Cropped Gross

 Farm costs 
Net

 Water

 return area return Inputs Labour Water return Use Total use Net return
Crop ($/ha) (ha) ($) ($) ($) ($) ($) (m3/ha) (m3) ($/m3)

Kharif  
cotton 644 3.12 2,009 1,085 256 81 586 11,795 36,800 0.020
Guar 513 0.79 407 112 10 2 283 253 200 1.800
Rabi  
wheat 476 3.12 1,484 828 152 34 470 5,192 16,200 0.030
Mustard 326 0.23 74 45 4 2 22 4,348 1,000 0.020
Total 533 7.30 3,974 2,070 423 119 1,361 7,425 54,200 0.025

Table 8.A.4. Farm type 4 (cotton–wheat belt, middle of canal, normal soils, 4 farms; 5.9 ha).

 
Gross Cropped Gross

 Farm costs 
Net

 Water

 return area return Inputs Labour Water return Use Total use Net return
Crop ($/ha) (ha) ($) ($) ($) ($) ($) (m3/ha) (m3) ($/m3)

Kharif  
cotton 659 2.53 1,665 1,002 116 56 492 10,040 25,400 0.020
Guar 410 1.00 410 130 8 3 270 200 200 1.740
Rabi  
wheat 571 2.65 1,512 700 88 27 697 4,491 11,900 0.060
Mustard 423 0.88 373 156 12 7 198 3,750 3,300 0.060
Total 561 7.10 3,960 1,987 223 93 1,657 5,745 40,800 0.041

Farms 1 and 2 experienced a shortage of 
family labour during the peak months of 
July (transplantation of paddy), October and 
November (due to harvesting of paddy, 
 sowing of wheat crops and peaking of cotton 
crop on Farm 1). Both farms also experi-
enced insufficient supply of canal water 
throughout the year, compensated for by 
groundwater pumped from tube wells. 

Highest net returns were found to be from 
mustard; net returns per cubic metre of water 
were smaller on Farm 2 than on Farm 1. 
Farms in the cotton–wheat belt experienced 
a shortage of canal water in the months of 
February, March, August, September and 
October. The cotton crop was more remu-
nerative on Farm 3 than on Farms 4 and 5. 
The net returns were highest for Guar.
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9 The Energy–Irrigation Nexus in South Asia: 
Groundwater Conservation and Power 

Sector Viability

T. Shah, C. Scott, J. Berkoff, A. Kishore and A. Sharma

Introduction

Back in the 1950s, when energy use was 
considered synonymous with economic 
progress, state power utilities in India aggres-
sively persuaded unwilling farmers to install 
electric tube wells. The chief ministers set 
ambitious connection targets and all manner 
of loans and concessions were made avail-
able to popularize tube well irrigation. The 
World Bank supported huge investments in 
rural electrification to promote groundwater 
use and agricultural growth, policies that 
appeared to be vindicated when the Green 
Revolution was found to follow the tube 
well revolution with a lag of 3–5 years. 
Repetto (1994) even asserted that ‘the Green 
Revolution is more a tube well revolution 
than a wheat revolution’.

By the 1970s, the energy–irrigation 
nexus was a prominent feature of South 
Asia’s agrarian boom, and groundwater irri-
gation had spread rapidly even within canal 
commands. The enthusiasm of the State 
Electricity Boards (SEBs) towards their agri-
cultural customers however soon began to 
wane. The SEBs invariably charged their 
fees based on metered consumption but – as 
tube well numbers increased – metering and 
billing became an increasing burden. The 
costs of provision and maintenance of meters 

were perhaps the least of the SEB’s worries. 
Farm power supply required an army of 
meter readers, and led to rampant meter 
tampering and power pilferage, underbilling 
and pervasive corruption. These high and 
rising transaction costs proved insupport-
able and, during the 1970s/1980s, state after 
state adopted a flat tariff linked to the horse-
power (hp) rating. This eliminated the has-
sle and cost of metering in one go and, 
though still affording scope for malpractices 
such as under-reporting of the hp rating, this 
was much easier to control than pilferage 
under a metered tariff regime. In turn, how-
ever, as farm power emerged as a major 
driver of irrigated agriculture, chief minis-
ters found electricity pricing to be a power-
ful vote-winner. Flat tariffs became ‘sticky’ 
and, unable to raise flat tariffs for years on 
end, yet still pressured to supply abundant 
farm power, the SEBs found their balance 
sheets turning red. The argument has thus 
turned full circle and the industry and its 
protagonists (e.g. the multilateral donors) 
have returned to the view that metering is a 
precondition for restoring the SEB’s finan-
cial viability.

Support for metering is based essen-
tially on the neoclassical economic theory 
that typically focuses on the ‘transformation 
costs’ of generating and distributing power, 
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and the efficiency gains to be derived from 
economic pricing, while overlooking the 
‘transactions costs’ incurred. In this chap-
ter, our objective is to re-evaluate this debate 
from the perspective of the New Institutional 
Economics (North, 1997). We begin by 
assessing the scale of the energy–irrigation 
nexus in South Asia. The estimates quoted 
matter less than the broad conclusion that – 
by any measure – the nexus is far more 
important in South Asia than elsewhere in 
the world with the exception perhaps of 
North China. This is followed by a section 
describing what it would take to make a 
metered tariff regime work, the main com-
parison being with North China where such 
a regime does seem to work. Concluding 
that South Asia differs in too many ways to 
duplicate China’s success, the rest of the 
chapter explores the potential for indirect 
management of the groundwater economy 
through the specific mechanism of electric-
ity pricing and supply policies.

The central premise is that electricity 
pricing and supply in South Asia are closely 
linked with the policy goals of managing 
groundwater irrigation for efficiency, equity 
and sustainability. The chapter makes no 
claim that the solutions proposed would 
resolve all problems of aquifer management 
though it does suggest that they would com-
plement measures in other subject areas. 
Nor does the chapter address broader envi-
ronmental issues associated with sustain-
ability. It takes as given the generally accepted 
view that rapidly falling groundwater tables 
can have deleterious effects on the rural 
economy and on the environment, and that 
pragmatic measures that moderate such 
declines are generally beneficial. A further 
premise is that the financial viability of the 
power utilities has been undermined by 
their farm power operations and that this 
can be attributed at least in part to the fail-
ure of the power and irrigation sectors to 
interact in an intelligent manner. Again, the 
problems of the utilities and their opera-
tions go well beyond the issues addressed 
in the chapter. But even if the solutions pro-
posed are, in some sense, partial and second 
best, the chapter concludes that analysing 
the energy and groundwater economies as a 

nexus can help evolve joint strategies that 
would contribute significantly to the preser-
vation of South Asia’s groundwater resources 
while at the same time improving the viabil-
ity of its power industry.

The Scale of the Energy–Irrigation Nexus 
in South Asia

South Asia in a world context

The energy–irrigation nexus focuses atten-
tion on a class of issues that is largely con-
fined to South Asia and, to a lesser extent, 
North China (see below). Many other coun-
tries – e.g. the USA, Iran, Mexico – make 
intensive use of groundwater in agriculture 
(Fig. 9.1). However, in these countries this 
involves only a small proportion of their 
people; energy use by agriculture is a small 
proportion of total energy use; and the cost 
of energy use is only a small proportion of 
the total value added in farming. The oppo-
site is the case over much of South Asia and 
North China (Table 9.1).

According to a World Bank estimate, 
groundwater irrigation contributes about 
10% of India’s GDP (World Bank and GOI, 
1998) using 15–20% of the electricity gen-
erated. In contrast, in Mexico’s Guanajuato 
province, heartland of its intensive ground-
water-irrigated agriculture, a typical tube 
well is run by a 100–150 hp pump and 
operates for over 4000 h/year (Scott et al., 
2002). In India, Bangladesh and Nepal, the 
modal pump size is 6.5 hp and average 
hours of operation are around 400–500 h/
year (Shah, 1993). In Iran, 365,000 tube wells 
lift 45 km3 of groundwater/year (Hekmat, 
2002); India uses 60 times more wells 
than Iran to extract three times as much 
groundwater.

Despite these differences, other coun-
tries can still find it difficult to enforce 
groundwater controls. In Mexico, the 
Commission National de Aqua (CNA) has 
struggled to establish and enforce a system 
of water rights. While this has helped to reg-
ister most of its 90,000 tube well owners, 
Mexico still finds it impossible to limit 

 Energy–Irrigation Nexus in South Asia 209

Molle & Berkoff_Chap 09.indd   209Molle & Berkoff_Chap 09.indd   209 9/12/2007   7:59:05 AM9/12/2007   7:59:05 AM



210 T. Shah et al. 

pumping to assigned quotas. Mexico has 
similarly been politically unable to remove 
substantial energy subsidies to agriculture 
or rein in groundwater depletion (Scott et al., 
2002). In Iran, when groundwater overdraft 
in the hinterland threatened water supply 
to cities, the government enforced a ban on 
many new groundwater structures, yet it is 
struggling to eliminate its annual ground-
water overdraft of 5 km3 (Hekmat, 2002). 
Even the USA has only found it possible to 
slow rather than stop the mining of the great 
Ogallala aquifer. If richer countries where 
groundwater irrigation is far less important 
cannot manage irrigators even in the face of 
serious environmental anomalies, how 
much less can it be expected of countries in 

South Asia where groundwater is relatively 
far more important and where it supports 
the livelihoods of millions of poor rural 
households?

Groundwater in South Asia

South Asia constitutes the largest user of 
groundwater in the world. Between them, 
India, Pakistan, Bangladesh and Nepal pump 
around 210 km3/year, using some 21–23 mil-
lion pump sets (13–14 million electric 
pumps and 8–9 million diesel pumps) 
(NSSO, 1999). If an average electric tube 
well (with pumping efficiency of, say, 25%) 
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Fig. 9.1. Groundwater use in selected countries in the 1980s (MCM). (From Llamas et al., 1992, p. 4.)

Table 9.1.  Dependence on groundwater in different countries. (From Hekmat, 2002, Iran; Mukherji and 
Shah, 2002, India; Scott et al., 2002, Mexico; Shah et al., 2003, China and Pakistan.)

 Annual Groundwater Extraction/  Population
 groundwater structures structure dependent on
Country use (km3) (million) (m3/year) groundwater (%)

Pakistan Punjab 45 0.5 90,000 60–65
India 150 21.3 7,900 55–60
China 75 3.5 21,500 22–25
Iran 29 0.5 58,000 12–18
Mexico 29 0.1 414,285 5–6
USA 100 0.2 500,000 <1–2
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lifts water on average 30 m,1 the electricity 
equivalent of energy used is around 69.6 bil-
lion kWh/year. At an assumed cost of Rs 2.5 
($0.05)/kWh, this implies a total cost of 
Rs 174 billion ($3.8 billion). We estimate the 
market value of the irrigation water pro-
duced is around Rs 450–550 billion ($9.8–12 
billion) and its contribution to agricultural 
output at about Rs 1350–1650 billion 
($29.3–35.9 billion).2

Growth in groundwater irrigation is 
relatively recent (Fig. 9.2). In India, gravity 
systems dominated until the 1970s but by 
the early 1990s groundwater had far sur-
passed surface irrigation in terms of area 
served and proportion of agricultural out-
put (Debroy and Shah, 2003; Shah et al., 
2003). According to estimates of the 
Government of India (GOI), 60% of India’s 
irrigated lands are now served by ground-
water wells (GOI, 2001). Independent sur-
veys suggest that the proportion may be as 
much as 75% if conjunctive use in com-
mand areas is included (Shah et al., 2004b; 

NSSO 54th round). By now, pump irrigation 
in India accounts for 70–80% of the value of 
irrigated farm output; and rapid groundwa-
ter development is at the heart of the agrar-
ian dynamism found in areas in Eastern 
India that had been stagnant for a long time. 
Furthermore, groundwater irrigation has 
helped make famines a matter of history: 
during 1963–1966, a small rainfall deficit 
left reservoirs empty and food production 
plummeted by 19%; during the 1987–1988 
drought, the rainfall deficit was 19% but 
food production fell by only 2% thanks in 
large part to widespread groundwater irriga-
tion (Sharma and Mehta, 2002).

In contrast to  other countries, pump 
irrigation in South Asia also involves vast 
numbers of low-income households and a 
large proportion of the population. In 1999–
2000, India’s 81 million landowning fami-
lies (http://labourbureau.nic.in/) had more 
than 20 million tube wells and pump sets 
among them, on average roughly one for 
every fourth landowning household. Moreover, 
a large proportion of non-owners are sup-
plied through local fragmented groundwater 
markets (Shah, 1993). It is often argued that 
with 60 million tonnes of food stocks, India 
can now take a tough posture on groundwa-
ter abuse but this misses an important point. 
Quite apart from the practical difficulties of 
implementing such a policy, the contribu-
tion of groundwater to farm incomes and 
rural livelihoods is far more crucial than its 
contribution to food security, especially out-
side canal commands.3 At the turn of the 
millennium, perhaps three-quarters of the 
rural population and over half of the total 
population of India, Pakistan, Bangladesh 
and Nepal depended for their livelihoods, 
directly or indirectly, on groundwater irriga-
tion, many times larger than in Iran and 
Mexico. It is not surprising therefore that the 
energy–irrigation nexus has been at the cen-
tre of vote-bank politics in the region.

1 Most groundwater irrigation in South Asia is based on 
open dug wells and shallow tube wells. Deep tube 
wells are less than 1% of all groundwater structures.

2 The Centre for Monitoring Indian Economy estimates 
that electricity use in Indian agriculture in 2000–
2001 was 84.7 billion kWh, much greater than our 
combined estimate of 69.6 billion kWh equivalent of 
the total energy use in agriculture for the four coun-
tries. However, these estimates for India include 
transmission and distribution (T&D) losses in non-
farm sectors that are passed off as agricultural con-
sumption (CMIE, 2003). Dhawan puts the value of 
the marginal product of power in agriculture at 
Rs 9.00/kWh ($0.20/kWh) in net terms and Rs 14/
kWh ($0.30/kWh) in gross terms (Dhawan, 1999). 
We assume an average South Asian tube well uses 
4 kWh/h, implying 17.5 billion h of pumping/year. At 
an average price of Rs 30/h (USc65/h), the market 
value of pump irrigation is Rs 522 billion ($11.34 
billion). Those selling pump services typically claim 
a third of the crop. Based on this, we estimate the 
contribution to farm output as three times the market 
value of pump irrigation. An alternative approach as-
sumes that a South Asian tube well produces Rs 
25,000 ($543.48) worth of irrigation water/year con-
tributing to Rs 75,000 ($1630) worth of crops. The 
World Bank asserts that groundwater contributes 
10% of Indian GDP (World Bank and GOI, 1998). If 
so, our estimates are greatly understated.

3 Dhawan (cited in Samra 2002), for instance, has as-
serted that in low rainfall regions of India, ‘[A] whol-
ly [groundwater] irrigated acre of land becomes 
equivalent to 8 to 10 acres of dryland in terms of 
production and income.’ (italics added).
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Subregional patterns

Though groundwater is critical over much of 
South Asia, policy makers face conflicting 
challenges in different subregions. Particularly 
since 1970, agrarian growth has been sustained 
primarily by private pump investments. 
However, this has been highly uneven. In the 
groundwater-abundant Ganga–Brahmaputra–
Meghna basin – home to 400 million of the 
world’s rural poor – groundwater can have 
major livelihood and ecological benefits (Shah, 
2001) but it is precisely here that economic 
development has been slow and halting. 
Eastern India is a classic example. After the 
eastern Indian states switched to a flat power 
tariff, the utilities found it difficult to maintain 
viability in the face of organized opposition to 
the raising of the flat tariff. As a result, the 
power utilities began to neglect the mainte-
nance and repair of power infrastructure 
resulting, in turn, in a feeble rural power 
 supply. Unable to irrigate their crops, farmers 
began en masse to replace their electric pumps 
by diesel pumps. Over a decade, the ground-
water economy became more or less com-
pletely dieselized in large areas, including 
Bihar, eastern Uttar Pradesh and north Bengal. 
Figure 9.3 shows the electrical and diesel 
halves of India; in the western parts, ground-
water irrigation is dominated by electric 
pumps but as we move east, diesel pumps 

become preponderant. The saving grace was 
that in these groundwater-abundant regions, 
small diesel pumps, though dirtier and cost-
lier to operate, kept the economy going.

The issues in regions like north Gujarat, 
where groundwater is lifted from 200 to 
300 m, are very different since such de-
electrification could completely destroy the 
agricultural economy. In much of Pakistan, 
in the Indian Punjab, Haryana and neigh-
bouring states, and in peninsular India, 
groundwater is being seriously overdevel-
oped to a stage that agriculture faces serious 
threats from resource depletion and degra-
dation. The priority in these areas is to pro-
mote a constructive re-engagement of the 
power sector with agriculture and to find 
ways of managing groundwater use so as to 
make it socially and environmentally sus-
tainable. It is in regard to these areas that 
this chapter is largely concerned.

In regulating groundwater use, the tools 
available to resource managers are few and 
inadequate, though the protection of the 
resource is proving far more complex and 
difficult than stimulating its initial develop-
ment. The alternatives fall into two broad 
categories: (i) direct management through a 
system of metered tariffs and/or quotas; and 
(ii) indirect management, e.g. through the 
operations of the power market. These 
options are now considered in turn.
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Making a Metered Tariff Regime Work

Introduction

In India and elsewhere in South Asia there 
is a growing movement to revert to metered 
power supply. Despite widespread farmer 
opposition, the power industry believes that 
its fortunes will not change until agriculture 
is put back on a metered electricity tariff. 
Strong additional support is lent by those 
working in the groundwater sector where it 
is widely – and rightly – held that zero and 
flat power tariff produce strong perverse 
incentives for farmers to indulge in profli-
gate and wasteful use of water and power 
because it reduces the marginal cost of water 
extraction to nearly zero. Annual losses to 
electricity boards on account of power sub-
sidies to agriculture have been estimated at 
Rs 260 billion ($5.65 billion) in India, grow-

ing at an annual rate of 26%/year (Lim, 
2001; Gulati, 2002). These estimates have, 
however, been widely contested, for instance 
it has been shown that SEBs have been clas-
sifying rising Transmission and Distribution 
(T&D) losses in domestic and industrial sec-
tors as agricultural consumption since it is 
unmetered and so unverifiable.4 But the fact 
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Fig. 9.3. Percentage of electricity operated groundwater structures to total mechanized groundwater 
structures.

4 Shah (2001) has analysed this aspect for Uttar Pradesh 
State Electricity Board and found agricultural power 
use to be 35% lower than claimed. Similarly, based 
on a World Bank study in Haryana, Kishore and Shar-
ma (2002) report that actual agricultural power con-
sumption was 27% less than reported, and the overall 
T&D losses were 47% while offi cial claims made it 
36.8%, making the SEB more effi cient than it actually 
was. Power subsidy ostensibly meant for the agricul-
ture sector but actually accruing to other sectors was 
estimated at Rs 5.50 billion/year ($0.12 billion/year) 
for Haryana alone.
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remains that agricultural power supply 
under the existing regime is the prime cause 
of bankruptcy of SEBs in India.

Reflecting pressure from the power 
industry, GOI has prescribed that: (i) power 
on demand will be provided by 2012; (ii) all 
consumers will be metered in two phases, 
with phase I to cover metering of all 11 kVA 
feeders and High Tension consumers, and 
phase II to cover all consumers; and (iii) reg-
ular energy audits will be undertaken to 
assess T&D losses and eliminate power thefts 
within 2 years (Godbole, 2002). This is an 
ambitious agenda. Consistent with these poli-
cies, Central and State Electricity Regulatory 
Commissions have set deadlines for SEBs 
and state governments to make the transition 
to universal metering, and all new tube well 
connections now come with the option of a 
metered tariff with most states offering 
inducements to opt for metered connections. 
Support has also come from international 
agencies – notably the World Bank, USAID 
and ADB – which have begun to insist on 
metered power supply to agriculture as a key 
condition for financing new power projects.

Arguments for a metered tariff regime 
are several. First, metering is considered 
essential for SEBs to manage their commer-
cial losses; you cannot manage what you 
do not monitor and you cannot monitor 
what you do not measure. Second, once 
farm power is metered, SEBs cannot use 
agricultural consumption as a carpet under 
which they can sweep their T&D losses in 
other markets. Third, metering provides 
farmers with the correct signals concerning 
the real cost of power and water, and encour-
ages them to economize on their use. 
Fourth, for reasons that are not entirely 
clear, it is often suggested that a metered 
tariff would be less amenable to political 
manipulation than a flat tariff regime and 
easier to raise as the cost of supplying 
power rises. Finally, it is widely argued 
that a flat tariff is inequitable towards small 
landowners and to irrigators in regions 
with limited availability of groundwater. 
The logic in support of a metered tariff is 
thus obvious and unexceptionable. The 
problem is to make a metered tariff regime 

work as broadly envisaged. For this, three 
things seem essential:

● The metering and collection agent must 
have the requisite authority to deal with 
deviant behaviour among users.

● The agent should be subject to a tight 
control system so that he can neither 
behave arbitrarily with consumers nor 
form an unholy collusion with them.

● The agent must have proper incentives 
to enforce a metered tariff regime.

Under agrarian conditions that in many ways 
are comparable with those in South Asia, these 
three conditions appear to obtain in North 
China where a metered tariff regime works 
reasonably well (Shah, 2003; Shah  et al., 
2004a). How is this possible? And if it works 
in North China why not in South Asia?

Why is metering effective in North China?

The Chinese electricity supply industry 
operates on two principles: (i) total cost 
recovery in generation, transmission and 
distribution at each level with some minor 
cross-subsidization across user groups 
and areas; and (ii) each user pays in pro-
portion to his use. In contrast to much of 
India, tariffs thus reflect relative costs and 
agricultural use, which often attract the 
highest charge per unit, followed by 
household users and then industries. The 
operation and maintenance (O&M) of local 
power infrastructure is the responsibility 
of local units – the Village Committee at 
village level, the Township Electricity 
Bureau at township level and the County 
Electricity Bureau at county level. Respon-
sibilities for collecting electricity charges 
are assigned to ensure that the power used 
at each level is paid in full at that level. At 
village level, the sum of power use for any 
given period recorded at individual meters 
has to tally with the power supply 
recorded at the transformer. The unit or 
person charged with fee collection pays 
the Township Electricity Bureau for power 
use at the transformer after allowing for 
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10% to account for normal losses. If the 
power supply infrastructure is old and 
worn out, line losses below the trans-
former make this difficult. With this sup-
position turning out to be true, an 
Electricity Network Reform program was 
undertaken by the National Government 
to modernize and rehabilitate rural power 
infrastructure. Where this was done, line 
losses fell sharply5 and among the nine 
villages Shah visited in three counties of 
Henan and Hebei in early 2002, none of 
the Village Electricians interviewed had a 
problem tallying transformer records with 
the sum of the consumption recorded by 
individual users given the line-loss allow-
ance of 10%.

An important reason why this institu-
tional arrangement works is the strong 
local authority structures: the electrician is 
feared because he is backed by the Village 
Committee and powerful Party Leader; and 
the new service orientation is designed 
partly to project the electrician as the friend 
of the people. The Committee and Leader 
can also keep flagrantly arbitrary behav-
iour in check. The hypothesis that with 
better quality power and support service, 
farmers will be willing to pay a high price 
for power is exemplified in Henan where 
farmers pay a higher electricity rate com-
pared not only to most categories of users 
in India and Pakistan (Yuan 0.7/kWh or 
US$0.0875/kWh, Rs 4.03/kWh) but also to 
the diesel price at Yuan 2.1/l. The village 

electrician in Henan and Hebei receives a 
fairly modest reward of Yuan 200/month, 
equivalent to half the value of wheat pro-
duced on a mu (or 1/30th of the value of 
output on 1 ha of land). For this modest 
wage, he undertakes to make good to the 
Township Electricity Bureau line and com-
mercial losses in excess of 10% of the 
power consumption recorded on the trans-
formers. If he can manage to keep losses to 
less than 10%, he can keep 40% of the 
value of power saved.

All in all, the Chinese have a work-
ing solution to a problem that has befud-
dled South Asia for nearly two decades. 
Following Deng Xiaoping who famously 
asserted that ‘it does not matter whether 
the cat is black or white, as long as it 
catches mice’, the Chinese have built an 
incentive-compatible system that deliv-
ers quickly rather than wasting time on 
rural electricity cooperatives and Village 
Vidyut Sanghas (Electricity Associations) 
being tried in India and Bangladesh (see 
below). Given the Chinese method of col-
lecting metered electricity charges, it is 
well-nigh impossible for the power indus-
try to lose money in distribution since 
losses are firmly passed on downstream 
from one level to the level below.

Why cannot a metering regime 
work in South Asia?

If South Asia is to revert to a metered tar-
iff, the Chinese offer a good model. But 
there are two initial problems. First, agri-
cultural productivity in China is much 
higher than in most of South Asia and 
even with power charged at full cost, 
pumping constitutes a relatively small 
proportion of the gross value of output. In 
South Asia, irrigation costs of this order 
(Rs 2100–8600/ha or $46–197) would 
make groundwater irrigation unviable 
except in parts of Punjab and Haryana. 
Second, while the South Asian power 
industry can perhaps approximate to the 
Chinese incentive system, it cannot repli-

5 The village electrician’s reward system encourages 
him to exert pressures to cut line losses. In the Dong 
Wang Nu village in the Ci county, the village com-
mittee’s single large transformer which served both 
domestic and agricultural connections caused heavy 
line losses at 22–25%. Once the Network Reform 
Program began, he pressurized the Village Commit-
tee to sell the old transformer to the Township Elec-
tricity Bureau and raise Y10,000 (partly by collect-
ing a levy of Y25 per family and partly by a 
contribution from the Village Development Fund) to 
get two new transformers, one for domestic connec-
tions and the other for pumps. Since then, power 
losses have fallen to a permissible level of 12% here 
(Shah et al., 2004a).
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cate the Chinese authority system at vil-
lage level. The absence of an effective 
local authority that can guard the farmers 
from arbitrary behaviour of the metering 
agent or protect the latter from non-
 compliance by users may create unfore-
seen complications in adapting the Chinese 
model by South Asia. These costs soar in 
a ‘soft state’ in which an average user 
expects to get away even if caught.6,7 An 
important reason why metering works 
reasonably well in China is that it is a 
‘hard state’: an average user fears the vil-
lage electrician whose informal power 
and authority border on the absolute in 
his domain. Two issues in South Asia are 
thus critical:

● The relentless opposition from farmers 
to metering;

● The problems that forced the SEBs to 
switch to a flat tariff during the 1970s 
in the first place.

Moves towards metered power consump-
tion have met with unprecedented farmer 
opposition and there are few takers for 

metered connections; instead, the demand 
for free power has gathered momentum.8 
Opposition to a metered tariff is in part 
due to an assumed threat to the subsidy 
contained in the existing flat tariff. In addi-
tion, farmers find the flat tariff transparent 
and simple to understand; it spares them 
the tyranny of the meter readers; they fear 
that, once metered, all manner of new 
charges will be added under different 
names; and they raise the issue of equity – 
if canal irrigators receive irrigation at sub-
sidized flat rates in public schemes, why 
not provide the same terms to groundwa-
ter irrigators?

The extent of farmer resistance is evi-
dent in the repeated failure of SEBs to 
entice farmers to accept metering even at 
subsidized rates ranging from Rs 0.20/kWh 
to Rs 0.70/kWh (US$0.004–0.013/kWh) 
compared to an actual cost from Rs 2.50/
kWh to Rs 3.80/kWh (US$0.05–0.08/kWh). 
In 2002, Batra and Singh (2003) inter-
viewed well owners in Punjab, Haryana 
and western Uttar Pradesh. They noted 
that an average well owner would spend 
Rs 2530 ($55) and Rs 6805/year ($148/
year) less on their total power bill in 
Punjab and Haryana, respectively if they 
accepted metering at prevailing rates of Rs 
0.50/kWh (US$0.011/kWh) and Rs 0.65/
kWh (US$0.014/kWh). Even so, they 
would not accept metering. In effect, this 

8 And farmers are getting away with it in many states. 
Electricity supply to agriculture became a major is-
sue in India’s 2004 parliamentary and state elec-
tions. Chief Ministers like Chandrababu Naidu of 
Andhra Pradesh, Narendra Modi of Gujarat and 
Jayalalitha of Tamilnadu suffered major electoral re-
verses arguably on account of farmer opposition to 
their stand on electricity supply to agriculture. The 
new Chief Minister of Andhra Pradesh announced 
free power to farmers the day after he assumed of-
fi ce; and Jayalalitha, who had abolished free power 
in Tamilnadu, restored it soon after the results of 
election. Gujarat’s Narendra Modi softened his hard 
stand on farm power supply; and in Maharashtra, 
Shiv Sena chief Bal Thakre announced his promise 
to provide free power to farmers should his party 
come to power.

6 Transaction costs of charge collection will be high 
even under a fl at tariff regime if farmers think they 
can get away with non-payment. Throughout India 
and Pakistan, replacing nameplates of electric mo-
tors on tube wells has emerged as a growth industry 
under the fl at tariff. In Haryana, a World Bank study 
has recently estimated that the actual connected ag-
ricultural load was 74% higher than that shown by 
the offi cial utility records (Kishore and Sharma, 
2002).

7 There are exceptions in South Asia, notably in the 
urban sector. Private electricity companies that sup-
ply power in cities like Ahmedabad and Surat also 
instill the fear of God in users by regularly meting 
out exemplary penalties, often in an arbitrary man-
ner. The Ahmedabad Electricity Company’s inspec-
tion squads, for example, are set steep targets for 
penalty collection for pilferage. To meet these tar-
gets, they have to catch real or imagined power 
thieves; their victims pay the fi ne because going to 
courts would take years to redress their grievances 
while they stay without power. Although these sto-
ries paint a sordid picture, the company would fi nd 
it diffi cult to keep its commercial losses to accept-
able levels if its customers were not repeatedly re-
minded of their obligation to pay.
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is the price they are willing to pay to avoid 
the hassle and costs of metering.9

India has a long history of electricity 
cooperatives in an attempt to improve 
accountability and improve performance 
in the sector, originally under a metered 
regime (Gulati and Narayanan, 2003, p. 129). 
However, despite 50 years of effort to 
make these work, including with donor 
support, they have not succeeded.10 The 50-  
year-old Pravara electricity cooperative in 
Maharashtra  survives but only by owing the 
SEB several billions of rupees in unpaid 
past dues (Godbole, 2002). Recent experi-
ments with new metering solutions include 
that of Indian Grameen Services, an NGO which 
organized Transformer User Associations in 
Hoshangabad district of Madhya Pradesh; 
the idea was that the SEB would set up a 
dedicated plant if farmers paid unpaid dues 
and agreed to a metered tariff. However, 
before the 2004 elections, the chief minister 
‘waived’ past dues and the Hoshangabad 
association disintegrated, its members disil-
lusioned. Orissa organized similar Village 

Vidyut Sangha’s (Electricity User Asso-
ciations); while these are now defunct, 
Orissa has achieved modest success in 
improving metered charge collection by 
using local entrepreneurs as billing and col-
lection agents. However, less than 5% of 
rural load in Orissa is agricultural, and this 
approach may be much more difficult in, for 
instance, Gujarat where agriculture may 
account for 50–80% of the total rural load.

It is too early to learn lessons from these 
experiments though there is a prima facie case 
that a direct approach to incentives on the 
Chinese model might be preferable. What is 
clear is that the old system of metering and 
billing – under which the SEBs employed an 
army of unionized meter readers – just will 
not work.11 If the logistical difficulty and trans-
action costs of metering prior to 1975 were so 
high that a flat tariff seemed the only way of 
containing them, how much more so is this 
now that there are ten times as many electric 
tube wells? Even with far fewer connections, a 
1985 study in Uttar Pradesh and Maharashtra 
by the Rural Electrification Corporation esti-
mated that the cost of metering rural power 
was 26% and 16%, respectively, of the total 
revenue of the SEB from the farm sector (Shah, 
1993). And this estimate included only direct 
costs, e.g. the cost of the meter and maintain-
ing it, of the power consumed by the meter, of 
reading the meter, and of billing and collect-
ing. These costs are not insignificant12; but of 
much greater relevance is the cost of contain-

 9 According to Batra and Singh (2003), farmers resist 
metering ‘because of the prevalence of irregularities 
in the SEBs.’ Complaints of frequent meter burning 
(which costs the farmer Rs 1000 per meter burnt or 
$22), false billing, uncertainty in the bill amount 
etc. were quoted. They suggest farmers also resist 
metering because of the two part tariff (energy 
charge and rental for meter) system offered as an 
alternative to fl at tariff. They are reluctant to pay the 
minimum bill (rental charge), which they have to 
pay even if they do not use the pump in a given 
month. In Gujarat which had metered tariff until 
1987, an important source of opposition to metering 
is the arbitrariness of meter readers and the power 
they had come to wield over them; in many villages, 
farmers had organized for the sole purpose of resist-
ing the tyranny of the meter reader. In some areas, 
this became so serious that meter readers were de-
clared persona non grata; even today, electricity 
board fi eld staff seldom go to the villages except in 
fairly large groups, and often with police escort.

10 Thus, Madhav Godbole notes, ‘But if co-operatives 
are to be a serious and viable option [for power 
distribution], our present thinking on the subject 
will have to be seriously reassessed. As compared 
to the success stories of electricity co-operatives [in 
USA, Thailand and Bangladesh], ours have been 
dismal failures’ (Godbole, 2002, p. 2197).

11 A 1997 consumer survey revealed that 53% of pow-
er consumers had to bribe electricity staff for ser-
vices supposed to be free; 68% said that grievance 
redressal was poor or worse than poor; 76% found 
staff attitudes poor or worse; 53% found repair and 
fault services poor or worse; 42% said they had to 
make 6–12 calls just to register a complaint; 57% 
knew of power thefts in their neighbourhoods; 35% 
complained of excess billing; 76% complained of 
inconvenience in paying their bills (Rao, 2002).

12 A recent World Bank Study estimated that the cost of 
metering all farm power connections in the small State of 
Haryana would amount to $30 million (Rs 1380 million) 
in capital investment and $2.2 million/year (Rs 101.2/
year) in operating costs (Kishore and Sharma, 2002). The 
Maharashtra Electricity Tariff Commission estimated 
the capital cost of metering the state’s farm connections 
at Rs 11.50 ($0.25) billion (Godbole, 2002).

Molle & Berkoff_Chap 09.indd   217Molle & Berkoff_Chap 09.indd   217 9/12/2007   7:59:07 AM9/12/2007   7:59:07 AM



218 T. Shah et al. 

ing pilferage, of tampering with meters, of 
under-reading and underbilling by meter read-
ers in cohort with farmers over vast areas.13

Most SEBs find it difficult to manage a 
metered power supply even in the indus-
trial and domestic sectors. In Uttar Pradesh, 
40% of low tension (LT) consumers are 
metered but only 11% are billed on metered 
use; the rest are billed based on a minimum 
charge or an average of past months of 
metered use (Kishore and Sharma, 2002). In 
Orissa, under far-reaching power sector 
reforms, private distribution companies 
have brought all users under a metered tariff 
regime. However, 100% collection of 
amounts billed has worked only for indus-
try; in the domestic and farm sectors collec-
tion as a proportion of billing declined from 
90.5% in 1995/1996 to 74.6% in 1999/2000 
(Panda, 2002). All in all, the power sector’s 
aggressive advocacy of a metered tariff 
regime in agriculture is based, in our view, 
on an excessively low estimation of the 
transaction costs involved.

From a Degenerate Flat Tariff to a 
Rational Flat Tariff Regime

Introduction

The preoccupation of water and power sec-
tor professionals in aggressively advocating 
reversion to a metered tariff regime – and of 
farmers to frustrate their design – is, in our 
view, detracting from the discussion of prag-
matic approaches that have the potential for 
promoting a better-managed, groundwater-
based agrarian economy in coexistence with 
a viable electricity sector. In other words, if  

direct management is impractical in South 
Asia what are the options for indirect man-
agement? One option is indirect manage-
ment based on carefully designed electricity 
supply and pricing policies and the adop-
tion of an ‘intelligent’ flat tariff regime.

The major advantage of the rational flat 
tariff would be in putting a brake on ground-
water depletion in western and peninsular 
India. Growing evidence suggests that water 
demand in agriculture is inelastic to pump-
ing costs within a large range. While a metered 
charge without subsidy can make power 
utilities viable, it may not help much to cut 
water use and encourage water-saving agri-
culture. If anything, the evidence suggests 
that farmers respond more strongly to scar-
city of these resources than to their price. 
Pockets of India where drip irrigation is 
spreading rapidly – such as Aurangabad in 
Maharashtra, Maikaal in Madhya Pradesh, 
Kolar in Karnataka and Coimbatore in 
Tamilnadu – are all regions where water 
and/or power is scarce rather than costly. A 
rational flat tariff with intelligent power 
supply rationing to the farm sector holds 
the promise of minimizing wasteful use of 
both resources and of encouraging technical 
change towards water and power saving. 
Such a strategy might reduce annual ground-
water extraction in western and peninsular 
India by as much as 12–21 km3/year and 
reduce power use by 4–6 billion kWh, val-
ued at Rs 10–15 billion/year ($0.22–0.33 
billion/year).

A flat tariff is often written-off as ineffi-
cient, wasteful, irrational and distortionary 
besides being inequitable. In South Asia, this 
has indeed proved to be the case. It was the 
change to a flat tariff that encouraged politi-
cal leaders to indulge in populist whims 
such as doing away with the farm power tar-
iff altogether (as in Punjab and Tamil Nadu) 
or pegging it at low levels regardless of the 
true cost of power supply. Such examples 
have led to the general perception that flat 
tariffs have been responsible for ruining the 
electricity industry and for causing ground-
water depletion in many parts of South Asia. 
But, in our view, the flat tariff regime has 
been wrongly maligned since, as applied in 
South Asia, it is a degenerate version of what 

13 Rao and Govindarajan (2003) lay particular em-
phasis on geographic dispersion and remoteness of 
farm consumers in raising transaction costs of me-
tering and billing: ‘To illustrate, a rural area of the 
size of Bhubaneshwar, the capital of Orissa state, 
will have approximately 4000 consumers. Bhu-
baneshwar has 96,000. The former will have a col-
lection potential of Rs 0.7 million/month ($15,217/
month); for Bhubaneshwar, it is Rs 22.0 million/
month ($0.48 million/month).’
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might otherwise be a rational pricing regime. 
A zero tariff is not rational; nor is a flat tariff 
without proactive rationing and supply 
management.

Marginal cost pricing is far from universal 
in other sectors

To most analysts, a flat tariff violates the 
marginal cost principle that advocates 
p arity between the price charged and the 
 marginal cost of supply. Yet, businesses 
commonly price their products or services 
in ways that violate the marginal cost prin-
ciple but make overall business sense. For 
instance, flat rates may be charged to stimu-
late use so as to justify the incremental cost 
of providing a service. In the early days of 
rural electrification, SEBs charged a flat-
cum-pro-rata tariff to achieve two ends: to 
ensure that each tube well used at least the 
power to justify its investment in laying 
cable and poles; and the flat component of 
the tariff encouraged users to achieve this 
level. India’s telephone department still 
provides the first 250 calls for a flat charge 
even though all calls are metered, the idea 
being to encourage telephone use to a level 
that justifies the incremental cost of provid-
ing the service.

But the most important justification for 
a flat tariff regime is to save on the transac-
tion costs of doing business. Organizations 
hire employees on a piece rate when their 
work is easy to measure; but flat rate com-
pensation is prevalent worldwide since it is 
not easy to measure the marginal value of an 
employee’s output on a daily basis. Urban 
public transport systems offer passes to 
commuters at attractive flat rates in part 
because commuters offer a stable business 
and equally because it reduces queues at 
ticket windows, and the cost of ticketing 
and collecting fares daily. Cable operators 
in India still charge a flat tariff for a bunch 
of television channels rather than charging 
for each channel separately because the lat-
ter would substantially increase their trans-
action costs. A few years ago, the Indian 
Income Tax Department offered businesses 

in the informal sector to pay a flat income 
tax of Rs 1400/year ($30.4/year) rather than 
launching a nationwide campaign to bring 
millions of small businesses within its tax 
net because the transaction costs of doing 
that would have been far higher than the 
revenue realized. A major reason municipal 
taxes are levied on a flat rate is the transac-
tion cost of charging citizens based on the 
value they place at the margin on the munic-
ipal services.

Are all these businesses that charge 
for their products or services on a flat 
rate destined to make losses? No. They 
often make money because they charge a 
flat rate. Many private goods share this 
one feature with public goods like munic-
ipal services and defence: the high trans-
action cost of charging a differential price 
to different customers based on their use 
as well as the value they place on the 
product or service. So they recover their 
costs through a flat rate and remain viable 
through deft supply management. Canal 
irrigation is a classic example. Volumetric 
supply has long been advocated but 
nowhere in South Asia is volumetric 
water pricing practised in canal irriga-
tion given the prohibitive costs of col-
lecting volumetric charges (Perry, 1996, 
2001). This is due to such factors as: (i) 
the large number of potential small farm-
ers; (ii) the difficulty of excluding default-
ing farmers; and (iii) the propensity for 
farmers to frustrate sellers’ effort. While 
volumetric pricing of canal irrigation 
may be possible in, say, South African 
irrigation systems where a branch canal 
serving some 5000 ha might have 10–50 
white commercial farmers, an Indian sys-
tem serving the same area might contain 
6000–8000 farmers (Shah et al., 2002). 
The only way of making canal irrigation 
systems viable in the Indian situation is 
to raise the flat rate per hectare to a level 
that ensures overall viability.

Supply restriction is inherent to ratio-
nal flat rate pricing; by the same token, flat 
rate pricing and on-demand service are 
incompatible in most situations. In that 
sense, consumption-linked pricing and flat 
rate pricing represent two different busi-
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ness philosophies; in the first, the supplier 
will strive to ‘delight the customer’ as it 
were, by providing on-demand service 
without quantity or quality restrictions of 
any kind14; in the latter, the customer has 
to adapt to the supplier’s constraints in 
terms of the overall quantum available and 
the manner in which it is supplied. In the 
case of buffet meals, restaurants give cus-
tomers a good deal but save on waiting 
costs, which are a substantial element in 
the economics of a restaurant. In the Indian 
thali system, where one gets a buffet-type 
meal served on one’s table, the downside is 
that one cannot have a leisurely meal since 
the restaurant aims to maximize the num-
ber of customers served during a fixed 
working period and in a limited space. 
Thus, there is always a price for the value 
businesses offer their customers through 
products and services offered on a flat tar-
iff; but that does not mean that the seller or 
the buyer is any the worse for flat rate 
pricing.

The flat tariff in irrigation

The reason that the flat rate tariff, as cur-
rently practised for pump irrigation in 
South Asia, is degenerate – and the power 
industry is in the red – is that the power 
utilities have failed to manage a rationed 
power supply. Under the flat tariff system as 
practised, most SEBs try to maintain farm 
power supply at 8–15 h/day throughout the 
year. This is comparable to maintaining a 
surface canal at full supply every day of the 
year. Raising a flat tariff to a level that cov-
ers the cost of this service is politically 

untenable.15 A domestic consumer may 
assess a good quality service as power of 
uniform voltage and frequency supplied 24 h 
a day, 365 days a year. But the irrigators’ 
idea of good quality service is power of uni-
form voltage and frequency when their 
crops face critical moisture stress. Ideally, 
the business objective of a power utility 
should be to supply the best-quality service 
consistent with the flat tariff pegged at a 
given level. With intelligent management of 
power supply, it should be possible to sat-
isfy irrigation power demand by ensuring a 
supply of 18–20 h a day for 40–50 key mois-
ture-stress days, with some power available 
at other times.16 The pattern of farming 
demand differs in significant ways from 
that of domestic and industrial customers. It 
is this that provides the main opportunities 
for ‘value improvement,’ that is, ‘meeting or  

14 On-demand power supply is the norm in most 
 developed electricity systems and on-demand irri-
gation also typifi es most groundwater systems 
worldwide. In contrast, fully on-demand surface ir-
rigation is only found in a very few fully reticulated 
systems backed by adequate water supplies. Under 
the vast majority of conditions, balancing water 
supply and demand in surface irrigation requires 
quota limitations of some sort.

15 In Madhya Pradesh, the latest state to announce 
power pricing reforms, the Chief Minister announced 
a sixfold hike in fl at tariff. No sooner was the an-
nouncement made than there was a realignment 
within the ruling party, and cabinet ministers began 
clamouring for a leadership change. Subhash Yadav, 
the Deputy Chief Minister, lamented in an interview 
with India Today: ‘A farmer who produces 10 t of 
wheat earns Rs 60,000 ($1304.35) and he is expect-
ed to pay Rs 55,000 ($1195.65) to the electricity 
board. What will he feed his children with and why 
should he vote for the Congress?’ (India Today, 2002, 
p. 32). The farmers stopped paying even the revised 
fl at charges and just before the May 2004 assembly 
elections, the Chief Minister waived all past electric-
ity dues. Even so, he could not save his seat. His 
Congress government, until now eulogized for a pro-
gressive development-oriented stance, was trounced 
at the polls. Analysts attributed his defeat to the gov-
ernment’s failure on three fronts: Bijli, Pani and Sadak 
(electricity, irrigation and roads).

16 No doubt there will always be a few farmers who 
might demand a very different schedule to that of the 
predominant farming pattern in a specifi c area. These 
will typically be entrepreneurial farmers growing 
high-return, specialized crops. Options for these farm-
ers include on-farm storage, duplicate diesel pumps, 
market solutions, etc. Even so, some activities at the 
margin may be precluded. But in a country as vast as 
India, conditions somewhere will be suitable for 
meeting such specialized demands and, given the 
other advantages associated with the proposed ‘ratio-
nal fl at tariff’ system, this is likely to be a minor issue.
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exceeding customer expectations while 
removing unnecessary cost’ (Berk and Berk, 
1995).

Groundwater irrigators are envious of 
farmers in canal irrigation projects since 
they pay so little for their water. But a typ-
ical canal irrigator may get surface water 
no more than 10–15 times in a year and 
often he would be happy to get water six 
times in a year. In the new Sardar Sarovar 
project in Gujarat, the policy is to provide 
farmers a total of 53 cm depth of water in 
5–6 instalments. For an irrigation well 
with a modest output of 25 m3/h, this 
would mean the ability to pump for 212 h/
ha. In terms of water availability, an elec-
tric pump owner with 3 ha of irrigable land 
would be at par with a farmer with 3 ha in 
the Narmada command if he gets 636 h of 
power in a year and would be consider-
ably better off if the 636 h of power comes 
when he needs the water most. When 
Gujarat commits to year-round supply of 
8 h/day of farm power, in effect it offers 
tube well owners water entitlements that 
are, in theory, 14 times larger than the 
water entitlements that the Sardar Sarovar 
project offers to farmers in its command 
area.17 Under a metered tariff, this may not 
matter since tube well owners would use 
power only when the value generated 
exceeds the marginal cost of pumping. But 
under a flat tariff, they would have a strong 
incentive to use some of these ‘excess 
water entitlements’ for low marginal value 
uses just because it costs them nothing on 
the margin to pump groundwater.

A rational flat tariff, if well managed, 
can confer two main benefits. First, it may 
curtail wasteful use of groundwater. If farm 
power supply outside the main irrigation 
seasons is restricted to 2–3 h/day, it will 
encourage farmers to build small on-farm 
storage tanks for meeting multiple uses of 
water. Using a progressive flat tariff – by 
charging higher rates per connected hp as 

the pump size increases – would provide an 
additional incentive to purchase and use 
smaller-capacity pumps to irrigate smaller 
areas, e.g. in regions where resource deple-
tion is rampant. Above all, a restricted but 
predictable water supply would encourage 
water-saving irrigation techniques more 
effectively than raising the marginal cost of 
irrigation. Second, given the quality of 
power T&D infrastructure in rural India, 
restricting the period of time when the farm 
power system is ‘ON’ may by itself result in 
significant reduction in technical and com-
mercial losses of power. The parallel with 
water supply systems is clear. In a 1999 
paper, for example, Briscoe (1999) wrote 
that throughout the Indian subcontinent, 
unaccounted-for-water as a proportion of 
supply is so high ‘that losses are “con-
trolled” by having water in the distribution 
system only a couple of hours a day, and by 
keeping pressures low. In Madras, for exam-
ple, if the supply was to increase from cur-
rent levels (about 2 h of supply a day at 2 m 
of pressure) to a reasonable level (say, 12 h a 
day at 10 m of pressure) leaks would account 
for about 900 million litres per day, which 
is about three times the current supply in 
the city!’ Much the same logic works in farm 
power, with the additional caveat that the 
T&D system for farm connections is far more 
extensive than the urban water supply 
system.

Making ‘Rational Flat Tariff 
and Intelligent Power Supply 

Management’ Work

The preconditions for successful rationing

We believe that transforming the present 
degenerate flat power tariff into a  rational 
tariff regime will be easier and more  beneficial 
in the short run in many parts of South 
Asia than trying to overcome farmer resis-
tance to metering. We also believe that doing 
so can significantly cut the losses of power 
utilities from their agricultural operations. 

17 At a rate of 25 m3/h, a tube well can pump 73,000 m3 
of water if it is operated whenever power supply is 
on. At the water entitlement of 5300 m3/ha pre-
scribed in the Narmada project, this amount of 
 water can irrigate 13.77 ha of land.
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Four preconditions seem both important 
and feasible:

● Separating agricultural and non-
 agricultural power supply. The first 
 precondition for successful rationing 
is to separate agricultural from non-
 agricultural power supply to rural set-
tlements. The most common way this is 
done now is to keep 2-phase power on 
for 24 h so that domestic and (most) 
non-agricultural uses are not affected 
and ration the 3-phase power necessary 
to run irrigation pump sets. This is 
working but only partially. Farmer 
response in states like Gujarat is ram-
pant use of phase-splitting capacitors 
with which they can run pumps even 
on 2-phase power. There are techno-
logical ways to avoid this. For instance, 
the 11 kV line could be adapted to shut 
off as soon as the load increases beyond 
a predetermined level. The costs of 
such infrastructural modifications 
could be significant and their feasibil-
ity varies. A pragmatic approach is 
therefore essential. Nevertheless, many 
SEBs have already begun separating the 
feeders supplying farm and non-farm 
rural consumers. For instance, Gujarat 
has embarked on an ambitious program 
(Jyotirgram Yojana) to lay parallel 
power supply lines for agricultural 
users in 16,000 villages at an estimated 
cost of Rs 9 billion ($196 million). In 
Andhra Pradesh, the separation of 
domestic and agricultural feeders is 
70% complete (Raghu, 2004). This 
would ensure that industrial users in 
the rural areas who need uninterrupted 
3-phase power supply and domestic 
users remain unaffected from rationing 
of power supplies for agricultural con-
sumers. Another complementary infra-
structural investment is to install 
meters to monitor power use so that 
power budgeting can be implemented 
effectively. For this, meters at trans-
former and feeder levels will be 
required. Many states have already 
installed meters at feeder level.

● Gradual and regular increase in flat 
power tariff. Flat tariffs have tended 
to remain ‘sticky’; in most states, they 
have not been changed for 10–15 
years while the cost of generating and 
distributing power has soared. We 
surmise that raising the flat tariff at 
one go to close this gap between reve-
nue and cost per kWh would be too 
drastic an increase. However, as has 
been proposed by the Electricity 
Regulatory Commission in Gujarat, 
farmers would be able to cope with a 
regular 10–15% annual increase in 
the flat tariff far more easily than a 
350% increase at one go.

● Explicit subsidy. If we are to judge 
the value of a subsidy to a large mass 
of people by the scale of popular 
 opposition to curtailing it, there is 
 little doubt that, among the plethora 
of  subsidies that governments in India 
provide, the power subsidy is one of 
the most valued. Indeed, a decision by 
a ruling party to curtail the power 
 subsidy is the biggest weapon that 
 opposition parties use to bring down a 
government. So it is unlikely that 
political leaders will want to do away 
with power subsidies completely no 
matter what the power industry and 
donors would like. However, the prob-
lem with the power subsidy in the cur-
rent degenerate flat tariff is its 
indeterminacy. Chief ministers issue 
diktats to SEBs about the number of 
hours of power per day to be supplied 
to farmers; that done, the actual sub-
sidy availed of by the farmers is in 
effect left to them to usurp. Instead, 
governments should tell the power 
utility the amount of power subsidy it 
can make available at the start of each 
year; and the power utility should then 
decide the amount of farm power the 
flat tariff and the government subsidy 
can buy.

● Off-peak power. In estimating losses 
from farm power supply, protagonists 
of power sector reform systematically 
overestimate the real opportunity cost 
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of power supplied to the farmers. For 
instance, the cost of supplying power 
to the domestic sector – including 
generation, transmission and distribu-
tion – is often taken as the opportu-
nity cost of power to agriculture, 
which is clearly wrong since a large 
part of the high transaction costs of 
distributing power to the domestic 
sector is saved in power supply to 
agriculture under a flat tariff. 
Moreover, under current conditions, a 
large part of the power supplied to the 
farm sector is off-peak load power. 
Indeed, but for agriculture, the power 
utilities would be hard-pressed to dis-
pose of this power.18 It is true that irri-
gation demands are also seasonal, and 
that this will become more transpar-
ent under an ‘intelligent’ tariff regime. 
However, more than half of the power 
supplied to the farm sector is at night 
and – despite probable farmer reluc-
tance to accept – this proportion could 
increase further. The important point 
here is that, in computing the power 
the prevailing flat tariff and pre-
 specified subsidy can buy, the utilities 
should use a lower opportunity cost of 
the off-peak supply to the extent it is 
applicable.

In summary, there is substantial scope for 
cutting costs and improving service. The 

existing policy in many states of main-
taining power supply to the farm sector at 
a constant rate during pre-specified hours 
is irrational and the prime reason for 
wasteful use of power and water.19 Figure 
9.4 provides a notional indication of the 
extent of this waste. Ideally, power supply 
to the farm sector should be so scheduled 
as to reflect the pumping behaviour of a 
modal group of farmers in a given region 
when subject to a metered power tariff at 
full cost. While this might not meet the 
needs of all farmers, it would be good 
enough. Of course, it may be difficult to 
simulate behaviour for farmers subject to 
a flat tariff. In many states there are a few 
new tube wells whose owners pay for 
power on a metered basis but they are 
charged so low a rate that they behave 
much like farmers who pay a flat tariff. 
Another method would be to compare 
electricity use before and after a flat tariff 
to gauge the extent of overutilization of 

18 The cost of power supply has three components: 
Energy Costs, Fixed Generation Costs and T&D 
Costs. The fi rst two account for about 60–80% of 
the total cost to serve. The energy cost, which is 
variable, depends on the length of time of power 
consumption but fi xed generation costs depend 
on how much a farmer consumes at peak load. 
T&D costs depend on where the consumer is con-
nected in the system. Since the contribution of 
agricultural power consumption to peak load is 
often very little, the opportunity cost of power 
supply to agriculture is lower than the overall av-
erage cost of supply. Moreover, agricultural con-
sumption, most of it off-peak helps smoothen the 
load curve for the whole system and saves the 
back-up cost which is high for coal-based plants 
and insignifi cant for hydropower plants.

19 In Tamilnadu, where farm power supply is free, 14 h 
of 3-phase power – 6 h during day and 8 h during 
night – is supplied throughout the year. In Andhra 
Pradesh, 9 h of 3-phase power supply is guaranteed, 
6 h during the day and 3 h during the night (Palanisa-
mi and Kumar, 2002); this was recently reduced to 
7 h when the new government announced free pow-
er. This implies that, in theory, a tube well in Tam-
ilnadu can run for over 5000 h/year and in Andhra 
Pradesh for 3200 h. If the real cost of power is taken 
to be Rs 2.5/kWh (USc5.4/kWh), depending on how 
conscientious he is, a Tamilnadu farmer operating a 
10 hp tube well can avail of a power subsidy ranging 
from Rs 0–93,750/($0–2038)/year; and an Andhra 
Pradesh farmer, Rs 0–60,000)/year ($0–1304/year). 
The stories one hears of farmers installing  automatic 
switches that turn on the tube wells whenever pow-
er supply starts suggest that a large proportion of 
farmers are overusing in using power and water. 
Palanisami and Kumar (2002) mention that many 
borewell owners lift water during the night to fi ll an 
open well using an automatic switch and then lift 
water during the day from the open well to irrigate 
their fi elds! True, they would not indulge in such 
waste if they had to pay a metered rate at Rs 2.5 
(USc5.4)/kWh; but they would also not do this if 
they got only 3–4 h of good quality power at conve-
nient hours on a pre-announced schedule.
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power and water attributable to a flat 
tariff.20

However, it is the pumping behaviour 
of diesel pump owners, subject to the full 
marginal cost of energy, that might provide 
the best indicator. Several studies have 
shown that diesel tube wells are operated 
for half or less the time of electric tube wells 
that pay a flat tariff (Mukherji and Shah, 
2002).21 Batra and Singh (2003) interviewed 

188 farmers in Punjab, Haryana and central 
Uttar Pradesh to explore if pumping behav-
iour of diesel and electric owners of water 
extraction mechanisms (WEM) differed sig-
nificantly. They found no significant differ-
ences in Punjab and Haryana22 but their 
results for Central UP suggested that diesel 
pumps are used when irrigation is needed 
and electric pumps when electricity is avail-
able. Very likely, a good deal of the excess 
water pumped by farmers owning both elec-
tric and diesel pumps is wasted in the sense 
that its marginal value product falls short of 
the scarcity value of water and power 
together. Figures 9.5 and 9.6 present the 
central premise: the excess of pumping by 
electric over diesel tube wells is indicative 
of the waste of water and power encouraged 
by the zero marginal cost of pumping under 
the present degenerate flat tariff regime. 
Mukherji and Shah (2002) present results 
from a survey of 2234 tube well irrigators 
across India and Bangladesh in late 2002.

Hours of power supplied/day
Average hours of daily operation by electric tube well paying a flat tariff 
Average hours of daily operation by diesel pump 
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Fig. 9.4. Minimizing waste of power and water through supply management.
Note: This is a schematic diagram. The numbers are indicative and not based on actual field data.

20 An extreme case is Tamilnadu where electricity con-
sumption per tube well shot up from 2583 kWh/year 
under metered tariff in the early 1980s to 4546 kWh 
in 1997–1998. However, this jump would represent 
three components: (i) increased consumption due to 
degenerate fl at tariff; (ii) increased consumption be-
cause of the increased average lift caused by resource 
depletion; and (iii) T&D losses in other segments that 
are wrongly assigned to agriculture. Palanisami 
(2001) estimated that 32% of the increased power 
use was explained by additional pumping and 68% 
by increased lift. However, he made no effort to 
 estimate the (iii), which we suspect is quite large.

21 We recognize that comparing hours of operation is not 
the same as comparing the quantity of water extracted. 
But, in understanding the economic behaviour of tube 
well owners, comparing hours is more meaningful than 
comparing water produced. In any case, ceteris paribus 
for the same hours of pumping, an electric pump pro-
duces more water due to its higher effi ciency.

22 Punjab and Haryana have much more productive 
agriculture compared to other parts of India with the 
cost of irrigation being just 8–10% of the gross value 
of produce. This might explain why the pumping pat-
tern is inelastic to the energy cost. However, this is 
just a hypothesis and needs to be further confi rmed.

Molle & Berkoff_Chap 09.indd   224Molle & Berkoff_Chap 09.indd   224 9/12/2007   7:59:08 AM9/12/2007   7:59:08 AM



 Energy–Irrigation Nexus in South Asia 225

559
462

128

404
463

347

600

816

540

671 653

208

831

1016
1120

845

1142

229
292

1636

1420 1428

107

0

200

400

600

800

1000

1200

1400

1600

1800

Nor
th

 W
es

te
rn

 In
dia

Eas
te

rn
 In

dia

Cen
tra

l In
dia

 T
rib

al 
be

lt

Cen
tra

l a
nd

 W
es

te
rn

 In
dia

In
te

rio
r P

en
ins

ula
r I

nd
ia

Coa
sta

l P
en

ins
ula

r I
nd

ia

Pak
ist

an
 P

un
jab

Pak
ist

an
 S

ind
h

Pak
ist

an
 N

W
FP

Nor
th

-W
es

t B
an

gla
de

sh

Res
t o

f  
Ban

gla
de

sh

Nep
al 

Ter
ai

H
ou

rs
 o

f p
um

pi
ng

/y
ea

r

Diesel pump Electric pump

1224

Fig. 9.5. Flat electricity tariff induce farmers to pump more.
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Figure 9.5 shows that electric tube well 
owners subject to a flat tariff invariably 
operate their pumps for much longer time 
compared to diesel pump owners who face 
a steep marginal energy cost. Since it can be 
argued that diesel pumps, on average, have 
a larger capacity than electric pumps we 
also compare pumping hours weighted by 
hp ratings. Figure 9.6 shows that hp-hours 
pumped by flat-tariff paying electric pumps 
are also significantly higher than those 
pumped by diesel pumps everywhere. The 
survey suggests that the difference in annual 
pumpage is some 40–150%; some of this 
excess pumping no doubt results in addi-
tional output but much of it very likely does 
not and, to this extent, is a social waste that 
needs to be eliminated.23

If, based on an analysis of the level and 
pattern of pumping by diesel pump owners, 
a power utility can shave off potential 
excess pumping by fine-tuning power sup-
ply schedule around the year, a flat tariff 
can become both viable and help eliminate 
‘waste.’ The average number of hours for 
which diesel pumps operate is 500–600/
year. At 600 h of annual operation, an elec-
tric tube well would use 450 kWh of power/
hp; if all the power used is off-peak load 
commanding, say, 25% discount on a gen-
eration cost of Rs 2.5/kWh (US$0.05/kWh), 
then farm power supply by the power util-
ity would break-even at a flat tariff at Rs 
844/hp/year ($18.3/hp/year) as against Rs 
500/hp/year ($10.9/hp/year) in force in 
Gujarat since 1989. Gujarat is committed to 
raising the flat tariff eventually to Rs 2100/
hp/year ($45.65/hp/year) at the instance of the 
Gujarat Electricity Regulatory Commission. 
If it does so, farmers might well topple the 
government. A more viable and practical 
course would be to raise the flat tariff in 
steps to, say, Rs 900 ($19.6) at first and then 
to Rs 1200 ($26.09), and to restrict annual 
supply of farm power to 1000–1200 h com-

pared to 3000–3500 h/year as at present. 
A 5 hp pump lifting 25 m3 of water/h over a 
head of 15 m can produce 30,000 m3 of 
water/year in 1200 h of tube well operation, 
sufficient to meet the needs of most small 
farmers in the region.

Alternative Approaches to Rationing

The strongest evidence in support of our 
argument for intelligent rationing of farm 
power is that, for more than a decade, most 
SEBs in India have already rationed power 
to farmers in some way. For instance, Andhra 
Pradesh, where the new government 
announced free power, also announced that 
farm power supply would henceforth be 
restricted to 7 h daily. Nobody – farmers 
included – considers 24 h uninterrupted 
power supply to agriculture to be feasible or 
defensible under the flat tariff regime in 
force. Negotiations between farmer groups 
and governments almost everywhere in 
India are carried out in terms of the mini-
mum hours of daily power supply the gov-
ernment can guarantee; and this can be 
termed the current default.

The current default is perhaps the least 
intelligent way of rationing power supply to 
agriculture because it fails to achieve a good 
‘fit’ between the schedule of power supply 
and farmers’ desired irrigation schedules. It 
leaves farmers frustrated on days when their 
crops need to be watered most and leads to 
wasteful use of power and groundwater when 
the need is least. From where the SEBs’ pres-
ent power rationing practices stand today, 
they only have to gain by achieving a better 
fit between power supply schedules and 
farmers’ irrigation schedules. Farmers keep 
demanding that the ‘constant hours/day’ be 
raised because the default system does not 
provide enough power when they need it 
most. There are a number of ways of ration-
ing that would raise farmer satisfaction and 
control power subsidies so that (i) it reduces 
farmers’ uncertainty about the timing of 
power; (ii) it achieves a better fit between 
power supply schedules and irrigation sched-
ules; or (iii) both. We suggest below a few 

23 It is probable that the real savings in power are pro-
portionately greater than the real savings in water 
since a part of the excess water pumped returns to 
the aquifer. This can be a signifi cant factor, especial-
ly where irrigation depends on shallow groundwater 
circulation.
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illustrative alternative approaches that need 
to be considered and tried out with a view to 
increasing farmer acceptance and containing 
the subsidies provided as well as the wastage 
of power and water (Fig. 9.7).

● Agronomic scheduling. Ideally, SEBs 
should aim to achieve the ‘best fit’ by 
matching power supply schedules 
with irrigation needs of farmers to the 
extent this is feasible within the con-
text of their overall operations. Under 
this approach, the power utility would 
constantly study: (i) irrigation behav-
iour of farmers in regions and subre-
gions by monitoring cropping patterns, 
cropping cycles and rainfall events; 
(ii) matches power supply schedules 
to meet irrigation needs; and (iii) min-
imizes supply in off-peak irrigation 
periods. The advantages of such a sys-
tem are that farmers would be happier, 
the total power supply to agriculture 
can be reduced, power and water 
waste would be minimized, and the 
level of subsidy availed is within SEB 

control. The key disadvantage of this 
approach is that it is highly manage-
ment-intensive and, therefore, diffi-
cult to operationalize.

● Demand-based scheduling. In this 
approach, feeder-level farmer commit-
tees or other representational bodies 
of farmers assume the responsibility 
of ascertaining members’ requirements 
of power, and provide a power supply 
schedule to the utility for a fixed num-
ber of allowable hours for each season. 
This is a modified version of agro-
nomic scheduling in which the power 
utility’s research and monitoring task 
is assumed by feeder committees. This 
may make it easier to generate demand 
schedules but more difficult to serve 
it. Moreover, the organizational chal-
lenge this approach poses is also 
formidable.

● Canal-based scheduling. Tube well irri-
gators outside canal commands justify 
demands for power subsidies by com-
paring their lot with canal irrigators 
who get cheap canal irrigation without 

Fig. 9.7. Improving farmer satisfaction and controlling electricity subsidies through intelligent management 
of farm power supply.
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any capital investment of their own. 
However, under the present degenerate 
flat tariff, tube well irrigators often have 
the best of both the worlds. At 10 h of 
power supply/day, an Andhra Pradesh 
tube well irrigator could in theory use 
300–500 m3 of water every day of the 
year. In contrast, under some of the best 
canal commands, farmers get irrigation 
for 10–15 times in an entire year. Under 
this approach, power rationing aims to 
remove the inequity between tube well 
and canal irrigators by scheduling 
power supply to mimic the irrigation 
schedule of a bench-marked public irri-
gation system. And although this will 
impose constraints on tube well irriga-
tors, it can drastically reduce power 
subsidies from current levels. For that 
very same reason, it will face stiff resis-
tance from tube well irrigating farmers.

● Zonal roster. An approach to rationing 
that is simpler to administer is to divide 
the state into say seven zones, each zone 
assigned a fixed day of the week when it 
gets 20 h of uninterrupted, quality 
power throughout the year; on the rest 
of the days, it gets 2 h. This is somewhat 
like a weekly turn in the warabandi sys-
tem in canal irrigation systems in Indian 
and Pakistan Punjab. The advantages of 
this approach are that: (i) it is easy to 
administer; (ii) the agricultural load for 
the state as a whole remains constant, 
so it becomes easy to manage for SEB; 
also (iii) level of subsidies is controlled; 
and (iv) power supply to each zone is 
predictable so that farmers can plan 
their irrigation easily. Disadvantages are 
that: (i) farmers in deep water table areas 
or areas with poor aquifers (as Saurashtra 
in Gujarat) would be unhappy since 
they must pump for longer to obtain the 
same supply; and (ii) zonal rostering 
would not mimic seasonal fluctuations 
in irrigation demand as well as in agro-
nomic rationing.

● Adjusted zonal roaster. The zonal roaster 
can help farmers plan their cropping pat-
tern and irrigation schedules by reduc-
ing uncertainty in power supply but it 
does not do much to improve the ‘fit’ 

between irrigation need and power sup-
ply across seasons. In most of India, for 
instance, following the same zonal 
roaster in different seasons makes little 
sense. Modifying the zonal roaster sys-
tem so that power supply offered is 
higher in winter and summer than in the 
monsoon season would improve the sea-
sonal fit as well as reduce uncertainty.

Any approach must necessarily be consis-
tent with the characteristics of the power 
operations in the particular subregion con-
cerned. Systems analysis of power opera-
tions will thus be a critical step in evaluating 
feasible alternatives. The issues concerned 
go beyond the scope of this chapter but, 
clearly, choices will need to be flexible in 
the light of ongoing experience.

It will not always be possible to meet 
the precise needs of all farmers and a period 
of adjustment and experimentation may be 
necessary before the final arrangements are 
implemented. Power utilities in South Asia 
have never had the necessary understand-
ing of irrigation requirements that this 
implies, which is a major reason for the con-
stant hiatus between them and the agricul-
ture sector. One reason is that SEBs employ 
only engineers (Rao, 2002). This important 
aspect has been overlooked in the power 
sector reforms under way in many Indian 
states, which focus on the institutional 
architecture of unbundling power opera-
tions. Distributing power to agriculture in 
South Asia is a very different activity to 
supplying urban and industrial demands 
and there is a real danger that private distri-
bution companies will exclude agriculture 
as being ‘too difficult and costly to serve,’ as 
Orissa’s experience is already showing.24 
Perhaps, the most appropriate course would 
be to promote a separate distribution com-

24 The Orissa Electricity Regulatory Commission has 
already opened the gate for the power utility to ask 
agriculture to fend for itself, when it decided that 
‘any expansion of the grid which is not commer-
cially viable, would not be taken into account in 
calculating the capital base of the company. In fu-
ture, unless government gives grants for rural elec-
trifi cation, the projects will not be taken up through 
tariff route’ (Panda 2002).
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pany for serving the agriculture sector with 
specialized competence and skill base; and 
predetermined government subsidies to the 
farming sector should be directed to the 
agricultural distribution companies.25

Supporting intelligent management

Which of the above approaches should be 
adopted is thus a pragmatic decision in the 
light of local conditions. Farmers will no 
doubt resist rationing of power supply and 
any reforms will need to be introduced sen-
sitively in association with farmer and 
political representatives and flexibly in 
response to ongoing experience and results. 
Moreover, farmer resistance can be reduced 
if reforms are accompanied by such mea-
sures as:

● Enhancing predictability and certainty. 
More than the total quantum of power 
delivered, in our assessment, power 
suppliers can help the farmers by 
announcing an annual schedule of 
power supply adapted broadly to match 
the demand pattern of the majority of 
farmers. Once announced, the utility 
must then stick to the schedule so that 
farmers can be certain about power 
availability.

● Improving supply quality. Whenever 
power is supplied, it should be at full 
voltage and frequency, minimizing the 
damage to motors and downtime of 
transformers due to voltage fluctuations.

● Better matching of supply with peak 
periods of moisture stress. Most canal 
irrigators in South Asia manage with 
only 3–4 canal water releases in a sea-
son. There are probably 2 weeks during 
the monsoonal season in a normal year 
and perhaps 5–6 weeks during winter 
when the average farmer experiences 
great nervousness about moisture stress 

to his crops. If the power utility can 
take care of these periods, 80–90% of 
farmers’ power and water needs would 
be met. This might not, for instance, 
help sugarcane growers in Maharashtra, 
Gujarat and Tamilnadu; but then they 
are the large part of the power utilities’ 
problems.

● Better upkeep of farm power supply 
infrastructure. Intelligent power sup-
ply management to agriculture will 
inevitably be a tricky business. If ration-
ing is done by an arbitrary increase in 
power cuts and the neglect of rural 
power infrastructure, it might result in 
disastrous consequences as it did in 
East India. As described above, the sav-
ing grace was that in these ground water-
abundant regions, small diesel pumps, 
though dirtier and costlier to operate, 
kept the economy going. Where ground-
water is lifted from 200 to 300 m, such 
de-electrification could destroy the 
agricultural economy.

Conclusions

We have argued in this report that neither a 
switch to a metered tariff regime at this junc-
ture nor the raising of the flat tariff fourfold 
as, for instance proposed in Gujarat, is likely 
to be successful in South Asia and would in 
all probability backfire. Metering is highly 
unlikely to improve the fortunes of power 
utilities that have found no smarter ways 
than in the 1970s of dealing with the high 
transaction costs of metered farm power sup-
ply, which led to a flat tariff regime in the first 
place. However, if agriculturally dynamic 
states like Punjab and Haryana – where non-
farm uses of 3-phase power supply are exten-
sive and growing in the villages and where 
productive farmers can afford higher costs of 
better quality power supply – want to experi-
ment with metered power supply, they would 
be well advised to create microentrepreneurs 
to retail power, to meter individual power 
consumption and collect revenue as in China 
rather than experiment with electricity coop-
eratives. It should, however, be borne in mind 

25 T.L. Sankar argues for the need to set up separate 
supply companies for farmers and rural poor that 
will access cheap power from hydroelectric and de-
preciated thermal plants and be subsidized as neces-
sary directly by governments (Rao, 2002, p. 3435).
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that the largest and most difficult problem 
lies in containing user efforts to frustrate the 
metered tariff regime, by pilfering power, ille-
gal connections, tampering with meters and 
so on. While abuse remains possible in 
respect of a flat rate tariff, the opportunities 
are quite fewer. The ongoing experiments on 
privatization of electricity retailing in Orissa 
may produce useful lessons on whether 
metering-cum-billing agents can drastically 
and sustainably reduce the cost of metered 
power supply in a situation where tube well 
owners account for a significant proportion 
of electricity use.

Contrary to popular understanding, a 
rational flat tariff can be an elegant and effi-
cient regime, which requires a complex set 
of skills and an understanding of agricul-
ture and irrigation in different regions. 
A rational flat tariff and intelligent power 
supply management in fact could achieve 
much that a metered tariff regime is designed 
to achieve at much lower real cost and a 
much greater likelihood of success. The flat 
tariff will undoubtedly have to be raised, 
but the schema we have set out could cut 
power utility losses from farm power sup-
ply substantially. Total hours of power sup-
plied to farmers during a year will have to 
be reduced but the aim would be to provide 
farmers with good quality power at times of 
moisture stress when they need irrigation 

most. Power supply to agriculture will need 
to be metered at feeder and transformer lev-
els as a basis for power scheduling and 
‘intelligent’ management but the transac-
tion costs of a metered charge at farm level 
would be saved. If concurrently the utilities 
begin treating farmers as customers, the 
adversarial relationship between them 
could in time turn benign. Moreover, a ratio-
nal flat tariff would tend to maintain water 
markets as buyers’ markets albeit less than 
under the present degenerate flat tariffs (for 
detailed arguments see Shah, 1993). A ratio-
nal flat tariff – under which power rationing 
is more defensible than under a metered tar-
iff – would allow an effective check on total 
use of power and water. Restricting the total 
hours of operation supply would curtail 
technical and commercial losses by SEBs 
and reduce power subsidies while a rational 
flat tariff has the potential for significantly 
curtailing groundwater depletion by mini-
mizing wasteful resource use. In most instances, 
proportionately more power is likely to be 
saved than water due to the prevalence of 
return flows, but which of these two bene-
fits is more valuable will depend critically 
on the context. Together, however, they 
have the potential for making a very sub-
stantial contribution to improving economic 
performance and strengthening resource 
sustainability.
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10 Wells and Canals in Jordan: 
Can Pricing Policies Regulate 

Irrigation Water Use?

J.-P. Venot, F. Molle and Y. Hassan

Introduction

The Hashemite Kingdom of Jordan is one 
of the countries with the scarcest water 
resources in the world. Due to both physi-
cal water scarcity and a high demographic 
growth during most of the second half of 
the 20th century it has been estimated 
that the per capita endowment of renew-
able blue water (i.e. surface runoff and 
groundwater recharge) is now only 
163 m3/year, while the average domestic 
consumption is 94 l/capita/day nation-
wide (THKJ, 2004).

Most agricultural activities are con-
centrated in the Lower Jordan River 
Basin (LJRB) (Fig.10.2), a region of prime 
importance for the country: it includes 
83% of the total population, most of the 
main industries, and 80% of irrigated 
agriculture of the country. It is endowed 
with 80% of the country’s water resources 
and withdrawals in the basin total 75% 
of those at the national level (Courcier 
et al., 2005). The bulk of irrigated agri-
culture is located in two contrasting 
environments: the Jordan valley, where a 
public scheme supplies approximately 
23,000 ha; and the highlands, which 
include two groundwater basins of major 
import ance, the Amman-Zarqa and the 

Yarmouk basins1 (Fig.10.2), where most 
of the private tube well-based irrigation 
that has developed over 14,000 ha in the 
last 30 years is located.

The main water allocation problems 
in the LJRB are schematized in Fig. 10.1. 
Amman receives water from the Jordan 
valley, local aquifers, and from southern 
outer basins. To meet its growing water 
demand, there is a need to: (i) improve 
inflow from the Yarmouk river (dam); (ii) 
transfer more water from the valley to 
Amman (and hence reduce agricultural 
use, although treated wastewater [TWW] 
is sent back to the valley); (iii) reduce 
abstraction from aquifers by highland 
agriculture in order to preserve water 
quality, avoid overdraft and reallocate 
water to cities; and (iv) rely on (costly) 
imports from southern basins as little as 
possible.

In the early 1990s, Jordan’s officials took 
the measure of the coming water crisis and poli-
cies underwent a paradigm shift from supply 
augmentation towards demand  management. 
The World Bank and other development agen-
cies were influential in calling for an agenda that 

1 The Amman-Zarqa and Yarmouk groundwater basins 
are roughly coterminous with the river basins bearing 
the same names.
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would include demand management measures 
and economic instruments to encourage effi-
cient water use, transfer water to non- agricultural 
higher-value uses and reduce groundwater over-
draft (Pitman, 2004). Pricing of irrigation water 
was chosen as an instrument to reduce demand 
for water (World Bank, 2003).

In the highlands, development of 
groundwater resources had been ‘exacer-
bated by relaxed controls on drilling oper-
ations, and the near absence of controls on 
licensed abstraction rates’ (THKJ and MWI, 
1997b, 1998a). High rates of abstraction 
(up to 215% of the mean annual recharge 

Jordan valley

Irrigated
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Fig. 10.1. Schematic representation of main water flows in the LJRB.

Fig. 10.2. Agricultural zoning of the LJRB (Adapted from Venot, 2004; unpublished land use classification from 
the Ministry of Water and Irrigation [MWI] and the Deutsche Gesellshaft für Technische Zusammenarbeit [GTZ].)
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in the Amman-Zarqa basin) prompted the 
government to design a new water strategy 
in 1997. Pricing policies were deemed to 
assist in controlling groundwater abstrac-
tion (with the ambitious task of taking 
abstraction rates ‘close to the annual 
recharge by the year 2005’2) and to elicit 
shifts towards higher-value crops.

In the Jordan valley, more expensive 
water was expected to bring about efficiency 
improvements and a switch to less water-
intensive crops, thus releasing water for 
Amman (World Bank, 2003). It would also 
assist in recovering state expenditures in pub-
lic irrigation schemes: ‘The water price shall 
at least cover the cost of operation and main-
tenance (O&M) and, subject to some other 
economic constraints, it should also recover 
part of the capital cost of the irrigation water 
projects. The ultimate objective shall be full 
cost recovery subject to economic, social and 
political constraints’ (THKJ and MWI, 1997a, 
1998b, 2004c; JRVIP, 2001a).

These reforms were to be embedded in 
the 1994 agriculture sector structural adjust-
ment loan (ASAL) jointly funded by the 
World Bank and the German KfW and 
designed with the prime objective ‘to sup-
port a transition to an optimal use of water 
and land resources’ (ASAL, 1994; World 
Bank, 2003) and to tackle key problems of 
the sector: ‘the lack of a national water pol-
icy, competing sector institutions, and 
insufficient attention to demand manage-
ment’. Implementation of these policies 
proved to be problematic, since part of the 
government denounced the difficulties that 
increased agricultural water tariffs would 
cause and argued that administrative alloca-
tion together with efficiency improvement 
would be more efficient in saving water. 
Two hot debates arose.3

Regarding the highlands, the Ground-
water Control By-law No. 85, passed in 2002 
and further amended in 2004, was designed 
to regulate groundwater abstraction through 

the establishment of a block tariff system, 
with charging of water use over a threshold of 
150,000 m3/year/well. Regarding the valley, a 
block tariff system associated with crop-based 
quotas had been in place for some time and 
the debate revolved around possible increases 
in water charges. This chapter examines the 
rationale, the potential and the current impact 
of these water pricing policies in these two 
environments, and attempts to answer the fol-
lowing questions:

● What will be the likely impacts of the 
application of the by-law in the 
highlands?

● What will be the financial impact of 
increasing water prices in the valley, so 
as to cover O&M or capital costs?

● What is the likelihood of success of 
such policies in terms of water saving 
and raising economic efficiency, and 
what alternatives are available to meet 
these objectives?

In both the highlands and the valley, a typol-
ogy of farming systems was established with 
the intent to discriminate the impact of pol-
icies on different types of farms and to 
assess what could be farmers’ adjustments 
and responses in each case. Regional data 
aggregation then provided a wider picture 
of the water savings to be achieved, and of 
the financial impact on both farmers and 
the state. These results are developed in the 
final section, which discusses the disjunc-
ture between expected and actual or esti-
mated outcomes, points to commonalities 
and discrepancies between the two regions, 
and identifies measures which can improve 
the regulation of the water sector in Jordan.

Farming Systems in the Two Study Areas

Context

With the outflow of the Jordan river from Lake 
Tiberias virtually blocked by Israel, the lower 
Jordan river chiefly receives the water from its 
main tributary, the Yarmouk river. Several 
temporary streams of lesser importance 
named ‘side-wadis’, as well as the larger Zarqa 

2 This target was revised in 2004 and shifted to 2020 
(Pitman, 2004).

3 Opposition to higher water tariffs led to the occupa-
tion of the Parliament fl oor and further intervention 
by His Majesty the King (Pitman, 2004).
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river, also incise the two mountainous banks 
and feed the valley: the valley is a 115 km long 
fertile plain located 300 m below sea level and 
where irrigation schemes have been built.

The highlands are composed of a moun-
tain range running alongside the Jordan valley 
and of a desert plateau extending easterly to 
Syria and Iraq. While rain-fed cereals are grown 
near the mountains, precipitations become 
scarcer more to the east where only nomadic 
Bedouin livestock farming can be found, with 
a few localized plots of groundwater-based irri-
gated agriculture. The eastern desert region 
overlaps the Amman-Zarqa and the Yarmouk 
groundwater basins (cf. Fig. 10.2).

Irrigation is traditional in Jordan along 
the side-wadi valleys and on their alluvial 
fans spread in the Jordan valley itself, or 
wherever springs are available. Large-scale 
public irrigation dates back to the establish-
ment of the Jordan Valley Authority (JVA) 
and to the construction, between 1958 and 
1966, of the main 69 km long concrete canal – 
the King Abdullah Canal (KAC) – which par-
allels the river on its eastern bank. In 1962, a 
land reform led to the formation of thousands 
of small intensive farms (3.5 ha on average), and 
the settlement of numerous families, includ-
ing Palestinian refugees (Khouri, 1981; van 
Aken, 2004). During the same period, several 
governmental projects aiming at settling 
Bedouins were implemented in the highlands 
and later gave way to a modern market-ori-
ented agriculture developed by small to 
medium entrepreneurial farmers supplying 
growing cities and exporting their surplus 
around the Middle East (Elmusa, 1994; 
Nachbaur, 2004; Venot, 2004).

The heyday of irrigated agriculture was 
observed in the 1980s and early 1990s. In 
the Jordan valley, irrigation facilities were 
expanded and improved by the government, 
and modern irrigation and cropping tech-
niques (greenhouses, drip irrigation, plastic 
mulch, fertilizer, new varieties, etc.), together 
with cheap labour from Egypt, became 
widely available. In the highlands, energy 
costs decreased and well-drilling techniques 
improved while land was cheap, fertile and 
not prone to diseases. During this period, 
agricultural revenues increased tenfold for 
vegetables and more than doubled for fruits: 
irrigated agriculture in Jordan enjoyed a 

boom in production and economic profit-
ability that was described by Elmusa (1994) 
as the ‘Super Green Revolution’.

With the growing competition from sur-
rounding countries in the 1990s (Turkey, 
Lebanon and Syria) and the loss of the Gulf 
export market, the profitability of Jordanian 
agriculture decreased, strongly affecting farm-
ers’ revenue (Fitch, 2001; Jabarin, 2001) and 
taking the sector’s contribution to the country’s 
GDP down to 3.6%. Freshwater is increasingly 
transferred from irrigated agriculture (in the 
valley) to urban uses (in the highlands), affect-
ing the agriculture sector which receives ever-
decreasing quantities of water and becomes 
more vulnerable to droughts (Courcier et al., 
2005). In exchange, agriculture in the southern 
part of the valley is increasingly supplied with 
treated wastewater (McCornick et al., 2001, 
2002; THKJ et al., 2002; JICA, 2004; THKJ and 
MWI, 2004b).

This chapter focuses on two main 
regions of the LJRB: (i) the eastern desert area 
(the only region of the LJRB highlands to be 
concerned by the by-law); and (ii) the north-
ern and middle directorates of the Jordan 
valley (where JVA management rules apply). 
The total irrigated area in the eastern desert 
region totals 11,835 ha; 50% of this area is 
planted with olive trees, 34% with stone 
fruit trees (peach and nectarine trees essen-
tially) and 16% with vegetables. In the north-
ern and middle directorates of the Jordan 
valley, the irrigated area totals 19,345 ha, 
with 43% of vegetables, 42% of citrus, and 
the remainder of banana and cereals.

Farming system characterization

Farming systems were analysed in order to 
identify the different types of farms found in 
the valley and in the highlands. Understan-
ding the socio-economic processes occurring 
at this microscale will allow us to better fore-
see the adjustments and the strategies devel-
oped by farmers in a changing context and the 
impact of water pricing policies on farmers. 
By complementing this microlevel analysis 
with regional data (statistic data, satellite image 
analysis) we can assess the possible evolution 
of regional irrigated agriculture as a whole.
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Extensive farm surveys were carried 
out in the highlands by USAID/ARD in 
2000/2001 (Fitch, 2001), but economic ana-
lyses were based on cropping patterns. This 
makes it difficult to discriminate responses 
by type of farmer. In order to sketch out 
farming systems that combine typical crop-
ping patterns with socio-economic charac-
terization (profile of the farmer, land tenure, 
labour use, costs, etc.), 30 in-depth farm 
surveys were carried out during the spring 
of 2003. Farming systems were then mod-
elled in economic terms based on crop bud-
gets whose consistency with USAID/ARD 
data was checked. Likewise, the main farm-
ing systems in the Jordan valley were iden-
tified and their economics modelled based 
on 50 farm surveys carried out also during 
the spring of 2003, and on other studies 
(ARD and USAID, 2001b; JRVIP, 2001c).

The highland surveys led to the identifi-
cation of three main categories of farming 
systems (Table 10.1; a detailed description 
can be found in Venot et al., 2007). They 
include settled Bedouins who have taken up 
vegetable (and sometimes fruit tree) cultiva-
tion, and urban-based entrepreneurs involved 
in high-value fruit production and closely 
managing their farm, although they often 
reside in Amman. Both Bedouins and entre-
preneurs sometimes also maintain olive 
orchards in parallel. Other absentee owners 
adopt more extensive agricultural systems 
(with open-field vegetables or olive trees) 
and employ a manager. The main differences 
between these farming systems are the degree 
of capital use and intensification, and the 
direct/indirect type of management.

Generally speaking, farming systems in 
the Jordan valley are more intensive than in 
the highlands: farms are smaller (3.5 ha on 
average against 20–25 ha in the highlands) 
and net benefit per hectare (for similar crops 
and/or farming systems) is generally higher. 
The survey identified five main categories of 
farming systems (Table 10.2). They include 
family farmers who either own or rent the 
land and grow vegetables in open fields; 
entrepreneurial farmers who adopt capital- 
and labour-intensive techniques like green-
houses with a high return on investments; 
citrus orchards cultivated in the north of the 
Jordan valley and managed either by the 

family who owns the land, or by absentee 
investors interested in the social rather than 
the economic value of their farm; highly 
profitable bananas grown in the extreme 
north of the valley; and, finally, some poorer 
farmers with more extensive vegetable culti-
vation, associated with small orchards.

Control of Groundwater Overabstraction 
in the Highlands

The problem of groundwater overdraft

Since the 1930s, when the first wells were dug 
in the Azraq oasis, to the present, groundwater 
abstraction in the highlands has increased to 
meet the needs of agriculture, industries and 
cities, although the part of agriculture has 
decreased in both absolute and relative terms 
in the last decade. According to the official fig-
ures of the MWI for 2004, total groundwater 
abstraction in the LJRB reached 248 Mm3, of 
which about half was used in agriculture (THKJ, 
2004). In the highlands, in the Amman-Zarqa 
and Yarmouk groundwater basins, local 
groundwater abstraction reached 215% and 
125% of the annual recharge, respectively. 
Taking return flows from municipal/industrial 
and irrigation uses into account, the overall net 
depletion of these aquifers comes down to 159% 
and 98% of their annual recharge, respectively.

The resulting drawdown of the aquifer is 
paralleled with a decline in water quality (due 
to increasing salinity and use of fertilizers and 
pesticides) and it is feared that both domestic 
and agricultural uses could be jeopardized, 
and further costly investments in water treat-
ment needed (ARD and USAID, 2001a; JICA, 
2004). In addition to these salinity problems, 
aquifer overdraft incurs growing pumping 
costs to all users and the abandoning of some 
wells (Chebaane et al., 2004).

Groundwater policies and by-law 
No. 85 of 2002

Faced with such problems the Government of 
Jordan has tried to reorient its water policy 
through the Water Strategy Policy of 1997. 
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Several measures have been taken to decrease 
groundwater abstraction, including: (i) freez-
ing of well-drilling authorizations in 1992; 
(ii) implementation of a tax of $0.35/m3 for 
any water pumped and sold/used for indus-
trial or aesthetic purposes (since 1994) as 
well as for domestic purposes (since 2002); 
(iii) a campaign to equip private wells with 
water meters; (iv) reduction of losses in urban 
networks; (v) promotion of less water-intensive/
high-value crops; and finally (vi) promulga-
tion of the groundwater by-law No. 85 of 2002 
(Chebaane et al., 2004). Government policies 
called for a massive reduction in abstractions 
by highland pumpers by 86 Mm3/year until 
2010, and by a further 36 Mm3/year until 2020 
(World Bank, 2001b). Water savings elicited 
by the new water charges were expected to 
reach about 40–50 Mm3 over the next 3–5 
years (Checchi and Devtech, 2003).

From 1962 to 19924 licenses to drill agri-
cultural wells were granted by the govern-
ment. Two-thirds of the licenses granted 
specified the maximum amount of water that 
each farmer could pump (most commonly 
50,000 or 75,000 m3/year, and sometimes 
100,000 m3/year after 1990; Fitch, 2001) but 
these limits were never enforced (THKJ and 
MWI, 1997b, 1998a). In 2002, the groundwa-
ter by-law introduced a system of quotas 
combined with taxation of any use exceed-
ing the quota. However, instead of endorsing 
previous license quotas, the by-law allowed 
uncontrolled abstraction up to a limit of 

150,000 m3/year/well, a volume much larger 
than the limits mentioned in the licences. 
Rules for the taxation of the water pumped 
above this limit are detailed in Table 10.3.

It has been reported that farmer interest 
groups have got the authorities to cancel the 
 former licenses against the acceptance of the 
principle of taxing volumes abstracted above a 
certain limit (Pitman, 2004): technical, institu-
tional and political difficulties act as  impediments 
to the effective implementation of the reforms.

In April 2004, the first bills, corres-
ponding to water consumption between 1 
April 2003 and 31 March 2004, were sent to 
farmers. Until November 2005, no employee 
of the MWI had been entrusted with the task 
of collecting fees. In these conditions farm-
ers have not yet paid these bills.

Between May and August 2004, two 
amendments have modified the regulation: 
the first one is a lowering of the already low 
fees for the volumes abstracted in licensed 
wells between 150,000 and 200,000 m3/year. 
Volumes will be charged at Jordanian dinar 
(JD) 0.005/m3 instead of JD0.025/m3 (cf. Table 
10.3). The second amendment  concerns 
abstraction from brackish aquifers: the higher 
the water salinity, the lower the fee; it will 
have an impact in the south of the Jordan val-
ley and in the Azraq basin (east of the coun-
try) but not in the LJRB highlands.

Implementing the by-law is now possi-
ble since most of the wells are equipped 
with water meters (94% according to Al-
Hadidi, 2002). However, several problems 
must be underlined. First of all, in 2001 
only 61% of the meters were functioning 
properly (Fitch, 2001) and, although major 
replacement campaigns have been con-
ducted, this problem is likely to recur. 

4 No drilling license has been delivered after 1992. 
However, the number of operating wells is continu-
ously increasing as illustrated by the records of the 
Water Authority of Jordan for 2004. This may be due 
to the development of well metering.

Table 10.3. Water prices according to the volume abstracted in private agricultural wells. (From THKJ 
and MWI, 2002b, 2004a as mentioned in by-law No. 85 of 2002.)

 Water prices in Water prices in
 wells with former wells with former Water prices in
Quantity of  abstraction license – abstraction license –  wells without former
water pumped 2002 by-law 2004 amendment abstraction license

0 to 100,000 m3 Free Free JD0.025/m3 ($0.035)
101,000 to 150,000 m3 Free Free JD0.030/m3 ($0.042)
151,000 to 200,000 m3 JD0.025/m3 ($0.035) JD0.005/m3 ($0.007) JD0.035/m3 ($0.050)
More than 200,000 m3 JD0.060 /m3 ($0.085) JD0.060/m3 ($0.085) JD0.070/m3 ($0.098)
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Moreover, there is an important lack of 
material and human resources since con-
trols are handled by only a few employees 
of the Water Authority of Jordan (WAJ). 
Another problem arises because meters are 
still not protected. Experience in the Jordan 
valley has shown that if water meters are 
not protected in a box closed with a pad-
lock, they are likely to be broken or at least 
fiddled with (Courcier and Guérin, 2004). In 
the highlands, the risks of deterioration are 
reduced because the meter is paid for by the 
farmer but, on the other hand, tampering is 
quite easy and could become common.5

Financial impacts and expected adjustments 
in eastern desert’s farming systems

Based on the description of farming systems 
presented earlier, this section explores the 
financial impact of the by-law on each type 
of farming system and how this impact could 
be mitigated by possible farmers’ strategies.

Financial impacts of the by-law 
on farming systems

Table 10.4 summarizes financial impacts 
(before and after the 2004 amendment, 
Scenario A and Scenario B, respectively) on 
farms with licensed wells, assuming that 
actual withdrawals remain unchanged.6

Settled Bedouins with fruit tree farms 
and absentee owners with prestige olive 
trees will not be affected by the by-law since 
their current annual water consumption is 
less than 150,000 m3/well. Fruit tree farmers 
will be very slightly affected by the by-law. 
Table 10.4 illustrates that the amendment 
considerably softened the financial impact 
of the by-law on settled Bedouins with 

 vegetables or mixed farms and absentee 
owners with vegetables.7

To assess possible farmers’ responses it 
is necessary to know what the present irriga-
tion efficiency in the eastern desert is and to 
what extent the quantity of water supplied to 
crops matches their water requirements. 
Surveys have shown that orchards (especially 
olive trees)8 are underirrigated with regard to 
full agronomic requirements: further water 
savings are thus unlikely. On the other hand, 
vegetable farmers abstract nearly 160% of the 
net crop water requirements, as evaluated by 
Fitch (2001). In this condition, the overall 
efficiency of water use in vegetable farms 
only reaches 62% and can be improved with-
out affecting production. If we assume that 
on-farm irrigation efficiency can reach a max-
imum of 75%, vegetable farmers could 
decrease the amount they pump from 
216,000 m3 down to 179,760 m3 while still 
meeting net crop water requirements.

The financial impacts at the farm level of 
four different scenarios are presented below: 
(A) the first scenario assumes a maximization 
of water savings by a decrease of water use 
down to 150,000 m3/well/year (so that no fee 
needs to be paid), and a proportional reduction 
in the cultivated area (water use efficiency 
remains constant); (B) the second scenario 
assumes that farmers pay their water bills with-
out changing their water consumption; (C) in 
the third scenario farmers increase irrigation 
efficiency up to 75% (still meeting crop water 
requirements) and reduce water abstraction; 
and (D) the fourth scenario is like Scenario C, 
but farmers do not reduce abstraction and use 

5 Anecdotal observations during our surveys showed that 
tampering and ‘compromising’ with WAJ employees 
did exist.

6 Unlicensed wells in Jordan are mainly located near the 
Azraq oasis (east of the LJRB) and in the south of the Jordan 
Valley where they tap the brackish aquifer. For the sake of 
simplifi cation, the following quantifi cation assumes that all 
wells in the highlands of the LJRB have a license.

7 For mixed farms, we have presented a case where 
farmers have only one well. In these conditions, im-
pacts of the by-law are expected to be high. However, 
many of these farmers have two separate wells that 
they use indifferently to irrigate two different plots. In 
the latter situation, the by-law will not have any im-
pact on them and no changes are expected to occur.

8 Only 56% of olive-orchard requirements are met: this 
very low satisfaction (also observed by Hanson, 2000) 
illustrates their drought-tolerance quality and also 
their very low profi tability. Defi cit irrigation highlights 
that these orchards have a high social value but that 
their conventional economic profi tability is not of 
prime importance to farmers. Farmer strategies do not 
boil down here to profi t maximization.
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the water saved to increase the cultivated area. 
We hypothesize that irrigation efficiency can be 
improved up to a maximum of 75% through a 
better design of the farm network, the use of 
higher-quality emitters, better  on-farm opera-
tions, and a better monitoring of soil water 
reserves that would allow fine- tuning of irriga-
tion, thanks to the involvement of more special-
ized technicians. The cost of such changes can 
be estimated at about $370/ha/year (Courcier, 
2006, personal communication [by e-mail 20 
May 2006]).9 Contrary to common assumptions 
that farmers can easily save substantial amounts 
of water by just being ‘more careful’, improve-
ments demand better knowledge and material 
and thus have a cost, especially in a situation 

where microirrigation is already in use. 
Assessing such costs is a difficult task, and the 
willingness/ability of farmers to achieve these 
improvements will depend on these costs.

Adjustments to be observed in open-field 
vegetable and mixed farms

Table 10.5 summarizes the impacts of the 
four scenarios on extensive vegetable farms 
run by settled Bedouins or absentee owners.

Table 10.5. Financial impacts of the by-law (with amendment) on settled Bedouins farms and absentee 
owner vegetable farms according to the four response scenarios.

 Settled Bedouins 

Absentee owner

  
Open-field  Mixed farm

  vegetable  vegetables and
Farming system category family farm olive trees Open-field farm

Scenario A Volume abstracted  150,000  150,000 150,000
  (m3/well) 
 Change in revenue –  − 341 − 264 − 186
  US$/ha and % of (−31%) (−43%) (−31%)
  current revenue
Scenario B Volume abstracted  216,000 284,750 216,000
  (m3/well)
 Change in revenue –  − 76 − 217 − 76
  US$/ha and % of  (−6.9%) (−35%) (−12.7%)
  current revenue  
Scenario C Volume abstracted  179,760 218,760 179,760
  (m3/well) 
 Change in revenue –  − 379 − 426 − 379
  US$/ha and % of  (−34%)  (−68%)  (−63%)
  current revenue
Scenario D Volume abstracted  216,000 284,750 216,000
  (m3/well) 
 Change in revenue –   + 129  + 35 + 46
  US$/ha and % of   (+12%)  (+5%)  (+8%)
  current revenue 

9 This cost can be broken down into: $90/ha/year of in-
cremental wage and $280/ha/year for dripper lines as 
well as for primary and secondary pipes, fi lters and 
tensiometers. To increase effi ciency above 75%, there 
is an additional need for skilled engineers as well 
as for computerized systems that would cost about 
$1400/ha/year, with an initial investment of $1100/

farm (Courcier, 2006, personal  communication [by  
e-mail 20 May 2006]). The incremental cost to  increase 
effi ciency up to 75% is lower than the extra revenue 
that the farmer would derive from expanding his fi eld 
and using saved water, but other constraints can ex-
plain why a ‘farmer-maximizer’ has not yet  increased 
his irrigation system effi ciency. These include aversion 
to risk or to incremental  labour and time to be spent on 
the farm, as well as a low investment capacity, espe-
cially in a situation where most Bedouin farmers are 
indebted (Cheebane et al., 2004). The relative high 
costs (compared to farmers’ revenue) of increasing ef-
fi ciency above 75% make such an evolution unlikely.
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For settled Bedouins with vegetables in 
open fields, reducing the land area until water 
abstraction is curtailed down to 150,000 m3/
well/year (Scenario A) entails a decrease in 
income of 31%. Paying the water fee (B) is a 
much better strategy (−6.9%), even though 
farmers already face water costs which are 
higher than their net income (cf. Table 10.4). 
Improving efficiency without increasing crop-
ping area (C) entails a 34% decrease in farm 
revenue. If actual costs of improving efficiency 
are lower than $76/ha, (a rather low value 
compared with our estimate of $370/ha), then 
strategy C is cost-effective. Strategy D seems a 
better option with a 12% increase in farm rev-
enue, due to the expansion of the irrigated 
area. Conclusions for absentee owners are sim-
ilar: Scenario D is the best option but another 
possible strategy for well owners would be to 
rent out their wells to large entrepreneurial 
fruit tree farmers or to cities (cf. below). It is 
noteworthy that these conclusions would not 
have been significantly different with the pre-
amendment price of water.

These results confirm the fact that tech-
nology costs are in general much higher than 
corresponding savings in the water bill, unless 
prices are taken at very high levels. In other 
words, even in the present case where water 
costs are very high, saving water is rarely cost-
effective for farmers, and price incentives 
alone are unlikely to reverse this situation. 
However, in regions with abundant land, sav-
ings derived from improved irrigation effi-
ciency can be used to expand the cropping 
area in a cost- effective way (Scenario D). 
Since, under conditions of high water costs, 
higher water costs deplete incomes, they may 
also trigger adoption of higher-value crops.

To avoid paying any water fee (A), set-
tled Bedouins with mixed farms would have 
to decrease their current abstraction of 
284,750 m3/year by 47%, incurring a drop 
in income of 43% (the farmer would first 
abandon his olive orchard and then shrink 
its [more profitable] vegetable area). The 
average income is so low that paying the 
fees (B) would entail a 35% decrease in rev-
enue (pre-amendment water prices would 
have sent a stronger signal but at the cost of 
more than half the current income). Strategy 
C would be even worse with an expected 

decrease in revenue of about 68%. Finally, 
as in the case of vegetables, improving effi-
ciency and increasing the cropping area (D) 
would offset the financial loss due to the by-
law and increase farmers’ revenue by 5%.

Adjustments to be observed 
in entrepreneurial fruit tree farms

Intensive stone fruit tree entrepreneurs will 
be slightly affected by the by-law. In line with 
their large water abstraction, farmers will 
have to pay high water fees (between $3675 
and $8850/farm according to the farming sys-
tem; cf. Table 10.4). However, due to the high 
profitability of these farming systems, this 
increase in water prices will have a negligible 
impact on farmers’  revenue (~2%).

In all likelihood, Scenario B will prevail, 
that is, farmers will squarely foot the bill. In 
systems where trees are underirrigated and 
efficiency already high, Scenarios C and D 
are very unlikely. Scenario A, however, 
might also be an option if there is a possibil-
ity for farmers to rent an additional nearby 
well: this new well would provide both the 
shortfall of water needed for the old orchard 
and additional water for expansion. The 
availability of large flat desert areas would 
make this option quite easy (although it is 
illegal because areas attached to a particular 
well are normally specified) and economic 
calculations show that such an expansion 
would be profitable, even with the cost of 
well renting (about $18,000/well). This rent 
is also higher than the total revenue gener-
ated at present by extensive open-field farms 
managed by absentee owners and would also 
make this option attractive to them. This 
could accentuate the current increase in 
stone fruit production by entrepreneurial 
farmers in the highlands. In such a case, 
there will not be any water savings but higher 
productivity will be achieved through the 
shift from vegetables to fruit trees.

Water savings at a regional scale

A land-use mapping carried out by the MWI 
and the GTZ based on two mosaics of 
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LandSat images dated August 1999 and May 
2000 was used to estimate irrigated areas 
within the Amman-Zarqa and Yarmouk 
groundwater basins, giving a total of 
14,460 ha with a breakdown between olive 
trees, fruit trees and vegetables. Based on 
these estimates of irrigated areas and on 
crop water use data, we can approximate 
groundwater abstraction in the Amman-
Zarqa and the Yarmouk basins and compare 
these values with earlier estimates from 
other sources, and with annual recharge 
values given by THKJ (2004).

Results show that gross agricultural 
abstraction records of the MWI are 20% 
below other evaluations. The MWI may 
underestimate present agricultural abstrac-
tion, partly due to the difficulties attached 
to water metering mentioned above. In our 
estimate, gross abstraction rates are pres-
ently reaching 249% and 195% of the 
annual recharge in the Amman-Zarqa and 
Yarmouk basins (or 179% and 168% if 
return flows of irrigation and municipal/
industrial uses are considered, i.e. net 
abstractions of 121 and 63 Mm3/year). These 
estimates will be used as a baseline situa-
tion in the following sections to assess pos-
sible water savings in the two groundwater 
basins considered.

Information on the different classes of 
agricultural wells according to their yearly 
production in the two groundwater basins of 
Amman-Zarqa and Yarmouk shows that out 
of the 606 wells located in these two basins, 
only 182 yield more than 150,000 m3/year 
and will thus be concerned by the by-law 
(MWI records for 2004). Discounting gov-
ernment wells producing more than 
500,000 m3/year, this figure drops down to 
166 wells that represent 38% of water 
abstracted in these two basins. Finally, as 
shown above, since only settled Bedouins 
with vegetables or mixed farms and absen-
tee owners with vegetables are likely to 
respond to the by-law, only 83 wells in the 
eastern desert (90% of these in the Amman-
Zarqa basin) will eventually be affected by 
the by-law.

Regional water savings can be assessed 
based on the four scenarios considered ear-
lier by aggregating responses expected for 

each type of farm. Table 10.6 shows that the 
maximum gross water savings to be expected 
in vegetable plots in the eastern deserts are 
about 5.5 Mm3/year (90% of these in the 
Amman-Zarqa basin). These savings would 
be obtained if all vegetable farmers decreased 
their water application and irrigated area by 
one-third on average, while maintaining 
their actual water use efficiency (Scenario 
A). This would lead to high agricultural 
losses ($2.5 million, not shown). This 
response, however, is not the one that the 
incentives in place are likely to prompt.

In Scenario B, nothing is changed 
except for a transfer of $0.21 million from 
vegetable farmers to the state coffers, or a 
total of $0.84 million if payments of all 
farms are considered. Improving efficiency 
without increasing cropping area (Scenario 
C) would reduce abstracted volumes to 
around 179,760 m3/well/year in vegetable 
farms. In such conditions, gross water sav-
ings would reach 3.0 Mm3/year and the 
regional gross overdraft would be decreased 
by about 2.2%. The net abstraction would 
not be affected by this change.

Finally, Scenario D would lead to 
increasing the depleted fraction by about 
2.3 Mm3/year (as cropping area and effi-
ciency increase, and return flows are 
reduced), which would defeat the objective 
of the by-law. Generally speaking, encourag-
ing higher efficiency in conditions where 
land is not a constraint is counterproductive 
to the objective of reducing the depletion of 
water resources. The fact, however, that 
expanding cultivation by using saved water 
is – on paper – financially profitable but not 
observed strongly suggests that the real costs 
of increasing efficiency may be higher than 
what has been considered here.

In conclusion, we can say that the imple-
mentation of the by-law in its current form 
will not lead to significant water savings. 
Because of the threshold of 150,000 m3 and the 
weight of the public wells, 72% of the wells in 
the Amman-Zarqa and Yarmouk basins will 
not be affected by the by-law (a threshold of 
100,000 m3 would take this proportion down 
to 53%). Olive orchards, for example, which 
represent 32% of the total agricultural water 
abstraction in the highlands and qualify as the 
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prime target of policies because of their low 
water productivity (WP) (WP = $0.05/m3) will 
not be affected. If we add to this the facts that 
high-value crops such as fruit trees (WP = 
$1.1/m3) will be financially little affected and 
that farmers’ behaviour is unlikely to change, 
then the 83 wells concerned correspond to 
only 18% of the total water abstraction (16.1 
and 1.8 Mm3/year in the Amman-Zarqa and 
Yarmouk basins, respectively).

Vegetable and mixed farms are most vul-
nerable to hikes in water charges: this is 
because their income is so low that any addi-
tional production cost will depress them fur-
ther. However, it is unlikely that such 
pressure would result in significant water 
savings, since improving efficiency would 
require investment in technology and quali-
fied labour that are: (i) higher than gains 
resulting from a reduced water bill; and (ii) 
beyond the capacity of most of these farmers, 
many of whom are indebted.

Upper (optimistic) estimates of reduction 
in gross water abstraction (Scenario A for vege-
table and mixed farms) point to a decrease by 
4%, that is, 5.5 Mm3/year, a drop in an ocean of 
overabstraction, and quite short of the 40–
50 Mm3 hoped for.10 Revenue to the government 
is expected to vary between $0.63 and $0.84 
million/year, not considering the costs of col-
lection and enforcement.

With higher charges (like in the pre-
amendment price table, for example), olive 
orchards and fruit tree farms would remain 
insulated but the pressure would be made 
to bear on the most vulnerable vegetable 
and mixed farms; with a lower threshold, 
olive orchards would be under pressure too. 
In all likelihood, few of these farms would 
be in a position to invest in order to achieve 
better efficiency (nor would economies in 
the water bill ever offset the costs of doing 
so). Affected farmers might just decrease 
their area and water abstraction (incurring 
a  loss in their income) until they reach the 
threshold and avoid water charges.

But they might as well sell their water to 
neighbouring fruit farmers, rent out their wells 

(if they own them) and move out of agricul-
ture. This would amount to a shift in produc-
tion from vegetable farming and olive trees to 
higher-value fruit production, and would defi-
nitely raise the productivity of water, but: (i) 
benefits would accrue to wealthier entrepre-
neurs; (ii) this would defeat earlier social poli-
cies aimed at settling Bedouins by providing 
them opportunities in the agriculture sector 
(Chebaane et al., 2004), unless they are able to 
find equivalent or better job opportunities; (iii) 
the amount of water used would not be radi-
cally altered; and (iv) water demand would 
become extremely inelastic because of the 
high crop return; worse, the shift to higher effi-
ciency fruit (or other) production could have 
the perverse consequence of allowing expan-
sion of orchards, with lower return flow to the 
aquifer, greater depletion of water, and thus 
worsening of the status of the aquifer.

Because of the large share of unaffected 
farmers and likely impacts in terms of crop 
shifts rather than of improvements in effi-
ciency, a substantial drop in water abstraction 
can only be obtained through the diminution 
of either the cultivated area or the number of 
wells in use. As demonstrated above, negative 
incentives (reduced thresholds, higher tariffs, 
petrol taxation, stricter enforcement, etc.) can-
not achieve this without displacing weaker 
farmers and strictly prohibiting the selling/
renting out of wells, but recent political crises 
suggest that such extreme measures are 
unlikely to be accepted. Attendant positive 
incentives, such as buying-out of wells (a meas-
ure envisaged by the government and con-
sidered positively by 50% of farmers [Chebaane 
et al., 2004]), compensation for the uprooting 
of olive trees in the eastern desert (Fitch, 2001) 
and substituting treated wastewater for 
groundwater (ARD and USAID, 2001b) are 
more promising. Additional measures include 
reduction of losses in urban networks, educa-
tional and public awareness programmes for 
water users, allowing transfer of water to 
neighbouring orchards and the possibility of 
renting out wells (which would offer financial 
compensation but would not contribute to 
conservation objectives [Chebaane et al., 
2004]). Last, the removal of petrol subsidies 
for well operation or higher taxation of water 
must be accompanied by measures that provide 

10 If abstraction of all private wells was to be reduced to 
150,000 m3/year, total gross water savings would 
reach 12.5 Mm3/year.
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alternatives to people moving out of low-value 
agriculture, such as subsidies or secure market 
opportunities to help viable farms to intensify 
production.

Water Pricing in The Jordan Valley

Water allocation

From the beginning of large-scale irrigation in 
the Jordan valley, in the 1960s, a crop-based sys-
tem of water allocation by quota has been used 
to supply water to irrigated schemes. Volumetric 
pricing was also initiated in 1961, with a cost of 
fils1/m3 (Hussein, 2002; one fils is equivalent to 
JD0.001 or $0.0014). The official quota system 
has undergone several changes since the 1960s 
and has been mainly used as a guideline, with 
adaptations according to circumstances and 
national priorities (THKJ and JVA, 1988, 2001). 
According to quotas defined in 1988 (THKJ and 
JVA, 1988), each plot of vegetable grown between 
mid-April and mid-December received 2 mm of 
water/day (during the rest of the year water was 
allocated on demand). Citrus and bananas were 
supplied with 4 and 8 mm/day, respectively, 
from the beginning of May to the end of October 
(and on demand during the rest of the year, 
when demand is low). Historical large landown-
ers (mainly citrus owners) as well as entrepre-
neurial farmers growing bananas are the main 
beneficiaries of these quotas.

Bananas and citrus are highly water-
 consuming crops and were traditionally culti-
vated in the northern part of the Jordan valley 
(Khouri, 1981; Elmusa, 1994): their higher quo-
tas have now been frozen resulting in the insti-
tutionalization of some inequity in the access to 
water in the Jordan valley. Only the plots 
planted with bananas before 1991 are eligible to 
a ‘banana allotment’. In 2004, however, in con-
tradiction to its policy to reduce demand, the 
JVA legalized citrus orchards planted between 
1991 and 2001, granting them the citrus allot-
ment instead of the vegetable allotment they 
were receiving before. All other areas receive 
the vegetable allotment if the farmer declares to 
the JVA that he is cultivating his plot.

The 1997–1999 period was marked by a 
severe drought which, in 1999, made ad hoc 
reductions in farm allotments necessary. While 

some areas had to be left fallow, it is not clear 
whether impacts on yields were observed, but 
these reduced quotas have been maintained 
ever since (except in the south of the valley, 
where treated wastewater is used). In 1999, 
vegetables and citrus were allocated 75% of 
their allocation while bananas received 85% of 
their quotas. Allocations were reduced by 25% 
in 2000 and 2003, and by 50% and 40% during 
the summer 2001 and 2002, respectively.

In 2004, the JVA proposed new quotas 
expected to better match supply and crop 
water requirements (THKJ and JVA, 2004). 
These recommendations are close to the 
reduced quotas of 1999. On a regional scale, 
changing from the previous allocation sys-
tem (2, 4, 8 mm/day) to the new recom-
mended values yielded total water savings in 
the northern and middle directorates (where 
the rules apply) of about 20.2 Mm3/year 
(between April and November), which were 
reallocated to domestic use in Amman.

O&M costs recovery

Revenues from irrigation water have gradu-
ally increased with time, as water charges 
established at fils1/m3 in 1961 later increased 
to fils3/m3, then to fils6/m3 in 1989, and to 
an average of fils15/m3 in 1996 (GTZ, 1993; 
FORWARD, 1998; the planned increase up 
to fils25/m3 has been delayed).

Revenues from charges covered one sixth 
of O&M costs during the 1988–1992 period 
(GTZ, 1993; Hussein, 2002), which meant a 
corresponding average annual subsidy of 
$3.4 million. In 1995, less than a quarter 
of O&M costs was recovered. Charges were 
then increased more than twofold and data 
for 1997 point to a rate of recovery of O&M 
costs of two-thirds, with an average charge 
of fils15/m3 (against fils18/m3 of O&M costs) 
and a rate of defaulting of 20% reducing 
actual revenues down to fils12/m3 
(FORWARD, 1998; World Bank, 2001b).

Calculations for 1988–1992 showed 
that fixed asset depreciation and financing 
costs were twice higher than O&M costs 
proper (total costs were thus three times 
higher than O&M costs) (GTZ, 1993). THJK 
(2004) indicated that the ratio of average 
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capital costs to O&M costs was 2.07 for the 
1997–2002 period.

Based on the actual block tariff system 
(FORWARD, 2000; cf. Appendix) we have esti-
mated average costs per m3 and per year for 
each type of crop according to the recent JVA 
recommendations (see details in Venot et al., 
2007). Total water costs for the farmers are 
higher in banana plantations ($350/ha/year) 
than in citrus orchards ($138/ha/year). They 
are lowest in vegetable farms which consume 
less water ($67/ha/year). Differences in water 
charges for each crop are lower than previ-
ously, since uses have been capped. The main 
beneficiaries of this evolution are banana farm-
ers whose consumption rarely reaches expensive 
tariff blocks. The new JVA recommenda tions 
lead to lower water use and consequently to a 
lower overall level of O&M cost recovery, with 
an average charge of about fils13/m3.11

In line with these recent evolutions, despite 
substantial differences between sources, we 
will consider here that current charges cover 
72% of O&M costs and that full costs are three 
times higher than O&M costs.12

Economic impacts and adjustments at the 
farm level

This section provides financial evaluations 
of a rise in water prices according to three 
different scenarios. First, we will consider 
that water prices will increase up to a level 
where O&M costs of the JVA are recovered; 

this is the main objective of water pricing 
policies in Jordan (FORWARD, 1998; THKJ 
and MWI, 1998c, 2002a; Salman, 2001; THKJ 
et al., 2002; THKJ, 2004). Second, we will 
consider a water price increase allowing the 
recovery of total costs of irrigation in the 
Jordan valley (O&M and capital costs). In 
these two scenarios, we consider that the 
actual block tariff system is maintained (cf. 
Appendix). Finally, based on a recommen-
dation of THKJ (2004),13 we will assess the 
impact of a hypothetical increase of up to 
80% of the present average cost of water 
borne by farmers in the highlands, that is, 
about $0.116/m3 (Al-Hadidi, 2002). In this 
third scenario, water is charged at a flat rate 
regardless of the total water used in the farm. 
(In the three scenarios, the rate of bill recov-
ery is assumed to be 100%.) Table 10.7 speci-
fies water costs for each crop and scenario 
and Table 10.8 for each farming system.

In Scenarios A and B, water prices are 
multiplied by a factor of 1.4 and 4.1, respect-
ively, regardless of the crop planted. In 
Scenario C, and because of the implementa-
tion of a flat charge, water prices are multi-
plied by 8.5 for vegetables and citrus and by 
5 for bananas. Table 10.8 shows that exten-
sive farming systems (citrus and mixed 
farms) would be most impacted since water 
costs represent an important percentage of 
total costs (in citrus farms) and because their 
income is very low. On the other hand, 
intensive systems (greenhouse farms, for 
example) are not responsive to such policies 
since water costs are negligible compared to 

11 The JVA’s revenue has decreased in line with declin-
ing allotments from 1999 onwards. This may have 
prompted the proposal to establish a monthly fl at 
charge of JD2 ($2.8) on each water bill.

12 In fact, since 2005, O&M costs are totally covered by 
the sale of water from the Mujib Southern Carrier to 
the Dead Sea industries. This recent change is not con-
sidered here in order to keep conservative estimates.

Table 10.7. Crop-based water costs according to three different levels of price increase.

Cost of water ($/ha/year) Vegetables Citrus Bananas

Current water costs 67 138 350
A. O&M costs recovery-block tariff system 94 191 485
B. Total costs recovery (O&M + capital costs) 278 573 1454
C. 80% of water costs borne by farmers in the highlands 586 1172 1740

13 ‘The water production cost from private wells borne 
by the farmers (at present about fi ls100/m3) should 
be taken as a guideline for adjusting the water tariffs 
charged by the JVA (at present fi ls10–12/m3). The tar-
iff for ‘public’ water of the JVA should not be lower 
than 80% of the average cost of the water produced 
from private wells’ (THKJ, 2004).
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input and labour costs, and they will remain 
so at any politically acceptable price level 
(Wolf et al., 1996).

Scenario A would have a limited impact 
on most farming systems in the Jordan valley. 
Revenues in vegetable and banana farms 
would decrease by less than 1% and 2%, 
respectively. Poor farmers would also be 
slightly affected by the increase (2.6%). Finally, 
citrus farming systems would be the most 
affected: revenues would decrease by 4.2% to 
13.2%. In the latter case, most absentee own-
ers would probably retain their orchard because 
it is not central to their livelihood, or would 
adopt other trees.

In Scenario B, farmers’ revenues would 
decline more substantially. Productive sys-
tems (vegetables in open fields or under 
greenhouses) would again be slightly 
affected (revenue is expected to decrease by 
about 2.8–5.5%). These farmers would prob-
ably cope with this loss or seek (limit ed) 
 on-farm water savings through better man-
agement, in a bid to decrease overall water 
costs (see below).  Mixed farms developed 
by poorer farmers would be substantially 
affected (−20.1%): some farmers might be 
driven out of agriculture, looking for jobs in 
other economic sectors, while their plots 
could be rented to and cultivated by more 
entrepreneurial farmers.14 Profitability of 
banana orchards would be moderately 
affected (revenues decrease by 8.8–15.8%). 
Despite their high revenues, some farmers 
might shift to other very profitable orchards 
such as date palm trees that are less water-
consuming, especially if import tariffs on 
banana are lowered. Finally, citrus farms 
would be greatly affected: profitability of 
family farms would decrease by one-third, 
while absentee owners’ farms would no lon-
ger be profitable: citrus areas would be 
expected to decrease substantially with 

many small owners (shopkeepers, civil ser-
vants, retirees, old farmers, widows, etc.) 
renting out their land or shifting to higher-
value trees, and only a small fraction of rich 
absentee owners retaining their orchards.

Finally, Scenario C would have a dra-
matic impact on the Jordan valley agriculture. 
As in the two previous scenarios, citrus 
orchards would hardly be profitable anymore 
and would basically disappear, with the same 
replacement options as above. In banana 
farms, a partial shift to date palm trees and 
generalization of drip irrigation systems 
might be observed. Mixed farm operators 
would see their profitability decrease by one-
half and would tend to be replaced by more 
entrepreneurial farmers. In the end, profit-
ability of vegetables planted in open fields or 
under greenhouses would decrease by nearly 
13.6% or 6.9%. This third option is hardly 
imaginable politically and would disrupt the 
valley economy.

Are improvements in irrigation and economic 
efficiency possible at the regional scale?

Whether substantial water savings are pos-
sible is highly variable and depends on 
what the actual irrigation efficiency is and, 
if any low value is observed, on the causes 
of such a state of affairs.15 Improvement of 
efficiency is hindered by several constraints, 
both technical and socio-economic.

14 Since 2001, land market transactions have been al-
lowed in the Jordan valley. Renting plots is also a 
widespread practice. As land pressure in this valley 
is very high, any plot left fallow by a farmer is ex-
pected to be taken up by another farmer with a more 
intensive management and higher profi tability. The 
irrigated area in this valley is unlikely to decrease, 
whatever water prices are.

15 Because of the high diversity of situations, available 
data on effi ciency are rather inconsistent (Al-Zabet, 
2002; World Bank, 2002; Petitguyot, 2003; etc.). This 
is due to the extreme complexity and variability of use 
effi ciency, and to what is considered: which crop and 
what type of farm; the plot, pumping unit or the valley 
level; the water-short period or the whole year; which 
ET and Kc values; total or effective rainfall; special wa-
ter requirements for specifi c operations such as ‘solar-
ization’ and in occasional periods of defi cit irrigation. 
All these factors combined explain why the literature 
is not fully consistent (Ghezawi and Dajani, 1995; 
World Bank, 2001a; World Bank, 2002; Shatanawi 
et al., 2005; USAID, 2006; etc.). Our estimates of an-
nual irrigation effi ciencies give 64%, 62% and 82% 
for vegetables, citrus and bananas, respectively.
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● First, farmers experience many techni-
cal problems at the farm level that come 
from drip irrigation systems which 
have been installed without technical 
guidance (in 70% of the cases), direct 
connection of old dripper lines to the 
JVA’s pressurized network,16 problems 
of filtration and clogging, etc. (Wolf 
et al., 1996; Courcier and Guérin, 2004; 
Shatanawi et al., 2005).

● Second, whether much water can be 
saved just by farmers being more ‘care-
ful’ and with limited additional costs 
is doubtful in non-gravity irrigation. 
Experiments by USAID/JVA and MREA/
JVA suggest that with precision irriga-
tion it might be possible to save around 
25% of water applied. This is easier to 
achieve in citrus farms irrigated by open 
microtubes. Achieving better irrigation 
efficiency requires computerized moni-
toring, use of tensiometers, improved 
filtration, frequent renewal of drippers, 
qualified staff, etc., and is therefore very 
costly. With the impossibility to expand 
cultivated land, the incentive for the 
farmer to achieve such gains is low, 
since corresponding costs are too high, 
regardless of the price of water. If we 
keep the estimates used for the high-
lands ($370/ha/year for achieving an 
efficiency of 75%, and an additional 
$1130/ha/year for reaching 85%) we 
can see that economies in the water bill 
will never come close to improvement 
costs, even for Scenario B.

• Only very high-tech and capitalized 
farmers linked to high-value markets 
demanding high quality of products 
can adopt and master such practices. It 
is important to note that, historically, 
drip irrigation was developed in the early 
1980s as a technical response to the 
need to produce high-value products 
(along with the adoption of mulch, fer-
tigation, labour-saving technology, con-
trol of doses, homogeneity and quality 

of products, etc.) rather than to a lack of 
water per se.17

● Third, farmers also experience many 
difficulties because of deficiencies in 
collective pressurized networks which 
result in a high heterogeneity of water 
distribution (with deficits observed in 
higher parts, sandy soils or at the end of 
the lines); rotations are difficult to 
establish; water theft, rent-seeking and 
tampering of equipment are pervasive 
(GTZ, 2004).

● Fourth, despite being conceived as a 
demand-based system, subject to the 
limitation of quotas, the actual mode of 
operation of the JVA and the uncon-
trolled nature of the inflow from the 
Yarmouk river do not ensure enough 
reliability in water provision (Courcier 
and Guérin, 2004). Overirrigation can 
also be considered as a safeguard 
against uncertainty in supply.

● Fifth, the system of monthly quotas 
defines a ceiling to the abstraction of 
pumping stations from the main canal 
(KAC): demand may be higher than the 
quota during a few critical periods in 
spring and autumn (Petitguyot, 2003), 
when no savings are possible. 
Conversely, efficiency is often lowest 
when supply exceeds demand, with no 
alternative use for water and therefore 
little rationale for saving water.

● Last, the desirability of further water 
savings is not fully established, as it is 
feared that lower salt lixiviation would 
raise salinity problems in the valley 
(McCornick et al., 2001). (In the early 
1990s, the JVA encouraged farmers to 
take water free of charge in the winter 
months for leaching purposes; Wolf 
et al., 1996).

The idea that farmers are wasting water only 
because its price is relatively low is there-
fore simplistic and mistaken; so is its corol-

16 Irrigation water is provided to farmers through sev-
eral pressurized networks serving areas of approxi-
mately 400 ha and pumping stations which draw 
water directly from the KAC.

17 After the conversion of the open channel irrigation 
networks to pressurized systems (completed in the 
mid-1990s), which caused the reduction of the fl ow 
at the farm turnout from 20 l/s to 6–9 l/s, most farmers 
were obliged to shift to localized irrigation.
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lary that raising prices will necessarily 
improve efficiency. A World Bank (2003) 
report indeed acknowledges that ‘[I]t was 
anticipated that increased water tariffs [of 
1995] would reduce agricultural water use. 
This did not happen.’

Higher water charges also deplete 
incomes and, at least for low-value crops, 
tend to motivate shifts towards higher-value 
crops (Pitman, 2004; THKJ, 2004). Economic 
data in Table 10.8 suggests that, prima facie 
and as far as revenue per hectare is con-
cerned, farmers would have an interest in 
shifting to vegetables or to high-value trees. 
Several points must be emphasized:

● First, although citrus (low productiv-
ity) and banana (water-intensive) may 
appear as undesirable there is little 
incentive for farmers to shift to vegetables 
(or to rent out their land to vegetable 
farmers) since they would then lose 
their higher quota with little hope of 
getting it back if they ever would like to 
revert to trees.

● Second, even if water prices were 
increased to cover all costs (Scenario B), 
banana farming would remain highly 
profitable and the shift to date palm 
trees (or other trees) not warranted 
(non-elasticity).

● Third, citrus would be made less attrac-
tive but large areas are owned by absen-
tee owners whose livelihoods do not 
depend on their agricultural activity. 
Their orchards are linked to social pres-
tige and recreational use and are not 
driven by economic motives. These 
owners may not shift to a more inten-
sive and time-consuming activity for 
the sake of preserving their secondary 
agricultural revenue.

● Citruses in family farms are more likely 
to be replaced by more profitable trees 
(mangoes, guava, grapes, dates), or by 
vegetables, sometimes with the land 
being rented out to entrepreneurs. Yet 
these farmers have chosen to develop 
relatively extensive systems for a rea-
son (lack of skill, capital, or alternative 
activities; ageing of farm-holder, etc.) 
and it will be difficult for them to shift 

to riskier, more intensive, and time-/
input-consuming crops, unless market 
opportunities are identified.

● Last, it is worth mentioning that overes-
timating the capacity or willingness of 
farmers to adopt new crops or technolo-
gies and pushing for much higher water 
charges (Scenarios B or C) might lead to 
farmers responding to higher water tar-
iffs by tampering with or destroying 
meters, bribery or defaulting. Unrest and 
political intervention would also be 
likely reactions. Such outcomes are not 
attractive for the government, which 
has little incentive to antagonize suppor-
tive segments of the society if gains are 
not expected to be substantial (Richards, 
1993).

In conclusion it can be stated that all these 
elements strongly limit the scope for pricing 
mechanisms to achieve improvements in 
both irrigation and economic efficiency. 
Gains are possible but their magnitude and 
realization depend on the type of farm, and 
they cannot be obtained without support, 
including technical assistance, predictable 
water supply, secure markets, and subsidies 
to shift to drip irrigation (where this has not 
yet happened) and, gradually, to precision 
irrigation. Several alternative options have 
been proposed, along the following lines:

● Flexibility of water supply at the farm 
level is obtained not only through 
exceptional requests but also by dig-
ging farm ponds to buffer irregular sup-
ply (Shatanawi et al., 2005), by using 
water from side-wadis and, wherever 
possible, by pumping groundwater. 
Many farmers already have imple-
mented these options.

● Effective freshwater savings in the 
Jordan valley may come from the gener-
alization of the use of treated wastewa-
ter blended with freshwater in the north 
of the Jordan valley, as proposed by 
ARD and USAID (2001b) (see also 
JRVIP, 2001b; McCornick et al., 2002; 
and KfW et al., 2006).

● Significant water savings could be 
achieved through a better in-season dis-
tribution of water in the KAC. With the 
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completion of the Wehdah dam on the 
Yarmouk river, it will be possible to 
have a more flexible management of 
water allotments (JRVIP, 2001b; 
Courcier and Guérin, 2004). Monthly 
quotas could be transformed into yearly 
quotas, with farmers keeping the lati-
tude to distribute water along the year 
according to their needs (Petitguyot, 
2003).

● With a more controlled water regime, it 
might be possible to adopt bulk alloca-
tion and bulk charging procedures, 
whereby water user associations would 
be in charge of managing a yearly 
amount of water and recovering charges 
(JRVIP, 2001a). This, however, is hin-
dered by extant cultural and social 
structures and would require signifi-
cant institutional transformations and 
changes in the agency(JVA)–farmer 
relationship (van Aken, 2004).

● The banana area could be reduced by 
substantially raising the price of the 
higher tiers of the quota so that revenue 
would be reduced without affecting 
other crops; it could also be made less 
profitable by removing duties on 
imported bananas, in line with WTO 
rules. Such economic incentives could 
contribute to inducing a shift towards 
other trees, but the potential loss of 
high banana allotments is likely to hin-
der this shift if no positive incentives 
are available.

● The most efficient way to reduce diver-
sions to the valley (and to free more 
water for Amman) would be to gradu-
ally reduce quotas – as observed since 
1999 – in order to force adjustments 
(high-tech management, change in 
crops, etc.). Additionally, a bonus 
might be granted to those who accept 
to shift from a high quota to the vegeta-
ble quota; of course, this would be hard 
to justify in the face of the recent con-
tradictory measure of recognizing more 
citrus allotments.

The last point concerns cost recovery object-
ives: the analysis indicated that the prime 
objective of financial autonomy of the JVA is 

within reach. Charges could be slightly 
raised to ensure revenue, while defaulting 
should be controlled by stricter enforce-
ment. Raising prices to full O&M costs would 
not dramatically affect farmers. It must be 
noted however that the ‘fiscal drain’ argu-
ment commonly raised to justify increased 
cost recovery is hardly convincing since the 
present O&M subsidy to the JVA is worth 
less than 0.1% of state expenditures at 
$3.7 billion.

Despite higher coverage of state-borne 
O&M costs, water charges do not instil any 
virtuous circle towards improved manage-
ment and maintenance on both the manager 
and the farmer sides (Small and Carruthers, 
1991). There is a lack of positive incentive 
stemming from the fact that charges paid by 
farmers do not benefit the scheme, mana-
gers do not depend on these payments 
(which are sent to the Ministry of Finance), 
farmers control neither part of the revenue 
nor water deliveries, supply is uncertain, 
and allocation not transparent enough. 
Under such conditions water pricing merely 
boils down to a taxation instrument. Bulk 
charging at the pumping station level and 
transferring responsibility for charging 
farmers individu ally to water user associa-
tions might be a way forward.

It is unlikely that raising fees much 
beyond O&M cost recovery can be tenable 
because of the limited effect on water use 
and the difficulty to justify charges higher 
than the JVA’s expenditures, which would 
look like a transfer of wealth to the state. 
These factors and the fact that there is 
hardly any example of full cost recovery 
of public schemes in the world make 
Scenario B highly unlikely (not to men-
tion Scenario C).

Discussion and conclusions

The results obtained in both the highlands 
and the valley have both similarities and 
discrepancies, and also bring out lessons 
that have wider validity.

*Limited effectiveness of increased prices 
in instilling higher efficiency. Several mod-
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elling studies (Doppler et al., 2002; Salman 
et al., 2002; Shatanawi and Salman, 2002; 
Salman et al., 2005 for the valley; Salman 
and Al-Karablieh, 2004 for the highlands) 
have shown that demand is only responsive 
to prices at levels which are in general not 
compatible with sustained farm incomes 
and equity. However, we have shown that 
the causes of efficiency losses are not all at 
the farm level and that further improve-
ments require significant technological 
improvements which are costly and offset 
any gain derived from a reduced water bill 
(Pitman, 2004).

Consequently, the claim by the 2004 
master plan (THKJ, 2004) that the full cost 
recovery for irrigation O&M pursued by the 
Ministry of Water and Irrigation will, among 
four objectives, ‘increase conveyance sys-
tem and on-farm water use efficiency’ is not 
valid. From the correct assumption that 
‘low prices for irrigation water provide lim-
ited incentive to improve on-farm efficien-
cies’ it is mistakenly inferred that raising 
prices will automatically improve on-farm 
efficiency and should therefore be ‘a prime 
target for implementing improvements’ 
(USAID, 2006). Despite evidence to the con-
trary, these claims are still pervasive among 
donors, development banks and some green 
NGOs (FOE, 2002). Removing public subsi-
dies may have other virtues but should not 
be expected to bring about improvements in 
irrigation efficiency (or be justified by this).

*Intensifying agriculture: at what cost? 
Consequently, the principal impact of 
higher charges would be to reduce the 
income of two categories of farmers: poor 
and often indebted farmers with more exten-
sive agriculture, on the one hand, and 
absentee urban owners and rentiers with 
other income sources, on the other. Such a 
pressure would have a beneficial impact if 
these farmers were encouraged to adopt 
more intensive farming. One should note, 
however, that these higher-value cropping 
systems were already available to these 
farmers and there are good reasons why – 
despite their high return – they did not 
adopt them earlier. Farmers engaged in 
extensive agriculture lack capital to embrace 

such ventures, which incur considerable 
risk; rentiers lack the interest to burden 
themselves with intensive management and 
value their farm for reasons other than their 
profitability. Intensification must be driven 
by market opportunities and not forced by 
circumstances which would drag de-capi-
talized farmers into risky ventures with a 
high probability of going bankrupt. It is 
doubtful whether the benefits of pushing 
the more vulnerable farmers out of business 
would be higher than the social costs 
incurred.

Most countries are confronted with this 
necessity of balancing family farming and 
agrobusiness, and social stability and eco-
nomic efficiency (the case of Spain in 
Arrojo, 2001; Berbel et al., 2005). As a rule, 
state policies include investments/subsi-
dies to allow modernization of family farms 
in order to better compete with highly capi-
talized operators.

*High-value crops: for which market? The 
move towards a more intensive and higher-
value agriculture is critically dependent on 
the availability of a market for it. With grow-
ing competition from other countries in the 
Middle East it is not easy to identify crops 
with a good return: farmers are neither 
immune to drops in prices following a too 
widespread adoption of promising crops 
nor all ready for, or capable of, handling the 
complexity of certain productions. Palm 
trees, for example, are salt-resistant and dates 
(so far) fetch high prices, but they have sev-
eral drawbacks which make them largely 
unfit for small extensive farmers: they do 
not produce during a period of 5 years, post-
harvest operations are difficult to master, 
and only high-quality products find their 
way to the best market niches.

*The politics of water management and 
policy. The negotiations around the by-law 
and the amendment, carried out with a fair 
degree of participation of stakeholders 
(Chebaane et al., 2004), showed that agri-
cultural interests retain significant political 
and bargaining power; the government is 
unwilling to alienate the support of Bedouin 
tribes or part of the Palestinian population, 
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and to prompt claims from Islamist radicals 
that Islamic law is violated (Richards, 1993). 
The teeth of the by-law were removed 
through the implicit abolition of former 
abstraction limits (which were lower than 
the 150,000 m3 threshold adopted) and 
through the recent amendment which 
abated the already low water fees. Some 
groups of influential farmers, with strong 
political linkages and opposed to a control 
of water abstraction, have tried to stop the 
process and have managed to slow it down 
thanks to support in the parliament.

The fact that illegal citrus orchards in the 
valley have recently been regularized – quite 
contradictory to policy objectives – also sug-
gests that the populations concerned have 
enough political clout to counter the reduc-
tion of quotas. All this confirms that water 
pricing schemes largely reflect the political 
economy of a country and that political coun-
terweights are often raised when prices 
depress incomes. This does not mean that 
reforms are not desirable or should not be 
attempted; but this cautions us against simple-
minded decisions and forces decision makers 
to weigh benefits against all costs.

*Improving allocation of water resources. 
With such a minimal expected impact of 
price increases on efficiency, the objective 
of reducing demand to sustainable levels in 
the highlands and to volumes lower than 
current diversions in the valley through 
pricing measures is clearly unattainable and 
must be dismissed, in line with Berkoff 
(1994), who recognized ‘that it is inconceiv-
able that [charges] would be high enough to 
balance supply and demand’. Under such 
circumstances, the higher-level objective of 
regulating intersectoral allocation through 
prices, expressed in the ASAL despite con-
siderable doubt from experts (Pitman, 2004), 
is quixotic.18

*State and donors: conflicting viewpoints. 
Opposition to pricing by most quarters in 

the government is based on three consider-
ations (Pitman, 2004): (i) social concerns 
and the view that farmers’ access to ground-
water is already too costly; (ii) the view that 
administrative allocation of surface water 
and technical/institutional improvements 
in management are more efficient and equi-
table than pricing in achieving sound man-
agement; and (iii) the understanding that 
alternative markets must be ensured before 
pushing farmers to abandon lower-value 
crops. With some caveats this study tends to 
confirm these misgivings.

Pitman (2004) notes that the ‘social-
welfare dimension of water was the largest 
divergence of views between the Bank and 
government over the agricultural sector’ and 
critically soured relationships. A possible 
source of misunderstanding is that affected 
people include both poor farmers and rent-
iers, and that the former might be used to 
unduly shelter the latter from adverse policy 
measures.

*Safety nets. Policy makers’ misgivings 
may be well founded if one judges from 
experience in other domains where planned 
safety nets have been neglected, equity 
impaired and social objectives defeated. 
For example, the elimination of all direct 
subsidies to owners of small livestock 
herds over the period 1995–1997 has 
proven to be very effective in reducing 
herd sizes by 25% to 50%, overgrazing, 
and thus rangeland degradation and desert-
ification. However, an official evaluation 
found that ‘the poorest group – nomadic 
pastoralists – in the driest areas have fared 
worst as they do not have the income to 
buy even subsidized concentrates. All 
farmers monitored, with the exception of 
the medium-sized agro-pastoral farmers in 
the wettest areas in 1997/1998, had nega-
tive profits since 1996’ (Pitman, 2004). 
Earlier consensus that attendant measures 
would be needed seems to have been later 
forgotten (Richards, 1993).

This suggests that too little attention is 
given to safety nets and the assumption that 
people can be reabsorbed by the labour mar-
ket without much hardship is often not 
valid. Clearly, linkages to the macroeco-

18 The claim by the World Bank (2003) that ‘the partial 
tariff increase [in the valley] satisfi ed an immediate 
objective of maximizing transfer of water to the high-
lands’ has no basis since this transfer is a bureau-
cratic decision completely independent of prices.
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nomic framework must be strengthened if 
social objectives are to be fulfilled.

*From negative to positive incentives. 
Negative incentives through prices that 
deplete incomes or force costly/risky adjust-
ments generally raise considerable opposi-
tion which may express itself through 
political channels or in the streets. Such 
(stick) measures must be accompanied with 
positive incentives (carrot) (Al-Weshah, 
2000). Positive incentives include a bonus 
for uprooting olive trees in the highlands or 
for accepting vegetable allotments in the 
valley (or tree allotments for banana grow-
ers), attractive buyout schemes of wells in 
the highlands, aid or crop insurance 
schemes for farmers tempted to diversify, 
etc. The government’s refusal to raise prices 
before treated wastewater or market oppor-
tunities are available also indicates the fear 
of negative impacts in the absence of clear 
alternative opportunities and ‘pull’ factors.

*Enforcement and monitoring. It is clear in 
both situations that individual metering is 
extremely demanding and hard to adminis-
trate. The percentage of broken meters both 
in the highlands and in the valley is likely to 
rise again after replacement campaigns. If 
fees significantly affect the economic situa-
tion of farms they will also probably trigger 
defaulting, tampering or destruction of 
meters, social unrest and political stress at 
unprecedented levels, and corruption or col-
lusion between officials and farmers (GTZ, 
2004). This does not mean that metering 
should not be attempted but reminds us of 
the costs involved and of the possibility that 
other approaches could be adapted more (e.
g. charges based on crop and area in the high-
lands, or defined and recovered at the level 
of the pumping station in the valley).

*Quotas and regulation. As shown from 
other situations where scarcity is high and 
volumetric control possible (Iran, Tunisia, 
Morocco, south of France, Italy, Spain, etc.), 
quotas are invariably selected as the main 
regulation instrument. This is because quo-
tas are generally transparent, equitable, easy 
to understand, and effective in reducing 
demand without impacting incomes. Their 

implementation on wells, however, requires 
a major enforcement capacity. Their main 
drawback is their limited capacity to adjust 
to changes in demand. The present case 
provides such an example, where ineffi-
ciencies arise from the disincentive they 
generate for citrus and banana growers to 
adopt less water-intensive crops. A careful 
downward adjustment of quotas, as imple-
mented since 1999, is, however, effective in 
skimming off the ‘slack’.

Although the two situations show 
many commonalities, the comparison also 
evidenced a few meaningful discrepancies. 
The first difference is the possibility offered 
to highlanders to expand their plots. This 
allows them to capitalize on possible water 
savings and to increase cultivated areas 
(and benefits) in proportion. Since they 
may benefit directly from their financial or 
managerial efforts it is more interesting for 
them to improve efficiency than in the val-
ley, where the sole reduction in the water 
bill (sometimes complemented by gains in 
yields) offers a limited incentive, while 
benefits go to Amman in the form of 
increased supply. Second, quotas in the 
highlands are merely thresholds which can 
be exceeded at limited cost, while those in 
the valley are rigid and cap diversions 
(although informal arrangements may offer 
some way out). Third, water supply in the 
highland is very reliable because it depends 
on individual wells and compact networks; 
in contrast, allocation and distribution in 
the valley are much more complex both 
technically (regulation of the KAC, rotation 
between farmers within pressurized net-
works, etc.) and socially (practices are 
embedded in complex social and political 
contexts). This difference explains why 
efficiencies are higher in the highlands 
(with the additional benefit that return 
flows tend to return to the aquifer while in 
the valley they mostly go to a sink: the Dead 
Sea). In sum, water management is techni-
cally simpler in the highlands but enforce-
ment and control are problematic, while 
the opposite is true in the valley, where 
quotas are effective in controlling water use 
but management is heterogeneous and a 
uniform efficiency hard to achieve.
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In conclusion, we can observe that there 
is pervasive overenthusiasm about what can 
be achieved through pricing policies, and 
that policy objectives are often listed with-
out due attention to the contradictions they 
entail and the trade-offs they imply. 
Expectations of the ASAL, for example, were 
high but the goals of economic efficiency, 
equity and environmental sustainability 
central to the definition of Integrated Water 
Resource Management are not easily recon-
ciled. In both, the highlands and the valley, 
substantial increases in volumetric charges 
would not elicit major water savings but 
would further depress the income from low-
value or extensive crops. A shift towards 
high-value crops would not only raise water 
productivity but also entail a transfer of 
wealth to the government and to wealthier 
entrepreneurs, an evolution which is so far 

not considered desirable or politically palat-
able by Jordanian decision makers. It is 
therefore essential that negative incentives 
be accompanied by positive measures offer-
ing attractive alternatives (market options, 
subsidies for modernization, technical 
advice, etc.) and exit options with 
compensation.
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APPENDIX. Current and proposed irrigation water tariff structure in the Jordan valley. 
(From FORWARD, 2000.)

 
Usage block 

 Irrigation tariff (per 1000 m3)

Water quality (m3/month/3.5 ha maximum) Current Proposed

Freshwater 0–2500 JD8   ($11.5) JD15 ($21.6)
 2501–3500 JD12 ($17.3) JD30 ($43.2)
 3501–4500 JD20 ($28.8) JD45 ($64.8)
 Over 4500 JD35 ($50.4) JD55 ($79.2)
Low-quality water  0–2500 JD8   ($11.5) JD8   ($11.5)
 (freshwater mixed with  2501–3500 JD12 ($17.3) JD12 ($17.3)
 treated effluents or 3501–4500 JD20 ($28.8) JD20 ($28.8)
 highly saline water) Over 4500 JD35 ($50.4) JD35 ($50.4)
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11 Water Pricing in Tadla, Morocco

P.J.G.J. Hellegers, C.J. Perry and T. Petitguyot

Introduction

In 2002, Morocco had a population of 29.6 
million of which 43% lived in rural areas; 
about 35% of the population are farmers. 
Agriculture accounts for 16.1% of the GDP, 
and average per capita income was $1190 
(World Bank, 2003). The total area of Morocco 
is 71 million ha (including 26 million ha of 
Sahara), of which only 9 million ha are  utilized 
as the agricultural area (13%). The average 
annual rainfall is less than 300 mm, but is 
variable in time and space (50 mm in Saharan 
zones and 2000 mm in mountainous regions).

Morocco’s climate makes rain-fed agri-
culture uncertain and of generally low pro-
ductivity, especially in the southern areas 
where rainfall is highly variable and, on 
average, far less than potential evapotrans-
piration. Production from rain-fed arable 
land consequently varies widely. About 1.6 
million ha can be potentially irrigated, and 
1.2 million ha (75%) are currently irrigated, 
of which 55% is government-managed, 30% 
owned and managed by local communities 
and 15% (mostly irrigated with ground-
water) privately developed (FAO, 2001).

Irrigated areas produce 45% of agricultural 
value added and 75% of agricultural exports 
(Ait Kadi, 2002). Irrigation currently accounts 
for 88% of water withdrawals (domestic and 

industrial use account for 8% and 4%, respec-
tively). The average availability of water is just 
1045 m3/person/year and projected increases in 
population are expected to reduce this value to 
about 750 m3/person/year by 2020 (El Yacoubie 
and Belghiti, 2002).

In 1990, the estimated national water 
balance showed an availability of 11 Bm3 
with demand at 10.9 Bm3. The supply of 
water is expected to rise to 16.8 Bm3 by 2020 
(as a result of dam construction and the 
development of additional aquifers). Demand 
for water is expected to be higher at 17.6 Bm3, 
with irrigation accounting for 4.8 Bm3 (70%) 
of this increase (Ait Kadi, 2002). Although 
these values are estimates, they indicate that 
Morocco’s currently developed resources are 
fully utilized.

An additional concern is the deterio-
rating water quality, with increasing amounts 
of water needed to flush and dilute pollu-
tion loads (particularly high salinity and 
sediment).

This chapter focuses on the Tadla region. 
In Tadla, because of the increasing deficit of 
surface water farmers use groundwater. 
Water tables are falling and the water is often 
highly saline, prompting concern over the 
sustainability of groundwater development.

Overall, the main factor constraining 
agricultural production is the availability of 
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water. With scarcity of canal water and 
overexploitation of groundwater, a number 
of policy-relevant issues have emerged:

● Reducing overall water consumption in 
agriculture;

● Increasing the productivity of the water 
consumed;

● Balancing the supply of, and the demand 
for, groundwater;

● Avoiding soil and water salinization;
● Providing a sustainable water service 

through better maintenance and cost 
recovery.

The role that volumetric water pricing can 
play in addressing these issues in Tadla is 
not clear. The main aim of this chapter is to 
assess the potential role of the water pricing 
policy. To achieve this aim the way water is 
currently allocated will be described and 
insight will be provided into the price, costs 
and returns to irrigation water in Tadla.

First, the Tadla scheme is described. 
Next, the price, cost and returns to water 
are studied. An analytical framework is 
applied to assess the value of production 
and  contribution of water to that produc-
tion. Then the pos sible impact of policy 
options is described. Finally, conclusions 
are drawn.

The Tadla Scheme, Policies, 
Infrastructure and Institutions

The Tadla scheme

The Tadla region is a plain 70 km long and 
40 km wide. The cultivated area covers 
255,000 ha, including 137,500 ha of rain-fed 
land and 117,500 ha of irrigated land. The 
Tadla irrigation system is the oldest large-
scale scheme in Morocco. First operated in 
1929, it consists of two separate subnet-
works of lined open canals which receive 
water by gravity from two dams. These sub-
networks are:

● Beni Amir, right bank of river Oum 
Er-Rbia, 27,500 ha, irrigated from the 
Ahmed El Hansali dam (670 Mm3);

● Beni Moussa, left bank, 69,600 ha, irri-
gated from the Bin el Ouidane dam 
(1.30 Bm3).

According to the initial project design, Beni 
Amir needs 420 Mm3 of water and Beni 
Moussa, 710 Mm3. However, since the 1980s, 
considerably less water has been allocated 
to the scheme (see section under Water 
 allocation at regional level and within the 
scheme). In 2003, only 150 Mm3 were avail-
able for Beni Amir and 350 Mm3 for Beni 
Moussa (36% and 49% of the original allo-
cation, respectively). As a result of this def-
icit, private groundwater development is 
widespread.

Water in national policies

Irrigation-sector development

Government policy in the agriculture sector 
has favoured investments in irrigation since 
1968, when King Hassan II decided that 1 
million ha should be irrigated by the end of 
the 20th century (this is referred to as the 
‘million hectares’ policy). These invest-
ments have accounted for more than 65% of 
the total public investments in agriculture 
since 1965 (Herzenni, 2001). The objectives 
of this investment policy and irrigation it 
has supported are:

● To improve self-sufficiency through a 
better coverage of basic food needs;

● To find an equilibrium in the ‘trade 
balance’ through the development of 
exports;

● To improve the living conditions of the 
rural population;

● To add value to agricultural products 
through the development of agro-
industries.

Morocco has adopted an integrated approach 
to large-scale irrigation development. Nine 
modern large-scale irrigation schemes have 
been established; they are government 
planned and financed, and each is managed 
by a Regional Office for Agricultural 
Development (ORMVA). The basic philoso-
phy is that ‘to attain the desired objectives, it 
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is not sufficient to construct irrigation infra-
structure as rapidly as possible, the state 
must also create the conditions enabling 
development to take place.’ A comprehen-
sive framework for this policy is defined by 
a variety of laws grouped in the Code of 
Agricultural Investments of 1969. The code 
is regarded as a contract between the state 
and the country’s farmers to improve the 
national economy through irrigation devel-
opment (Ait Kadi, 2002):

● The state finances the dams, the irrigation 
network and necessary on-farm develop-
ment. Through ORMVA, it provides credit, 
selected seeds, fertilizer, farm equipment, 
etc. Finally, it guarantees the prices of cer-
tain crops (mainly sugarbeet and sugar-
cane) through contracts.

● In turn, the farmer is obligated to farm 
his irrigated land in the national inter-
est and to repay the state 40% of the 
investment costs and 100% of the O&M 
costs through a land-improvement tax 
and volumetric water charges.

Water allocation and management

The original concept of irrigation in Morocco 
assumed relatively plentiful water, man-
aged at project level, and provided for con-
trolled cropping patterns, so that irrigation 
schedules could be set in relation to a 
known crop demand determined in advance 
by the government. This practice was aban-
doned in the 1980s, and farmers are now 
free to choose their own cropping patterns – 
generally increasing the potential demand. 
In parallel with this liberalization, water 
availability has declined significantly to 
schemes such as Tadla, and Morocco has 
adopted a policy of basin-level allocation of 
water among competing uses. Water man-
agement at scheme level is now based pri-
marily on a rationing system, with each 
farmer given an entitlement of water, which 
the farmer may use, but there is generally 
less water than the farmer would wish to 
receive. A national program launched in 
1993 aimed to increase the size of existing 
irrigation schemes and encourage more effi-
cient water use.

The Water Law

A major step in water policy was achieved 
through the Water Law that was passed in 
September 1995. This law establishes insti-
tutions and defines rules for the sustainable 
use of water resources. Seven financially 
autonomous River Basin Agencies were cre-
ated as a result of this law. The Agencies 
prepare a management plan for all water 
resources in their basin and implement it, 
deliver authorizations for any use of the 
public domain, and are responsible for the 
quantitative and qualitative monitoring of 
the resources.

Irrigation infrastructure and water 
distribution in the Tadla scheme

Water allocation at regional level and within 
the scheme

Among the nine large-scale irrigation 
schemes, the annual planned average water 
use is 5100 m3/ha, but varies between 3000 m3/
ha/year (Tafilalet and Ouarzazate) and 
7100 m3/ha/year. (Tadla) (Benjelloun Touimi, 
2002).

The amount that can be delivered to 
farmers depends on the water allocated to 
the scheme; this is decided each year at the 
level of the River Basin Agency. The amount 
to be released is calculated according to the 
projected inflows and available reserves in 
the two upstream dams; the amount released 
may be adjusted during the year depending 
on the actual rainfall. This release is shared 
between Tadla and other downstream irri-
gation schemes. As a result of the chronic 
droughts, irrigation expansion and the 
demand from other schemes, the allocation 
to Tadla is substantially less than the amount 
initially designed. In 2001–2002, only 27% 
of what was initially designed (710 Mm3) 
was delivered to the scheme (Fig. 11.1).

As a result, irrigation in Tadla faces a 
severe shortage of water and the distribu-
tion rules have been adapted to deal with a 
shortage situation. Now that demand largely 
exceeds supply, no demand- oriented man-
agement can be carried out, and water 
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 allocation among farmers is based on a 
rationing system.

Water distribution

While the total seasonal allocation to the 
farmer is fixed, the schedule of delivery and 
the amount of water delivered at each water 
turn are based on the crops. In case of unex-
pected water scarcity during the season, prior-
ity of water delivery is given to specific crops. 
Farmers cannot transfer unconsumed water to 
another turn, so most of them take all the water 
they can get at each turn. Actual management 
therefore is effectively quota-based.

The infrastructure was designed for a 
specific situation, namely the irrigation of 
an obligatory cropping pattern at the farm 
level, with crops organized in homogeneous 
blocks served by a common watercourse. 
The system was logical when cropping pat-
terns were enforced so that Plot A (Fig. 11.2: 
the tertiary channel is the bold line at the 
top; watercourses are indicated by the verti-
cal double lines) for each farm was under 
the same crop and could be provided with a 
water delivery schedule suited to that crop 
(Cornish and Perry, 2003). Known as the 
Trame B model, this system simplified water 
scheduling and management because each 
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Fig. 11.1. Annual releases from the Bin El Ouidane to the Beni Moussa scheme. (From ORMVAT, 2004.)
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watercourse was operated to serve a specific 
crop and its specific water requirements.

However, in the 1980s cropping pat-
terns were liberalized to enable water to be 
distributed on a farm basis rather than on a 
crop basis, with the result that the 30-year-
old design no longer corresponds to the cur-
rent management situation. However, the 
ORMVA management still issues clear ‘guid-
ance’ on feasible cropping plans prior to 
each season, based on the anticipated water 
availability per hectare, and the demand of 
individual crops (so that farmers opt for a 
larger area of less water – or a smaller area of 
more water-demanding crops).

Each farm has six plots, arranged horizon-
tally. The left-most watercourse first serves 
Farm 1 Plot A, followed by Farm 2 Plot A, 
through to Farm 5 Plot A. Irrigation then con-
tinues to Farm 1 Plot B on to Farm 5 Plot B, 
through Tertiary 2, and so on. In any given irri-
gation turn, a farmer would have to come back 
as many as six times to irrigate his farm. This 
operating pattern is matched by the design of 
the infrastructure, which has division struc-
tures at each level to ensure accurate provision 
of the proper discharge to each area.

In recent years, a provisional allocation 
has been established at the beginning of the 
irrigation season (September) and farmers are 
informed about it. During the year, the actual 
volume delivered to a farmer is calculated by 
multiplying the number of hours of his turn 
by the flow rate (generally 30 l/s). This ration-
ing provides a relatively transparent and 
equitable means of allocating water, ensuring 
that consumption of water is controlled.

In such a constrained system, the volu-
metric water fees paid by farmers (see section 
on Price paid by farmers) serve predomi-
nantly as a means of cost recovery.

Irrigation at scheme, farm and plot level

From the dam, water is conveyed by gravity 
through a system of concrete-lined channels, 
divided into a primary, secondary and ter-
tiary levels (see Table 11.1). At the tertiary 
level, channels are suspended on pillars and 
can carry 120 l/s before branching off into 
30 l/s earthen watercourse channels from 
which the farmers take water. At each branch-

ing point, there are modules à masque (step-
wise or baffle distributors), which provide 
supplies to offtaking channels, relatively 
independent from the upstream water level 
in the parent canal.

Field observations indicate that while 
individual modules can be adjusted to vari-
ous flow rates (30, 60 or 90 l/s), most are 
fixed at a particular rate, ensuring consistent 
patterns of delivery. Since the water demand 
schedule for the various crops is different, 
the watercourses are arranged to run at right 
angles to the ownership boundaries so that 
each watercourse can be operated to serve 
the needs of a specific crop (Fig. 11.2).

The most frequently used irrigation 
technique at field level is the traditional 
robta. A plot is divided into several small 
basins, each one of about 10 m2, irrigated via 
seguias (earthen watercourses) that convey 
water through the farms. The initial land-
levelling has been gradually degraded as a 
result of the agricultural practices and the 
manual digging of the irrigation basins and 
watercourses in the fields.

The ORMVAT estimates irrigation effi-
ciency (including internal conveyance) at 
farm level to be 50%; that is, only half of the 
delivered water is directly used by the crop. 
Taking distribution losses into account, the 
overall system efficiency is even lower, 
namely less than 45%. However, much of 
this wasted water is reused in the system: 
many drains are tapped through individual 
pumping, and the infiltrated water is the 
major inflow to the underlying aquifer, from 
which a large number of farmers pump water 
to complement surface supply. In a way, the 
fact that water tables are generally falling 
and large-scale waterlogging is not reported 
suggests that the estimated losses are already 

Table 11.1. Cumulated length of lined channels in 
the Tadla irrigation scheme. (From ORMVAT, 2004.)

Channel type Cumulated length (km)

Principal 200
Primary and secondary 360
Tertiary 1800
Total 2360
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being fully exploited through local reuse. 
This issue is important, given the claim that 
reducing losses may improve availability 
only if ‘losses’ are not already being recap-
tured, although this particular reuse is 
accompanied with a decrease in water qual-
ity (Seckler, 1996; Cornish and Perry, 2003).

Groundwater use

All the latest studies (Hammani et al., 2004) 
show that irrigation losses account for the 
major part of the inflow to the shallow aqui-
fer. In the 1980s, severe and repeated droughts 
led many farmers to invest in pumping devices; 
they were encouraged to do so by the state, 
which provided subsidies and technical sup-
port. Nowadays, about 10,000 wells are used 
in the schemes and approximately 40% of 
the farms have wells.

Most of the pumps are powered by diesel 
engines, with an average discharge of 10–15 l/s. 
Farmers generally use groundwater to supple-
ment surface water. As groundwater is gener-
ally more saline than surface water, conjunctive 
use at plot level may be necessary to avoid soil 
degradation and yield losses. However, farm-
ers are much more concerned with quantity 
issues, and these medium-term risks are out-
weighed by the demand to increase the present 
supply (Petitguyot, 2003).

There has been a regular decline in the 
level of the shallow aquifer for 20 years now, 
and there is no regulation to control with-
drawals of groundwater. As a result, many 
wells have dried up. Farmers who can afford 
new investments now deepen their wells or 
sink deeper tube wells (wells still represent 
89% of the total but 25% are non-functional). 
Whereas shallow resources are of bad quality 
and may only be used for agriculture, deep 
aquifers are exploited by urban and indus-
trial users, which will result in competition.

Institutions and governance

Water allocation in the river basin

According to the Water Law, River Basin 
Agencies (which are under the responsibil-
ity of the Ministry of Public Works) are in 

charge of developing and allocating water 
resources. Each year, the agencies and the 
basin’s stakeholders agree on a programme 
for water allocation. Urban and industrial 
needs have priority over the agriculture sec-
tor. In the Tadla area, water use for electric-
ity production has the lowest priority, and 
water for irrigation is released according to 
agricultural needs only.

Although farmers are represented on the 
agency board which sets up the annual pro-
gramme, their influence is negligible (2 
members out of 35 on the board) and only 
the ORMVA may interact with a significant 
power to negotiate agricultural allocation.

Organization of the ORMVAT

Morocco’s nine major irrigation systems are 
operated by ORMVAs, which are semi-
autonomous, regional public institutions 
under the responsibility of the Ministry of 
Agriculture. They are in charge of agricul-
tural development (in both the irrigated sec-
tor and the surrounding rain-fed areas), 
including irrigation design, O&M and fee 
collection. About 1000 people work at the 
ORMVA in Beni Mellal, which is respon-
sible for Tadla (400 on water management, 
300 on extension and agricultural develop-
ment, 300 on administrative tasks).

Pricing and cost recovery

The ORMVAs’ financial resources come 
from fees paid by users, particularly irriga-
tion water fees, and from state subsidies 
(investment subsidies and/or subsidies to 
balance operating budgets). An ORMVA 
accountant (who works for the Ministry of 
Finance) is responsible for supervising the 
collection of water fees. There are two forms 
of cost recovery:

● Recovery at source: This method applies 
to farmers who have production con-
tracts with agro-industrial units, such 
as sugar mills. Here, the mill pays the 
ORMVA any water fee due, before pay-
ing the farmer for his crop.

● Direct payment: Farmers are individu-
ally invoiced every quarter using a cus-
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tomer code, with invoices delivered by 
the aiguadier (ditch rider or water 
guard). Payment is due twice a year. 
Farmers incur penalties for late or non-
payment (after 1 month, suspension of 
supply; after 2 months, an 8% increase 
in the amount due; after 1 year, there 
should be a court action). In reality, the 
issue of non-payment is strongly related 
to land status, as farmers who share the 
same undivided property receive only 
one invoice and face difficulties with 
respect to the division of the bill. 
Instead of court action, water supply 
pipes to many farmers in this situation 
are disconnected from the network. It is 
worth noting that in Tadla, the rigorous 
management of non-payers (they are 
quickly disconnected) means that the 
level of invoice payment is very high 
(more than 90%).

Between 1995 and 1998, a novel system was 
introduced for water accounting by farmers. 
In pilot areas, each farmer received a water 
consumption ‘cheque book’. For each water 
turn, the farmer filled in a cheque for the 
ditch rider, and kept a copy for his own 
records. A part of the annual volume was 
allocated to each farmer for the season but 
the schedule of deliveries was variable, based 
on individual demand (within reason and 
subject to competing demands). The cheque 
book kept a running account of the total 
amount of water used. This approach was an 
innovative means of combining rationing 
with flexibility (the infrastructure allows for 
flexible delivery of the allocated quota), but 
proved difficult to manage during the severe 
drought of 1998. However, in 2002, this sys-
tem was reintroduced, and is used as an 
incentive for farmers who use modern irriga-
tion techniques and are able to irrigate a 
larger area per unit of water delivered.

Water user associations in the Tadla area

At the beginning of the 1990s, the govern-
ment decided to develop participatory irri-
gation management, giving farmers a greater 
role in irrigation management. In Tadla, 
farmers showed little interest in the incen-

tive offered to participate (i.e. a reduction in 
water fees), according to Papin (2003). 
Farmers also lack the historical experience 
in (organizing) irrigation that exists in other 
parts of the country. A law passed in 1990 
provided a legal basis for establishing water 
user associations (WUAs), with responsibil-
ity for managing irrigation at the tertiary 
level. Tadla has 29 registered WUAs (11 in 
Beni Amir and 18 in Beni Moussa), repre-
senting 41% of farmers in an area covering 
44,540 ha. However, most of these associa-
tions are not operational. A study carried 
out in 2001 (ENGREF, IAV Hassan II and_
CNEARC, Tadla, 2001, unpublished data) 
reported that only one WUA was active in 
Beni Moussa, and that this could be 
explained by a diversification of its activ-
ities to other sectors (road construction, 
basic education). The WUAs did not prove 
to be successful, and many farmers refused 
to pay the charges to finance a WUA. This 
could be seen as a compliment to the operation 
of the irrigation schemes by the ORMVA – 
the farmers found this satisfactory and did 
not see the need to add an additional layer 
of management.

Price, Costs and Returns to Water

Price paid by farmers

Surface water

Canal water fees are based on the Agricultural 
Investment Code of 1969 – a general law on 
agricultural water management, water pri-
cing and service fee recovery. The Code 
 provides a comprehensive cost recovery 
structure, including the full recovery of 
O&M costs (through water fees) and the 
partial (40%) recovery of capital costs 
(through the water fee), indexed over time 
to inflation. Water is charged on the basis of 
quantity received, which is metered in the 
case of pressurized systems and calculated 
on the basis of time and the nominal flow 
rate in the case of surface systems. Water 
fees can be increased, but the new fee must 
be approved by the Ministers of Public 
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Works, Agriculture, and Finance as well as 
by parliament.

Actual water charges in Morocco are 
rela tively high by international standards 
and charged according to the volume of 
water delivered (although payment for at 
least 3000 m3/ha is obligatory). In Tadla, the 
canal water fee in 2002 was $0.02/m3 ($1.00 
= MAD8.9). This was the lowest in Morocco 
because, unlike other areas, Tadla canal sys-
tems do not involve pump-lifts. In some 
regions, the rate is as high as $0.062/m3 (Ben 
Abderrazik, 2002). None the less, the canal 
water fee in Tadla has steadily increased over 
time, from $0.005/m3 in 1980, to $0.01/m3 in 
1987–1988, and to $0.015/m3 in 1992, but 
this is, of course, also partly the result of 
inflation (El Yacoubie and Belghiti, 2002). In 
regions where pumping is a significant part 
of operational costs,1 farmers do not pay the 
full O&M costs. Instead, these ORMVAs rely 
on an annual transfer of funds from the cen-
tral government in order to meet operational 
expenses, and farmers are not charged for 
capital costs.

Groundwater

The pumping of groundwater from wells is 
a private undertaking of the farmers. Well 
owners pay the full cost of development 
and O&M. The energy cost can be estimated 
according to the discharge of the pumps 
(generally 15 l/s). Various sources indicate 
an average of $0.03/m3 (Papin, 2003; 
Petitguyot, 2003; Le Grusse et al., 2004). 
The full cost of groundwater extraction (i.e. 
including energy costs, amortization and 
pump maintenance costs) is more difficult 
to estimate, as it depends on the actual util-
ization of the pump, the head and other 
parameters. According to the same sources, 
the total cost in Tadla is around $0.06/m3, 
with a high variability between farms. Some 
comments should be made about this value. 
First, it is not certain that farmers consider 
this total cost in their daily decisions 
whether to irrigate or not: investment costs 
are sunk costs and the marginal costs might 

be more relevant. Second, Le Grusse et al. 
(2004) note that many tube wells are shared 
by neighbouring farms, who may thus share 
the investment burden and reduce the total 
(and hence unit) cost. Also, compared to 
surface water, these costs integrate neither 
qualitative differences such as salinity 
(lower in canal water) nor an insurance 
value (groundwater protects farmers against 
network deficiencies in critical growing 
stages) that may greatly influence farmers’ 
choice.

Groundwater is generally regarded by 
farmers as a supplementary resource to be 
used in the case of a deficit. The gap between 
the groundwater and surface water tariffs is 
not much wide and an increase in surface 
water tariffs might trigger the exploitation 
of groundwater.

Costs of water delivery

The costs incurred by the supplier in the 
provision of irrigation water services in 
Tadla are summarized in Tables 11.2 and 
11.3. Annual O&M costs are $11.5 million 
(for an area of 92,000 ha), which is $125/ha/
year. Annual total costs are $13.5 million, 
which is $147/ha/year including depreci-
ation on capital. This relatively small dif-
ference between the O&M and the full costs 
is because Tadla is an old project – the first 
large irrigation project to be built in Morocco 
– and was (in current prices) therefore com-
paratively cheap at the time of construc-
tion. It requires, however, more maintenance. 
For a water delivery of 7400 m3/ha, O&M 
costs are $0.017/m3 and full costs are 
$0.02/m3.

Official statistics indicate that current 
water charges cover more than the O&M 
costs (Table 11.4), which is consistent with 
the estimated farm payment for water 
($145–155/ha). If full water fee collection 
is achieved – i.e. if all users pay their bills 
in Tadla – more than 100% of the O&M 
expenditures are covered. The data indi-
cate that system delivery losses (between 
diversion and delivery to farmers) are rela-
tively low.

1 Electricity is charged to ORMVAs at 20% below the 
commercial rate – around $0.08/kWh.
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Returns to water

Agricultural production in Tadla consists pre-
dominantly of cereals (mainly wheat), sugar-
beet, fodder and olive trees (Table 11.5).

A consistent analytical framework was 
applied to assess the returns to water for the 
typical cropping patterns observed for vari-
ous farm sizes. The returns to water are calcu-
lated as the value of production, net of input 
costs, divided by the volume of irrigation 

Table 11.4. ORMVAT budget and expenditures (in $). (From ORMVAT, 2004.)

Year 1996–1997 1997–1998 1998–1999

Provisional budget 11,954,205 10,493,814 10,218,438
Actual expenditure on operations 10,355,227 9,089,175 9,040,417
Pumping costs 161,250 135,361 138,854
Maintenance 58,182 100,206 86,563
Personnel 6,325,682 5,567,629 5,584,896
Costs of other operations 3,810,227 3,286,082 3,230,104
Actual expenditure on new investment 901,136 2,342,474 2,401,667
Total actual expenditure 11,256,364 11,431,649 11,442,083
Income (recovery from fees) 13,322,500 12,264,948 14,293,125

Table 11. 5. Area irrigated by crop in Tadla 
(5-year average 1998–2003). (From Petitguyot, 
2003.)

Crop Area (ha) %

Cereals 46,000 39
Sugarbeet 13,800 12
Fodder 25,000 21
Olive 16,800 14
Citrus 8,100 7
Vegetables 8,500 7

Table 11.2. Annual O&M costs including labour (without capital depreciation) in $ million. (From 
ORMVAT, 2004.)

   Dept. of Agriculture
 Dept. of Irrigation  Dept. of Development and
 and Drainage Construction Extension Total

 Amount % Amount % Amount % Amount %

Direct costs 4.1 70 0.5 68 3.3 69 8.0 69
Indirect costs 1.8 30 0.2 32 1.5 31 3.5 31
Total costs 5.9 100 0.8 100 4.8 100 11.5 100

Table 11.3. Annual total costs (with capital depreciation) in $ million. (From ORMVAT, 2004.)

   Dept. of Agriculture
 Dept. of Irrigation  Dept. of Development and
 and Drainage Construction Extension Total

 Amount % Amount % Amount % Amount %

Direct costs 5.4 71 0.6 69 3.5 70 9.5 71
Indirect costs 2.2 29 0.3 31 1.5 30 4.0 29
Total costs 7.6 100 0.9 100 5.0 100 13.5 100
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water used. The appendix shows the results 
of a farm survey for three farms in Tadla, 
ranging in size from 4.8 to 7.7 ha. The first 
three tables show farm income assuming that 
irrigation is fully from canal water, while the 
last three tables show farm income assuming 
that irrigation is fully from groundwater. In 
fact, however, most farms use a mixture of 
sources. The exact mix could not be accur-
ately assessed, so the calculations estimate 
the extreme cases.

The main crops grown on these farms 
include wheat (including seed multiplica-
tion), fodder crops (lucerne, berseem) and 
olives. The returns to wheat and broad bean 
are relatively high compared to the returns to 
lucerne, which may be explained by the rela-
tively low price of lucerne, as it is often used 
as fodder for livestock. The appendix shows 
that the net return to water is about $0.10/m3.

The key data for this study, summarized 
in Table 11.6, are gross income per hectare, 
net income (before water charges) and the 
proportion of net income (before deduction 
of water charges) accounted for by water 
charges. It is important to note that agricul-
tural income given in Table 11.6 relates to 
crop production only.

These data indicate that farmers in 
Tadla spend a substantial proportion of their 
net income (10–23%) on canal irrigation ser-
vices and even more (20–49%) if they irri-
gate entirely with groundwater. These results 
should be considered with care as they do 
not represent the high variability of produc-
tion systems in Tadla. They are, however, 
consistent with other results found by 
Petitguyot (2003).

Discussion of price, costs and returns 
to water

The O&M cost of water delivered at the field 
in Tadla is $0.017/m3, while the full cost is 
$0.02/m3. The current volumetric canal 
water fee is high ($0.02/m3) compared to 
other similar case studies and covers the 
O&M costs. The marginal cost of groundwa-
ter is $0.03/m3. The costs of canal and ground-
water are, however, less than the return to 
irrigation water ($0.1/m3). As farmers spend 
a substantial proportion of their income on 
canal water, it is likely that current prices 
discourage wastage and give an incentive to 
concentrate usage on product ive crops. It is, 
however, not likely that it will balance water 
supply and demand.

Possible Impact of Policy Options

Groundwater

As far as groundwater is concerned, the 
principle of state ownership of water has 
been in place since 1914. To stabilize 
groundwater extraction, the sustainable 
aquifer yield and the demand for ground-
water need to be balanced. However, there 
are currently no defined entitlements for 
the use of groundwater. There is a restric-
tion on the pumping of groundwater (i.e. 
no deeper than 40 m below the soil sur-
face), although in practice this is rarely 
enforced and is therefore no effective pol-
icy instrument. The majority of farmers 

Table 11.6. Summary data for Tadla. (From Hellegers and Perry, 2004.)

Farm 1 2 3

Size (ha) 4.8 6.0 7.7
Gross income ($/ha) 1453 1971 996
Net income before water charges 
 ($/ha) 901 1470 612
Water charge if 100% canal ($/ha)a 156 (17) 145 (10) 145 (23)
 
Water charge if 100% well ($/ha)a 320 (35) 297 (20) 298 (49)

aValues within parentheses indicate % of net income.
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install wells without obtaining the required 
authorization.

An alternative policy instrument aimed 
at limiting groundwater extraction is cur-
rently being drawn up. Under the Water 
Law, the River Basin Agency is empowered 
to impose a tax on each volume of water 
extracted from individual wells (‘consumer 
pays’ principle). The administrative costs 
and technical complexity of charging for 
extraction on the basis of the number of 
pumping hours – as currently proposed by 
the government – would be high, and will 
not guarantee a reduction in usage (although 
the implied increase in the unit price of 
water will provide some incentive to reduce 
usage there is no assurance that sustainable 
supply and demand will be properly bal-
anced). Given the problems with the enforce-
ment of existing regulations on the installation 
and operation of pumps, it is not certain 
whether hours pumped will be easy to mea-
sure and used as an instrument for demand 
management. It is likely that bribery would 
increase and meters would be tampered 
with.

Canal water

The volumetric canal water charge will not 
reduce water consumption substantially as 
the level of the charge is only 20% of the 
returns to water. Rationing eventually gov-
erns demand. The present system of charg-
ing for canal water would not, in the absence 
of rationing, achieve a balance between sup-
ply and demand. A considerable increase in 
the price of water would be needed to bal-
ance the supply of, and the demand for, canal 
water. However, such an increase would lead 
to a significant fall in the returns to agricul-
ture and increased migration to cities.

An additional threat posed by increas-
ing canal water fees is that such an increase 
is likely to lead to the increased exploita-
tion of groundwater. Moreover, although the 
recovery of charges is exceptionally high in 
Tadla, and further increases in canal water 
fees might reduce the rate of recovery, as 
has occurred in many other schemes in 

Morocco, where water fees have increased 
but not the total income of the water 
manager.

Further, a substantial increase in 
charges is likely to lead to a decrease in the 
rate of recovery, as suggested by El Gueddari 
(2002), who shows that in Morocco the rise 
in fees up to the O&M cost level has been 
paralleled by a decline of fee recovery from 
over 70% down to 55%. In Tadla, recovery 
is extremely high because of the strict appli-
cation of the disconnection procedure in 
case of non-payment but a total of 8% of the 
farms are nevertheless reported to have been 
disconnected and only survive on ground-
water (Petitguyot, 2003).

Rationing is therefore a more suitable 
instrument to govern demand and to foster 
the productive use of water.

A particular difficulty with volumetric 
water charges is that they do not ensure 
appropriate cost revenue levels for the scheme 
manager. In a dry year, there will be limited 
water to sell, and revenues will fall propor-
tionately. In a year of high rainfall, demand 
for irrigation water will be limited, leading to 
revenue shortfalls. A two-part tariff (a fixed 
and a volumetric tariff) provides additional 
security of revenues to the manager.

In summary, Tadla has a technically 
sophisticated surface irrigation system capa-
ble of delivering differentiated irrigation 
schedules to individual farmers, but simple 
quota-based rationing is the basis for con-
straining demand. Volumetric water charges 
are only used to achieve cost recovery. It 
should be noted that to overcome scarcity of 
surface water, many farmers have invested 
in private tube wells, and that the unit price 
of this water is more than double that of the 
supplied surface water. Any increase in 
water tariff should be considered relative to 
the impact on this complementary resource, 
the use of which is not regulated.

Synthesis

The availability of water is, and will con-
tinue to be, the key factor constraining agri-
cultural production in Tadla. Deteriorating 
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water quality increases this concern. The 
scarcity of canal water and the significant 
exploitation of groundwater in dry years 
have led to the identification of several pol-
icy objectives, e.g. to reduce overall water 
consumption in agriculture, to increase the 
productivity of water, to balance the supply 
of, and demand for, groundwater, to avoid 
soil and water salinization and to provide a 
sustainable water service through better 
maintenance and cost recovery. The main 
aim of this chapter was to study the poten-
tial role of pricing policy in meeting these 
objectives.

The volumetric canal water fees cur-
rently charged in Tadla ($0.02/m3) cover the 
O&M costs, but are only about one-fifth of 
the estimated return to water ($0.1/m3). 
Such fees will not reduce water consump-
tion, as supply is rationed through quotas at 
levels well under crop requirements and 
which preclude significant savings.

Balancing supply and demand through 
volumetric charges would require a very 
considerable increase in the price of water. 
This is not desirable for two reasons: an 
increase in the price of canal water would 
significantly reduce farm incomes, and 
such an increase could trigger an increase 

in the use of groundwater. Rationing, 
which is already used in Tadla, seems the 
most suitable instrument to govern demand 
for canal water, and has the additional 
benefits of low transaction costs, equity 
and transparency.

Under the current system in Morocco, 
the regional ORMVAT is responsible for the 
distribution and allocation of water from 
the principal canal down to individual 
farms, and for maintaining the system. The 
ORMVAT also collects water fees and plays 
a role in planning cropping patterns and 
providing agronomic advice.

Thus, Morocco is already using very 
suitable instruments – namely rationing 
and some volumetric charging – to govern 
the demand for canal water and to recover 
O&M costs. However, attention needs to be 
paid to policies to control groundwater use 
in an effective way.
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12 Water Pricing Policies and Recent 
Reforms in China: The Conflict between 
Conservation and Other Policy Goals*

B. Lohmar, Q. Huang, B. Lei and Z. Gao

Introduction

In response to growing awareness of water 
shortages and associated problems, China 
is debating and establishing a variety of 
policies to encourage water conservation. 
Among the policies under consideration is 
water price reform. Until recently, water in 
China was viewed as an easily accessible 
resource that could be harnessed to boost 
industrial and agricultural production. 
Thus, water prices were low, if they existed 
at all. While water shortages have been 
acknowledged since the early 1980s and 
local measures to conserve water were 
established in some areas, it was not until 
the late 1990s that China embarked on a 
concerted effort at the national level to pro-
mote water conservation and improve the 
overall productivity of China’s relatively 
scarce water resources. In principle, the 
ultimate goal of water pricing is not only to 
generate funds to maintain and improve 
water delivery systems, but also to conserve 
water so that it can be allocated to areas 
where society places a higher value on it. 

Such areas may be the environment, other 
sectors of the economy or future water 
users. Devising mechanisms for doing so, 
however, is not easy and is rarely achieved. 
In many areas of the world, including 
China, water fees are often insufficient to 
fund operations and maintenance, let alone 
encourage conservation.

The realization of the need for stricter 
water conservation and higher water prices, 
however, comes at a time when one of the 
primary policy goals for China is increasing 
rural incomes. This creates a fundamental 
conflict facing water policy makers: encour-
aging water conservation while reducing 
the effect that higher water fees and lower 
water deliveries have on farm incomes. 
While this conflict has hindered attempts to 
increase water prices, it has caused China to 
search for creative ways to encourage con-
servation without adversely affecting 
incomes – in some cases even leading to an 
increase in incomes. However, there are 
other issues that reduce the effectiveness of 
increases in water fees to promote water 
conservation such as a general lack of farm-
level volumetric measuring for surface 
water deliveries and rigid water delivery 
mechanisms that limit farmers’ capacity to 
adapt to reduce the burden of higher water 
charges.

* The statements made in this chapter are those of the 
authors and do not refl ect the views of the US 
 Department of Agriculture or the China Ministry of 
Water Resources.
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In this chapter we provide an overview 
and synthesis of China’s irrigation water pri-
cing policies. We review the history of China’s 
agricultural water policies to provide a con-
text and background for discussion of current 
policy issues. We also describe how agricul-
tural water prices are determined, applied 
and collected. We conclude by discussing a 
series of issues that confound further reform 
and the effectiveness of pricing policies in 
promoting water conservation and farmers’ 
capacity to adapt to higher water prices.

The findings and observations in this 
chapter are based on extensive fieldwork on 
irrigation management practices carried out 
by the authors over the past several years. 
Collectively, the authors have interviewed 
hundreds of farm households, village offi-
cials and local irrigation managers. These 
interviews mostly took place in the more 
water-scarce areas of northern China, but 
parts of southern China are also represented. 
In addition, China is a large and diverse coun-
try, and agricultural practices vary widely. 
Thus, we try to convey this variation in prac-
tices, but cannot always provide estimates of 
the extent to which any given practice is 
more, or less, common than the others.

Irrigation Policy in China: Background

Agriculture was critical to the development 
plans of China’s new leaders in 1949. 
Agriculture not only provided employment 
for roughly 80% of the labour force in China 
at the time, but agricultural goods were also 
among the few products that China could 
export to earn hard currency to invest in 
industrial capital. Moreover, increasing 
agricultural production allowed China to 
provide inexpensive food to urban indus-
trial workers and facilitate industrial 
development.

Because of the desire to develop quickly, 
policies adopted in the socialist period 
between 1949 and the late 1970s sought to 
harness China’s water resources to boost 
agricultural and industrial production with-
out regard to the opportunity costs of the 
water. During this period, irrigated area 

expanded rapidly as the command area 
for existing irrigation districts (IDs) was 
expanded and new districts were estab-
lished. The People’s Communes, or collect-
ive groups under the communes such as 
Production Brigades, organized much of the 
expansion of surface water infrastructure 
during this period. The projects were often 
short on capital and were completed by 
mobilizing large amounts of collectively 
managed labour. In addition to surface water 
IDs, local officials increasingly tapped 
groundwater aquifers with the adoption of 
electric pumps, particularly in areas of 
northern China such as the Hai river basin. 
The number of tube wells in China grew 
from 150,000 in 1965 to more than 2.3 mil-
lion by the late 1970s (Shi, 2000). Because 
of the collective nature of the irrigation 
assets and the intent to boost agricultural 
production without regard to costs, the 
water channelled to agricultural fields 
(which were also farmed collectively during 
this period) was delivered without charging 
any fees. For groundwater, the communal 
entities that established the wells would 
pay the cost of electricity, but prices were 
also set below the actual cost of producing 
and delivering electricity.

In the late 1970s and early 1980s, China’s 
agricultural policy underwent a major trans-
formation with the adoption of policies 
together referred to as the Household 
Responsibility System (HRS). Instead of 
farming land collectively, local leaders allo-
cated each farm household individual plots 
of land to farm by themselves. In return, 
farm households were obligated to (or 
‘respon sible’ for, hence the name) deliver-
ing a fixed quota of grain to the state-owned 
Grain Bureaus at a predetermined, but gen-
erally below-the-market, price. This system 
not only restored households as the primary 
production unit in agriculture but also 
ended the collective institutions that for-
merly built, managed and maintained much 
of China’s irrigation infrastructure.

However, by restoring the household as 
the primary production unit and allowing 
them to earn profits on their production, 
households became responsible for purchas-
ing their own agricultural inputs. Thus, water 
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fees were introduced for households with 
irrigated land. The fees were set by the local 
Price Bureaus in accordance with guidelines 
set out by the national Price Bureau. While 
prices in water-scarce northern China were 
higher than in water-abundant southern 
China, these bureaucratically set prices still 
served to subsidize irrigation water (Lohmar 
et al., 2003; Tsur et al., 2004, Chapter 8). 
Irrigation water fees in this period were gen-
erally below the costs of recovery, storage and 
delivery of the water, not to mention the 
opportunity cost of the water in other uses. 
The operating costs of IDs are often high due 
to payroll and other obligations. Moreover, a 
lack of incentives to provide services (which, 
in part, arises from low water prices) gener-
ally led to poor irrigation delivery services 
and subsequent inadequate water fee remis-
sions, exacerbating the problem of cost recov-
ery. In some IDs, managers resorted to 
establishing the so-called multibusiness 
enterprises (such as fish farming or tourism 
enterprises) using ID assets to maintain pay-
rolls (Lohmar et al., 2003; Easter and Liu, 
2005).

Despite the shortcomings of the system 
with regard to efficiency of pricing and cost 
recovery, it is important to note that a sys-
tem of pricing with the intent to generate 
self-financing IDs was established in China 
after the reforms in the early 1980s. This sys-
tem served as a base for subsequent reforms, 

and differs from some systems in other parts 
of Asia where irrigation is funded directly 
through government departments.

Before long, the policies that actively 
sought to harness water resources appeared 
to be reaching and surpassing availability 
constraints as signs of acute water shortages 
began to occur with increasing frequency. 
Water use growth doubled during the period 
1949–1951, then doubled again between 
1950 and 1980. After 1980, China’s total 
water use growth slowed, and grew from 
around 4.4 Bm3 to around 5.4 Bm3 (Fig. 12.1). 
Moreover, water allocated to irrigation actu-
ally decreased from 1980 to 2004, primarily 
within the last 5 years, with water allocated 
to industry and domestic use driving the 
growth in water consumption over the period 
1980–2004. Water in important river basins, 
notably the Yellow and Hai river basins, was 
increasingly used up entirely before reach-
ing the ocean. In part because of the overex-
ploitation of surface water, the exploitation 
of groundwater accelerated. By the 1990s, in 
some areas, the groundwater table was fall-
ing by over 2 m a year (Lohmar et al., 2003).

To address the situation of tighter water 
supplies available for agriculture, the national 
government embarked on a series of water pol-
icy reforms to encourage water conservation in 
the 1990s. Since agriculture is still by far the 
largest user of water, these reforms generally 
targeted agriculture. Reforms were established 

Fig. 12.1. Structural changes in China’s water use, 1951–2004 (in Bm3).
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at all levels of the water delivery system includ-
ing river basin management reforms, ID man-
agement reforms, regulations on groundwater 
withdrawals, and village- and household-level 
incentives to adopt water-saving conveyance 
and delivery technologies (Lohmar et al., 2003; 
Wang et al., 2004).

Two factors that confound sound water 
resource policy making are a lack of clear 
jurisdictional control over water policy 
and a lack of sufficient property rights to 
water for users to benefit from using it 
more efficiently. In China, water is owned 
by the state, with the very limited excep-
tion of water in some local ponds and 
delivery systems owned by the local col-
lectives that built them. The primary state 
agency charged with managing the state’s 
water is the Ministry of Water Resources 
(MWR) and its provincial counterparts. 
However, several other agencies have some 
jurisdiction over water resources such as 
the Urban Construction Bureaus (access-
ing and delivering mostly groundwater for 
urban consumers), the Ministry of Land 
and Resources (measurement and evalu-
ation of groundwater resources), the Price 
Bureaus (determining pricing guidelines) 
and others. The MWR administers the 
state’s agricultural water resources through 
a system of IDs and withdrawal permits, 
which, in principle, cover all water diver-
sions including those from groundwater. 
Each ID is given the right to withdraw a 
fixed amount of water from a surface 
source (river, reservoir or aquifer) and dis-
tribute this water to irrigators in their dis-
trict. IDs are given substantial leeway to 
determine how to distribute the water allo-
cated to them, but neither an ID nor the 
MWR has the right to determine water 
prices, which is done at the Price Bureaus. 
The disjointed nature of the right to deter-
mine price versus the right to determine 
delivery schedules results in poor incen-
tives for the MWR to monitor withdrawals 
from surface sources into IDs, and to mon-
itor local users’ withdrawals from the irri-
gation system under the existing permit 
system. Groundwater is also owned by the 
state but, in practice, the villages that sit 
on top of the aquifers have de facto rights 

to the water. These are the most unencum-
bered water rights and, because of this, 
ground water managers and users face 
stronger incentives to use water more effi-
ciently, although the price is  generally 
below its actual value in agriculture.1

How Water Is Priced in Agriculture

A variety of agencies, policies and local insti-
tutions affect agricultural water pricing in 
China. Water pricing differs by whether the 
water is diverted from a surface water system 
or pumped up from a groundwater aquifer. 
In addition, local policies and institutions 
also affect water pricing since many areas 
have established mechanisms to improve 
services, water fee collection or both.

Surface water

The most common form of irrigation water 
in China is surface water, which is generally 
less expensive than groundwater. As is well 
known, China has a history of surface water 
irrigation systems that dates back several 
thousand years. On top of this, China has 
greatly expanded surface water irrigation, 
and improved ageing systems in the years 
since 1949. Volumetric pricing for surface 
water at the village level began in the 1980s 
and prices have increased somewhat since 
that time, but to date volumetric pricing at 
below the village level is very uncommon. 
Prices for surface water vary substantially 
by locality, ranging from 0.01–0.05 
Renminbi(RMB)/m3 in the south to 0.05–
0.15 RMB/m3 in the north, and these have 
been rising over the past two decades and 
will likely continue to rise.2 However, 

1 In cases where the groundwater table is very deep, the 
costs of pumping can be greater than its value when 
used to irrigate wheat. In these cases, farmers may 
forgo wheat production, rely on rainfall for wheat pro-
duction, or invest in cash crop production in combin-
ation with a more effi cient irrigation delivery system.

2 One RMB is equal to about $0.12 at current 
 exchange rates.

Molle & Berkoff_Chap 12.indd   280Molle & Berkoff_Chap 12.indd   280 9/12/2007   8:28:53 AM9/12/2007   8:28:53 AM



 Water Pricing in China 281

because farmers and sometimes village 
water managers can often neither choose 
when their irrigation water is delivered nor 
decide how much they receive, surface 
water management policies confound efforts 
by farmers or local leaders to respond and 
adapt to price changes. Moreover, add itional 
pumping costs and voluntary labour require-
ments may increase the actual costs of the 
water as well (Webber et al., 2006).

Surface water irrigation in China is 
delivered by IDs that vary significantly in 
size and management. Currently, there are 
402 large IDs in China that have command 
areas exceeding 20,000 ha. Within larger dis-
tricts, there is generally an array of smaller 
reservoirs and farm ponds to store water 
closer to irrigated areas. In addition, there 
are over 5000 ‘medium sized’ IDs in China 
with command areas between 667 and 
20,000 ha. Most of China’s irrigated area, 
however, is serviced by the hundreds of 
thousands of small IDs, with a command 
area less than 667 ha and they service roughly 
half (55.3%) of China’s irrigated land. These 
smaller IDs interact with local villages and 
are sometimes owned by a village or town-
ship. Larger IDs are generally segmented into 
smaller sub-districts that interact with the 
villages in their command area.

Traditionally, collection of surface 
water fees at the farm level is managed by 
the village, sometimes referred to as the col-
lective. Every village has a person assigned 
as the primary water manager.3 That person 
may be either a member of the village gov-
ernment itself or someone selected from 
outside the government to manage the irri-
gation deliveries and fee collection in return 
for a small stipend. Either way, the water 
manager is often in charge of informing 
farmers of water deliveries by the ID, particu-
larly in more water-scarce areas in northern 
China. Sometimes, the irrigation manager 
interacts with the ID to arrange for timely 
deliveries as well.

Surface water prices in China are largely 
determined by bureaucratic decree rather 
than by any market mechanisms. The pri-
mary agency responsible for determining 
water prices is the Price Bureau, which sets 
national guidelines and is guided not only 
by the demand for water in the specific sec-
tor in question but also by general economic 
and political considerations. Water price 
guidelines established by the Price Bureaus 
differ according to the user of the water, 
with industrial users paying a higher price 
than agricultural water users.4 Local Price 
Bureau offices then determine pricing 
guidelines for their local users, based on the 
national guidelines, and usually work with 
the relevant ministries (such as the provin-
cial MWR office) in determining the local 
pricing guidelines.

Once water pricing guidelines are estab-
lished and forwarded to the local ID, it 
determines how to price its deliveries. 
Local practices vary and in some areas the 
ID delivers water to villages at certain times 
throughout the irrigation season without 
carefully measuring the quantity. In return, 
the village is expected to remit to the ID a 
water fee assessed per mu of irrigated land.5 
In the past, this fee was often bundled with 
other fees and paid once or twice a year, 
and sometimes even paid in kind when 
farmers deliver their grain quota obliga-
tions. When this happens, farmers may not 
even know how much they pay for water 
because the water fee is bundled together 
with other payments (see Chapter 7, this 
volume, for a similar situation in Vietnam). 
However, since grain quotas are far less 
pervasive today than in the past, water fees 
are generally paid in cash. Recent policy 
initiatives also discourage the bundling of 
fees so that water fees are increasingly paid 

3 In larger villages, managers may interact with a 
group of subordinate water managers representing 
subgroups of households in the village.

4 Within industry and within agriculture water prices 
can vary. Often water used as coolant for electricity 
generating plants is priced lower than water for other 
industrial uses, and sometimes even lower than for 
agriculture. Within agriculture, farmers growing 
cash crops may pay more for water than those grow-
ing grain.

5 A mu is a Chinese unit of land area equivalent to 
1/15th of a hectare.

Molle & Berkoff_Chap 12.indd   281Molle & Berkoff_Chap 12.indd   281 9/12/2007   8:28:54 AM9/12/2007   8:28:54 AM



282 B. Lohmar et al. 

independently of other local taxes and fees, 
which are being phased out (Gale et al., 
2005). When the water fees are collected 
independently, the village irrigation man-
ager who coordinates deliveries typically 
collects the fee payments as well.

In addition to paying a per-mu fee for 
irrigated land, farm households also contrib-
ute labour to maintain and construct new 
irrigation infrastructure. This ‘volunteer’ 
labour contribution is a carry-over from the 
collective period when most rural infra-
structure was constructed using teams of 
collectively managed labour under the com-
munes and the communal subunits. Indeed, 
farmer labour during and after the collective 
period, coupled with investments made by 
collective contributions, largely built and 
maintained surface water infrastructure, giv-
ing farmers a sense of ownership and a nat-
ural stake in how these assets are managed.

IDs generally measure water flows at 
some point (usually at the branch or lateral 
canal) in the delivery process, and it is not 
uncommon that the volume of water deliv-
ered to a village is measured. In this case, it 
is possible to introduce some volumetric 
water charge at the village level. When irriga-
tion deliveries are volumetric at the village 
level, many villages split the charges into 
two components: a fixed component gener-
ally intended to maintain the delivery sys-
tem and a volumetric component intended 
to cover the operations and management 
costs of the ID. With the volumetric compo-
nent, villages can find ways to reduce their 
water use and save money, giving them an 
incentive to conserve water. However, a limi-
tation on this incentive is that it occurs pri-
marily at the village level since even the 
village volumetric charge is typically divided 
into charges to individual households 
according to their irrigated land size rather 
than according to some measure of their 
water use. Thus, either the village leadership 
must initiate conservation practices or the 
individual farm households must organize to 
collectively establish conservation practices. 
Given the lack of incentives faced by the vil-
lage leadership (they do not gain from reduc-
ing water charges) and the costs of organizing 
a collective effort, the incentives to establish 

water conservation practices under this sys-
tem are not particularly strong.

Village payments for irrigation water do 
not go to the ID directly, but instead to the 
next higher level of the Water Resource 
Offices affiliated to the Ministry of Water 
Resources. IDs are under the authority of 
the Water Resource Office in the jurisdic-
tional level that encompasses the entire 
command area of the ID. Smaller IDs may be 
under the authority of the township-level 
Water Resource Office, or the county-level 
office, and larger ones may be under the 
prefecture or even the provincial office. 
Payment made by farmers and collected by 
the village for irrigation water deliveries 
goes through these levels of bureaucracy 
before being remitted to the ID that deliv-
ered the water. In general, each level of 
bureaucracy will charge a fee for the service 
of handling these payments, further redu-
cing the amount ultimately remitted to the 
ID. Moreover, the fees retained by the vari-
ous levels of bureaucracy are typically tied 
to the amount collected, which in turn is 
often tied, to some degree, to the amount of 
water delivered to villages. This results in 
an incentive for local Water Resource Offices 
to maintain or increase water deliveries 
rather than an incentive to promote conser-
vation. These water fee remittance practices 
may also serve to generate resistance to 
reform by local governments.

The system of pricing and fee payment 
outlined above leads to a number of ineffi-
cient practices and consequent problems. A pri-
mary problem is the low water price set 
under the Price Bureau guidelines. Low 
prices are a problem not only because they 
provide poor incentives to conserve water 
but also because the revenue received under 
these low prices are often insufficient to 
maintain delivery infrastructure (Lin, 2003). 
Because of low prices and poor infrastruc-
ture, IDs face few incentives to put energy 
into delivering the water in a timely manner. 
This leads to poor and untimely water deliv-
eries that can reduce the value of water in 
agriculture (MWR, 2006). The poor delivery 
services then result in farmers refusing to 
pay their water fees, which exacerbates the 
problem of low-income generation for IDs.

Molle & Berkoff_Chap 12.indd   282Molle & Berkoff_Chap 12.indd   282 9/12/2007   8:28:54 AM9/12/2007   8:28:54 AM



 Water Pricing in China 283

To address these problems, China has 
begun to establish various types of irrigation 
management reforms. The goal of these man-
agement reforms is to improve water fee col-
lection, water delivery services and ID fee 
remissions and, in some cases, to reduce 
water allocated to farmers. These reforms are 
most common in larger IDs in water-scarce 
areas of northern China, where the discon-
nection between irrigators and water deliv-
ery decisions and also directives to save 
water are greatest. Reforms take a variety of 
different arrangements, but generally they 
try to turn over management of local irriga-
tion assets to individuals or groups that have 
a stronger incentive to provide services and 
collect fees. Moreover, the fees collected by 
these agents are remitted directly to the ID. 
For larger districts, they are remitted to com-
panies established by the ID to manage deliv-
eries in sectors of the district. These reforms 
can also be effective at reducing water appli-
cations when managers can earn income by 
reducing the water they deliver to irrigators.

Water user associations

The establishment of Water User Associations 
(WUAs) is a major movement to improve irri-
gation management in China. Originally pro-
moted by the World Bank in the mid-1990s, in 
many respects, WUAs are similar to some of 
the progressive irrigation management insti-
tutions that already existed in China. 
Theoretically, a WUA is a farmer-based, par-
ticipatory organization set up to manage the 
village’s irrigation water. The idea is that farm-
ers come together to elect a board to manage 
irrigation water issues such as fee collection, 
scheduling deliveries and negotiating volu-
metric pricing with the ID. In larger IDs, Water 
Supply Companies (WSCs) are established by 
the ID to sell volumetric water deliveries to 
the WUAs in their command area and also 
occasionally to other users. This management 
structure is very similar to the institutions in 
some IDs where the ID has established smaller-
scale management groups to sell water volu-
metrically to local villages. In addition, under 
WUAs, water resource fee remission circum-
vents the local Water Resource Offices, 
increasing the actual amount received by the 

ID. By the early 2000s, more than 500 World 
Bank-sponsored WUAs and over 40 WSCs 
had been established in China, and roughly 
1500 WUAs established outside World Bank-
sponsored projects (Lin, 2003). The number 
of WUAs has almost certainly increased since 
Lin’s study.

The motivation behind promoting 
WUAs is generally to improve services and 
fee remissions to the ID rather than promot-
ing water conservation at the farm level. 
The idea is that farmers will have a greater 
stake in the system and, therefore, will be 
more willing to invest in water-saving con-
veyance infrastructure and remit water fees 
in return for improved irrigation services. 
Theoretically, it is only by way of increasing 
the potential for collective action, via regu-
lar WUA meetings, that the WUA may serve 
to promote water conservation. In addition, 
it is at the collective meetings that the irri-
gators discuss the amount of water they 
want to purchase from the WSC and how 
much it would cost. These discussions may 
also encourage farmers to reduce water use 
at the farm level and cut costs.

In practice, WUA management varies 
considerably and many, perhaps most, are 
not participatory. Indeed, the leadership of 
WUAs sometimes does not differ signifi-
cantly from the village leadership. In a recent 
survey of WUAs, primarily in Ningxia prov-
ince, Wang et al. (2004) found that the gov-
erning board for 70% of the WUAs surveyed 
was the village leadership itself, and of the 
30% where the leadership appointed a man-
ager, one half of the managers were former 
village leaders. Other researchers found sim-
ilar close relationships between the village 
and the WUA leaderships (Gao and Li, 2002; 
Mollinga et al., 2005). However, there are 
also indications that some WUAs allow for 
more participation via direct elections, etc. 
(Lin, 2003; Lohmar et al., 2003; Easter and 
Liu, 2005). In a recent survey of village lead-
ers throughout northern China, roughly half 
reported that WUA leadership was elected 
by villagers in areas with WUAs.6

6 Unpublished results from the 2004 China Water Institu-
tions and Management survey by the Center for Chinese 
Agricultural Policy, Chinese Academy of Sciences.
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WUAs, whether participatory or not, 
may still be effective in improving water 
management, fee remission and promoting 
water conservation. Wang et al. (2004) argue 
that it is the incentives of the water manager 
appointed by the WUA that matter for a 
WUA to be successful. Under this criterion, 
managers appointed by the village govern-
ment may effectively improve water manage-
ment and fee remissions, and reduce water 
use when they have the right set of incen-
tives to do so, regardless of whether they are 
selected by farmers or not. Initial evidence 
presented by the authors indicates that farm-
ers’ participation is not an important factor 
in a WUA’s capacity to reduce water use and 
maintain yields. However, since nearly all 
the WUAs in the study are newly established, 
these results may be only short-term effects. 
Longer-term, and possibly more substantial, 
savings made via investments into infra-
structure, system maintenance and agricul-
tural practices, may be more likely to occur 
when farmers have a greater role in manage-
ment decisions. In addition, some argue that 
since irrigation assets were largely built with 
farmers’ volunteer labour and some invest-
ment from collective savings, farmers have 
earned a right to be involved in irrigation 
management decisions.

When WUA managers can claim profits 
generated by activities in implementing 
policies that achieve the goals of the WUA, 
the institution is most likely to be effective 
at achieving policy goals (Wang et al., 2004). 
The main way WUA managers can do this is 
by working on the margins of the price of 
the volumetric deliveries and the per-mu 
fees paid by farmers. Essentially, WUA 
managers can allocate funds to line canals 
or other investments that reduce the water 
loss and improve water deliveries to fields. 
The amount of water saved (which can be as 
high as 40–50% from a lined canal) can be 
deducted from the planned amount of water 
purchased from the WSC and reduce the 
volumetric component of the fee payment.7 
Moreover, with increased effort in monitor-

ing and supervision, water can be allocated 
to farmers more efficiently so that irrigators 
receive better irrigation services even 
though less water is being drawn from the 
system. Since the fees farmers pay are set in 
advance and generally fixed per-mu pay-
ments, if managers can reduce water deliv-
eries but keep irrigators happy with timely 
service, the payments they make to the WSC 
for volumetric deliveries are reduced and 
water managers can then earn money. This 
system gives managers strong incentives to 
reduce water purchases from the WSC, yet 
maintain effective irrigation deliveries to 
the field to keep farmers satisfied so that 
they pay their irrigation fees. Often, as an 
inducement for farmers to accept more  limited 
(but timelier) water deliveries, WUA man-
agers will pass some savings on to the farm-
ers by charging lower per-mu water fees. 
Thus, when effective, this management sys-
tem can both reduce water withdrawals 
from the surface system and decrease farm-
er’s water fees.

The establishment of WUAs, however, 
does not appear to have greatly improved 
the ID’s ability to be financially self-suffi-
cient. Lin (2003) notes that prices in Hunan 
and Hubei provinces where WUAs were 
established early are still well below the 
costs of deliveries and, in some cases, as 
low as 20% of costs. These shortfalls are 
due to the continuation of rigid pricing pol-
icies since the WUA reforms do not liberate 
local officials from pricing water outside 
the guidelines established by the Price 
Bureaus. The establishment of WUAs, how-
ever, does improve irrigation services and 
the timeliness of deliveries, and reduces 
conflicts between irrigators (Lin, 2003; 
Easter and Liu, 2005), which have increased 
farmers’ willingness to pay water fees. But 
since these fees are still set at a low level, 
improvements in water fee submission do 
not seem to have improved the ability of the 
IDs to be financially self-sufficient. Some 
also argue that the lack of participation and 
the ‘privatized’ nature of WSCs and some 
WUAs cause them to forego needed invest-
ments in order to appear more solvent and 
pay bonuses to managers, an effect that 
could cause them to seek far more govern-

7 These savings are not ‘real water saving’, a point 
 addressed in the conclusion of this paper.
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ment support in the future than they appear 
to be ‘saving’ at present (ICID, 2004).

Contracting canal management

Related to WUAs, canal contracting is an 
officially advocated reform in surface water 
management. It is similar to WUAs in that it 
turns irrigation management over from vil-
lage officials to a specified manager, but 
instead of a whole village’s irrigation infra-
structure being turned over, just a lateral 
canal which may service only part of a vil-
lage, is turned over to the manager. In addi-
tion, these managers are generally not 
appointed by the village leadership or selected 
by farmers but rather selected by some other 
process, sometimes via open bidding. The 
selection process generally stipulates a ceil-
ing price for water that managers can charge, 
and often also a minimum investment that 
managers must put into the irrigation sys-
tem to qualify for the right to manage the 
system. In some cases, man agers can pocket 
the difference between the fees they collect, 
a stipulated return on their investment, and 
the volumetric-based payments they must 
make to the ID, although the terms of this 
arrangement vary.

Similar to managers in some WUAs, 
canal managers have incentives to improve 
management and reduce water allocations 
when they can earn money by doing so. 
Also as with WUAs, the incentive usually 
comes by reducing volumetric purchases 
from the ID or WSC while maintaining effect-
ive irrigation deliveries by improving con-
veyance infrastructure and management 
techniques. When canal managers reduce 
volumetric purchases of water from the ID, 
they may reduce farmers’ water fees in order 
to pass some of the savings on to irrigators 
and maintain their support. While farmers 
have little control over how the manager 
implements these policies, widespread dis-
approval, particularly if it affects agricul-
tural production, would likely bring about 
the intervention of higher-level officials. 
Improvement in service and conveyance 
also allows for less water to go into the irri-
gation system and, via reduced conveyance 
losses, still allows for sufficient water to 

reach the fields and keep farmers satisfied 
with their delivery services. Considering 
these factors, canal contractors can earn 
money by reducing water purchases and 
improving services and fee collection.

Concluding note

China’s investments in surface water infra-
structure over the last 50 years have pro-
vided many farmers with irrigation water 
and, through this, increased rural incomes 
and agricultural production. Recent reforms 
have also improved services and help assure 
that water revenues go to improving local 
management and infrastructure. However, 
management reforms vary greatly in their 
effectiveness and have yet to become wide-
spread throughout China. Most surface 
water systems in China still suffer from a 
lack of volumetric pricing mechanisms, 
poor management incentives and bureau-
cratic fee remission practices. These prac-
tices result in poor services and inadequate 
fee remissions to the ID. Moreover, increas-
ing competition for surface water resources, 
occasional water scarcity due to year-to-year 
variation in rainfall and various fiscal issues 
still plague surface water systems and exacer-
bate the problems of timely deliveries and 
services.

Groundwater

Groundwater prices which vary consider-
ably more than surface water prices, are 
generally higher, and there are important 
quality differences as well. Because the 
Price Bureaus do not determine ground-
water prices, the cost of groundwater deliv-
eries can be as high as 1 RMB/m3 in areas in 
the Hai river basin where wells can be more 
than 100 m deep.8 Since groundwater prices 
vary with well depth, and well depth varies 

8 We use the term ‘cost of deliveries’ here because the 
water is generally free and other than paying for 
pumping and conveyance costs, only a small percent-
age of villages charge an additional ‘water resource 
fee’ on top of these costs.
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significantly, the variation in groundwater 
prices can be high even within smaller 
regions like the Hai river basin, where wells 
vary in depth from 10 to over 100 m. In 
Table 12.1, the implied pumping costs for 
groundwater in northern China range from 
0.06 to 0.56 RMB/m3, depending on well 
depth. In addition, groundwater may have a 
high saline content, especially the shal-
lower groundwater tables. However, the 
water in deeper groundwater tables might 
be far colder than surface water and stress 
the crops when applied, particularly when 
the crop is in the seedling stage.9

Despite the higher prices and potential 
quality problems, groundwater is an increas-
ingly important source of irrigation water in 
China, particularly in northern China where 
water is scarcer. In the past few decades, 
many areas in the Hai river basin have 
tapped into groundwater aquifers with die-
sel or electric pumps to irrigate their fields, 
allowing them to produce winter wheat and 
a second crop of maize, or sometimes cot-
ton. Farmers also increasingly use ground-
water as a buffer stock of irrigation water to 
be drawn when surface water is scarce and 
replenished (via seepage from surface irriga-

tion) when surface water is available. 
Farmers often prefer to use surface water 
because it is cheaper and, sometimes, because 
of saline or temperature problems referenced 
above. Generally speaking, groundwater lev-
els are continually falling in China. However, 
the groundwater levels in areas where 
groundwater is used conjunctively with sur-
face water are falling at a slower rate than in 
areas without access to surface water.

Groundwater pricing policies vary from 
surface water pricing policies. One primary 
difference is that groundwater is increas-
ingly priced volumetrically since the pump-
ing necessary for groundwater makes it easy 
to measure the volume delivered (or at least 
extracted) and this volume is directly related 
to operating costs as well. Another differ-
ence is that there are no large IDs delivering 
groundwater. Groundwater resources are 
managed at the local level, most often at the 
village level. Groundwater systems are 
much smaller, often organized around a sin-
gle well with just a few dozen households 
receiving water from that well. Thus, 
groundwater users have greater opportun-
ities than surface water users to interact 
with the person managing the irrigation 
deliveries. In addition, proceeds collected 
by groundwater managers are, in general, 
remitted directly to the entity (the village 
committee or the well owner) that provides 
the services and infrastructure for the 

9 On several occasions, the authors have heard from 
farmers in China the complaint that cold ground-
water stresses young crops.

Table 12.1. The cost of water, depth to water and water use per unit of land in Hebei province’s 
groundwater-using communities, 2004. (From 2004 CWIM data, reported in Huang et al., 2007.)

Percentile of the (1) Depth to Average cost of (3) Volume of water use
cost of water water (m) (2) water (RMB/m3) per unit of land (m3/ ha)

 Wheat   
 1 Average 31 0.24 4608
 2 0–25% 14 0.08 6433
 3 26–50% 21 0.20 5285
 4 51–75% 52 0.30 2934
 5 76–100% 53 0.56 2154

 Maize   
 6 Average 34 0.24 2019
 7 0–25% 20 0.06 2255
 8 26–50% 34 0.16 2094
 9 51–75% 57 0.26 1463
10 76–100% 68 0.52 1119
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groundwater and not used to support a 
larger bureaucracy as is the case with many 
surface water systems. Groundwater irriga-
tion services and fee remission mechanisms 
are also improving as groundwater assets 
are increasingly managed by private inter-
ests rather than by collectives.

Collective groundwater services

As with surface water, rural collectives gen-
erally managed groundwater pumps and 
conveyance systems after the reforms in the 
late 1970s. Commonly, smaller collectives, 
known as village groups (cunzhuang xiaozu) 
and made up of 30–50 households (but 
sometimes as large as 100 or more house-
holds), work together to maintain the wells 
and infrastructure they inherited from the 
former communes to provide groundwater 
for members of the group. This arrangement 
works particularly well since village farm-
land is largely allocated to households via 
the village groups so that households belong-
ing to the same group tend to have contigu-
ous plots of farmland.

When groundwater irrigation assets are 
owned and managed collectively, prices 
paid by irrigators may not be based on water 
volume. Instead they are often collected on 
a per-mu basis much like fees collected for 
surface water. These fees are used to cover 
the costs of maintaining the well, paying for 
electricity and paying back any loans taken 
out for any additional investment. The per-
son selected by the group to manage all this 
may also receive a small stipend from the 
fees collected. In many cases, the village 
itself rather than the village group manages 
groundwater pumping and delivery assets. 
Under these arrangements, they also gener-
ally collect water fees based on irrigated 
land; however, they may sell water volu-
metrically to village groups or to farmers 
themselves.

Non-collective groundwater services

Much like the case with surface water, some 
groundwater assets became inoperable due 
to the groundwater table falling below the 
depths of the wells or the well structure 

collapsing. This induced a need to re-estab-
lish wells, often deeper and more powerful, 
but without the communal institutions that 
first established them. The collective par-
ties that became responsible for their main-
tenance had either unclear rights to the 
system or found it difficult to garner the 
 fiscal resources necessary to rebuild the 
system. Thus, in the era after the HRS 
reforms, non- collective institutions rose to 
re- establish wells and groundwater irriga-
tion in many regions where farmers had 
come to rely on this resource (Wang et al., 
2005b; Zhang et al., 2005). These included 
private well owners and operators, as well 
as joint ventures, often with local govern-
ments as partners, in companies that sup-
ply groundwater to irrigators. This trend 
accelerated in the late 1990s as transfers 
from higher levels of government were 
reduced and villages had to find their own 
funding for local investments. According to 
data from field surveys reported by Wang 
et al. (2005a), private, rather than collec-
tive, interests established 80% of the new 
wells in the Hai river basin in the 1990s, an 
area that is particularly dependent on 
groundwater for irrigation.

With the increasing role of private funding 
for groundwater irrigation deliveries, water 
pricing practices became more ration al and 
increasingly based on volumetric deliveries. 
For the most part, the newer, mostly pri-
vately financed, groundwater companies 
sell water volumetrically to irrigators. In 
addition to investments into the wells and 
pumps, managers also often invest in under-
ground pipes to deliver water to spigots that 
may be a few hundred metres away from the 
well itself, thus reducing the amount of 
water lost in conveyance to the field. 
Generally, the fee charged to irrigators is 
based on the electricity used rather than on 
the volume of water, but electricity used is 
highly correlated with the volume of water 
pumped and the depth of the well. 
Importantly, the companies delivering 
groundwater for irrigation generally do not 
pay any resource extraction fees; the water is 
free to them once they pay the costs of 
accessing and delivering it to farmers’ fields. 
To the extent that local governments invested 
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in these ventures, they too have mostly 
turned to volumetric pricing to recover the 
investment. These companies possess no 
formal ownership rights to the water they 
sell to farmers since groundwater resources 
theoretically belong to the state.

Issues with Price and Irrigation 
Reform in China

The current reforms in agricultural water 
management and pricing in China are the 
beginnings of a movement away from the for-
mer policies that harnessed water as a cheap 
and readily available means to promote eco-
nomic growth. However, the current reforms 
fall short of policies that actually price water 
to achieve efficient allocation. Instead, pol-
icy reforms serve primarily to trim the 
bureaucracy in irrigation water management, 
clarify incentives to improve services and 
streamline the path of fee remittances to 
improve the capacity for local IDs to be self-
sufficient. Thus, there is still substantial 
capacity to improve upon the current reform 
efforts. A better understanding of a number 
of important relationships may help water 
pricing policies to be successful politically 
as well as economically.

Water price reform

Effective irrigation water price reform in 
China is hamstrung with the debate over 
how higher water prices might affect agri-
cultural producers. Currently, improving 
the income and welfare of farmers is the 
number one policy goal of China’s leaders. 
Several policies are geared toward achiev-
ing this goal, including the abolishment of 
age-old agricultural taxes, the introduction 
of direct subsidies for agricultural produ-
cers, and increased investments into rural 
health care and drinking water purification 
systems (Gale et al., 2005). Irrigation water 
fees were once commonly bundled with the 
various taxes and fees that are now being 
abolished. Raising water fees is diametric-
ally opposite to the policy of abolishing all 

the other fees farmers pay and serves to can-
cel out the effectiveness of the current pol-
icy. Indeed, some observers are concerned 
that, if water fees are increased, local offi-
cials will not lower the local taxes and fee 
payments but instead simply call them 
‘water fees’.

While there is concern over how water 
prices might affect rural livelihoods some 
also argue that price policy will not be effect-
ive at reducing water use in agriculture. 
Yang et al. (2003) argue that water demand 
is relatively inelastic so that raising prices 
would not serve to reduce water use but 
rather only to increase the revenues of the 
IDs. Estimates of the price elasticity of irri-
gation water vary, and certainly water use is 
more inelastic in the short term than over a 
longer period when farmers can adjust 
themselves by adopting conservation tech-
nologies or practices or changing cropping 
patterns altogether. However, estimated 
inelastic price responses are due, in large 
part, to a legacy of very low prices so that 
farmers face the inelastic portion of the 
water demand curve. Farmers’ water deliv-
eries are also often constrained so that even 
at the low prices they face, the quantities 
used do not represent the value of the mar-
ginal product of water.

If prices rise substantially, farmers will 
become far more responsive to price 
changes. Huang et al. (2007) and Liao et al. 
(2005) have found that farmers would 
reduce water applications significantly if 
the price of water is raised to a level that 
reflects the value of the marginal product of 
water. Both these studies used cross- sectional 
data, so they are likely to take longer-run 
adjustments into account. For example, 
from a survey of farm households in north-
ern China, Huang et al. (2007) show that 
deeper water tables are associated with 
higher pumping costs and thus higher water 
costs (Table 12.1). For wheat, maize and cot-
ton, farmers use significantly less water per 
hectare in areas where the pumping costs 
are higher than in areas where the water is 
less costly.

In addition, the share of production 
costs due to water charges varies signifi-
cantly by crop and by water depth. Again, 
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data from the survey of households in north-
ern China carried out by Huang and the 
Centre for Chinese Agricultural Policy, 
Chinese Academy of Sciences indicate that, 
on average, groundwater applied to irrigated 
wheat is 24% of total production costs, 
while for cotton it is less than 10% because 
cotton uses less water and more labour, 
pesti cides and other inputs (Table 12.2). For 
fruits and vegetables, the share of water in 
production costs is likely even less, but this 
is, in part, due to investments made into 
water-saving technologies for fruit and vege-
table production. Given the low values and 
constrained water deliveries, Huang et al. 
(2007) show that doubling of water prices 
results in only an 8% fall in crop income. In 
addition, having begun a programme to sub-
sidize farmers, China is well positioned to 
offer farmers a lump sum water conserva-
tion subsidy to replace the income loss 
when farmers adjust to higher water prices.

To understand the effect that water 
prices have on rural incomes, it is important 
to know that farm households in China 
today have sources of income other than 
agriculture. Roughly half the farm house-
hold income in China is from non-farm 
sources such as local wage labour, self-

employment enterprises or migration.10 In 
addition, of the remaining half that comes 
from agriculture, less than 20% is from 
growing grain, the rest from raising live-
stock, aquaculture and cash crops which 
bring a much higher return to water (NBS, 
2005). Thus, a substantial increase in water 
prices may cause farmers to earn less pro-
ducing grain, but it may also induce farmers 
to make investments and develop the mar-
keting channels necessary for more lucrative 
cash crop or other agricultural operations. 
Indeed, Huang et al. (2007) found that as 
well depth rose from less than 10 to over 
60 m, the sown area committed to non-grain 
crops rose from 15% to more than 30%. If 
higher prices induce conservation and the 
water is freed up to be reallocated to indus-
trial use, and the increased water availability 

10 Migration in China is internal, primarily rural-to-urban 
migration and is largely temporary because migrants 
are not given permanent residential rights in urban 
 areas. They typically return home at least once a year 
and often return to their native villages permanently 
after saving a sum of money working in urban areas. 
Since the migrants are still considered members of the 
rural household, their income is considered part of the 
rural household’s income.

Table 12.2. Cost of groundwater in total production cost.a (From 2004 China Water 
Institutions and Management.)

By crop: Cost share of inputs in total production cost (unit: %)

 (1) Water (2) Fertilizer (4) Other inputsb

1 Wheat 24 49.6 26.4
2 Maize 12.9 50.7 36.4
3 Cotton 10 37.3 52.7

By depth of groundwater

  (2) Total cost of (3) Share of water
Percentile of  (1) Average water water per cost in total
water depth deptha (m) hectare (RMB)a production costa (%)

4 0–25% 6 471 13
5 26–50% 21 454 16
6 51–75% 58 622 21
7 76–100% 91 834 23

aThe sample here is the plots that have detailed input information and have used groundwater 
in irrigation.
bOther inputs including labour and capital cost.
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for industry increases industrial output and 
demand for labour, then this reallocation 
could serve to increase the fastest growing 
segment of farm household income: non-
farm employment. There are, however, income 
distribution issues with increasing irrigation 
water prices since households most reliant 
on agricultural production generally have 
lower incomes than households with sub-
stantial off-farm income.

Farmers’ response to scarcity

Given the recent reforms and price incen-
tives in some areas, and the incentives 
offered at the local level, farmers are increas-
ingly making choices that reflect increasing 
water scarcity (Liao et al., 2005; Blanke et al., 
2006; Huang et al., 2006a). As outlined 
above, such choices include reducing irriga-
tion water applications to traditional and 
staple crops (intensive margin), and shifting 
into crops that bring higher returns to water 
(extensive margin). However, such behav-
iour is tempered by another important pol-
icy goal encouraged by local-level cadres: 
maintaining domestic grain production. 
With surface water, water conservation 
decisions are sometimes, perhaps often, 
made at levels above the farm household, 
such as wet–dry rice production, or reduc-
ing wheat irrigation deliveries from four to 
three times a year. Even with management 
reforms, water conservation decisions are 
often made at the WUA or canal manager 
level and farmers must act accordingly. 
With groundwater irrigation, however, 
increasingly lower water tables coupled 
with more private interests in the ground-
water market serve to induce changes in 
agricultural practices on both the intensive 
and extensive margins that could affect the 
production of important grains and threaten 
self-sufficiency in these crops.

When water prices get high enough that 
it becomes unprofitable to irrigate staple 
grains or cotton, then farmers are faced with 
the choice of foregoing irrigation entirely or 
adapting to other crops that can bring a 
higher return to the water. Rising incomes 

and rapid urbanization in China have 
brought about a rise in the demand for fruits 
and vegetables, and these are often the crops 
farmers choose when faced with higher 
water prices. While these products tend to 
be more water-intensive than field crops, 
they are better suited to effective water-
 saving irrigation technologies such as green-
houses and drip irrigation systems, lowering 
the water withdrawal requirements to grow 
these crops.

The movement into higher-valued fruits 
and vegetables, however, does not come 
without risks. These risks, coupled with ini-
tial investments required to change crops, 
partly explain why farmers often do not 
move into cash crop production unless 
pushed by forces such as rising water costs. 
Markets for many cash crops tend to be 
fairly thin so if large numbers of producers 
decide to move into production of these 
crops, prices can drop dramatically. These 
swings can be even more pronounced with 
orchard crops where the lag-time between 
the decision to plant the orchard and pro-
duction of the first crop can be several years. 
Fruit and vegetable crops are also more sus-
ceptible to spoilage than staple grains, 
increasing the risk of a loss unless expen-
sive cold chain or other modern marketing 
infrastructure is in place. The fact that many 
of these crops require some, and sometimes 
substantial, initial investment increases 
farmers’ exposure to these various risks.

Movement into higher-valued fruits 
and vegetables using water-saving irrigation 
technology may be constrained by growth 
in domestic demand for these products and 
problems in selling them on international 
markets. China has enormous production 
potential in these products and this poten-
tial likely outstrips the projected increases 
in domestic demand due to increasing 
incomes and urbanization. However, fruits 
and vegetables can often be problematic 
export commodities in that they are more 
likely to be subject to sanitary and phyto-
sanitary (SPS) restrictions. This problem is 
even more acute in China due to the exces-
sive use of pesticides by farmers in China, 
and the wide range of products it could 
potentially export (each product must go 
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through SPS reviews in each importing 
country) (Huang and Li, 2005). Together, 
these policy and institutional constraints 
could serve to reduce farmers’ capacity to 
increase the allocative efficiency of water 
by using it in the production of higher-
 valued crops.

Farmers’ capacity to continue move-
ment into high-value and labour-intensive 
crops may also run into conflict with other 
policy goals. China’s long-standing insist-
ence on maintaining near self-sufficiency in 
staple grains, particularly food grains like 
wheat, may serve to induce policies that dis-
courage movement out of wheat production. 
Self-sufficiency of food grains conflicts with 
the goal of increasing rural incomes since 
wheat tends to be a low-income crop, and it 
is also threatened by increasing water scar-
city since wheat production in water-scarce 
areas is almost entirely dependent on irriga-
tion. But if large numbers of farmers move 
out of wheat production and into other crops 
that bring higher returns to scarce water and 
other inputs, China’s wheat production may 
fall to levels below their self-sufficiency 
goals. Trade, in such a situation, would be 
beneficial and allow farmers to produce and 
export relatively labour-intensive crops and 
import relatively land-intensive wheat, 
while also reducing water withdrawals for 
agriculture. However, if self-sufficiency of 
wheat is threatened, China may establish 
policies that discourage movement out of 
wheat production and constrain farmers’ 
capacity to adapt to water shortages.

Property rights

Policies that increase water prices will more 
effectively induce efficiency improvements 
and potentially benefit farmers and others in 
the rural economy if property rights to water 
are more clearly defined. Currently, the 
debate over the role of water property rights is 
as heated as the debate over water prices and 
there is no consensus over how to determine 
or allocate these rights (Liu, 2003;Huang 
et al., 2006b; Jia and Duan, 2006). A variety 
of projects that examine ways to allocate 

water rights and promote water conservation 
are also being carried out in China, but there 
are institutional barriers that restrict the 
adoption of these practices such as state 
ownership of water resources and the lack of 
authority to transfer this ownership. In some 
projects, non-agricultural users (such as electric-
power-generating companies) directly fund 
water-saving investments, such as canal lin-
ing, then maintain rights to the water these 
investments save (Xu, 2006). In other proj-
ects, officials are experimenting with poli-
cies that grant farmers the use rights to water 
at a low price and then allow them to sell 
these rights to other users or back to the water 
management authorities at a higher price (Jia 
and Duan, 2006).

While the debate over formal allocation 
of rights continues, norms and practices at the 
local level indicate that a set of de facto rights 
already exists and understanding these de 
facto rights will help determine how price 
changes might affect farm households. For 
example, withdrawal permits represent a par-
tial right to water, but the rights are generally 
not sufficient to provide incentives to monitor 
and enforce the withdrawals. Villages and 
farmers have de facto rights to water as well, 
but these are very limited. In a recent survey 
of 130 farm households in China’s Ningxia 
province, only 2% responded that they had 
the right to decide when to take (surface) 
water deliveries.11 Thus, for some important 
rights such as the right to determine when to 
apply water to irrigation crops, someone 
(either the canal manager or, more likely, an 
entity above the canal manager that the house-
holds are unaware of) has the right to make 
that decision regardless of whether they have 
formal ownership rights to the water. Such a 
situation has implications for farmers’ cap acity 
to adjust to higher-priced or more restricted 
water deliveries. If farmers are limited in their 
ability to choose irrigation timing in order to 
increase the marginal return of more limited 
deliveries, or to apply it to different crops 
than the canal manager is taking into consid-
eration, then farm households will bear a 

11 Unpublished survey results from a survey carried 
out by the Center for Chinese Agricultural Policy, 
Chinese Academy of Sciences.
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greater burden from higher water prices than 
they would if they had more control over irri-
gation deliveries. Giving farmers more control 
over deliveries, however, can be done without 
granting them formal ownership rights to 
water.

Given the high transaction costs to meas-
uring and monitoring water use at the farm 
level, and the desire for water management 
agencies to maintain control of such a valu-
able resource, local-level rights to water in 
surface water systems are few. In general, 
households only have the right to allocate 
water to their fields at times determined by 
others, and for which they pay a fixed fee. 
This arrangement limits their capacity to 
adapt by switching to crops that may use 
water more effectively but that require more 
timely and secure supply.

Real water savings

The changes in water management and pric-
ing policies outlined in this chapter may 
reduce irrigation water applications but that 
does not mean they induce ‘real’ water sav-
ings. ‘Real water savings’ have different def-
initions but, in general, it refers to reducing 
non-recoverable water losses that result 
from excessive, non-essential evapotranspi-
ration or water flows into the ocean or non-
recoverable seepage. The Hai river basin in 
northern China, where water scarcity is 
most acute, is already a largely closed river 
basin in that very little water flows into the 
ocean; the Yellow river basin is effectively 
closed in that the flows in recent years have 
been due to policy decisions to maintain 
minimal flow through the estuary; and 
nearly all water beyond the minimum flow 
water is diverted to other uses. Thus, real 
water savings in these areas come primarily 
from reducing non-essential evapotranspir-
ation, or ET. However, reducing ET is far 
more difficult, and in general, costly, than 
simply reducing withdrawals and field-
level water deliveries (Kendy et al., 2003).

Irrigation management reform efforts, 
investments into water-saving technologies 
and price-induced reductions in irrigation 

withdrawals all primarily serve to reduce 
water application rather than promote real 
water savings. Still, there are likely some 
real water savings that do come out of these 
policies by reducing evaporation of water 
from excessively irrigated fields and the 
adoption of some irrigation practices that 
reduce non-essential evapotranspiration in 
the process of delivering water to fields 
more effectively. This is an area that beck-
ons more careful research and will play an 
important role in determining how effective 
policy measures are actually reducing water 
losses rather than reducing ‘losses’ that would 
otherwise be recovered and used elsewhere 
in the system.

Conclusion

Water pricing can be one of the most impor-
tant policy tools for managing the demand 
for water (Dinar, 2000; Tsur et al., 2004). 
The objective of water pricing is to signal to 
users the relative scarcity of water so as to 
provide them with incentives to save water. 
In addition, water prices serve to fund the 
diversion, storage and delivery systems that 
allow the water to be brought to the fields 
for irrigation uses. However, in China as in 
almost all other countries, water prices are 
set at such low levels that they do not reflect 
relative scarcity and are well below the 
value of water to agricultural users, making 
water pricing policy much less effective and 
inducing conservation. In China, it is only 
when groundwater is very deep that one 
observes high enough costs, coupled with 
volumetric pricing, and farmers respond to 
these costs by adopting conservation prac-
tices or switching to production of other 
crops. Water pricing policies may also have 
a significant effect on agricultural produc-
tion and rural welfare, which are also impor-
tant policy objectives in China. Therefore, 
understanding how farmers respond to 
changes in water prices and how these 
changes affect their livelihoods will help 
policy makers understand the impact that 
price reforms will have on rural incomes 
and agricultural production.
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China is also burdened because irriga-
tion water has been heavily subsidized in 
the past, and thus charging prices that 
reflect relative scarcity will come as a shock 
to farmers and will be difficult to promul-
gate. Water deliveries to agriculture (and 
other sectors) are often below the cost of 
deliveries and well below the value of water 
in agriculture and other sectors. The experi-
ences in other countries reveal that transi-
tion from subsidizing irrigation deliveries 
to pricing water to the level that induces 
conservation is difficult in itself. This tran-
sition is often made more complex by other 
policy goals, namely to reduce farmers’ 
overall fee payments and other locally 
assessed fiscal burdens. Moreover, China is 
undergoing a transition to a more market-
oriented economy and rapid industrializa-
tion and development. Seeking to establish 
mechanisms to induce water conservation 
is, in part, due to these changes; yet it is 
made more complex by the rapidly chang-

ing environment, and the desire to do so 
while maintaining agricultural production; 
and reducing the negative effect such pol-
icies have on farm households is even more 
ambitious.

Given the legacy of inexpensive and 
available water for irrigation in China, there 
is substantial capacity to use water more 
efficiently both in agriculture and in other 
sectors. While price reforms to date have 
not established economically efficient 
prices, the benefits of further price reforms 
would be enhanced if complemented with 
policies that give farmers more decision-
making power over how the water is used 
in agriculture. Current pricing projects, 
although confined to limited remote areas, 
may reveal mechanisms to advance reform 
in ways that do not conflict with other pol-
icies, including allocating water rights to 
farmers and allowing them to sell water to 
downstream users that will pay higher 
prices.
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13 Water Pricing and Irrigation: A Review 
of the European Experience

J. Berbel, J. Calatrava and A. Garrido

Scope and Objectives

This chapter reviews the European irriga-
tion sector and its water pricing policies. 
The first section provides an overview of 
the irrigation sector in terms of surface 
water, economic importance and water 
usage. The second section reviews some of 
the outstanding issues that have called the 
attention of the European Union and the 
Organization for Economic Cooperation and 
Development (OECD, 1999a,b, 2002) with 
respect to pricing irrigation water in Europe 
and OECD countries.

The third section examines the water 
pricing policies that were in place in EU’s 
various member states and accession 
countries prior to the promulgation of the 
Water Framework Directive (WFD). The 
fourth section offers a detailed descrip-
tion of the WFD, which is by far the most 
important landmark in the history of the 
EU’s water policy. It has profound impli-
cations for the way in which irrigation 
water will be priced after year 2010. The 
fifth section studies the existing litera-
ture on the likely implications and 
effects of the application of the WFD in 
the European irrigation sector while the 
last section summarizes the main 
conclusions.

The Irrigation Sector in Europe 
and Current Trends

The importance of the European 
irrigated acreage

By world standards, Europe is a densely 
populated continent. Over the centuries, 
the river systems have been heavily modi-
fied to support early industrialization, 
urbanization and navigation. As a contin-
ent, Europe spans the territory from the 
north of the Artic Circle to the south of 
Parallel 38. European agriculture uses 44% 
of the EU territory and exhibits great vari-
ability both along north–south and west–
east transects, as a result of geographic and 
climatic diversity, from the temperate cli-
mates of the north to the arid climates 
around the Mediterranean Sea. The impor-
tance of irrigation thus increases from north 
to south, being an indispensable input for 
agriculture in most of the arid and semi-arid 
environments. In Mediterranean countries, 
irrigated farming accounts for a large share 
of total water withdrawals (83% in Greece, 
68% in Spain, 57% in Italy and 52% in 
Portugal), while it represents less than 10% 
in Northern European countries. At the 
same time, there is a wide variety in farming 
patterns, the crops grown and the contents 
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of water laws across the countries of the 
community. In particular, there are very 
large differences in average farm size 
between countries.

As Table 13.1 shows, irrigated acreage 
represents a significant percentage of the 
land with annual and perennial crops (FAO, 
1997). In addition to the Mediterranean 
countries of the EU member states (Spain, 
Italy, France, Cyprus, Greece and Portugal), 
some of the eastern European countries 
(Albania, Bulgaria, Romania and the Russian 
Federation) have large irrigated areas. The 
irrigated area in the EU has grown from 
about 6.5 Mha in 1961 to nearly 12 Mha 
in 1996.

Current problems and trends

According to the WFD’s preamble, the trends 
in most European countries indicate that the 
water supplies to the population are threat-
ened by human-induced pressures and that 
aquatic ecosystems are undergoing severe 
processes of quality deterioration. As we 
will see below, reversing these trends is the 
main objective of the WFD.

National water figures conceal widely 
diverse situations among European regions. 
Those suffering from scarcity and deteri-
orating situations tend to coincide with 
those in which irrigation is the major water 
user. Large investments in infrastructure, 
supply-side policies and disregard for inte-
grated policies have brought water systems 
in many regions to unsustainable use pat-
terns. Quality and quantity issues are inter-
twined. Large population densities of 
generally wealthy populations have encour-
aged investments to take advantage of cli-
matic patterns across Europe, mostly in 
tourism and second-home residences and, 
on the other hand, in agriculture. This 
demand-driven process, illustrated by the 
growth of private groundwater irrigation, 
has also been promoted by the EU Common 
Agricultural Policy as well as by national 
governments.

The increase in water abstraction in 
recent decades has led to a reduction in 

river flows and a decrease in the level of 
groundwater, the problem of quantity being 
aggravated by increasing levels of pollution. 
Both factors (quantitative and qualitative) 
involve a loss of good-quality water which 
is incompatible with the stated environ-
mental objectives of the EU. For instance, in 
Spain where 28% of the water abstracted for 
irrigation is groundwater, there are 51 
hydrological units with problems of overex-
ploitation which total 710.7 Mm3/year 
(MOPTMA-MINER, 1994).

Occasional water shortages with large 
adverse social and economic consequences, 
added to water-quality problems all around 
Europe, ignited a debate, which eventually 
gave rise to the European policy initiative 
that materialized in the WFD.

Genesis of the WFD and CAP reforms

Protection of the environment has been a 
key theme in recent EU legislation. The 
Maastricht Treaty (1992) made specific ref-
erence to environmental protection, safe-
guarding human health and achieving 
sustainable development. This was specifi-
cally agreed in Article 130-R:

Community policy on the environment 
shall aim at a high level of protection 
taking into account the diversity of 
situations in the various regions of the 
Community.

But even before the Treaty was signed, envi-
ronmental policy objectives were apparent 
in various types of legal acts.

The development of the European legis-
lation for water resources falls into three 
‘waves’. The first wave goes back to 1975, 
and focused on water-quality standards and 
on the protection of surface water allocated 
for drinking. The second wave started in 
1991 and focused, for the first time, not 
only on setting acceptable water-quality 
standards but also on controlling emission 
levels as a means of achieving the desired 
standards. The new legislation included the 
Urban Wastewater Management Directive, 
the new Drinking Water Quality Directive, 
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the Nitrates Directive and the Directive for 
Integrated Pollution and Prevention Control. 
The third wave addressed water resources in 
a holistic manner and culminated in the WFD.

OECD (2004) reports that the EU-15 
reduced nitrogen use from 69 to 58 kg/ha in 
the decade after 1985–1986, but that the use 
of pesticides and total agricultural water 
grew by 5% and 20%, respectively. This 
occurred despite the contraction of 4% of 
EU-15’s agricultural land.

The evidence after 25 years of European 
legislation was that water resources were 
still deteriorating, with consequences for 
ecological systems and human populations. 
In this context, and given the numerous 
unresolved problems encountered during 
the implementation of previous community 
water directives, the European Council of 
Ministers asked for a reform of the Water 
Policy (the ‘third wave’ of water legislation). 
The European Parliament and Council 
adopted the Water Framework Directive in 
September 2000, which was published in 
December 2000.

The Directive was subject to a long pro-
cess of negotiations that was marred by dis-
agreements between the Council of Ministers 
and the European Parliament that threat-
ened to prevent the Directive from ever 
being adopted. This controversy can be 
interpreted as the culmination of conflict-
ing interests between different actors at the 
local, national and European levels (Kaika, 
2003). Ultimately, however, as a result of 
these complex negotiations, the final text of 
Directive 60/2000 integrated EU environ-
mental principles (such as the ‘polluter 
pays’ principle and a high level of environ-
mental protection that were included in the 
Maastricht Treaty) within a single document 
agreed to by all EU members.

The history of the Common Agricultural 
Policy (CAP) has also been one of adapta-
tion to internal and external forces on the 
agriculture sector. The internal forces result 
from the very different positions of the agri-
culture sectors in member countries, and 
the changes in those positions over time. 
Historically, the CAP included heavy subsid-
ies for production as well as for export and 
import restrictions, and for indirect subsid-

ies such as on energy and irrigation costs. 
Likewise, the solution to rural deprivation 
was seen to be to support agriculture. There 
has been a long series of modifications of 
policy goals and instruments in reaction to 
changing agricultural policies. An import-
ant share of water consumption goes to 
crops heavily subsidized by CAP (e.g. sugar-
beet, cotton and cereals in Spain, Italy and 
Greece, or maize in France).

On 26 June 2003, EU ministers for agri-
culture adopted a fundamental reform of the 
CAP. The reform will completely change the 
way the EU supports its farm sector. The new 
CAP will be geared towards decoupled forms 
of support that farmers will receive irrespec-
tive of their production levels. These new 
‘single farm payments’ (that came into force 
in 2005) are linked to respect for environ-
mental, food safety, animal and plant health, 
and animal welfare standards, as well as to 
the requirement to keep all farmland in good 
agricultural and environmental condition 
(‘cross-compliance’). The effects of this reform 
on water demand will be important in conti-
nental areas (growing non-Mediterranean 
crops), which are those mostly affected by the 
change in agricultural support, and less 
important in areas where fruits and vege-
tables are the primary irrigated crops.

Issues in Irrigation Water Pricing: Costs 
and Incentives

In this section, we discuss some of the most 
salient issues in water pricing and draw 
some policy lessons in light of the discus-
sion of experience from individual European 
countries given in the annex.

Issues related to the definition and 
measurement of irrigation costs

Cost recovery

WFD supports the achievement of economic 
objectives, specifically cost recovery for 
water services, including environmental 
and resource cost within each of the three 
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sectors: agriculture, industry, domestic. 
WFD bases the concept of cost recovery on 
the concept of ‘water services’, and the com-
plete meaning of this sentence has been 
defined in detail in the WATECO guide 
(2003) that develops the concept of full cost 
recovery by stating two levels of recovery: 
‘financial’ and ‘environmental and resource’ 
costs.

In a perfect competitive market, the 
prices fall out of the market through the 
interaction of the buyers and sellers, and 
the optimum allocation of water is automat-
ically achieved. But with water, and specifi-
cally in relation to environmental uses, the 
prices have to be ‘invented’. The problem is 
to establish a set of prices that results in 
achieving the optimum allocation of water. 
As shown in the Annex, the charges for irri-
gation in the EU countries, as in most other 
countries, have been inadequate to recover 
capital and operating costs. Other levels of 
recovery have been introduced largely in 
regard to the issue of allocating the water 
between competing uses, in particular, 
between human and environmental uses.

The concept of ‘water services’ is 
defined in monetary terms as the economic 
cost of maintaining infrastructures and sup-
plying water. This analysis should be done 
for the agriculture, industry and domestic 
urban water sectors. Additionally, on top of 
these monetary costs, WFD requires the 
estimation of both environmental and 
resource costs, and the definition of a pro-
gramme to recover them. Differences 
between ‘environmental cost’ and ‘resource 
cost’ are difficult to implement in the real 
world. It would have probably been more 
useful to separate ‘monetary’ (O&M, 
depreciation, financial) and ‘non-monetary’ 
(envir onmental and resource) costs.

Resource costs are the most difficult to 
quantify. Usual notions of resource costs 
associate them with opportunity costs that 
are equivalent to the economic value of the 
opportunities forgone when allocating the 
resource to a given user. When water mar-
kets exist, resource costs can be assimilated 
to the market price of water netted of the 
costs incurred when abstracting or moving 
the water to its final destiny.

The difficulties of separating cost items 
are related to the different definitions of 
‘full cost recovery’ prices that each country 
appears to follow. Appropriate policy action 
should also recognize that an irrigator’s 
water use may entail additional social costs. 
These social costs may or may not be 
included in the definition of ‘full cost recov-
ery’ rates, but it would certainly be in the 
interests of society to identify them and 
attempt to reduce them. The following sec-
tions clarify these notions and provide cost 
evaluations found in the literature and 
recent reports. We will use the following 
typology for monetary costs: (i) private 
farmer costs; (ii) irrigation scheme costs; 
and (iii) public water authority costs.

Private (on-farm) costs

Private irrigation costs include those items 
for which the irrigator is entirely responsible, 
and that farmers generally pay as any other 
cultivation cost, such as maintenance, energy 
and labour. There are two main drivers for 
the increased area under precision irrigation 
(drip irrigation): the scarcity of water and the 
scarcity of labour, which make automated 
irrigation systems very attractive for farmers 
who face the rising cost of both inputs.

Irrigation district or scheme costs

Irrigation districts distribute surface water 
and, less frequently, groundwater to individ-
ual farmers, and the costs of running and 
maintaining infrastructure and associated 
facilities serving a clearly identified set of 
irrigators are in principle paid by farmers 
irrespective of the kind of ownership of the 
district’s infrastructure. In practice, there is 
abundant evidence of better district cost 
recovery in private associations than in state-
run or publicly owned water infrastructure 
(OECD, 1999a). Most schemes are managed 
by irrigation districts, which usually are non-
profit associations with legal status.

In countries such as Italy, Spain, Turkey 
or Mexico irrigation districts are assigned an 
instrumental role in water policy implementa-
tion and water management. According to the 
Spanish Water Law, irrigation districts (about 
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6200 Comunidades de Regantes are registered, 
covering 2 Mha) must have their statutes and 
by-laws approved by the Basin Agencies and 
perform a number of key tasks in water man-
agement. For instance, they collect farmers’ 
charges and levies charged by the Basin 
Agency and transfer the revenue to the latter. 
They have also approved procedures to solve 
conflicts among irrigators, organize irrigation 
turns and develop and co-finance rehabilita-
tion projects.

User associations in Spain are mostly col-
lective organizations, irrespective of whether 
they are served with public concessions (either 
surface water or groundwater) or from private 
groundwater rights. The French Associations 
Syndicales Autorisées (ASAs) have similar 
characteristics although their size is usually 
very small, while the Sociétés d’Aménagement 
Rural (SAR) are purely private organizations. 
In Italy, water user associations are association 
of landowners with public status (meaning 
that they are regulated by law and subject to 
government supervision); much the same 
occurs in German ‘Wasseverbandae’. In 
Bulgaria and Romania collective user associ-
ations were created in the last decade.

On the other hand, in countries like Austria 
or Greece water user associations are controlled 
by public authorities. Lastly, in other countries 
such as England, Sweden, Ireland or Denmark 
where irrigation is predominantly an activity of 
private individual farmers it is not common to 

find agricultural user associations in charge of 
managing irrigation (and drainage) schemes. In 
England, local drainage boards are fairly com-
mon, e.g. in the Fens of East Anglia and in the 
Somerset levels.

Running costs of irrigation districts are 
borne solely by the irrigators. However, in 
most countries, investment costs, either in 
new schemes or in modernization or rehabili-
tation projects, receive significant subsidies. 
Most large irrigation infrastructures across 
OECD countries, irrespective of when they 
became operative, have been built with pub-
lic capital grants. New irrigation districts are 
projected to be developed in the next decade 
in Spain or Portugal, although in the case of 
Spain, new irrigation projects are now very 
limited and targeted to areas undergoing 
depopulation.

An example of this type of cost is illus-
trated in Fig. 13.1 that shows the ‘internal 
 district cost’ (net of Water Agency Tariffs) 
according to the amount of water supplied, for 
a selected group of Guadalquivir irrigation dis-
tricts (surface water). The average internal dis-
tribution cost (entirely covered by users) was 
€0.037/m3 in the Guadalquivir basin in 2003.

The internal costs of an irrigation district 
may be shared on a volumetric or per-hectare 
basis, or even defined by a binomial tariff. 
Table 13.2 reports various irrigation district 
costs selected from a number of irrigation dis-
tricts across EU countries.

y = −1.981ln(x ) + 7.198
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Fig. 13.1. District costs according to the amount of water supplied (Guadalquivir).
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Water authority costs

A critical methodological issue regarding 
cost recovery analysis is the definition of the 
financial costs of Water Authority services. 
The situation for full cost recovery may vary 
for each river basin. We illustrate difficulties 
with this definition with an example from 
the Guadalquivir basin in Spain, regulated 
with large dams and infrastructures. The use 
of historical values in cost recovery is gener-
ally accepted in most of the great public 
infrastructure projects. Specifically for water 
infrastructure, many dams are older than 50 
years and have been theoretically fully paid 
for by users (farmers and urban users) even 
when there is a real positive salvage value 
and they are still in use.

We should remark that the use of ‘mar-
ginal’ or ‘replacement cost’ is not assumed 
in the WFD, and we may recall the water 
privatization in the UK in the 1990s, when 
the final value of assets was computed nei-
ther at ‘historical value’ (deemed too low a 
price) nor at ‘replacement value’ (deemed 
an excessive price) but estimated based on 
the ‘present value of profit’ or, in other 
words, the ability of buyers to pay. Economic 
theory defines the capital value of an asset 
as the present value of the future stream of 
profit and therefore neither historical value 
nor replacement value is relevant. In prac-
tice, the higher the amount for which the 
existing assets were sold by the government 
when the companies were privatized, the 
higher the charges for water and wastewater 
required to provide a commercial rate of 
return on those assets. In contrast, in the 
case of irrigation, Spain has been given per-
mission by the EU Commission to use his-
torical depreciation criteria for determining 
the extent of full cost recovery rates.

Generally, difficulties in defining finan-
cial costs also arise from how the costs of 
multi-purpose projects are distributed. In 
Spain, the sharing of costs between differ-
ent uses is made by a ‘stakeholder agree-
ment’ at basin level, considering the 
following variables:

● Capital cost sharing:
● Flood control: The percentage of 

costs assumed to provide the pub-

lic service of flood control may vary 
from 20% (most dams in Spain) to 
70% of some special Mediterranean 
cases (e.g. Tous dam).

● Urban (domestic and industry) ver-
sus irrigation: normally urban users 
have a different quality of service 
(daily, seasonal, yearly secured 
supply) versus irrigation that, in 
many cases, is residual use.

● Energy (hydroelectric, refrigeration);
● Environmental use.

● Recovery of O&M: Water agencies are 
multifunctional as they may not only 
control abstraction and pollution but, 
sometimes, also finance infrastructures 
to supply water. For example, the 
Guadalquivir Basin Authority recovers 
75% of its O&M costs for public infra-
structures through tariffs, but the 
remaining 25% is linked to the cost of 
environmental services (pollution and 
flood control, etc.).

Also the computation of financial costs 
should determine some technical parame-
ters such as: (i) depreciation rate; (ii) salvage 
value of investment; and (iii) interest rate.

An example of water cost recovery esti-
mation is described by Berbel (2005) who 
computes costs according to the current 
Spanish Water Law which states a ‘cost 
recovery formula’ defining a water tariff 
based upon computation of water agencies’ 
O&M plus depreciation of water infrastruc-
ture (the depreciation rate is based upon 
historical costs without interest rate). When 
the cost definition and criteria of the Water 
Law are applied, we arrive at 99% of finan-
cial cost recovery. But when stricter account-
ing criteria are applied including faster 
depreciation and 5% interest rate, financial 
cost recovery is reduced to 71%. Finally, 
this percentage may be reduced if we com-
pare the present average tariff in the 
Guadalquivir river (€0.0178/m3) with the 
‘replacement cost’ of €0.06/m3 (full recov-
ery rates for ‘La Breña-2 dam’ presently under 
construction).

On the other hand, still in Spain, in the 
eastern Valencia region, where the use of 
groundwater is very intense and predominates, 
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the final cost of water for farmers ranges 
between €0.04/m3 and €0.22/m3 for surface 
water and groundwater, respectively, with an 
average of €0.115/m3 (Carles et al., 2001a,b; 
M. García, J. Carles and C. Sanchos, 2004, 
unpublished data).

To mention another example of cost 
recovery we may take the last large irriga-
tion project associated with the ‘Alqueva 
dam’ (Portugal) with a present price of 
1.8 cent/m3 (not covering energy cost) but 
expected to reach 8 cent/m3 in 2007 if full 
‘financial cost recovery’ is to be achieved. 
This shows the importance of subsidies as 
the root of future water imbalances and 
environmental problems.

Water Authority costs include all cost 
items directly related to the supply of irriga-
tion water, which are covered by water 
charges to users and by general taxpayers, 
with different degrees of cost distribution 
between the two groups. A common conclu-
sion across countries (see Annex) is that 
irrigators have been, and still are, heavily 
subsidized.

Groundwater (on-farm) costs

Groundwater is the source of water for 
20% to 100% of European irrigated farms, 
depending on the region and country. Irrigators 
using groundwater resources apparently pay 
all financial costs as they pay investment, 
maintenance and energy costs for pumping 
water because they are not supplied by any 
public scheme. Consequently, in most of the 
countries, users of groundwater do not pay 
any tariff to water authorities although some 
countries (France, the Netherlands, Denmark, 
the UK) charge a water abstraction fee. We 
will return to this concept in the next 
section.

Social and environmental costs

Non-monetary or social costs caused by irri-
gation are those inflicted on third parties or 
on the environment. In both cases, social 
costs originate from irrigators’ use of valu-
able resources or from their polluting the 
resource base. The former is generally asso-
ciated with the opportunity cost, and pro-

vides an indication of the value of the water 
allocated to alternative users. Irrigation can 
affect the environment through its direct 
impact upon water resources, soils, biodi-
versity and landscapes, as well as its sec-
ondary impacts that arise from the 
intensification of agricultural production 
through the transformation of rain-fed land 
into irrigated land (European Commission, 
2000).

Recent work shows that social costs are 
far from negligible, and provides a solid 
basis for urgent policy action. The list of 
regions or basins where problems related to 
excessive irrigated water use have been 
identified would be very long. Generally, 
resource overdraft is caused by a water 
demand, both urban and agricultural, quite 
above the sustainable rate, where the cost 
paid by users is generally below financial 
(monetary) recovery cost for surface water 
and fully or partially paid for groundwater. 
In south-eastern Spain, where some trading 
of water occurs especially for fruit, vegeta-
bles and greenhouse production, water cost 
is only around 2% of total cultivation costs. 
This implies that water demand will inev-
itably tend to go beyond sustainable renew-
able use, indicating that the private cost of 
water does not reflect the scarcity of the 
resource.

Regarding pollution by nutrients, the 
main polluter in Europe is the agriculture 
sector, including rain-fed and livestock 
 farming. Irrigated agriculture contributes 
to the increasing nitrate contamination, due 
to overfertilization. Examples of such direct 
effects have been found in the Adour-Garonne 
(France), in several Austrian regions such 
as the Marchfeld, the Pandofer plateau, 
and the Welser Heide and Eferding Becken 
areas, in a number of Spanish regions, mostly 
located along the Mediterranean coast 
and main river valleys, and in various nitrate 
 vulnerable Greek zones such as Argolid, 
Kopas and the Thesaaly plain, where large 
irrigated areas are located (European Commis-
sion, 2000). Nevertheless, in most river basins 
the impact from livestock and rain-fed 
 agriculture is higher than that from irrigation 
(e.g. in the Guadalquivir valley nitrate pres-
sure generated by irrigated  agriculture is 
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around 22%, against 52% and 22% gener-
ated by rain-fed agriculture and livestock, 
respectively).

As a consequence of the above-mentioned 
evidence of irrigation pressure on the envi-
ronment, countries such as France or the 
Netherlands try to ‘internalize costs’ by using 
an ‘ecotax’ on water use by irrigators. This 
 ecotax on water abstraction (mostly ground-
water) tries to internalize environmental and 
social costs, but the level of environmental 
cost recovery is quite low as seen from the 
first reports presented by the EU member 
states reporting on WFD implementation. The 
Spanish government is debating whether to 
charge an ecotax on all water use (both surface 
water and groundwater) to contribute to global 
integrated resource management at the basin 
level and meet the 2010 deadline set by the 
WFD for implementation of measures includ-
ing water pricing. Provisional estimates for 
this ecotax (€1.00/1000 m3) make it a ‘political 
contribution of users’ rather than an environ-
mental cost recovery charge.

The use of water pricing incentives 
such as the ecotax is opposed by some 
authors as Martinez and Albiac (2004) who 
show that nitrogen pollution is most effi-
ciently abated by targeting either the source 
or the emissions, and very inefficiently by 
imposing levies on used water. Neverthe-
less, most models of irrigation water demand 
predict a significant reduction when a 
water tariff is imposed (e.g. €0.06/m3 in 
Aragon, Spain reduces water demand by 
50%). This suggests that water and envi-
ronmental policies must be closely linked 
and target the most pressing problems, be it 
water scarcity or nitrogen pollution. Still 
a further effort of empirical studies is 
required considering both short- and long-
term farmer responses.

Numerous studies have shown that 
more efficient water use reduces agricul-
tural pollution (Dinar and Letey, 1991; 
Weinberg et al., 1993; Calatrava and Garrido, 
2001). Yet, this does not imply that pollu-
tion control should be targeted with water 
pricing policies. Pollution control can be 
best performed within irrigation systems by 
providing precise water applications and 
monitoring.

Water use incentives

Incentives for conservation and efficient 
water use

According to the neoclassical definition of 
use externalities, most water problems in 
the European irrigation sector stem from 
 situ ations where clear misalignments exist 
between farmers’ private objectives and more 
general social objectives. The presence of 
divergences between private and social objec-
tives is manifested by various trends. One is 
the widening of the divergence between farm-
ers’ low water marginal productivity in irri-
gated commodity production and the sum of 
the costs incurred by society for making the 
resources available to them (except for the 
case of high-value crops). Another is the con-
firmation that the water costs of competing 
users may be rising as a result of farmers’ 
water use or polluting practices. Note that the 
manifestation of adverse incentives is per-
ceived through time and not with snapshots. 
This implies that policy judgements should 
be preferably based on whether observed 
trends show improvements or are worsening.

A list of adverse incentives includes 
the following:

● Per-hectare water charges: Per-hectare 
charges (flat rate) are perhaps the most 
adverse incentive affecting irrigation 
across OECD countries. Very few irrigated 
districts relying on surface water have 
volumetric or other variable rate systems. 
The wide recognition of the need to 
change the tariff structures towards volu-
metric charges has not been accompanied 
by clear examples of policy implementa-
tion. To date, no rigorous evaluation has 
been made to measure the value of the 
efficiency losses resulting from the preva-
lence of flat rates. Montginoul and Rieu 
(2001) report that irrigators in Charente 
(France) are charged with two-part tariffs, 
but the fact that the variable rate is much 
lower than the marginal benefit of water 
use in the farms led the managers to 
impose water quotas in years of scarcity.

The comparison of water use levels of irri-
gators using surface water with those of 
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farmers relying on groundwater may pro-
vide an indication of the effects of wrong 
signalling caused by flat rates. Hernández 
and Llamas (2001) show that groundwater 
users tend to use between 25% and 35% 
less than surface users. Yet, groundwater 
users with pressurized systems will obvi-
ously ‘use’ less than those on old surface 
water systems. In addition, return flows 
from upstream surface users may be used 
downstream, thus increasing the efficacy 
rates of surface water. All in all, a dollar 
value of such water use differences is diffi-
cult to come by, but may be equivalent to a 
lower bound of €15.00–35.00/ha, with the 
most conservative assumptions.

As will be argued below, numerous 
obstacles hinder progress in replacing flat 
rates with volumetric rates. Among them is 
the fact that it may not be efficient to do so, 
under a broad range of realistic situations. 
Work done by Tsur and Dinar (1997) illus-
trates how the efficiency gains may not 
 justify the costs of restructuring tariffs. 
Chakravorty and Roumasset (1991) and Hafi 
et al. (2001) show that volumetric charges 
would have wealth redistributional effects 
in large districts with network losses. 
Another relevant obstacle is the lack of 
appropriate water-metering devices in many 
European irrigation districts.

Investment in irrigation technologies 
has ambiguous effects in general policy 
evalu ations. Negative effects result from the 
fact that changes in technology may induce 
new crop patterns and increase total water 
consumption. García (2002) shows that drip 
irrigation technologies have been subsidized 
in the region of Valencia in Spain but, con-
trary to general belief, irrigators have not 
reduced application rates. Similar behaviour 
has been observed in the Guadalquivir river 
basin, in the sense that the adoption of drip 
irrigation has encouraged the planting of 
new crops (orchards, vegetables, etc.) that 
are more water-demanding than the preced-
ing ones (Berbel, 2005).

● Inelasticity of demand: The number of 
studies showing that irrigators’ water 
demand is highly inelastic in the short 
term, at least at low prices, is at odds with 

the fact that there are large differences in 
water consumption and application rates 
among irrigators and water districts. This 
means that differences are not governed 
by prices but by other factors. Response 
to price increases is not continuous as 
there is an optimum supply of water for 
each crop and the water production func-
tion implies that the optimum is not sen-
sitive to price increases until a break-even 
point is surpassed, when a new crop is 
introduced or farmers simply go for rain-
fed crops. One would assume that if a set 
of irrigators seem to operate with low 
consumption rates, then another operat-
ing under similar conditions could be 
flexible enough to reduce its consump-
tion. Whether it is a change of water price 
or a reallocation of water rights, the con-
clusion would be that the latter irrigators 
can and should reduce their consump-
tion, following a relatively elastic water 
demand curve.

Before delving into this paradox, García 
(2002) suggests that water should be thought 
of as a productive input, whose demand 
elasticity depends on three factors: (i) the 
elasticity of substitution of water for other 
inputs; (ii) the price elasticity of demand for 
the good being produced; and (iii) the share 
of irrigators’ total costs represented by water 
costs. The practical application of these 
principles is that water cannot be substi-
tuted by other inputs, except for large-water 
demanding crops like rice which are grown 
with little use of capital. Table 13.3 shows 
some examples in Europe of the relation-
ship between water cost and total cost.

The assumptions embedded in this rea-
soning turn out to provide clues that may 
solve the paradox. If technology is fixed, 
water rights are not tradable and water allot-
ments are fixed by the water authorities in 
the form of entitlements or quotas, then water 
demand is likely to be inelastic. Perhaps, 
looking at water use levels allowing for long-
term adjustments, or looking at farms which 
do not rely on fixed allotments water demand 
would exhibit larger elasticities.

However, relaxing these three assump-
tions clears the puzzle, but opens two more. 
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First, the adoption of water-saving technolo-
gies is generally found in districts whose 
water allotments, granted by basin agencies, 
have experienced a gradual decline. What is 
cause and effect is difficult to ascertain, 
because all that changes, namely, water con-
sumption, allotments and technology adop-
tion evolve simultaneously in response to 
administered scarcity; and it also shows 
that administered reallocation based on 
actual scarcity indeed begets adaptation 
rather than having to force this through 
prices at higher costs and to the detriment 
of equity.

The second one stems from the fact that 
in virtually all empirical attempts to mea-
sure water demand elasticities the districts 
studied do not face any opportunity cost 
resulting from their water consumption. 
This means that most demand analyses posit 
hypothetical price increases and then infer 
what would be the farmers’ likely response 

using modelling techniques. Does this imply 
that water tradability or variable cost charges 
would suffice in reality to allow irrigators to 
exploit the efficiency gains found from 
cross-sectional studies? In other words, is 
the absence of variable prices responsible 
for the relatively inelastic demand found by 
numerous analysts? If the answer is positive, 
re-forming water charges may result in sig-
nificant consumption decrease.

Recent work by García (2002), perhaps 
the most detailed analysis ever done in 
Spain to explain water use differences 
across all districts in the Valencia region, 
shows that water use variability is largely 
explained by three factors, namely, the type 
and institutional arrangement of districts, 
the origin of the used water and the type of 
pricing scheme. Yet, the analysis is carried 
out in a very innovative region, where tens 
of different crops can be grown. Table 13.4 
summarizes the econometric results.

Table 13.3. Water cost versus total cost. (From Berbel, 2005.)

    Cost  Water/ output
Crop/system Location River/source Output (€/ha) (cent/m3) (%)

Greenhouse The Netherlands Underground 120,000 15 0.8
Strawberry Chanza (HU) Guadiana 48,193 15 1.6
Greenhouse Almeria Mediterranea  90,361 25 1.7
   Andaluza  
Maize France Several 6,000 10 3.3
Olive Jaen CH Guadalquivir 6,000 15 5.0
Cotton Seville CH Guadalquivir 4,000 8 12.0
Sugarbeet Palencia CH Duero 3,000 6 12.0
Wheat Cordoba CH Guadalquivir 1,506 8 10.6

Table 13.4. Water consumption differences among Valencian irrigation districts. (From García, 2002.)

(Type org, type rates) 
 

+, means more consumption 
 Type of district rates

−, means less consumption Two-part Two-part Variable
S, surface water    based on based on no.   based on no. 
G, groundwater  no. of hours of applications Flat rates of hours

Type of  Traditional districts  (−,−) (−,+) (−,+) (−,−)
 organization  supported by state
  projects (S) 
 Traditional districts (S&G) (+,−) (+,+) (+,+) (+,−)
 State projects (S&G) (+,−) (+,+) (+,+) (+,−)
 Private associations (G) (+,−) (+,+) (+,+) (+,−)
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García Mollá’s results suggest that tra-
ditional districts supported by state projects 
combined with ‘two-part tariff systems’ 
exhibit the lowest consumption levels. They 
also suggest that all districts using ground-
water exclusively or in combination with 
surface water tend to consume more than 
those that rely exclusively on surface water 
resources, indicating perhaps unsustainable 
use. This result contradicts the conclusions 
of Hernández and Llamas (2001), and in our 
view shows that farmers seek maximum 
economic yields subject to the prevailing 
market, technological and institutional con-
straints. Under similar constraints, farmers’ 
consumption will not be driven by the ori-
gin of their resources. Lastly, flat rates are 
directly associated with larger consump-
tion, although causality is not properly 
established. García Mollá’s work provides 
evidence that seriously disputes the results 
of Hernández and Llamas (2001), although 
this work did not consider Valencian dis-
tricts. Perhaps the conflicting results can be 
reconciled by the fact that in Valencia sur-
face water is very scarce and much less reli-
able than groundwater sources, whereas in 
Aragon or Andalusia surface water is gener-
ally abundant. The conflict of surface water 
versus groundwater is not so evident as 
there are many cases where surface water is 
available only 2–3 months during the year 
which needs to be supplemented by ground-
water to allow for tree cultivation (which 
may need irrigation when surface water is 
not available), especially in Andalusia.

Bontemps et al. (2003) show that water 
demand in southern France is inelastic for 
low available volumes, and depends cru-
cially on the weather conditions. Rieu 
(2005) shows that, although demand in 
Charente is elastic, local authorities have 
established quotas to avoid the negative 
effects on farm income. Overall, pricing pol-
icies in France seem to be driven primarily 
by the objective to ensure cost recovery and 
agence’s budget balance, although this is 
achieved by a great variety of pricing mech-
anisms (Rieu, 2005).

Dono and Severini (2001) add further 
evidence from southern Italy to the inelas-
ticity hypothesis, and suggest that water 

demand turns increasingly inelastic as 
water charges increase, as the crops that 
may be able to pay higher prices are mainly 
high-value vegetables and fruits, which can 
support high water price increases.

Finally, Massarutto (2003) concludes 
that the demand inelasticity hypothesis 
should be framed in relation to the concept 
of ‘exit price’. He claims that the effects on 
water demand are due to the fact that if 
water prices are below the exit threshold, 
they result in demand reductions caused by 
marginal adaptation of irrigation demand to 
price variations. Water demand elasticity is 
always very small, especially once the most 
obvious water-saving techniques have 
already been implemented. Above the exit 
price, water demand is brought to zero 
because farmers do not cover the input costs 
and they are better-off not using the water.

● Users reallocation: In a very authorita-
tive essay, Brown (2000) documents the 
poor records of resource pricing to 
facilitate reallocation and more effi-
cient use. Water reallocation either 
occurs because the government man-
dates it or (generally) because mecha-
nisms are implemented to facilitate 
voluntary exchanges. At most, multi-
layered policies, in which new pricing, 
lower allocations, rehabilitation proj-
ects and generous financing are 
included, can facilitate some trading. In 
Europe, water markets and liberaliza-
tion are mostly understood as a process 
towards giving the private sector more 
pre-eminence in the areas of urban sup-
ply and wastewater treatment. It is only 
in Spain that there has been a serious 
attempt to provide for water right 
exchanges, which required a significant 
amendment to the water law, but which 
has so far been used very sparsely.

Other relevant incentives

● Agricultural policies that promote 
water consuming crops: Examples of 
crops, across the EU, with high water 
requirements supported by CAP pro-
grammes were numerous. Maize is con-
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sidered a water demanding crop in 
temperate countries, and its EU grow-
ers were until 2003 entitled to a direct 
subsidy of €54.00/t of yield, which 
usually exceeds 10 t/ha. Since the CAP 
direct subsidies were defined to deliver 
equivalent levels of income support to 
all cereal, oilseeds and protein crops, 
they favour crops such as maize, rice, 
cotton or tobacco that demand much 
more water than oilseed crops such as 
sunflower or colza. With decoupling, 
this inconsistency has been eliminated, 
and farmers’ use of water will not be 
driven by subsidy differences across 
crops.

Between 1973 and 1988, agricultural water 
use in France grew by 43%, largely due to 
generous public programmes which pro-
vided subsidies to farmers installing irriga-
tion equipment, as well as guaranteeing 
generally low agricultural water prices. 
Most of the increase was used in maize pro-
duction. This trend was reinforced after the 
1992 CAP reform replaced production sub-
sidies by per-hectare direct payments, as a 
result of the higher compensatory payments 
given to irrigated acreage than to non-
 irrigated acreage (Dubois de la Sablonière, 
1997; Rainelli and Vermersch, 1998).

EU agricultural policy ‘Agenda 2000’ 
aimed at supporting a multifunctional, sus-
tainable and competitive agriculture. It was 
based on the establishment of production-
related direct aid payments and gave a 
prominent role to agri-environmental instru-
ments to support farmers’ income. In June 
2003, the EU decided to replace, from 2006 
onwards, most of the direct aid with a single 
farm payment scheme that is not linked to 
production. Beneficiaries will be obliged to 
accomplish certain environmental and food 
safety requirements.

Work done by Calatrava and Garrido 
(2001) shows that CAP’s Agenda 2000 
tended to increase irrigators’ water demand 
in the Spanish region of Andalusia with 
respect to the pre-2000 situation, which was 
confirmed in the case of olive oils and vine-
yards. These authors show that the price 
support delivered to cotton producers in the 

region is largely responsible for the large 
benefit of water in the region. Pressure on 
water demand by farmers in the region has 
been on the rise, although recent changes in 
the Common Market Organization for cot-
ton may have an inverse effect, as cotton 
support has been largely reduced. Many 
authors have established a connection 
between farm subsidies and irrigation water 
demand in Spain (Sumpsi et al., 1998; 
Gómez-Limón et al., 2002; Arriaza et al., 
2003; E. Iglesias, J.M. Sumpsi and M. Blanco, 
2004, unpublished data). Their results show 
that, indeed, the elimination of farm subsid-
ies has a larger impact on the farmers’ wel-
fare than the rise of water prices. When EU 
farm subsidies become completely decoup-
led from production in 2012, the economics 
of irrigation will be more guided by the rela-
tive productivity of crops and water accessi-
bility than by relative farm subsidies granted 
to the crops.

Mejias et al. (2004) add further evi-
dence to the water demand inelasticity 
hypothesis. In addition, they show that the 
EU policy based on full decoupling will 
likely reduce the income losses resulting 
from WFD’s increased water tariffs, at least 
in Andalusia (Spain).

● Subsidization of irrigation equipment: 
Positive results come by increasing 
water productivity, which in turn would 
reduce the welfare windfall losses 
resulting from water price increases. 
Yet, Rainelli and Vermersch (1998) 
showed that one reason that explains 
the significant growth in French irri-
gated acreage was the subsidization of 
irrigation equipment, which reinforced 
the CAP incentives mentioned above 
(as with Spain, cited earlier).

The extent to which subsidization of irriga-
tion equipment should be taken into account 
in water subsidization analysis is not clear. 
For one thing, a general belief is that these 
subsidies are redundant, as irrigators even-
tually invest in equipment with or without 
subsidies. Some of the reasons guiding their 
investment plans are labour cost reductions, 
lower input application costs through ferti-
gation and upgrading product quality.
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● Inadequate cost recovery rates: Low 
charges eventually translate into poorly 
maintained water infrastructures, which 
in turn reduce irrigators’ competitive-
ness and ‘capacity to pay’. Yet adequate 
cost recovery rates are not sufficient to 
ensure proper conservation of half-
 century-old irrigation districts. For 
instance, half of the Spanish irrigated 
acreage was built before 1960, when 
farms were small and poorly mecha-
nized, and the country had embarked 
on reclamation projects. Since 2001, 
95% of the budget devoted to irrigation 
in Spain is targeted to finance modern-
ization projects, which have reached 
1.3 Mha and a budget of €4 billion 
(Barbero, 2005). Beneficiary farmers 
must pay only 50% of the project’s 
costs, for which they are granted prefer-
ential loans. But the process is becom-
ing very costly, as projects have been 
refocused to include environmental, 
structural, technological and land plan-
ning/tenancy components. The gains 
are private in the form of more efficient 
and productive districts, as well as pub-
lic in the form of water conservation 
and reduced pollution. By no means 
would farmers’ full cost recovery rates 
suffice to finance such projects. Yet they 
are praised and uncontested.

The WFD and Economic Analysis

The WFD is an environmental norm rather 
than a general regulation instrument and its 
main objective is the sustainable use of 
water through the long-term protection of 
resources. Article 4 lays down the environ-
mental objectives of the WFD. To avoid pos-
sible sources of conflict the WFD explicitly 
states that it aims to reach a more sustain-
able use of water resources which can pro-
tect or enhance regional development. Also, 
the WFD establishes derogation or dispen-
sation mechanisms set by Article 4 ensuring 
that the environmental objectives can be 
challenged by other socio-economical con-
siderations as long as these are transparent. 

Member states will define quality objectives 
(‘good ecological status’) but coordination is 
guaranteed through a calibration exercise to 
standardize norms for all Europe, produc-
ing a benchmarking of water quality and 
harmonizing the definitions of the good 
environmental status, in order to avoid dif-
ferent national standards for defining the 
‘good environmental status’.

With respect to the use of water for irri-
gation, the WFD mentions a number of 
important aspects, namely:

● River basin management, whereby 
water resources are managed at an inte-
grated catchment level (including both 
surface and underground resources);

● Cost recovery for water services, 
whereby those who benefit from using 
water (as a resource or a sink for waste) 
pay for such services, including the 
environmental costs, which presently 
are associated with remediation costs;

● Participation of stakeholders in the 
planning and decision-making process;

• Protection of groundwater and wetlands.

It can be noted that there is very little refer-
ence to flood prevention (important to all 
member states) and drought management 
(essential to Mediterranean countries). A key 
concept about water price is that cost recov-
ery refers to water services and not to the 
water resource itself. Specifically, Article 2, 
paragraph 38, defines water services as:

All services which provide, for 
 households, public institutions or any 
 economic activity: (a) abstraction, 
impoundment, storage, treatment and 
distribution of surface water or 
 groundwater, (b) waste-water  collection 
and treatment facilities which 
 subsequently discharge into surface 
water.

This definition has an enormous relevance 
for the correct interpretation of the princi-
ple of ‘recovery of the costs of the water ser-
vices’ mentioned in WFD Article 9.

Many issues have created barriers to an 
early agreement on WFD (see Annex: Summary 
of European Countries’ Experiences), but one 
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of the most controversial was Article 9 in the 
first drafts of the proposal. This article origin-
ally obliged EU members to charge the full 
cost of water to users. The final agreement was 
much vaguer, establishing merely that EU 
members should try to recover all water ser-
vice costs, including environmental costs, in 
accordance with the ‘polluter pays’ principle.

WFD Article 9 requires member states 
to take into account the principle of recov-
ery of the costs of water services:

Member States shall take account of 
the principle of recovery of the costs of 
water services, including environmental 
and resource costs, having regard to 
the economic analysis conducted 
according to Annex III, and in 
 accordance in particular with the 
 polluter pays principle.

At the same time, Article 5 mentioned in 
Annex III shows what could be entitled a 
synthesis of ‘Theoretical Economic Analysis 
of Water Use’ for WFD implementation.

Although the economic analysis of 
water use is an important element of the 
WFD, precise instructions about the meth-
odology to carry out the economic analysis 
are not defined in the text. However, in the 
common strategy for the implementation of 
WFD, guidance is given by the WATECO 
reference committee that has developed a 
guide to illustrate the process of introduc-
ing economic analysis and cost recovery 
into the WFD implementation (Economics 
and the environment: The implementation 
challenge of the water framework directive: 
a guidance document, WATECO, 2003). In 
addition the European Commission has 
launched a series of pilot studies to illus-
trate the application of the WFD in a num-
ber of EU basins.

Estimating costs is an important aspect 
of the economic analysis, and the guide, 
WATECO (2003), summarizes this aspect as 
follows:

– Assessing whether the principle of 
recovery of the costs of water services is 
met;

– Conducting a cost-effectiveness analysis 
of alternative policy measures/projects;

– Assessing the costs of alternative man-
agement options in the designation of 
‘heavily modified water body’;

– Assessing the need for a derogation 
based on an economic appraisal of dis-
proportionate costs (such as for the set-
ting of less stringent objectives or a time 
derogation).

Note that the Directive defines costs as eco-
nomic costs, which are the costs to society 
as a whole, as opposed to financial costs, 
which are the costs to particular economic 
agents. Catchments may ask for ‘derogation’ 
when the application of the WFD has dis-
proportionate costs. However, derogations 
apply to the environmental goals and not to 
the application of cost recovery instru-
ments. Finally, WFD considers the use of 
water pricing as an instrument among many 
others aimed at the final objective that is 
‘reaching a good ecological status’, and 
should not be considered as an end in itself.1 
Nevertheless, there is a general consensus 
that the application of WFD should contrib-
ute to increasing levels of water price for 
both surface water and groundwater.

The problem with the definition of costs for 
cost recovery analysis in the WFD

The main document for this exercise in the 
WFD is the guide, WATECO (2003). The 
analysis of financial cost in the WFD has 
been already explained under the section 
on ‘Water Use Incentives’, and first reports 
done by member states in 2005 show that 
financial costs are closer to full recovery 
than expected a priori in most countries, 
according to the definitions given in the 
guide.

However, the definition of environmen-
tal and resource costs in WATECO is not 
very precise. Regarding environmental and 

1 More background is provided in COM 477  (European 
Commission, 2000a) on how water pricing could be 
used for cost recovery purposes. Many references 
are made to agricultural water use and to cost com-
ponents. For further analysis of this concept, readers 
should refer to WATECO, 2003.
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resource costs, rarely considered in current 
water tariffs, it is difficult to predict to what 
extent they will be considered, let alone 
whether accounting methods and potential 
increases of tariffs and levies will be defined. 
The European Commission has been rather 
conservative in requesting member states to 
add these costs to the rates. In this sense, it is 
difficult to predict the extent of positive envi-
ronmental effects. As an estimation of non-
monetary costs, an ecotax on abstraction is 
applied in the Netherlands, Switzerland and 
the UK as an attempt to internalize this cost.

There is lack of information on the envi-
ronmental cost of water use, and this applies 
in particular to irrigation. Nevertheless, 
some European Water Agencies estimate the 
extra cost (over financial cost value) of the 
damage to the environment of water use in 
global terms (urban, industry, agriculture) at 
20–25%; the application of economic instru-
ments to agriculture, specifically to irrigated 
agriculture, should increase the financial 
pressure on farming.

An additional difficulty for assessing 
this cost is the pressure-impact evaluation 
(i.e. local water abstraction impact on global 
quality of water).

Finally, the methodology for evaluating 
the resource cost is not already clearly 
defined in Commission documents, and we 
believe that this may be included only after 
financial cost and environmental cost are 
fully recovered, which is not the case yet. 
But, apart from being unrealistic, does 
charging the resource cost make sense when 
financial cost recovery has not been reached 
anywhere, either in relation to surface water 
or groundwater services?

Likely effects of the WFD

As previously mentioned, the WFD aims to 
establish a framework for the management 
and protection of water on the basis of indi-
vidual river basin districts. In that sense, eco-
nomic instruments are only one of the 
possible policy measures to reach the ‘good 
ecological status’ that is the final objective of 
the Directive, including reaching a balance 

between abstraction and recharge of ground-
water, with the aim to achieve water use 
 sustainability. The WFD task force on ground-
water will undoubtedly be discussing the 
definition of safe yields, sustainability and so 
on. Member states are expected, before 2010, 
to enforce water pricing policies which give 
an adequate incentive to improving the effi-
ciency of water use, contributing to the envi-
ronmental goals of the Directive.

Pricing for financial cost recovery 
and conservation

Virtually all analyses of the effects of price 
increases in irrigation predict that the agri-
culture sector would be severely hit by the 
strict application of the WFD, especially 
smaller and family farms. Studies consider 
tariff increases between €0.03/m3 and 
€0.1/m3, which are frequently below full 
cost recovery rates, and predict reductions 
in farm income ranging from 10% to 50% 
(Garrido and Calatrava, 2005).

Water pricing will have different 
impacts depending upon specific character-
istics of each farming type. Berbel and 
Gutierrez (2004) found differences in the 
water demand curves for three regions in 
Spain (two) and Italy (one) (see Fig. 13.2 and 
Table 13.5). The Italian case, which was 
based on vegetable cultivation, shows a 
much lower level of water consumption and 
a much more rigid behaviour of the demand 
curve due to the high profitability of the 
crops cultivated. In the Foggia region (south-
ern Italy), where excellent marketing chan-
nels for high-valued fruits and vegetables as 
well as drip technologies exist, there is 
almost no possibility of water saving. 
Furthermore, in the Italian case, increasing 
the price of water would have almost no 
effect in terms of diminishing water use, and 
would merely deflate farmers’ incomes.

On the other hand, in the Duero valley 
(northern Spain), where irrigation is mostly 
based on sugarbeet, the impact of water 
price rise is that water demand collapses 
when price is above this crop’s productivity 
and irrigation is abandoned. Climate in this 
region is very extreme with long and cold 
winters and hot summers, and irrigation is 

Molle & Berkoff_Chap 13.indd   312Molle & Berkoff_Chap 13.indd   312 9/12/2007   8:34:37 AM9/12/2007   8:34:37 AM



 The European Experience 313

used to grow mainly low-value and heavily 
subsidized crops. The impact of the new EU 
single direct payment will likely include a 
drastic reduction of water demand because 
of crop shift.

The Guadalquivir case is somewhere in 
the middle, with some crops dependent on 
subsidies and others under market competi-
tion. In this area, water demand is approach-
ing that of the Foggia case, as an increasing 
part of demand is already under drip irriga-
tion (olive, citrus and other fruits, 44% of 
water consumption and 47% of area). As 
drip irrigation is linked to high-value crops 
(fruits and vegetables), water demand 
becomes more ‘structural’ and ‘rigid’, and 
the likely effect of water pricing is that the 
impact will go directly to decrease farmers’ 
income, as significant water saving is 
already in effect.

These three cases show that the specific-
ity of agricultural systems requires a detailed 
local analysis. Nevertheless, in general terms, 
price increase towards full cost recovery may 
be in the range from 20% to 400% over pres-
ent levels, depending mainly upon two fac-
tors: the depreciation criteria adopted in 
infrastructural cost recovery and the inclu-
sion of all subsidies in order to determine the 
cost recovery tariff. For less favoured areas, 
such as the Duero river (Spain), this increase 
will imply a substantial reduction in area irri-
gated, farm income and employment. On the 
other hand, high-value crops (Foggia, Italy) 
may bear price increases but with the conse-
quence of a transfer of income from farmers 
to the Water Agency. In any case, the key fac-
tor for water saving will be not only the price 
increase itself but also the use of quantitative 
controls, so that flat rates (payment by area) 

Table 13.5. Water demand characteristics. (From Berbel and Gutierrez, 2005.)

Duero (northern Spain) Guadalquivir (southern Spain) Foggia (Southeast Italy)

Demand disappears  Demand varies from €0/m3 Demand varies from
 at €0.15/m3  to €1.00/m3  €0/cm to €1.00 /m3

Elastic demand Inelastic up to €0.1. Then, elastic Inelastic up to €0.23.
   Then, elastic
High response to water price Low response to water price Low response to water price

Fig. 13.2. Water consumption according to water price (three regions).
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are changed to volumetric or mixed rates 
(payment by quantity).

Regarding financial cost recovery and 
groundwater resources, in many European 
countries the most profitable agriculture 
(horticulture, fruit trees and greenhouses) is 
based on the use of groundwater. In the case 
of Spain, more than 20% of farmers, pro-
ducing more than 50% of total irrigation 
value, and located in some of the less water-
endowed areas, will be exempt from 
increases in water charges resulting from 
the WFD. Most of the irrigation in northern 
European countries (the UK, Holland) is 
also based on groundwater, but again water 
is used for crops with a high marginal value 
of water, as it increases mainly quality and 
not quantity (irrigated crops get signifi-
cantly better prices, see Table 13.4) and 
water costs are below 1% of total costs. In 
other cases, such as France, groundwater is 
also the main source for irrigation, but in 
this case most of the water goes to maize 
(heavily subsidized by CAP). Most likely, 
the application of the WFD will not result in 
groundwater prices similar to those applied 
in surface water schemes.

We may consider that groundwater 
already recovers 100% of ‘financial private 
cost’, but the WFD implies that this source 
of water should contribute to environmen-
tal and resource costs as we will see in the 
next section, and before 2010, member 
states should define their plans to use price 
instruments, regardless of the source of 
water.

Other Policy Instruments Related to WFD

The set of policy instruments related to 
WFD implementation go beyond water pric-
ing, as irrigated agriculture will also suffer 
from restrictions in the use of chemical 
inputs and possible ecotaxes on fertilizers 
or pesticides. Agriculture and livestock 
(both irrigated and rain-fed production) are 
responsible for water pollution by nitrates 
and phosphorus. Under the 33 priority sub-
stances proposed with the implementation 
of the WFD, heavy metals such as cadmium 
(linked to phosphorus in agriculture) and 
about 11 pesticides must be regulated. 

Consequently, measures for the adoption of 
Good Farming Practices will greatly influ-
ence irrigated agriculture in the near future. 
In this sense, we should recall that new 
 irrigation techniques (e.g. drip-irrigated 
crops) may improve efficiency in the ‘prod-
uct  output/fertilizer pressure’ ratio as fertil-
ization is in the water directly applied to 
plant, reducing losses.

Additionally, the future decoupling of 
farm subsidies, established by Council 
Regulation 1782/2003, is accompanied by 
a cross-compliance policy that conditions 
payments to the farmers achieving ‘Good 
Agricultural and Environmental Conditions’ 
in their parcels, and complying with several 
European Directives. Five of these relate to 
the environment, namely the Wild Birds 
Directive, the Groundwater Directive, the 
Sewage Sludge Directive, the Nitrates 
Directive and the Habitats Directive. Cross-
compliance policy aims to speed up com-
pliance with several European Directives 
that were not being adequately implemented 
by member states.

It is also very important to integrate the 
implementation of the WFD and the new 
CAP. First, the more choice farmers have in 
selecting the crops, the most efficient is 
water use, and the least income-reduction 
effects result from water conservation poli-
cies (Mejias et al., 2004). Upon the reform of 
EU agricultural policy, several analyses have 
explored whether the incentives to use 
water would change as a result of more 
decoupled measures of farm income sup-
port. It is shown that more decoupled mea-
sures of support may make pricing policies 
more effective and less negative for farmers’ 
benefits. Gómez Limón et al. (2002) show 
that agricultural and water policies may 
have conflicting objectives. Yet the trend 
towards more decoupled measures of sup-
port will likely ease the tension which, at 
least in the EU, has been found in many 
studies.

Beyond the existing possibilities in 
the Rural Development Programmes (RDPs), 
such as agri-environmental schemes, to 
reduce groundwater consumption or finance 
technology adoption, there is a need for a 
further consideration of compulsory water 
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use practices in the Codes of Good Practices 
of the RDP and the cross-compliance scheme. 
Currently, issues such as restrictions on fer-
tilizers and pesticides are included in these 
codes, but other issues such as drainage or 
irrigation technology adoption could also be 
included.

The costs to farmers derived from the 
compliance with other environmental EU 
Directives related to water (see WFD, Article 
22) should therefore be added to the costs of 
complying with the WFD itself, adding fur-
ther technical and economic constraints.

Indirect effects on agricultural labour 
are also to be considered. Irrigated agricul-
ture is very important in rural areas of 
southern Europe and social impacts of water 
pricing are likely to be high and to raise 
local opposition. However, these should be 
compensated by increased demand for 
labour in other sectors (for instance, the irri-
gation technologies sector), and some kind 
of compensation scheme could be estab-
lished for rural areas that will be seriously 
affected. A positive effect would be the 
reduction in the pressure put on public 
budgets, as expenses collected will increase, 
investment required for new infrastructures 
will be reduced and funds will be available 
for other projects.

Concluding Remarks

The EU WFD will profoundly change the 
basis for setting irrigation water pricing pol-
icies in the 25 EU member states. The impli-
cations of implementing WFD’s Article 9 
will depend on the evaluation of the costs of 
the water serviced to agriculture, and the 
proportion of costs that is eventually 
imposed on the irrigators’ final charges. In 
most countries, irrigation water charges are 
lower than the financial cost recovery level 
and, generally, environmental cost is not 
considered. Some of the non-EU countries, 
like Romania, Bulgaria and Croatia, may 
soon develop similar policies to get ready 
for accession to the EU.

Most of the water pricing policies are 
related to surface water under public schemes, 

but the use of groundwater may account 
locally for 100% of irrigation. In the case of 
groundwater, financial costs of abstraction are 
fully recovered, but environmental costs are 
usually not included. But the WFD implies 
management of all water resources both sur-
face and underground in order to reach ‘good 
ecological status’. Most countries do not con-
sider any form of ecotax for groundwater, or 
any kind of economic instrument in areas with 
local aquifers at risk of overexploitation.

Agricultural water tariffs are quite het-
erogeneous across countries, regions and 
even within regions. Tariff structures apply 
almost exclusively to surface water and they 
rarely reflect relative water scarcity, as they 
result from complex geographical, technical 
and institutional factors. Fixed per-hectare 
tariffs are predominant in southern European 
countries, mostly in districts supplied with 
surface water from publicly developed infra-
structure, while volumetric charges prevail 
in northern countries.

The level of cost recovery is very low, 
and charges are in most cases far below urban 
or industrial ones. Noteworthy exceptions 
are the cases of the Netherlands, Sweden and 
the UK. Some countries (Switzerland and 
Croatia) have established discharge fees for 
agriculture, while others, such as Portugal 
and France, sometimes charge for drainage.

The WFD represents a unique world 
experience for a number of reasons. First, 
because it is a decisive step to make farmers 
responsible for the costs their use imposes 
on the water system and on the govern-
ment’s budget. Even if ‘full cost recovery 
principles’ are loosely applied on irrigation 
charges, and despite the fact that methods 
for accounting these costs may not be agreed 
upon by all member states, the gap between 
costs and charges will be transparent. 
Second, member states will need to justify 
on the grounds of cost and benefit analyses 
any dispensation to meet the WFD objec-
tives. Thus, member states are accountable 
to the European Commission for setting full 
cost recovery rates and for taking into 
account the ‘polluter pays’ principle.

Yet, doubts exist on a number of issues 
before conclusions can be drawn about the 
effectiveness of this pricing policy. First, the 
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EU encompasses widely different irrigation 
sectors and economies, but policy objectives 
are inspired on fairly similar tenets. In some 
Mediterranean regions land planning and 
rural development are inextricably linked to 
the irrigation sector. The transition to full 
cost recovery prices will not be easy in many 
of these areas. Despite the initial reluctance 
shown by farm lobbies, many countries, 
including Spain, have submitted their 2004 
economic reports to the EU Commission. 
The Spanish report, for instance, indicates 
that the rate of cost recovery in irrigation is 
slightly below 100% (Maestu, 2005).

Second, water-quality issues and more 
efficient allocation are still the most press-
ing problems in some of the water-stressed 
regions. If society is in need of more envi-
ronmentally friendly and more frugal irriga-
tion systems, it may pay to address other 
factors before squeezing farmers’ income 
with higher charges. This is why many 
Mediterranean experts have coined the WFD 
as a ‘Northern European’ water policy.

Third, despite the above, the WFD will 
serve as a laboratory experiment conducted 
on a massive scale and over a large array of 
conditions. As the EU must set common 
rules (under the Common Implementation 
Strategy) they must be written, reported and 
disseminated to be ready for application in 
any corner of the EU. On the way to the 2010 
deadline for the application of new water 
prices, the world may benefit from the EU 
experiences, positive and negative, as well.

Finally, we should consider that WFD 
is an innovative and ambitious norm as it is 
the first example of a significant use of 
 economic instruments applied to natural 
resource management. We cannot quote 
any other significant example of natural 
resources (land, soil, etc.) subject to a  similar 
treatment at the scale and socio- economic 
implications the WFD does.

Annex: Summary of European 
Countries’ Experiences

In this annex we review the irrigation pric-
ing policies that were in place in a selection 

of European countries before the WFD was 
passed in 2000. Table 13.6 attempts to sum-
marize each country’s main figures and 
water pricing schemes.

Belgium

Less than 5% of agricultural land in Belgium 
is irrigated. The agricultural sector in the 
Flanders region consumes on average 
216 Mm3/year of water, out of which 6.5% 
goes to agro-industry, 12.4% to livestock, 
8.9% to greenhouses and 72% to open-air irri-
gation (Nys, 1998). Water management and 
pricing policies in Belgium fall under the 
responsibility of regional governments.

Agricultural water charges depend on 
the source of water: users linked to water 
pipes pay the same as households; users 
abstracting directly from groundwater sources 
pay (as from 1998) a levy on declared vol-
umes; and users relying on surface water also 
pay a levy based on declared quantities.

Bulgaria

Agriculture consumes 13% of total water 
consumption in Bulgaria, that is, 1212 Mm3 in 
1999 (Kuobratova, 2001). Altogether 
582,000 ha (65% of total agricultural area) are 
equipped for irrigation, although less than 
10% of these are effectively irrigated. 
Agricultural water management is the respon-
sibility of the Ministry of Agriculture and 
Forestry, 23 Irrigation Systems Companies 
(ISC) and 176 Irrigation Water User 
Associations (IWUAs) (OKO, 2001). Most irri-
gation water is supplied by the Irrigation 
Systems Companies, although the importance 
of collective irrigation is on the rise.

The 1999 Water Act establishes fees for 
both the use of water and the use of public 
water facilities, with exemptions for very low 
consumption and smaller farms. Irrigation 
water pricing depends on the source of water. 
Each ISC and IWUA establishes its own price 
structure. Water prices for IWUAs that man-
age state infrastructures are set at a lower 
level than for other agricultural users. IWUAs 

Molle & Berkoff_Chap 13.indd   316Molle & Berkoff_Chap 13.indd   316 9/12/2007   8:34:38 AM9/12/2007   8:34:38 AM



 The European Experience 317

C
on

tin
ue

d

Ta
b

le
 1

3.
6.

 I
rr

ig
at

io
n 

w
at

er
 c

ha
rg

es
 in

 s
ev

er
al

 E
ur

op
ea

n 
co

un
tr

ie
s.

 
 

 
 

D
is

ch
ar

g
e

 
 

W
at

er
 s

up
p

ly
 

E
nv

iro
nm

en
ta

l 
le

vy
/p

ol
lu

tio
n 

 
 

C
ou

nt
ry

 
P

ric
in

g
 a

g
en

cy
 

fe
e/

ra
te

 
w

at
er

 ta
x 

ta
x 

S
ub

si
d

ie
s 

R
ef

er
en

ce

B
el

g
iu

m
 

R
eg

io
na

l g
ov

er
nm

en
ts

 
Vo

lu
m

et
ric

,  
n.

a.
 

n.
a.

 
n.

a.
 

O
E

C
D

, 1
99

7;
 N

ys
, 1

99
8,

 
 

 
d

ep
en

d
in

g
 o

n 
so

ur
ce

 
 

 
 

 
p

er
so

na
l c

om
m

un
ic

at
io

n
 

 
S

am
e 

as
 u

rb
an

 u
se

rs
B

ul
g

ar
ia

 
Ir

rig
at

io
n 

co
m

p
an

ie
s 

W
at

er
 a

b
st

ra
ct

io
n 

n.
a.

 
n.

a.
 

P
ar

t o
f O

&
M

 
O

K
O

, 2
00

1
 

 
an

d
 ir

rig
at

io
n 

d
is

tr
ic

ts
 

 
fe

e
 

 
W

at
er

 u
se

 fe
e:

 
 

 
 

fix
ed

 (
up

 to
 €

5.
00

/h
a)

 
 

 
 

or
 v

ol
um

et
ric

 
 

 
(€

0.
00

7–
0.

07
5/

m
3 )

 
 

 
 

C
ro

at
ia

 
G

ov
er

nm
en

t a
g

en
ci

es
 

Vo
lu

m
et

ric
, b

as
ed

 
Ye

s 
Ye

s 
H

ea
vi

ly
, f

or
 O

&
M

 
O

st
oj

ic
 a

nd
 L

uk
si

c,
 

 
 

on
 w

at
er

 q
ua

lit
y 

 
 

 
m

ai
nt

en
an

ce
 

 
20

01
 

 
U

se
 fe

e:
 

 
 

 
€0

.0
1–

0.
04

/m
3 ;

 
 

 
P

ro
te

ct
io

n 
fe

e:
 €

0.
12

 /m
3 .

C
ze

ch
 R

ep
ub

lic
 

G
ov

er
nm

en
t p

riv
at

iz
at

io
n 

n.
a.

 
n.

a.
 

n.
a.

 
O

&
M

, u
nt

il 
R

as
ki

n 
et

 a
l.,

 1
99

6;
 

 
p

ro
ce

ss
 

 
 

 
 

p
riv

at
iz

ed
 

 
O

E
C

D
, 1

99
9a

,b
D

en
m

ar
k 

G
ov

er
nm

en
t 

€0
.5

5/
m

3  
 

 
R

at
e 

ca
n 

b
e 

 
O

E
C

D
, 1

99
7

 
 

 
 

 
 

d
ed

uc
t f

ro
m

 
 

 
 

 
 

 
ta

x 
p

ro
ce

ed
s

Fr
an

ce
 

B
as

in
 a

g
en

ci
es

 
B

in
om

ia
l  

n.
a.

 
Fo

r 
liv

es
to

ck
 

Ye
s 

D
uc

he
in

, 1
99

7;
 M

on
tg

in
ou

l,
 

 
 

(a
ve

ra
g

e 
€0

.0
8–

0.
39

0/
m

3 )
 

 
 

 
 

19
98

; O
E

C
D

, 2
00

2
 

 
C

at
ch

m
en

t a
nd

 
 

 
 

co
ns

um
p

tio
n 

co
m

p
on

en
ts

 
 

 
 

G
er

m
an

y 
Lä

nd
er

s 
n.

a.
 

Ye
s 

 
Ta

x 
re

b
at

es
 

IIS
D

, 1
99

8
G

re
ec

e 
G

ov
er

nm
en

ta
l  

Vo
lu

m
et

ric
 in

 C
re

te
: 

N
o 

N
o 

60
%

 o
f t

ot
al

  
Le

ka
ki

s,
 1

99
8,

 p
er

so
na

l
 

 
ag

en
ci

es
 

 
(€

42
.0

0–
19

6.
00

/h
a)

 
 

 
 

su
p

p
ly

 c
os

ts
 

 
 c

om
m

un
ic

at
io

n
H

un
g

ar
y 

B
as

in
 a

ut
ho

rit
ie

s 
 

B
as

in
 a

b
st

ra
ct

io
n 

N
o 

n.
a.

 
P

ar
t o

f O
&

M
 

O
K

O
, 2

00
1

 
 

an
d

 u
se

rs
 a

ss
oc

ia
tio

ns
 

 
fe

e 
an

d
 w

at
er

 fe
e:

 
 

 
fix

ed
 (

€5
.0

0–
36

.0
0/

ha
)

 
 

 
or

 v
ol

um
et

ric
 

 
 

 
(€

0.
00

4–
0.

03
4/

m
3 )

Molle & Berkoff_Chap 13.indd   317Molle & Berkoff_Chap 13.indd   317 9/12/2007   8:34:38 AM9/12/2007   8:34:38 AM



318 J. Berbel et al. 

Ta
b

le
 1

3.
6.

 C
on

tin
ue

d

 
 

 
 

D
is

ch
ar

g
e

 
 

W
at

er
 s

up
p

ly
 

E
nv

iro
nm

en
ta

l 
le

vy
/p

ol
lu

tio
n 

 
 

C
ou

nt
ry

 
P

ric
in

g
 a

g
en

cy
 

fe
e/

ra
te

 
w

at
er

 ta
x 

ta
x 

S
ub

si
d

ie
s 

R
ef

er
en

ce

Ita
ly

 
P

ub
lic

 a
g

en
ci

es
 

C
on

ce
ss

io
n 

fe
es

 a
nd

 w
at

er
 

N
o 

N
o 

P
ar

t o
f c

ap
ita

l 
D

es
tro

, 1
99

7;
 X

ilo
ya

nn
is

 
 

 
 

ra
te

s 
(f

la
t, 

b
in

om
ia

l a
nd

 
 

 
 

co
st

s 
 

an
d

 D
ic

hi
o,

 2
00

1
 

 
 

in
cr

ea
si

ng
 b

lo
ck

 r
at

es
) 

 
 

 
 

 
 

 
(s

ee
 T

ab
le

 1
3.

2 
fo

r 
ex

am
p

le
s)

Th
e 

N
et

he
rla

nd
s 

W
at

er
 c

on
tro

l 
A

b
st

ra
ct

io
n 

ta
x 

€1
.0

4/
m

3  
Ye

s 
Ye

s 
N

on
e 

O
E

C
D

, 1
99

7
 

 
b

oa
rd

s
P

or
tu

g
al

 
P

ub
lic

 a
nd

 p
riv

at
e 

 
Tw

o-
tie

r 
ra

te
: f

ix
ed

:  
N

o 
If 

ap
p

lic
ab

le
 

O
&

M
 a

nd
 p

ar
t  

C
as

tro
, 1

99
7;

 
 

 
su

p
p

lie
rs

 
 

€1
2.

00
–2

11
.0

0/
ha

;  
 

 
 

of
 c

ap
ita

l 
B

ra
g

an
ça

, 1
99

8
 

 
 

Vo
l: 

€0
. 0

12
/m

3  
R

om
an

ia
 

C
en

tr
al

 g
ov

er
nm

en
t 

€0
.4

/1
00

0 
m

3  
fo

r 
al

l  
n.

a.
 

n.
a.

 
P

ar
t o

f s
up

p
ly

  
O

K
O

, 2
00

1
 

 
 

re
g

io
ns

 
 

 
 

co
st

s
 

 
 

 
 

E
le

ct
ric

ity
 c

os
ts

 
S

lo
va

ki
a 

B
as

in
 a

ut
ho

rit
ie

s 
P

ric
es

 n
eg

ot
ia

te
d

:  
n.

a.
 

n.
a.

 
P

ar
t o

f s
up

p
ly

  
O

K
O

, 2
00

1
 

 
 

m
ax

im
um

 o
f €

0.
04

6/
m

3  
 

 
 

an
d

 o
f i

rr
ig

at
io

n
 

 
 

an
d

 a
ve

ra
g

e 
of

 €
0.

03
1/

m
3  

 
 

 
co

st
s 

 
 

R
eg

ar
d

le
ss

 o
f u

se
 ty

p
e 

 
 

 
S

p
ai

n 
B

as
in

 a
ut

ho
rit

y 
an

d
  

C
ol

le
ct

ed
 b

y 
d

is
tr

ic
t/u

se
rs

 
N

o 
N

o 
O

&
M

 a
nd

 p
ar

t  
M

A
PA

, 2
00

1
 

 
irr

ig
at

io
n 

d
is

tr
ic

ts
 

 
 

 
 

of
 c

ap
ita

l
 

 
Fi

xe
d

, v
ol

um
et

ric
 o

r 
b

ot
h

 
 

C
ov

er
s 

su
p

p
ly

 a
nd

 d
is

tr
ic

t
 

 
 

co
st

s 
(s

ee
 T

ab
le

 1
3.

2 
fo

r
 

 
 

ex
am

p
le

s)
 

S
w

ed
en

 
n.

a.
 

P
riv

at
e 

ab
st

ra
ct

io
n 

co
st

s 
Ye

s 
n.

a.
 

N
on

e 
B

er
g

va
ll,

 1
99

8,
 p

er
so

na
l

 
 

 
 

 
 

 
co

m
m

un
ic

at
io

n.
S

w
itz

er
la

nd
 

R
eg

io
na

l a
g

en
ci

es
 

Ye
s 

n.
a.

 
Ye

s 
N

on
e.

 T
ot

al
 p

ric
es

: 
S

ie
g

ris
t, 

H
., 

S
w

itz
er

la
nd

, 
 

 
 

 
 

€0
.0

25
–1

.5
6/

m
3  

 
19

98
, p

er
so

na
l

 
 

 
 

 
 

 
co

m
m

un
ic

at
io

n.
U

K
 

R
eg

io
ns

 
W

at
er

 a
b

st
ra

ct
io

n 
fe

e:
  

Ye
s 

In
cl

ud
in

g
 

 
O

E
C

D
, 1

99
7;

 K
no

x 
an

d
 

 
 

€0
.0

8–
0.

02
3/

m
3  

 
 

su
p

p
ly

 fe
e 

N
on

e 
 

W
ea

th
er

he
ad

, 2
00

3

Molle & Berkoff_Chap 13.indd   318Molle & Berkoff_Chap 13.indd   318 9/12/2007   8:34:38 AM9/12/2007   8:34:38 AM



 The European Experience 319

managing their own infrastructures receive 
no price subsidies (Kuobratova, 2001).

There is a water abstraction fee and a 
water supply charge. The water supply charge 
can be either a fixed per-hectare one (up to 
€5.00/ha) or a volumetric one (€0.007–0.075/
m3) or both. Depending on area and water 
source, irrigation water prices range between 
€0.01/m3 and €0.09/m3, while the average on 
farm costs (including irrigation operations) 
ranges between €0.13/m3 and €0.18/m3. Water 
tariffs cover part of operation and maintenance 
(O&M) costs and, in some cases, part of invest-
ment costs (OKO, 2001). Furthermore, the 
government has subsidized irrigation water 
prices for both surface water and groundwater 
in years of scarcity (Kuobratova, 2001).

Denmark

Irrigated farming in Denmark represents about 
35% of all consumptive uses of water. Farmers 
using water for irrigation are subject to the 
1994 ‘Green Tax Reform’ that imposes a water 
rate of €0.55/m3 of raw water. However, they 
are allowed to deduct this tax from their 
value-added tax proceeds. There is a major 
concern about pesticide pollution of ground-
water and further environmental fees are 
likely to be imposed on irrigating farmers.

France

Basin authorities, where most users and 
stakeholders are represented, can exercise 
considerable scope in water planning and 
management and in setting water charges. 
Water charges in France have two compo-
nents: a basin component (based on the 
average volume abstracted) and a consump-
tion component (levied on the difference 
between abstractions and return flows). The 
criteria used to set charges vary substan-
tially across basins, and mostly depend on 
characteristics such as the probability of 
drought, the type of user, capital costs, own-
ership and other basin characteristics 
(Duchein, 1997). Charges cover O&M and 
part of capital costs (Chohin et al., 2003).

Farmers pay a binomial tariff, compris-
ing both a fixed per hectare and a volumetric 
charge. Average water charges for irrigation 
range between €0.08/m3 and €0.31/m3 
(Montginoul, 1997). In areas where per-
 hectare charges are paid, the average tariff is 
€106.00/ha (Chohin et al., 2003). The ASA 
and the SAR charge average volumetric tar-
iffs of €0.047–0.054/m3 (Chohin et al., 2003). 
Some SARs also have optional binomial 
 tariffs (€40.00/ha and €0.07/m3, or €25.00/
ha and €0.17/m3). Others, like the SAR in 
the Languedoc Roussillon region (BRL), 
have pricing schemes that discourage use 
above certain thresholds.

In general, water charges across all irri-
gation units in France have been increasing 
over time, for three basic reasons. The first is 
the 1992 Water Code, which sought to 
broaden the revenue base for water supply 
companies in order to ensure their financial 
stability. Second, there has been a large 
increase in irrigated acreage across France, 
adding more pressure on several basins dur-
ing summer or drought periods. Third, pol-
lution is now considered as another ‘use’ of 
public waterways and water bodies, so that 
water authorities can sometimes justify 
charging ‘resource-based’ prices which can 
be added to other accounting and/or capital 
cost components. Farmers only pay pollu-
tion fees for water used in cattle production 
but not in crop production. Rieu’s (2005) 
comprehensive review of water pricing poli-
cies in France shows that policies have been 
geared towards cost recovery objectives. Yet, 
there are large capital costs differences 
across basins and irrigated areas, creating a 
large range of capital costs recovery, between 
15% and 60%. The pricing systems vary 
from ‘average cost’ to ‘marginal cost’, which 
are jointly used with systems of quotas.

Germany

German irrigated agriculture is not very 
extensive and general water policies tend 
to override agricultural policies. Water 
management is the responsibility of the 
Länders.
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Traditionally, water prices have been 
based on extraction, treatment and transpor-
tation costs. Until several Länders started 
to establish ‘water taxes’ in 1988, water 
remained significantly undervalued with 
respect to other sectors (IISD, 1998). 
However, these water taxes deviate from the 
commonly accepted definition of water 
charges for two reasons. One is that they are 
generally levied only in cases where a per-
mit or license is required. Since water meter-
ing in the agriculture sector is not common 
in Germany, the allotted volumes stated in 
licenses are far below actual abstractions 
carried out by licensees. The second reason 
is that the revenues collected from water 
taxes have often been used to compensate 
farmers for restrictions on fertilizer use in 
vulnerable areas. Furthermore, tax rebates 
(up to 90%) exist for those farmers who 
can provide evidence of being financially 
impaired by the tax. However, these rebates 
are conditional upon the implementation of 
water-saving strategies, and on using surface 
water instead of groundwater.

Greece

The relative contribution of agriculture to 
the GNP of Greece is one of the highest in 
Europe. Greece has about 1.33 Mha of irri-
gated land, which represents 38% of its 
total arable area and almost 10% of the 
country’s total land surface. About 20% of 
the active population makes its living out of 
agriculture. Irrigated farming accounts for 
more than 80% of the nation’s total water 
consumption. Irrigated acreage has increased 
by about 65% in the last 20 years, as a result 
of a strong political commitment to increase 
both agricultural production and farm in-
comes in rural areas. It is also the result of 
private initiatives, which currently repre-
sent about 60% of the total irrigated acre-
age, mostly equipped with sprinkler or drip 
technologies.

The remaining 40% of the total irrigated 
acreage (532,000 ha) is composed of coopera-
tive irrigation projects jointly undertaken by 
the Local Land Improvement Boards (TOEV) 

and the National Land Improvement General 
Boards (GOEV). TOEVs manage water allo-
cation, collect farmers’ fees and manage 
 collective facilities. GOEVs are semi-govern-
mental organizations that finance works 
affecting more than one TOEV. Public proj-
ects are mainly equipped with modern irri-
gation technologies, although 41% of the 
irrigated area still uses gravity irrigation sys-
tems. The construction of irrigation projects 
comes under the responsibility of rural 
regional authorities assisting irrigation facil-
ities aimed not only at economic objectives 
but also at environmental consumption and 
social objectives as well. Recently, a 
 government-controlled experiment, the 
Organisation for the Development of Western 
Crete (OADYK), has begun to operate in 
Western Crete, providing water for drinking 
and irrigation purposes. It is a non-profit, 
self-financed organization.

The Greek water economy is presently 
approaching ‘maturity’, and there are few 
new opportunities to expand irrigation sup-
plies. Irrigation water demand has been 
slowly increasing in the past decades with a 
tendency to reach stabilization (Margat, 
2002). Public investments in reclamation 
projects have decreased about 32% since 
the 1970s. Although there are some ongoing 
initiatives which combine environmental 
objectives with better water and irrigation 
management, no significant effort has yet 
been made to make farmers pay for the 
important rehabilitation and maintenance 
costs which will be needed in the future. 
Both the challenging natural conditions of 
Greece and the relative economic import-
ance of its agriculture sector are factors 
which explain the delay in implementing 
water pricing reforms in this sector. Of equal 
importance is the widely held perception in 
Greece that water supply projects are multi-
purpose facilities that contribute towards 
social progress, environmental conserva-
tion and protection.

According to Lekakis (1998), access to 
water resources has not yet been fully regu-
lated, and the organization of the water man-
agement agencies and water suppliers is 
essentially governed by the civil code. This 
institutional framework, together with the 
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remarkable hydrologic complexity of the 
country, explains why it is not possible to 
identify any common trends in Greek agri-
cultural water pricing systems. Another fac-
tor which contributes to this heterogeneity 
is the fact that more than 40% of agricultural 
water demand is met by groundwater 
resources so that water fees are totally 
dependent on extraction costs, including 
fuel or electricity consumption. TOEVs set 
fees to cover administration, maintenance 
and operation costs of their collective facili-
ties. On average, the revenues collected with 
these charges represented about 60% of 
TOEVs’ total expenses in 1994, the rest being 
covered by the state. Lekakis (1998) also pro-
vides an estimated range of pumping costs 
of €42.00–196.00/ha. Charges paid to 
TOEVs cover only part of O&M and nothing 
of capital costs, while individual irrigators 
pay both of these (Chohin et al., 2003).

Hungary

Hungarian agriculture consumes less than 
10% of the total water consumption in the 
country, of which 92.5 Mm3 are used for irri-
gation, 337 Mm3 for fish farming (water sup-
plied to fish ponds) and 125 Mm3 for other 
uses (OKO, 2001, data for 1997). The irri-
gated area in Hungary was 108,400 ha (1998) 
although 264,300 ha were equipped for irri-
gation (4.3% of total agricultural area).

The 1995 Water Act establishes the need 
for public licenses for water use. Water man-
agement in Hungary depends on three 
Ministries: the Ministry of Agriculture and 
Rural Development; the Ministry of the 
Environment; and the Ministry of Transport 
and Water, which is responsible for the 12 
existing District Water Authorities (OKO, 
2001). Farmers in a particular area are 
grouped in Water Management Associations.

The water supply charge consists of a 
water abstraction fee (that depends on 
source type, quality of water and type of 
use) and a water price. The water abstrac-
tion fee is set by the government to finance 
its water management costs. The water price 
is freely set regionally by the water supplier. 

The water price for irrigation can be a fixed 
amount per hectare (between €5.00/ha and 
€36.00/ha, with higher values in modern 
districts) or a volumetric tariff (between 
€0.004/m3 and €0.034/m3). Fees account 
for 20% of farmers’ water-related costs 
(OKO, 2001) and for 0.5–2% of the gross 
value product of crops produced (Strosser, 
2003). Water tariffs cover part of O&M costs. 
However, in some regions it even covers all 
capital costs.

Italy

Irrigated agriculture accounts for 27% of 
agricultural land, 30% of farms and about 
50% of total agricultural production. Around 
60% of Italian agricultural exports are pro-
duced by irrigated agriculture (Leone, 1997; 
Bazzani et al., 2003). Italy has unequally dis-
tributed water resources, abundant in the Po 
valley but scarce and unreliable in the South. 
Irrigated land is mostly located in the north-
ern Po valley (about 2 Mha) and in the south-
ern Capitanata region (about 450,000 ha). 
Farming in Italy represents about 61% of 
consumptive use of water, with irrigation 
estimated at 50% of withdrawals. Water 
demand for agriculture has been decreasing 
since 1970, although future water demand 
for irrigation is forecasted to stabilize around 
the present level of consumption (Massarutto, 
2001; Margat, 2002).

The Land Reclamation Act (1933) con-
verted all water bodies to the public domain, 
and set forth the principles which have 
guided the management of water resources 
in Italy ever since. The poorly maintained 
water distribution system in Italy relies 
mainly on ‘Reclamation and Irrigation 
Boards’ (RIBs) (Consorzi di Bonifica e 
Irrigazione) that are managed by associa-
tions of landowners, entities regulated by 
public law that control land reclamation 
and water distribution in a certain area. 
RIBs distribute about 90% of the water used 
for irrigation (ANBI, 1992, 1998). Consortia 
have self-financing capacity to foster rural 
development, as well as to build irrigation 
projects. The government provides funds to 
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cover all project capital costs, while the 
Consortia are responsible for managing and 
maintaining these systems, and collecting 
charges from farmers.

The average water cost at the farm level is 
about €36.00/ha, but actual tariffs range from 
€2.00/ha to €355.00/ha. The tariff system is 
usually based on the running costs of servic-
ing an area. It is only in a small part of the 
total irrigated area that water is measured and 
volumetrically priced. For instance, in the 
Romagna Occidentale Irrigation Board, 87% 
of the total area, served by open canals or non-
metered pipe systems, pays per-hectare 
charges (€42.60/ha and €132.20/ha, respec-
tively), while the remaining 17%, equipped 
with metered, pressurized distribution sys-
tems, pay €20.66/ha, plus a volumetric com-
ponent (Bazzani et al., 2005).

Italian farmers pay much less than other 
users. Charges cover only part of O&M costs 
and nothing of investment or depreciation 
costs (Chohin et al., 2003). Massarutto (2003) 
reports a range of 70–100% O&M recovery 
rates in northern Italy and 20–100% in the 
South. In Sardinia, rates vary within each 
Consortia based on the type of water convey-
ance system, pressure, crops and irrigation 
technology, ranging from a flat rate of €51.00 
for drip irrigators in Nurra Consortia to 
€392.00 for rice growers in Campidano 
 di Oristano Consortia (Aiello et al., 1997). 
Xiloyannis and Dichio (2001) find large 
water consumption differences for the same 
crops between a district in Bassilicata (a flat 
per-hectare rate) and another in Puglia that 
uses a block-rate system (a flat rate of €10.00/ha 
plus a variable rate of €0.09/m3 (0–1300 m3/ha), 
€0.056/m3 (1300–2000 m3/ha), €0.091/m3 
(2000–3000 m3/ha) and €0.126/m3 (for any 
unit exceeding 4000 m3/ha).

The Netherlands

Irrigation accounts for 60% of total arable 
land in the Netherlands. Dutch agriculture 
uses 149 Mm3 of tap water every year (25 Mm3 
in greenhouses, 38 Mm3 in irrigated arable 
land and horticulture, and 86 Mm3 in cattle 
farming). Water supply is the responsibility of 

a company wholly owned by the municipali-
ties within its supply area. The water boards 
or waterschappen have responsibility for land 
drainage/flood defence and, in some prov-
inces, for water-quality management. They 
work in close cooperation with the residents/
landowners of their areas, who elect them.

The water boards’ costs are fully cov-
ered by water users, including farmers who 
pay the full supply costs and, where appro-
priate, the full drainage costs as well 
(National Reference Centre for Agricultura, 
1998, unpublished data). The agriculture 
sector contributes 27% of the total levies 
raised for quantitative water management. 
Unlike in most other countries, the Dutch 
agriculture sector contributes more revenue 
to water management costs than it is actu-
ally spent in its direct benefit, with a dis-
crepancy of about 5%. The reason is that the 
main task of water boards is flood protection 
and land drainage. On average, water supply 
costs to agriculture amount to €1.04/m3.

Farmers in the Netherlands are subject 
to a groundwater extraction tax, especially 
when they draw on tap water resources for 
cattle production. If they decide to extract 
groundwater directly themselves, a permit 
from the Central Government is required if 
pumping capacity exceeds 10 m3/s or if the 
farmer uses more than 1 Mm3/year, and the 
farmer has to pay the abstraction tax plus a 
small provincial tax. Most farmers install 
small pumping facilities, so they do not 
have to pay these taxes. Hellegers et al. 
(2001) conclude that the price of ground-
water was inefficient and provided fewer 
incentives for the adoption of modern irri-
gation technology than a system that con-
siders the cost of depletion and groundwater 
contamination in the price of groundwater.

Portugal

Portugal is relatively well endowed with 
water resources, although huge differences 
exist between the North and the South. 
Irrigated land constitutes about 60% of the 
nation’s total water supply and 25% of the 
agricultural area.
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The Portuguese Water Law combines 
public and private ownership of water re -
sources. Unlike most countries, the state’s role 
in promoting irrigation projects in Portugal 
has traditionally been quite  limited. Purely 
public irrigation projects make up only 19–
25% of the 650,000 ha of irrigated land, most 
of which are located in the southern regions, 
which make the role of public water pricing 
policies less important for national-level 
water management strategy. Traditionally, 
water abstractions have been allowed free of 
charge, provided that users do not generate 
significant levels of pollution. However, major 
institutional and legal  progress has been 
recently made in terms of implementing water 
charges for public projects.

Agricultural water tariffs are levied by 
user associations in accordance with very 
complex mechanisms and formulae. The 
complexity arises because WUAs some-
times supply municipal water as well, prop-
erty size affects the water charges, and 
charges are combined with drainage fees in 
projects that require drainage (Castro, 1997). 
Project beneficiaries are required to pay a 
yearly set charge called TEC (Taxa de 
Exploração e Conservação) which includes 
a selection of no more than three of the fol-
lowing components: (i) a fixed charge per 
reclaimed or ameliorated hectare of land 
(ranging from €14.00 to €211.00); (ii) a 
fixed charge per irrigated hectare (ranging 
from €24.00 to €114.00); (iii) a volumetric 
charge per cubic metre, if metering is possi-
ble (ranging from €0.008/m3 to €0.021/m3); 
(iv) a drainage fee, when drainage of exces-
sive water is required (ranging from €15.00 
to €62.00); and (v) a crop-based fee applica-
ble for specific crops and projects (ranging 
from €13.00 to €68.00) (Bragança, 1998).

Although the capital cost charge  element 
has never achieved its intended objective 
of full cost recovery, the Portuguese system 
has the peculiarity to compute its payable 
fees using different interest rates, with the 
rates varying with soil quality and the crops 
grown. For instance, Brangança (1998) 
reports significant water price differences 
paid by farmers in Sorraia: €0.01/m3 for rice 
(17,200 m3/ha) and maize (7200 m3/ha), and 
€0.0131/m3 for tomato (5400 m3/ha). It is 

clear that the ‘ability-to-pay’ principle, com-
bined with other agricultural policy objec-
tives, underlies these price differentials. 
None the less, charges in Sorraia were grad-
ually raised in the period 1991–1997, up to 
levels that exceed O&M costs.

Romania

The total agricultural area in Romania is 
14.8 Mha, of which 9.8 Mha are arable and 
3.1 Mha are developed and equipped for irri-
gation. Of these, only 440,000 ha were irrigated 
in 1998 because of abandonment and decay of 
facilities. Romanian agriculture consumes 
about 10% of water in the country, of which 
284 Mm3 are used for irrigation and 664 Mm3 
for fish farming (OKO, 2001, data for 1997).

The 1996 Romanian Water Law estab-
lishes the need for public permits for any 
water abstraction. The Ministry of Waters, 
Forests and Environmental Protection is 
mainly responsible for water management 
and protection, which are implemented by 
the 12 basin branches of the National 
Company ‘Apele Romane’. Irrigation user 
associations have been existing only since 
1999. Water prices in Romania are set by the 
government for each type of water use, so that 
all farmers in the country pay €0.4/1000 m3 
of irrigation water used, and the government 
also covers all electricity costs (OKO, 2001). 
In those areas where irrigators’ associations 
have developed they have set their own 
charges to cover their own supply costs.

Spain

Spain’s irrigation practices go back to the 
times when the Muslims occupied the Iberian 
Peninsula, starting in the 8th century, and 
further developed Roman irrigation tech-
niques. This explains why there is so much 
diversity across regions and even between 
neighbouring irrigation areas. Irrigation water 
demand in Spain has been slowly increasing 
in the past decades and is expected to con-
tinue growing with a tendency to level out 
(Margat, 2002). The era of Spanish modern 
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water legislation began in 1985 with the 
Water Act that replaced the 1879 Water Act. 
The 1879 Act and the 1911 Irrigation and 
Land Reclamation Act jointly granted very 
generous economic conditions to irrigators 
who benefited from state water projects 
(Garrido and Calatrava, 2005). Spain’s pres-
ent charging systems are, in general, far from 
complying with the WFD. We analysed cost 
recovery for the Spanish case in the section 
devoted to the impact of the WFD.

About 70% of all Spanish irrigated area is 
serviced by communities of irrigators. In addi-
tion to administering the resources and infra-
structures they share water among irrigators, 
and have a major role in water management 
both at the River Basin Authority (RBA) and 
district levels. They are active members in the 
governing and planning boards, and have per-
manent seats in the Basin Assembly of Users.

Farmers pay a ‘regulation levy’ and a 
‘water use tariff’ to the RBA through the irriga-
tion district, and an additional tariff to cover 
the costs of the irrigation district itself (called 
‘derrama’). Irrigation districts that abstract 
their water directly and that do not use pub-
licly developed infrastructures only pay the 
regulation levy plus their own pumping, trans-
port and application costs. A fixed per-hectare 
tariff is applied in 82% of the Spanish irrigated 
area, while volumetric tariffs are applied in 
13% of the irrigated area, mostly in those dis-
tricts that are served with groundwater and/or 
that incur energy costs (MAPA, 2001). Binomial 
tariffs, which combine both a volumetric com-
ponent, to cover variable costs such as energy 
or labour, with a fixed per- hectare charge, are 
applied in 5% of the irrigated area. Average tar-
iffs paid for irrigation water in areas where 
water is supplied by RBAs is €0.02/m3, except 
for the agricultural users served from the Tajo-
Segura Transfer who pay about €0.09/m3, 
while areas that use groundwater pay an aver-
age of €0.04–0.07/m3, based on extraction and 
other O&M costs.

United Kingdom

Irrigation in the UK is all supplementary 
irrigation. There are 147,895 ha of irrigated 
land in the UK (Weatherhead and Danert, 

2002) growing mainly potatoes and vegeta-
bles in the Anglian region (the drier eastern 
England, 50%), the Midlands (19%), 
Thames (10%) and other southern regions 
(9%). In some regions and seasons, irriga-
tion may make up to 80% of abstractions. 
There is also some irrigation in Wales, 
Scotland and northern Ireland.

Although water is becoming increas-
ingly scarce in the east of England, irriga-
tion represents only 3% of all water 
diversions. However, water used for irriga-
tion doubled in the period 1975–2000, with 
an underlying increase in water use for irri-
gation in the eastern counties of 3%/year in 
that period. In response to seasonal water 
shortages and restrictions on summer 
abstraction licenses, total water stored in 
on-farm reservoirs doubled from 33 Mm3 to 
64 Mm3 in the 1984–1995 period (MAFF, 
2000). In Scotland and northern Ireland, 
water resources are abundant, and farmers 
can take water from adjacent rivers simply 
by applying for permission, which is granted 
at no cost.

Irrigation based on river diversion is 
unsupported. Since the 1960s all abstrac-
tions in England require a license. Since 
1997, there has been a succession of reviews 
and policy changes covering all aspects of 
water management in England and Wales, 
including the water abstraction licensing 
system, and the elimination of barriers to 
the trading of water licenses.

From 1993 onwards, each region is 
allowed to set charges to recover its water 
control costs (Rees, 1997). Farmers pay a fee 
when applying for a water abstraction 
license, as well as an annual charge that 
depends on the location, the return flow 
generated by each irrigation technology, 
water quality, and the season in which the 
abstraction is made. Prices vary from €0.008/
m3 in Yorkshire to €0.021/m3 in Northumbria. 
A review of irrigation costs shows that aver-
age irrigation costs for large irrigated areas 
(greater than 50 ha) are about €0.43/m3 for 
direct application in the field, rising to about 
€0.70/m3 with clay-lined storage reservoirs, 
and over €0.90/m3 with artificially lined 
reservoirs. Water costs are less than 7% of 
total costs. Thus, at current abstraction 
charges, summer direct abstraction is always 
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cheaper than winter stored water. Summer 
charges would need to rise to about €0.27/
m3 for winter stored water to be a cheaper 
option. But additional summer water is not 

available in many situations. The average 
total costs using trickle systems range 
between €0.80/m3 and €1.35/m3 (Knox and 
Weatherhead, 2003).
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14 Policy-driven Determinants of Irrigation 
Development and Environmental 

Sustainability: A Case Study in Spain

C. Varela-Ortega

Introduction: Water Use 
and Agricultural Policies

Objective and contents of the chapter

This chapter analyses the role that water 
and agricultural policies play in the evolu-
tion of irrigated agriculture and water use 
and, as a consequence, on the conservation 
of aquatic ecosystems. Using an illustrative 
case study from central Spain, the chapter 
focuses on the joint impacts of the imple-
mentation of agricultural policies (the EU 
Common Agricultural Policy, or CAP) and 
water conservation policies (both European 
and national) on the development of irri-
gated agriculture, groundwater abstraction, 
and the conservation of depleted aquifers 
and associated wetlands. The chapter is 
divided into three sections. The first intro-
ductory section provides a general picture of 
how water policies and agricultural polices 
have determined to a great extent water con-
sumption trends in the Mediterranean coun-
tries of the EU. A subsection illustrates how 
groundwater use for irrigation has been 
determined by the evolution of policy pro-
grammes in the region of Castilla-La Mancha 
of Spain’s southern central plateau, intro-
ducing the case study. The second section 
examines the specific agricultural polices 

and water policies that have been succes-
sively applied in the area of study. Special 
attention is given to analysing the capacity 
of these polices to respond to the societal 
needs of socio-economic development and 
ecosystem conservation as well as to the 
comparative cost-effectiveness of the differ-
ent public policy programmes. A subsection 
compares the impact of these policies with 
the alternative mechanism of water pricing. 
The third section includes some concluding 
reflections.

Evolution of water use 
and irrigated agriculture

The evolution of irrigated agriculture in the 
Mediterranean countries as in other coun-
tries worldwide has been determined by pol-
icies that relied to a great extent on technical 
solutions for water supply enhancement. 
Publicly funded large water infrastructures 
resulted in water deliveries at subsidized 
costs, increasing the burden on the public 
budget and leading to environmental dam-
age (Rosegrant et al., 2002; Benoit and 
Comeau, 2005).

In contrast to the one-sided water supply 
paradigm of the past, public authorities in many 
countries in the world are now  confronted 
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with the challenge of elaborating demand-
side, integrated, and cost-effective water 
management policies. These policies will 
have to be designed and enforced to address 
the dual aims of achieving a more efficient 
use of water among sectors and social groups 
while ensuring the sustainability of water 
resources. The increasing incorporation of 
economic, social and institutional aspects, as 
well as public participation and the involve-
ment of stakeholders, has proven to be effec-
tive for integrated water management and 
hence for food production, protection of 
water ecosystems and overall socio-economic 
development (Bromley, 2000; Rosegrant et al., 
2002; Margat, 2004; Benoit and Comeau, 
2005). The recently enacted EU Water 
Framework Directive (WFD), which is man-
datory for all member states, is an example of 
new integrated water management policies 
(EU, 2000).

In the EU, agricultural policies have 
affected water consumption in irrigated agri-
culture, most acutely in the arid and semi-
arid regions of southern Europe that extend 
along the Mediterranean littoral and its 
 hinterland. During the 1980s and 1990s, the 
CAP encouraged expansion of irrigation in 
response to production-based subsidies with 
contradictory effects in many irrigated areas. 
On the one hand, irrigation expansion led to 
unquestionable socio-economic benefits to 
the rural areas concerned but, on the other, 
it generated negative externalities with clear 
detrimental consequences to aquatic eco-
systems (Baldock et al., 2000; Varela-Ortega 
et al., 2002).

Over time, the CAP evolved with the aim 
of promoting a more balanced integration of 
the agriculture and environmental sectors by 
incorporating environmental objectives into 
agricultural policy programmes. The first ini-
tiative was the McSharry reform of 1992, 
which added to the CAP specific environ-
mental programmes governed by explicit reg-
ulations. The subsequent reform of Agenda 
2000 gave a new impulse to introducing agri-
environmental instruments into the CAP 
regime by making access to production-
related direct payments conditional upon 
compliance with certain environmental stan-
dards. This new system of cross-compliance 

became mandatory for all member states 
under the Luxembourg reform of 2003, which 
promotes a multifunctional sustainable agri-
culture with direct payments for specific pro-
grammes substituted by a single farm payment 
fully decoupled from crop production.

The effect of the new CAP regime on 
irrigated agriculture (the implementation of 
which started in 2005) remains uncertain 
though several studies have underlined the 
potential of the new instruments for achiev-
ing compatibility between agricultural pro-
duction and water resources conservation 
(Petersen and Shaw, 2000; Varela-Ortega et al., 
2002; Brouwer et al., 2003). In particular, 
it can be expected that in many areas in 
Spain and in other member states, the decou-
pled single farm payment (SFP) will induce 
a land use shift away from highly productive 
and heavily water-consuming crops (such as 
maize). As the SFP was calculated as the 
annual average of the total payments received 
by a given farm during a 3-year reference 
period (2000, 2001, 2002), these crops are 
losing their financial comparative advantage, 
since they no longer benefit from the high 
production-related subsidies of the previous 
CAP programmes. Moreover, the new CAP 
requires the application of cross-compliance 
schemes that protect the environment and 
natural resources. These also can be expected 
to have a substantial impact on irrigated 
crops and water use.

Agricultural policies are not, however, 
the only policies that affect irrigated agricul-
ture. In Spain as elsewhere in the EU, the 
reformed CAP is being implemented in paral-
lel with the WFD, which calls for the adop-
tion of water pricing instruments that 
incorporate the principle of full cost recovery 
of water services. If rigorously implemented, 
the WFD could well call into question the 
viability of a substantial proportion of irri-
gated farms in some areas of Spain (certainly 
in less fertile regions) (Berbel and Gutiérrez, 
2004; Gomez-Limón and Riesgo, 2004; Mejías 
et al., 2004; Varela-Ortega et al., 2006b; Garrido 
and Calatrava, 2007). How these two ongoing 
policies will interact in the varied regions of 
Spain, how they will affect water use, irrigated 
agriculture, land use patterns, the conservation 
of natural resources, and the socio-economic 
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development of rural areas, are still being 
investigated and constitute a major concern 
for public authorities.

Irrigation development and groundwater use 
in Spain: a policy-driven response

Groundwater is a strategic source of water in 
arid and semi-arid regions that face uneven 
distribution of rainfall and recurrent drought 
spells, such as the Mediterranean region. 
The use of groundwater for irrigated agricul-
ture has expanded in recent decades relative 
to the use of surface water due to its accessi-
bility to many private irrigators, the low cost 
of the associated irrigation infrastructure, 
high farming profitability, and lower vulner-
ability to climatic vagaries. New technolo-
gies for well drilling, pump installation and 
improved knowledge of hydrology have 
allowed an increasing number of indepen-
dent private irrigators to resort to groundwa-
ter for farming in a ‘silent revolution’ (Llamas 
and Martinez-Santos, 2006). As a result, irri-
gation expansion has induced important 
socio-economic developments in rural areas 
due not only to the increase in direct farm-
ing activity but also to the indirect effects 
of secondary irrigation-related activities. 
Irrigation development and the resulting 
increase in groundwater abstractions have, 

in turn, however, caused overexploitation of 
aquifers and the progressive degradation of 
associated wetland ecosystems of high eco-
logical value.

Depletion of aquifers by intensive irri-
gation has occurred in several regions of 
great environmental value in Spain. A 
remarkable example can be found in the 
western part of the region of La Mancha, 
on the southern central plateau. In this 
area, past CAP programmes encouraged 
irrigation expansion with positive social 
effects, including an increase in farm 
incomes, the creation of employment 
opportunities, the development of irrigation-
related firms, population stability and over-
all socio-economic development (Martinez 
Vega et al., 1995). On the other hand, the 
CAP programme has led to the overexploi-
tation of the western La Mancha aquifer 
and to the subsequent degradation of the 
associated wetland ecosystem of the 
nearby national park ‘Tablas de Daimiel’ 
(Rosell and Viladomiu, 1997; Varela-Ortega 
and Sumpsi, 1999). This policy contradic-
tion is depicted in Fig. 14.1 and illustrates 
how agricultural policies and environmen-
tal policies need to have common and 
coherent objectives. With the aim of reme-
dying this ecological impact, a special 
agri-environmental programme (AEP) was 
launched in 1993 under the CAP environ-
mental regulation of 1992.

Common agricultural policy

Arable crop regime
Production-related

direct payments

Agri-environmental
programs

(AEP)

Economic
effects

Environmental
effects

• Increase in irrigation
• Intensification
• Increase in farm income
• Increased employment
• Increased investment

• Overexploitation of aquifers
• Wetland depletion and loss
• Water pollution and salinity
• Loss of biodiversity

Recovery of
aquifer and
restoration
of wetland

Fig. 14.1. A policy contradiction in the CAP agricultural and environmental programmes.
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Irrigation Development 
and Environmental Sustainability: 

A Case Study in Spain

The unresolved controversy: groundwater 
irrigation or wetland conservation?

The wetland known as ‘Tablas de Daimiel’ in 
the western La Mancha region is unique and 
one of the most peculiar geomorphologic for-
mations of the Spanish territory. The last exam-
ple in Europe of a continental ecosystem known 
as a ‘fluvial table’, covering an area of about 
2000 ha, this extraordinary wetland was formed 
by the overflow of the neighbouring rivers 
(Guadiana and Cigüela), its formation being 
favoured by the flat surrounding terrain and the 
high water table of the western La Mancha 
aquifer. The wetland is a unique habitat for the 
conservation of European and North African 
aquatic birds, with large populations of nesting 
and hibernating waterfowl and numerous spe-

cies of aquatic flora and fauna. As a result, the 
wetland has attracted national as well as inter-
national recognition and has been registered 
under a number of national and international 
agreements, being made a UNESCO Biosphere 
reserve in 1981, a RAMSAR site in 1982 
(Ramsar, 2006), a Special Protection Birds Area 
under the EU Birds Directive, and a Natura 
2000 site under the Habitats Directive (Baldock 
et al., 2000; MIMAM, 2006).

Over time, this fragile ecosystem has 
been progressively degraded as a result of 
excessive groundwater abstraction from the 
western La Mancha aquifer (Llamas et al., 
2001; CHG, 2006). The central aquifer cov-
ers an area of about 5000 km2 and it had a 
surplus water balance up to the mid-1970s, 
before irrigation started to expand in the 
region. The expansion of irrigation has a 
clear policy-driven component. Figure 14.2 
shows the evolution of water abstraction 
and irrigated area from 1985 to 2005. It also 
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Fig. 14.2. Water abstractions, total irrigated surface and surface joining the AEP in the western La Mancha 
aquifer: 1985–2005. (From CHD (Confederación Hidrográfica del Guadiana) (2006) – JCC-LM (Junta de 
Comunidades de Castilla-La Mancha) (2006).)
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shows the corresponding policy programmes 
that were applied during this period.

Following Spain’s integration into the 
EC in 1986, the trend in irrigation expansion 
was reinforced. From the mid-1980s into the 
1990s the intensity of well drilling and water 
abstraction by private irrigators increased 
considerably in response to the CAP subsi-
dies. In the early 1990s, annual water 
abstractions rose to more than 500 Mm3, 
greatly exceeding the natural recharge rate 
of the aquifer estimated at 230 Mm3/year 
(CHG, 2006). As a consequence, return flows 
diminished considerably, the water table 
lowered and the aquifer was officially 
declared overexploited in 1991 (MOPTMA-
CHG, 1995). The groundwater also suffered 
from salinization problems and contamina-
tion, while eutrophication of surface water 
produced changes in vegetation, peat fires, 
and a generalized decline of flooded lands 
that had devastating impacts on the local 
flora and fauna. Furthermore, the profitabil-
ity of irrigated farming simultaneously 
diminished due to both the decrease in water 
availability and rising costs of deeper well 
drilling (Iglesias, 2001; Varela-Ortega et al., 
2002).

Two policies in the upper Guadiana basin: 
one objective and two instruments

The national policy

The official declaration that the western 
La Mancha aquifer was an ‘overexploited 
aquifer’ came about in 1991 and the River 
Basin Authority adopted a specific regula-
tion that imposed a strict Water Abstraction 
Plan (WAP) (CHG, 2006) with the aim of 
restoring the overexploited aquifer. This 
regulation imposed strict water abstrac-
tion quotas on licensed wells and pre-
vented the drilling of new ones. Maximum 
permitted water volumes were established 
according to farm size and crop type and, 
on average, the maximum allowable vol-
ume was set at 2000 m3/ha, well below the 
preceding average water entitlement of 
around 4200 m3/ha. Quotas were modified 

on an annual basis depending on climatic 
and demand conditions.1

Since the enactment of the 1985 Spanish 
Water Act, all water resources have been in 
the public domain, and irrigators have usu-
fructuary water rights through administra-
tive concessions granted by the Water 
Authority. Reflecting public ownership of 
the water, the WAP was defined by a water 
quota instrument and the farmers were not 
granted any compensation for the income 
foregone as a result of these compulsory 
measures. The water quotas were controlled 
either directly by water meters installed on-
farm or – in most cases – indirectly by the 
crops grown by each individual farmer, mak-
ing policy enforcement and control a diffi-
cult and costly exercise (MOPTMA-CHG, 
1995). Moreover, the drastic reductions in 
the allowable quotas led to considerable 
social unrest and to free-riding behaviour in 
the form of illegal drilling of wells and exces-
sive abstraction. This behaviour is common 
to other areas in the world where subterra-
nean water is the major source of water for 
irrigation farming (Provencher and Burt, 
1994; Shah et al., 2000; Varela-Ortega and 
Sagardoy, 2003; Schuyt, 2005; Llamas and 
Martinez-Santos, 2006). Farmers opposed 
the cropping restrictions and water use limi-
tations, given the lucrative price and subsidy 
incentives provided under the CAP. In sum, 
this water conservation policy faced major 
implementation difficulties and high trans-
action costs, as is typical of other similar 
cases of environmental policies (Whitby et al., 
1998; McCann et al., 2005).

The EU policy

Following the CAP reform of 1992, a special 
5-year AEP was adopted for the area in 1993 
with the objective of recovering the wetlands 
of the National Park by reducing water abstrac-
tion from the aquifer. This programme pro-
ceeded in parallel with the national WAP but 

1 For 2006, the established permitted water volumes 
were 2640 m3/ha for farms under 30 ha, 2000 m3/ha 
for farms between 30 and 80 ha, and 1200 m3/ha for 
farms above 80 ha (vineyards were granted a special 
entitlement of 1000 m3/ha) (CHG, 2006).
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was voluntary and had a social component 
that granted income compensation payments 
to irrigators in return for reductions in their 
water use. The initial 5-year programme was 
extended for another 5 years (1993–1997 to 
1998–2002). Three levels of water use reduc-
tions were established, namely a 50%, 70% 
and 100% reduction in the irrigators’ original 
(fixed) water entitlements (not subject to WAP 
annual adjustments). These reductions corre-
sponded to three levels of income compensa-
tion payments, respectively (see Table 14.1). 
Thus, the policy instrument used for attaining 
the policy objective was a combination of vol-
untary water quotas and an income compen-
sation scheme.

The overwhelming majority of farmers 
in the area joined the first AEP. By 1997 
close to 90% of the total 120,000 ha of irri-
gated lands came under this programme 
and annual water abstractions were reduced 
by 60% or about 300 Mm3, greatly exceed-
ing the programme’s objectives, which had 
targeted a reduction of 255–270 Mm3 per 
annum (JCC-LM, 1999). While it was esti-
mated that the water use restrictions of the 
compulsory WAP induced an average farm 
income loss of around €200–250/ha (MAPA-
JCC-LM, 1992; Rosell and Viladomiu, 1997), 
the AEP with its income compensation 
scheme greatly reduced the social distress 
created by the WAP and encouraged farm-
ers to shift to less water-demanding crops 
and to adopt water-efficient technologies 

(Rosell and Viladomiu, 1997; Iglesias, 
2001). This water-saving behaviour was 
reinforced by the nationwide 5-year drought 
that lasted from 1991 to 1995. Due to the 
higher resilience of groundwater, the impact 
of the drought was much less severe in this 
area than in the lower part of the Guadiana 
basin where surface water irrigation is pre-
dominant (Llamas and Martinez-Santos, 
2006). The programme had a much larger 
impact than foreseen and was able to achieve 
its environmental and socio-economic 
objectives (Rosell and Viladomiu, 1997; 
Iglesias, 2001). Its main drawback was its 
high cost in terms of public funds so that 
the cost-effectiveness of the policy was 
increasingly questioned (Varela-Ortega and 
Sumpsi, 1999).

The coupling of national and EU policies

The AEP was modified in 2003, reinforcing 
the environmental objectives promoted by 
the new CAP reform (also enacted in 2003). 
For this second phase, only the 50% and 
100% water reduction levels were consid-
ered and the level of payments was based 
on farm size, with larger farms receiving a 
lower payment. Furthermore, water use vol-
umes under the second phase were to be 
calculated not based on initial entitlements 
but on the water volumes established annu-
ally under the WAP, which reduced the per-
mitted volumes even further. The second 

Table 14.1. Evolution of the EU AEP. (From JCC-LM, 2006.)

 EU AEP of western La Mancha aquifer Income Compensation Payments €/ha

 First Phase (1993–2002)  Second Phase (2003–2007)
 AEP1 Payments are AEP2 Payments are modulated

Level of reduction in
 independent of farm size according to farm size

water consumption (%) 1993 1997 2001 2006

 50 156 164 179 1–40 ha 209
    40–80 ha 125
    >80 ha 63
 70 258 271 296  
100 360 379 414 1–40 ha 518
    40–80 ha 311
    >80 ha 155
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phase thus coupled, for the first time, the 
EU and National Policies within a common 
framework aiming to reduce water con-
sumption in the agriculture sector, restore 
the aquifer and conserve associated wet-
lands. Since the new water quotas of the 
AEP2 were calculated as 50% or 100% of 
the WAP permitted volumes, they were sub-
stantially lower than the water quotas of the 
first phase of the EU programme, and thus 
the income compensation payments offered 
barely covered the income loss: the pro-
gramme was hence abandoned by the major-
ity of farmers. The total area where farmers 
participated in the programme was no more 
than 15,000 ha in 2005, as compared to close 
to 90,000 ha in 1997, and the total water use 
reduction was considerably lower than in 
the previous programme. Table 14.1 shows 
the evolution of the AEP during its two 
phases.

Besides seeking to control public 
expenditures, the merging of the two water 
policies (the Spanish WAP and the EU AEP) 
also reflected the EU WFD, enacted in 2000. 
As the first EU initiative designed to pro-
mote a comprehensive basin-based inte-
grated water policy, this directive requires 
all EU member states to achieve ‘good eco-
logical status’ of all watercourses by 2015. 
This meant that the River Basin Authority 
was required to strengthen the control of 
water abstractions and illegal drillings, so 
as inter alia to limit water abstraction by the 
agriculture sector to the maximum permit-
ted total annual volume (200 Mm3) compati-
ble with the aquifer’s natural recharge. For 
this reason, a Special Plan for the Upper 
Guadiana basin was recently presented with 
strict water consumption limitations for 
the irrigation sector, along with a socio-
 economic restructuring plan and the strength-
ening of public participation procedures 
(CHG, 2006).

The policy matrix given in Table 14.2 
summarizes the agricultural and water pol-
icies that affect the study region. In the 
matrix, policies have been characterized 
by their objectives, instruments, and envi-
ronmental and societal effects, including 
private (e.g. farmers’ income) as well as 
public effects (e.g. enforcement and cost-

effectiveness). The agricultural policies 
include the McSharry reform of the CAP in 
1992 and the recent 2003 reform. The water 
policies are divided into two blocks: the 
first block includes the policies specific to 
the area of study, that is, the (national) 
WAP and the two phases of the subsequent 
EU AEP. The second block includes the 
general water policy (i.e. the WFD) that 
affects all regions of the EU.

The matrix underlines the interactions 
between agricultural and water policies by 
showing how the water quota of the first 
phase of the AEP is linked to the initial 
water endowments that prevailed prior to 
the last CAP reform in 2003. The matrix also 
shows how the quota instrument of the sec-
ond phase of the AEP is linked to the 
(national) WAP, emphasizing the recent 
coupling of the national and EU policies.

Public Policies for Cost-effective and 
Sustainable Groundwater Management

In this section we present the methodology 
and results of the recent research EU project 
(NEWATER) conducted in the study area 
with the objective of analysing the respec-
tive environmental and socio-economic 
effects of the application of agricultural and 
water conservation policies.

The basic characteristics of the meth-
odology are, first, the elaboration of a 
 knowledge-base supported by considerable 
fieldwork and stakeholder consultation 
and, second, a farm-based non-linear static 
mathematical programming model of con-
strained optimization. The model describes 
the behaviour of representative farmers 
 confronted by different policy scenarios. 
Following previous work in the area of 
study (Varela-Ortega et al., 1998, 2002) the 
model incorporates new risk parameters 
and maximizes a utility function subject to 
technical, economic and policy constraints. 
The utility function is defined by a gross 
margin and a risk vector that takes into 
account climate as well as market prices 
variability. Activities are defined by a given 
cropping area and associated production 
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technique, irrigation method and soil type. 
The problem-solving instrument used is 
GAMS (General Algebraic Modelling 
System). The technical coefficients and 
parameters of the model were obtained from 
fieldwork carried out during 2006 in the 
study area, consisting of surveys and inter-
views with farmers, irrigation community 
representatives, technical experts, river 
basin managers, and regional government 
officials. The model was duly calibrated 
and validated, using the risk aversion coef-
ficient as the calibration parameter and 
comparing results with data on crop distri-
bution, land and labour in the study area.

The study area was represented by a set 
of four statistically representative farms that 
characterize the variety of production sys-
tems and farms types in the area. These rep-
resentative farms correspond to the Irrigation 
Community of Daimiel that covers around 
20,000 ha of irrigated lands and have 1450 
affiliated members. The typology of repre-
sentative farms is shown in Table 14.3.

Policy options

For comparative purposes, policy options 
have been selected for two reference years 
(2001 and 2006). All policies have been 
explained in the previous section and are sum-
marized in the policy matrix (Table 14.2).

For year 2001 (based on results of pre-
vious research, Varela-Ortega et al., 2002), 
two policy alternatives have been selected: 
(i) the CAP Agenda 2000 measures (refer-
ence policy), that include direct payments 
(a yield-based differentiated hectare pre-
mium which is higher for irrigated lands 
than for rain-fed lands); and (ii) the AEP 
that was in place in 2001 which includes 
water reduction quotas and an income com-
pensation scheme.

For year 2006 (based on the model 
explained above) we have the 2003 CAP 
reform applied in conjunction with a water 
conservation policy chosen from amongst 
three options: (i) the WAP; (ii) the AEP2 with 
50% water consumption reduction; and (iii) 
the AEP2 with 100% water consumption 
reduction. The WAP is mandatory and the two 
AEP are optional. The 2003 CAP reform is 
defined by a partial 75% decoupling scheme, 
the modality chosen by Spain, and the 4% 
modulation of subsidies.

The aggregate results of the policy 
analysis of 2001 are summarized in Table 
14.4 (AEP1 70% was the modality chosen 
by the great majority of farmers) and are 
based on results of previous work (Varela-
Ortega et al., 2002), while the weighted 
average aggregate results of the policy anal-
ysis for 2006 (current policy options) are 
shown in Table 14.5.

Table 14.3. Farm Typology for the Irrigation Community of Daimiel in the Region of Castilla-La Mancha 
(2006). (From Field work analysis (2006) updated from Sumpsi et al., 1998 (crop distributions are 
approximate).)

 F-1 F-2 F-3 F-4

Area (ha) 8 24 30 70
Soil quality Low High Medium Medium 
     and low
Cropping  Vine (100%) Winter cereals Winter cereals Winter cereals
 pattern    (30%)  (25%)  (58%)
  Maize (5%) Maize (5%) Maize (2%)
  Horticulture  Melon Horticulture and
   (30%)  (25%)  melon (30%)
  Melon (20%) Vine (30%)
  Set-aside  Set-aside Set-aside
   (15%) (15%)  (10%)
Coverage
  (% of area) 22 19 28 31
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Discussion on the results is presented 
as follows:

On water consumption

The results for 2001 (Table 14.5) show that 
water use reduction under the first phase of 
the agro-environmental programme (AEP1 – 

Table 14.2) more than achieved the original 
AEP’s objectives, reaching about 1500 m3/ha. 
This was below the target of 2000 m3/ha, as 
most of the farmers joined at the 70% reduc-
tion level (with water consumption on aver-
age reduced by 60%). However, as discussed 
above, from 2003 onwards, and with the 
adoption of AEP2 (Table 14.2), the average 

Table 14.4. Results of Policy Analysis (2001). (From Own 
elaboration based on Varela-Ortega et al., 2002).

 Policy option

 Reference  AEP1
Aggregate results agenda 2000 (70% reduction)

Farm income Total 655 698
 (€/ha) % 100 107
Water consumption Total 3776 1500
 (m3/ha) % 100 40
Public expenditure Total 212 386
 (€/ha) % 100 182

Table 14.5. Results of Policy Analysis (2006).

 Policy option

 Reference policy 
Aggregate results CAP ref. with partial  WAP AEP2 50% AEP2 100% 
(2006) decoupling (mandatory) reduction reduction

Farm income  Total 944 765 676 584
 (€/ha) % 100 81 72 62
Water consumption  Total 3285 2495 1247 0
 (m3/ha) % 100 76 38 0
Public expenditure  Total 100 82 339 630
 (€/ha) % 100 82 338 628
Water shadow price  Total 0.033 0.058 0.137 0.678
 (€/m3) % 100 177 221 2058
Water costs (€/ha) Total 201 154 79 0
 % 100 76 39 0
Water costs (€/m3) Total 0.06 0.062 0.063 0
 % 100 101 103 0
Water productivity (€/m3) Total 0.29 0.31 0.54 0
 (average) % 100 104 184 0
Income compensation  Total   0.159 0.197
 of AEP (€/m3)
Crop distribution (%) Rain-fed 12.4 34.3 54.6 100
 Irrigated 78.6 65.7 45.4 0
Labour (man-day/ha) Hired 26.8 20.9 11.3 0.1
 Total 39.7 27.8 16.1 4.0
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water consumption in the reference policy 
was smaller than in 2001 (3285 m3/ha instead 
of 3776 m3/ha) and the WAP reduced it even 
further (to 2495 m3/ha, on average) with the 
purpose of restoring the aquifer. For the 50% 
reduction level, the AEP2 resulted in a reduc-
tion down to only 1247 m3/ha on average, 
clearly insufficient for most crop require-
ments (Table 14.5).

Extrapolating these results to the overall 
aquifer (see Fig. 14.5), AEP1 was joined by a 
majority of farmers and affected around 
90,000 ha, resulting in an estimated total 
reduction in water abstractions of 250 Mm3. 
But under AEP2, fewer farmers joined the 
programme which extended to only 15,000 ha, 
while the total volume saved in the aquifer 
was 35 Mm3 only.

On cropping patterns

Figure 14.3 shows the aggregate results for 
two CAP scenarios: Agenda 2000 (yield-based 
payments) and the recently applied CAP 
reform with decoupled payments (75% par-
tial decoupling scheme). The water quanti-
ties that appear on the graph’s x-axis 
correspond to the water allotments of the 
water scenarios selected (see Table 14.5). 

Extensive irrigation denotes crops that use 
low water quantities, such as barley and 
wheat and intensive irrigation denotes crops 
that use large water volumes, such as maize 
or sugarbeet. Results show that the newly 
applied decoupled CAP policy induces a 
shift away from water-intensive crops, such 
as maize, which loses its high direct subsi-
dies. In the new CAP, rain-fed agriculture 
appears even in the reference scenario 
(3285 m3/ha) while in the former CAP Agenda 
2000, rain-fed agriculture appears only under 
the AEP 50% reduction (1247 m3/ha). On the 
other hand, the cultivation of horticultural 
crops increases under the new policy across 
all water scenarios due to their higher profit-
ability and their technical suitability to water-
efficient irrigation technologies such as 
sprinkler and drip irrigation.

On-farm income

The new AEP2 (2006) results in a clear 
reduction in farmers’ income despite the 
compensation payments that are granted to 
the farmers that voluntarily engage in this 
programme. For the 50% and 100% reduc-
tion alternatives, income is reduced by 30% 
and 40%, respectively. In contrast, the AEP1 

Fig. 14.3. Crop Distribution by Water Scenarios and Agricultural Policy Programmes. (From CAP, 2006.)
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produced an increase of 6% in the income 
received by the farmers (Table 14.4). The 
reason is that, on the one hand, water allot-
ments under AEP2 are calculated based on 
the WAP and thus amount to an average 
maximum permitted level of 1247 m3/ha, 
lower than in the AEP1. On the other hand, 
income compensation payments in the pre-
vious programme were attractive enough for 
farmers to engage in the programme’s 70% 
reduction level. Under the AEP2, income 
compensation is neither sufficient for the 
50% reduction scheme nor for the 100% 
reduction level to make the programme 
attractive to the farmers.

On public expenditure

Both AEP1 and AEP2 are costly policies. In 
2001, under AEP1, an average reduction of 
60% relative to the original water allotment 
resulted in public expenditure almost dou-
bling, rising by €386/ha. In 2006, under 
AEP2, public expenditure (including CAP 
payments) rose threefold to sixfold for the 
50% and the 100% water reduction levels, 
respectively, corresponding to €339/ha and 
€630/ha, thus exceeding the impact on total 
farm income of this last option. The cost-
effectiveness of these policies must there-
fore be questioned. Moreover, the direct 
costs (without the CAP payments) needed 
to reduce water use by one cubic meter are 
high under both options, amounting to 
€0.16 and €0.20 for the 50% and 100% 
reduction levels, respectively.

On water productivity

The average water values in all water sce-
narios are higher than the compensation 
payments, in unit terms, offered by the pro-
gramme. Under the AEP2, for a 50% reduc-
tion level, average water productivity is 
€0.54/m3, and the compensation offered to 
reduce consumption by half is €0.16/m3. 
The same conclusion applies to the com-
pensation offered under the alternative of 
abandoning irrigation altogether (€0.20/m3). 
These results help explain the real situation 
in the area where the majority of the farmers 
are no longer willing to join the programme 

under this new stricter and less compensat-
ing scheme, as evidenced in the fieldwork 
survey and stakeholder interviews con-
ducted in the zone (Varela-Ortega et al., 
2006a) and official data of the regional 
department of agriculture (JCC-LM, 2006).

Using average water values rather than 
marginal values for policy evaluation can, 
however, be ambiguous or even misleading 
as discussed extensively in the literature 
(Agudelo, 2001; Johansson et al., 2002; 
Rogers et al., 2002; Hanemann, 2006, among 
others). The reduction of water volumes 
under the AEP has been expressed in bulk 
volume terms as the compensation payment 
is equivalent for all units of water in the 
reduced allotment (€0.16/m3 in the 1247/m3 
reduced allotment). However, the average 
value of water is not constant and increases 
as less water is supplied because farmers are 
likely to change their crops and technolo-
gies in response to water availability, as 
shown in the model results where cropping 
pattern changes according to the available 
water volumes and to the policy pro-
grammes. This can be shown in the results 
(Table 14.5) where average water value 
declines (from €0.54/m3 to €0.29/m3) as 
more water is delivered (from 1247/m3/ha to 
3285 /m3/ha, respectively); thus the mar-
ginal value of water (shadow price of water 
in Table 14.5) is less than the average value.

The shadow prices of water thus 
increase as less water is supplied from 
€0.033/m3, to €0.058/m3, to €0.137/m3 to a 
maximum of €0.678/m3 as water allotments 
vary from 3285 m3/ha, to 2495 m3/ha, to 
1247 m3/ha and to 0, respectively. Similar 
results can be found for the region of 
Andalucia in Spain (Iglesias et al., 2003). In 
our example, the results show that shadow 
price of water is greater (€0.678/m3) than 
the compensation payment in unit terms 
(€0.197/m3) for the first marginal unit of 
water. This result helps explain why the 
majority of farmers have proven unwilling 
to join the second phase of the AEP2.

The role of water pricing

Following the discussion of the previous 
sections, it is clear that water policies 
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applied in the upper Guadiana basin have 
been ineffective in reducing water abstrac-
tions to a level compatible with the replen-
ishment of the aquifer and hence the 
recovery of the wetlands. As the WAP is not 
fully enforced and the new AEP2 has been 
joined only by a small proportion of the irri-
gators, the quota instruments used in both 
programmes are not effective. In this situa-
tion it is interesting – for the purpose of 
policy analysis – to explore the potential 
effect of the application of an alternative 
instrument such as a water tariff structure.

The use of water tariffs has been dis-
cussed extensively in the literature as a major 
instrument for demand management policies 
and water conservation (Varela-Ortega et al., 
1998; Johansson et al., 2002; Rogers et al., 
2002; Rosegrant et al., 2002; Gomez-Limón 
and Riesgo, 2004; Garrido and Calatrava, 
2007, among others). Water pricing policies 
can provide the farmers with the proper 
incentive to save water but, as water demand 
tends to be inelastic at low price ranges and 
institutional factors are determinant, volu-
metric pricing remains a controversial issue 
in many real-world examples and its wide 
application is still limited (see de Fraiture 

and Perry, Chapter 3, this volume; Molle and 
Berkoff, Chapter 2, this volume).

Subsequent research has been carried 
out by the author’s research team in the area 
of study (Blanco, 2006), based on the same 
type of methodology and they have ana-
lyzed the effects of the application of simu-
lated volumetric tariffs on irrigated farms. 
The results of this research can be used as a 
baseline for assessing the cost-effectiveness 
of the current policies applied in the area.

Two selected farms have been used for 
this analysis (E1 and E2) that correspond 
basically to the extensive large farm (F4) and 
the more intensive medium-size farm (F3) of 
Table 14.3. Table 14.6 shows the aggregate 
results of the application of increasing volu-
metric water tariffs on water demand, farm 
income, revenue collected by the water 
authority and public expenditure. Figures 
14.4 and 14.5 show the water demand curves 
of the individual farms and the farm income 
variation when water tariffs are applied.

Water tariffs are applied once the cur-
rent policy is in place (that is the WAP quota 
of 2049 m3/ha) and we can see from the sim-
ulation results that water demand is reduced 
progressively and reaches an average level 
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Fig. 14.4. Water demand in two representative farms in the western La Mancha aquifer. (From Blanco, 2006.) 
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Table 14.6. Effects of the Application of Volumetric Water Tariffs on Irrigated 
Farms in the Western La Mancha Aquifer. (From Own elaboration from Blanco, 
2006.)

 Water Farm Collected Government Net public
Water tariff  demand income revenue expenditure expenditure
(€/m3) (m3/ha) (€/ha) (€/ha) (€/ha)  (€/ha)

0 2.049 646 0.0 115.4 115.4
0.009 1.822 627 16.4 97.5 81.1
0.018 1.596 610 28.7 79.4 50.7
0.027 1.518 594 41.0 74.3 33.3
0.036 1.503 578 54.1 74.6 20.5
0.045 1.342 534 60.4 78.2 17.8
0.054 1.215 499 65.6 80.9 15.3
0.063 1.127 472 71.0 82.9 11.9
0.072 1.064 452 76.6 84.2 7.6
0.081 1.018 435 82.4 64.7 −17.7

Note: Farm income figures for a zero water tariff are not exactly the same as for the WAP 
option in Table 14.5 due to slight differences in the farms considered but they are largely 
equivalent.

Fig. 14.5. Farm income variation in two representative farms in the western La Mancha aquifer. (From 
Blanco, 2006.)
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compatible with the natural recharge rate of 
the aquifer (1215 m3/ha) at a water tariff of 
€0.054/m3. This water consumption level is 
equivalent to the level attained by the AEP2 
(of 50% reduction in water use) in Table 
14.6. Figure 14.4 shows that water demand 
is more inelastic in the more intensive farm 
(E2) as higher productivity permits to absorb 
increased water use costs without drasti-
cally changing the cropping pattern towards 
less water-demanding crops or to rain-fed 
farming.

For this level of water tariff (€0.05/m3), 
farm income is reduced by 23% (€147.6/ha) 
in the aggregate. However, aggregate results 
can be misleading. As shown in Fig. 14.5, in 
the more intensive farm E2, inelastic 
demand responses result in water use reduc-
tions of 15% that face higher income losses 
(about 21%), a result widely found in the 
literature. But the more extensive E1 farm 
responded to increasing water prices by 
shifting away from water-intensive horti-
culture (such as potato) to specialized low-
water-demanding vegetables such as melon, 
a lucrative adapted crop in the area that is 
grown with drip irrigation. This explains 
why, in the aggregate, water use reductions 
are accompanied by a rather small income 
loss. In the case of the quota-based AEP2 
income loss is barely 12% (€90/ha). How-
ever, public expenditure in the case of the 
application of water tariffs (that include 
only CAP subsidies) is, in fact, reduced by a 
small amount of €34/ha (from €115/ha to 
€81/ha) when prices rise to the desired tar-
get of €0.05/m3 that recovers the aquifer. As 
water prices are administered prices, the rev-
enue collected from the water fees by the 
water agency is public revenue and thus the 
overall net public expenditure is almost nil 
(apart that is from collection costs that have 
not been considered here). Conversely, 
AEP2 is an expensive policy, as pointed out 
in the previous section, and public costs 
rise more than fourfold to support this pol-
icy, reaching €339/ha, a substantially larger 
budget. This evidences the fact that agri-
environmental polices that entail income 
compensation are not sustainable finan-
cially and their cost-effectiveness is indeed 
questionable.

Concluding reflections

● In general, water conservation polices 
that apply a strict quota system can 
achieve water use reductions and wet-
land recovery at low public costs. 
However, these policies are likely to be 
opposed strongly by the farmers, moti-
vating costly litigation processes, a 
low uptake of the programmes and 
high enforcement costs to public 
authorities. Increasing the direct par-
ticipation of stakeholders and stronger 
involvement in the decisions as well 
as social learning activities are strongly 
needed for the acceptance of this type 
of policies.

● Water conservation polices that include a 
quota system and an income compensa-
tion scheme (such as the AEPs applied in 
the area of study), can achieve the pro-
grammed water conservation target, pro-
vided that the compensation payment is 
attractive to the farmers. These policy 
programmes generally have a higher 
social acceptance and farmers’ unrest can 
be avoided when compensation pay-
ments are sufficiently high to balance the 
income foregone by the farmers. However, 
these policies can be very costly, thus 
questioning the sound application of the 
policy. Moreover, such programmes con-
flict with the recently adopted EU WFD 
that, to ensure the good ecological status 
of all water bodies, requires the applica-
tion of the polluter pays principle and a 
cost-effective evaluation of all programme 
measures (EU, 2000).

● It may occur that water quotas which 
entail compensation payments are too low 
(such as 50% from the permitted volumes) 
so that farm income can decrease if, for 
budgetary reasons, compensation pay-
ments are not sufficient to compensate for 
income loss. This will result in a limited 
adoption of the income compensation 
policy by the farmers and, in the aggre-
gate, the policy may not meet the overall 
programmed water conservation targets.

● Water pricing policies can be effective 
instruments to induce water conserva-
tion strategies and are inexpensive 

Molle & Berkoff_Chap 14.indd   343Molle & Berkoff_Chap 14.indd   343 9/12/2007   8:36:14 AM9/12/2007   8:36:14 AM



344 C. Varela-Ortega 

 policies when compared with AEPs 
with an income compensation scheme. 
It seems likely that this kind of economic 
instrument could be effective for achiev-
ing the desired goals of reducing water 
extraction from the aquifer. For 50% 
water reduction levels, we may con-
clude that water pricing policies are 
more cost-effective than AEPs. However, 
even though volumetric pricing induces 
water use efficiency, it may produce dis-
tinctive effects across farm types. Due to 
the inelastic response of water demand 
to price changes in some farm types, a 
uniform water tariff may not achieve 
water conservation purposes in all areas. 
In addition, enforcing such water pric-
ing schemes in private groundwater use 
has proved to be extremely difficult (see 
Venot et al., Chapter 10, this volume).

● From an environmental perspective the 
application of a water pricing policy in 
this zone will be beneficial if reduction 
of irrigation in the area would achieve 
environmental objectives, but this pol-
icy would also entail economic and 
social costs to the area.

● Evaluating water productivity and water 
values needs careful attention. There is a 
tendency in the evaluation of water poli-
cies and projects to use average value esti-
mates rather than marginal values, as 
marginal values require modelling esti-
mates. A disparity between average and 
marginal values might be a crucial factor 
in misrepresenting the real value of water 
as, in most cases, average values are taken 
to be constant and hence overvalued (as 
argued by Hanemann (2006) in the case of 
the water transfer from the Ebro basin).

● Integrating agricultural polices and 
water polices is a key element for water 
conservation purposes. In fact, the new 
EU agricultural polices that incorporate, 
to a larger extent, environmental require-
ments, can play a major role in influenc-
ing water use trends and hence in 
meeting water conservation objectives. 
Water policies and agricultural policies 
should be designed and implemented in 
an integrated stakeholder-participatory 
manner, avoiding contradictions, find-

ing synergies and integrating common 
objectives. However, the social context 
in which these policies will have to be 
implemented requires the selection of 
socially accepted instruments to balance 
the dual objective of protecting natural 
resources and maintaining farm-based 
livelihoods at tolerable social costs. This 
dual objective is best attained when 
strict water polices are combined with 
accompanying measures of rural devel-
opment programmes and the establish-
ment of water banks that permit a more 
flexible distribution of water allotments 
among farmers. This is the challenge 
facing the Spanish regional administra-
tion in charge of the application of both 
national and EU water policies in the 
area that we have studied. The require-
ments of the WFD to reach ‘a good eco-
logical status of all water bodies’ in the 
EU with ‘public transparency and par-
ticipation’ are providing incentives to 
the regional and national administra-
tions to better enforce the water conser-
vation policy. The new rural and social 
development program (Plan Especial 
del Alto Guadiana) being launched in 
this area is designed to diminish eco-
nomic and social burdens. The design 
and enforcement of well-balanced 
polices are major tasks of policy makers 
in achieving successful water policies.

Acknowledgements

The author wishes to acknowledge the EU proj-
ect NEWATER (New Approaches to Adaptive 
Water Management under Uncertainty, 2005–
2009), and the Spanish Ministry of Education 
and Science (Análisis de la gestión integrada 
del agua en la agricultura: aspectos socio-
económicos, ambientales e institucionales) for 
providing research funds for this study. The 
collaboration of the research assistants Irene 
Blanco, Gema Carmona and Paloma Esteve of 
the Polytechnic University of Madrid is also 
greatly acknowledged by the author, especially 
their valuable assistance during the fieldwork, 
data analysis and modelling.

Molle & Berkoff_Chap 14.indd   344Molle & Berkoff_Chap 14.indd   344 9/12/2007   8:36:14 AM9/12/2007   8:36:14 AM



 Irrigation Development and Environmental Sustainability 345

References

Agudelo, J. (2001) The Economic Valuation of Water: Principles and Methods. Value of Water Research Report 
series N° 5. IHE Delft, The Netherlands.

Baldock, D., Dwyer, J., Sumpsi, J., Varela-Ortega, C., Caraveli, H., Einschütz, S. and Petersen, J.-E. (2000) The 
Environmental Impacts of Irrigation in the European Union. Report to the European Commission. 
European Commission, Brussels.

Benoit, G. and Comeau, A. (eds) (2005) A Sustainable Future for the Mediterranean. The Blue Plan’s 
Environment and Development Outlook. Plan Bleu. Earthscan/James & James Publishers, London.

Berbel, J. and Gutiérrez, C. (eds) (2004) Sustainability of European Irrigated Agriculture under Water Framework 
Directive and Agenda 2000. Sixth Framework Program, European Commission, Córdoba, Spain.

Blanco, I. (2006) Impacts de politiques alternatives dans la gestion durable des eaux souterraines pour 
l’agriculture: le cas de l’aquifère de la Mancha Occidental (Bassin du Guadiana-Espagne). MSc thesis. 
Faculté de Sciences Economiques, Montpellier I, France.

Bromley, D.W. (2000) Property regimes and pricing regimes in water resources management. In: Dinar, A. 
(ed.) The Political Economy of Water Pricing Reform. The World Bank, Washington. Oxford University 
Press, New York, pp. 29–48.

Brouwer, F., Heinz, I. and Zabel, T. (eds) (2003) Governance of Water-related Conflicts in Agriculture; New 
Directions in Agri-environmental and Water Policies in the EU. Environmental and Policy Series, volume 
37. Kluwer Academic Press, Dordrecht, The Netherlands.

CHG (Confederación Hidrográfica del Guadiana) (2006) Plan Especial del Alto Guadiana. Documento de 
Síntesis. CHG, Ciudad Real.

EU (European Union) (2000) Water Framework Directive: Directive 2000/60/EC of The European Parliament 
and of The Council of 23 October 2000, establishing a framework for Community action in the field of 
water policy. Official Journal of the European Communities (L 327) 22 December. Luxembourg, Belgium.

Garrido, A. and Calatrava, J. (2007) Recent and future trends in water charging and water markets. In: 
Garrido, A. and Llamas, M.R. (eds) Water Policy in Spain. Issues in Water Resource Policy. Resources for 
the Future Press, Washington, DC.

Gomez-Limón, J.A. and Riesgo, L. (2004) Irrigation water pricing: differential impacts on irrigated farms. 
Agricultural Economics 31, 47–66.

Hanemann, W.H. (2006) The economic conception of water. In: Rogers, P.P., Llamas, M.R. and Martinez-
Cortina, L. (eds) Water Crisis: Myth or Reality. Marcelino Botin Water Forum 2004. Taylor & Francis, 
London, pp. 61–91.

Iglesias, E. (2001) Economía y gestión de las aguas subterráneas: El caso del acuífero Mancha Occidental. 
PhD dissertation. Polytechnic University of Madrid.

Iglesias, E., Garrido, A. and Gomez-Ramos, A. (2003) Evaluation of drought management in irrigated areas. 
Agricultural Economics 29, 211–229.

JCC-LM (Junta de Comunidades de Castilla-La Mancha) (1999) Consejería de Agricultura y Medio Ambiente. 
Programa de Compensación de las Rentas Agrarias en las Unidades. Hidrogeológicas de Mancha 
Occidental y Campo de Montiel. Comunidad de Castilla-La Mancha, Toledo, Spain.

JCC-LM (Junta de Comunidades de Castilla-La Mancha) (2006) Consejería de Agricultura y Medio Ambiente. 
Comunidad de Castilla-La Mancha, Toledo, Spain.

Johansson, R.C., Tsur, Y., Roe, T.L., Doukkali, R. and Dinar, A. (2002) Pricing irrigation water: a review of the-
ory and practice. Water Policy 4, 173–199.

Llamas, M.R. and Martinez-Santos, P. (2006) Significance of the Silent Revolution of intensive groundwater 
use in world water policy. In: Rogers, P.P., Llamas, M.R. and Martinez-Cortina, L. (eds) Water Crisis: Myth 
or Reality. Marcelino Botin Water Forum 2004. Taylor & Francis, London, pp. 163–180.

Llamas, M.R., Fornés, J.M., Hernández-Mora, N. and Martínez Cortina, L. (2001) Aguas Subterráneas: Retos 
y Oportunidades. Fundación Marcelino Botín. Mundi-Prensa, Madrid.

MAPA-JCC-LM (Ministerio de Agricultura, Pesca y Alimentación – Junta de Comunidades de Castilla-La 
Mancha) (1992) Plan Coordinado de Actuación en la Zona de la Mancha Occidental y Campo de 
Montiel. Madrid (September).

Margat, J. (2004) Atlas de L’eau Dans le Bassin Méditerranéen. CCGM/Plan Bleu/Unesco. UNESCO, Paris.
Martinez Vega, J., Navalpotro, P., Cebrián, J.A. and Romero, R. (1995) Repercusiones sobre la sobre-explotación 

de acuíferos y de la PAC en la sustentabilidad de la agricultura manchega. Estudios Geográficos 56–19, 
337–369.

Molle & Berkoff_Chap 14.indd   345Molle & Berkoff_Chap 14.indd   345 9/12/2007   8:36:14 AM9/12/2007   8:36:14 AM



346 C. Varela-Ortega 

McCann, L., Colby, B., Easter, K.W., Kasterine, A. and Kuperan, K.V. (2005) Transaction cost measurement for 
evaluating environmental policies. Ecological Economics 52, 527–542.

Mejías, P., Varela-Ortega, C. and Flichman, G. (2004) Integrating agricultural policies and water policies 
under water supply and climate uncertainty. Water Resources Research 40(7).

MIMAM (Ministerio de Medio Ambiente) (2006) Parques nacionales. Madrid (http://reddeparquesnacionales.
mma.es).

MOPTMA-CHG (Ministerio de Obras Públicas, Transportes y Medio Ambiente – Confederación Hidrográfica 
del Guadiana) (1995). El problema hidráulico de la cuenca alta del Guadiana.

Petersen, J.E. and Shaw, K. (eds) (2000) Environmental Standards in Agriculture. Proceedings of a Pan-European 
Conference on Meeting of Environmental Standards under Agenda 2000 (Madrid 5–7 October 2000). 
IEEP (Institute for European Environmental Policy), London and WWF (World Wild Fund).

Provencher, B. and Burt, O. (1994) A private property rights regime for the commons: the case for groundwa-
ter. American Journal of Agricultural Economics 76, 875–888.

Ramsar (2006) www.ramsar.org
Rogers, P., de Silva, R. and Bhatia, R. (2002) Water is an economic good: How to use prices to promote equity, 

efficiency, and sustainability. Water Policy 4(1), 1–17.
Rosegrant, M., Cai, X. and Cline, S. (2002) World Water and Food to 2025: Dealing with Scarcity. International 

Food Policy Research Institute (IFPRI), Washington, DC.
Rosell, J. and Viladomiu, L. (1997) El programa de comoensación de rentas por reducción de regadíos en 

Mancha Occidental y Campo de Montiel. Revista Española de Economía Agraria 179, 331–350.
Schuyt, K.D. (2005) Economic consequences of wetland degradation for local populations in Africa. Ecological 

Economics 53, 177–190.
Shah, T., Molden, D., Sakthivadivel, R. and Seckler, D. (2000) The Global Groundwater Situation: Overview 

of Opportunities and Challenges. Research Report. International Water Management Institute, 
Colombo.

Sumpsi, J.M., Garrido, G., Blanco, M., Varela-Ortega, C. and Iglesias, E. (1998) Economía y Política de Gestión 
del Agua en la Agricultura. Mundi Prensa, Madrid.

Varela-Ortega, C. and Sumpsi, J.M. (1999) Assessment of cost-effectiveness of policy instruments for sustain-
able development in environmentally sensitive irrigation areas. Paper presented at the IXth Congress of 
the European Association of Agricultural Economists (EAAE), Warsaw, Poland.

Varela-Ortega, C. and Sagardoy, J.A. (2003) Analysis of irrigation water policies in Syria: current develop-
ments and future options. In: Fiorillo, C. and Vercueil, J. (eds) Syrian Agriculture at the Crossroads. FAO 
series APED (Agriculture Policy and Economic Development) n° 8. FAO, Rome, pp. 335–359.

Varela-Ortega, C., Sumpsi, J.M., Garrido, A., Blanco, M. and Iglesias, E. (1998) Water pricing policies, public deci-
sion making and farmers’ response: implications for water policy. Agricultural Economics 19, 193–202.

Varela-Ortega, C., Sumpsi, J.M. and Blanco, M. (2002) Water availability in the Mediterranean region. In: 
Brouwer, F. and Van der Straaten, J. (eds) Nature and Agriculture Policy in the European Union. 
International Library of Ecological Economics. Edward Elgar, Cheltenham, UK, pp. 117–140.

Varela-Ortega, C., Blanco, I. and Esteve, P. (2006a) Economic and Agronomic Aspects of Water Management 
in the Upper Guadiana Basin. Stakeholder Meeting Report. Newater Project (Contract no 511179, 
Integrated Project in Priority 6.3 Global Change and Ecosystems) (www.newater.info). Research 
Directorate General, European Commission, Brussels.

Varela-Ortega, C., Simó, A. and Blanco, I. (2006b) The Effects of Alternative Policy Scenarios on 
Multifunctionality: A Case Study of Spain. Working Paper n° 15. ENARPRI (European Network of 
Agricultural Policy Research Institutes). CEPS (Center for Eurpean Policy Studies), Brussels.

Whitby, M., Saunders, C. and Ray, C. (1998) The full cost of stewardship policies. In: Dabbert, S., Dubgaard, A., 
Slangen, L. and Whitby, M. (eds). The Economics of Landscape and Wildlife Conservation. CAB 
International, Wallingford, UK, pp. 97–112.

Molle & Berkoff_Chap 14.indd   346Molle & Berkoff_Chap 14.indd   346 9/12/2007   8:36:14 AM9/12/2007   8:36:14 AM



Index

ability-to-pay 33, 34
accountability 72–74
Agenda 21 6
Agenda 2000 309, 329, 337, 339
agri-environment programmes (AEP) 332–334, 

335–336, 337–343
compensation payments 333, 339–340
public costs 340

agricultural diversification 52–54, 55
constraints to 52–54, 55–56, 115–117, 132, 

290–291, 312–313
Thailand 131–132
Vietnam 170
and water pricing 130–131
see also cropping patterns

agricultural intensification, Jordan 236, 255
agricultural policies 308–309

integration with water policies 344
see also Common Agricultural Policy (CAP)

Agricultural Sector Program Loan 
(ASPL) 136–137

agriculture
evolving priorities 23
protection 26–27, 109, 121–122
taxation 25–26
water use 27

aiguadier 268
Albania 37, 297
‘allocation gap’ 71
‘allocation stress’ 7, 58, 59, 70
allocation of water

bulk 47, 48–49, 71, 75, 129, 254
Jordan Valley 248
on demand 50

rotational 112, 146–147
shejpali system 112, 113, 115
see also reallocation of water; water 

deliveries
Amman 233, 234, 257
Andalusia 55, 309
application efficiency 98, 99–101, 104–105
Argentina 36
arroyos 169
Asian Development Bank (ADB) 4, 39, 136
assets, capital value 303
Australia 36, 63, 64
Austria 297, 301, 304
autonomy, irrigation schemes 5, 44–45, 72–74

banana production 53, 239, 248, 249–251, 
253, 254

Bangkok, water allocation 133
Bangladesh 3, 36

groundwater use 209, 210
National Water Policy 9

Bedouin tribes, Jordan 237, 241, 243, 245, 247, 
255–256

Belarus 297
Belgium 297, 316, 317
beneficiaries of irrigation

direct 41
identification of 40–41
indirect 41, 95, 117

benefit taxes 3
benefits, multiplier 25, 41
berseem 274
betterment levy 40

 347

Note: Page references in italic refer to figures or tables in the text

Molle & Berkoff_Index.indd   347Molle & Berkoff_Index.indd   347 9/10/2007   8:28:54 PM9/10/2007   8:28:54 PM



348 Index 

Bihar 37, 43
Bosnia and Herzegovina 297
Brazil 9
Britain

colonial water control 1–2
see also United Kingdom

broad bean 271, 274–275
Brooke Bond Tea Company 153, 157
Bulgaria 297, 301, 316, 317, 319

California 56
Canada 67
canal management, contracting 285
capital costs 24, 31–32

agricultural diversification 132
recovery 1–4, 43, 303–304

capital depreciation 269, 270, 303
cash crops 55, 112, 113, 131

constraints to 290–291
support price 121–122

Catholic church 153
Chao Phraya delta, see Thailand, Chao Phraya 

delta
chickpea 113, 114

net returns to water 198, 200
Chile 63, 64, 111
chilli 131
China 5, 10, 25, 28, 35, 47–48

farmers’ response to scarcity 290–291
food self-sufficiency 291
groundwater 279, 285–288, 290

dependence on 210
electricity supply for 214–215

Hai river basin 287, 292
Household Responsibility system 278–279
Hunan and Hubei provinces 284
irrigation management reform 283–285
irrigation policy 9, 278–280
Ministry of Water Resources (MWR) 280
Ningxia province 283, 291
reallocation of water 61
water charges

groundwater 285–287
regulation 44
surface water 280–281

water property rights 291–292
Water Supply Companies 283
Yellow River basin 292

Chonlaprathan 126
cities, water allocation 31, 58–60, 71, 133, 303
citrus crops

Jordan 239, 248–251, 253
Morocco 270

coffee 146
collection of charges, see water charges, 

collection

collectives
China 278, 287
Vietnam 168–169

Colombia 36
colonial water management 1–2, 23

Taiwan 168
Tanzania 144, 147
Vietnam 168

Commission National de Aqua (CNA) 209
Common Agricultural Policy (CAP) 68, 299, 

308–309
Agenda 2000 309, 329, 337, 339
agri-environment programmes (AEP) 

332–334, 335–336, 337–343
contradiction in agricultural/environmental 

programs 330
evolving priorities 23, 329
integration with WFD 314–315
reform 299, 309, 329, 333, 335

compensation
agri-environment schemes 333, 339–340
water reallocation 333, 339–340

conflict
irrigation and environment 32
upstream-downstream water users 30, 31, 

147, 151
conjunctive water use 30
contribution principle 5
cooperatives (water control), Vietnam 168–169, 

175–176, 179, 181, 186
cost recovery 23, 133–136

context 5
empirical evidence 42–45
equity issues 40, 134–135
EU Water Framework Directive 299–305, 

315
financial investment 1–4, 303–304
indirect 134
Jordan 248–249, 254
objections to 40–42
operations and management costs 4–6, 10, 

42–45, 42, 69–70, 135–136, 303
opposition to 158
rationale for 38–40
successful 10
Tadla scheme, Morocco 267–268
Tanzania 151–152, 155–158

cost-benefit analysis 23–25
cost-sharing 72–74, 95, 135–136, 303
costs

capital 1–4, 24, 31–32, 43, 132, 303–304
definition in WFD 311–312
direct marginal 24
environmental 300
estimation 41–42
groundwater 304
indirect 24

Molle & Berkoff_Index.indd   348Molle & Berkoff_Index.indd   348 9/10/2007   8:28:54 PM9/10/2007   8:28:54 PM



 Index 349

irrigation district/scheme 300–301, 302
private (on-farm) 300
pumping of water 165
resource 300
social 300
water authority 303–304
water charge collection 157–158, 282, 283

Côte d’Ivoire 26
cotton 110, 307

net returns to water 198, 200, 205–206
covenants, cost recovery 3–4
Croatia 37, 297, 317
crop prices 131

supported 109, 121–122
crop-based water charges 34, 36, 196, 197
crop-based water costs 249
cropping patterns 10, 70, 70, 75, 314

China 290–291
constraints 132, 203, 290–291
and EU Common Agricultural Policy 339
Tadla scheme, Morocco 265–266
and technology choice 96
Thailand 131–132
and water charges 52–56, 70, 115–117, 

130–133, 139, 253, 255, 312–313, 
343

and water delivery schedules 119
crops

high-value/cash 52–53, 55, 70, 112, 113, 
119, 121–122, 131, 255, 258, 312, 
313

returns to water 52, 53, 116, 198, 199, 200, 
204–206

water requirements 97–98, 114
see also cash crops and individual crops

cross compliance 314, 329
cunzhuang xiaozu 287
customary water management 146–147
Cyprus 38, 297
Czech Republic 297, 317

dams, cost recovery 303
Dar es Salaam 151
databases, water rights registration 153–155
dates 255
decentralization of water control, Vietnam 

169–170, 185–186
demand management, concept of 6, 8–9
Deng Xiaoping 215
Denmark 297, 301, 317, 319
devolution of power 72–74
diesel power, groundwater pumping 113, 212, 

213, 224, 225, 267
dindilos 146
domestic water charges 10
domestic water use 27

China 279
drip irrigation 57, 96, 252, 306
drought, see water scarcity
dry season, water allocation 138
Dublin Principles 6, 108, 123

economic good, water as 6, 12, 108
economic liberalization, Vietnam 169–170, 

185–186
Economic and Social Commission for

Asia–Pacific (ESCAP) 8
ecotaxes 305, 312, 314, 315
Egypt 38, 39, 43
El Paso 61
electricity supply

intelligent management 227–229
metering

farmer resistance 216–217
North China 214–215
South Asia 208–209, 213, 215–218

rationing 219–226
separation of agricultural and 

non-agricultural 222
electricity tariffs

flat
with intelligent power 

rationing 219–226
justification of 219–221

electricity use
China 287
India 113, 210–211, 212, 213
Vietnam 184–185

environmental costs 32, 65, 304–305
defined in WFD 311–312
water pricing and 8

environmental pricing mechanisms 66–68
environmental value of water 27, 65
equity 40, 256

and cost recovery 40, 134–135
intersectoral reallocation of water 60–61
and water quotas 51–52

Estonia 297
European countries

current problems and trends in water 296
experience of WFD 316–325
irrigated agriculture 295–296, 297–298
water quotas 50
see also named countries

European Union (EU)
Common Agricultural Policy (CAP) 68, 

299, 308–309, 314–315
agri-environment programmes 

332–334, 335–336, 337–343
evolving priorities 23, 329

development of water legislation 
296, 299

Molle & Berkoff_Index.indd   349Molle & Berkoff_Index.indd   349 9/10/2007   8:28:54 PM9/10/2007   8:28:54 PM



350 Index 

European Union (EU) (Continued)
environmental directives 314
NEWATER research project 334, 337–343
see also Water Framework Directive (WFD)

evapotranspiration 27, 57
reducing 292

‘exit’ price 308
‘expansion effect’ 53
export duties 25–26
expropriation of water 60–61
externalities 65

farm budgets, Tadla scheme, Morocco 271, 
274–275

farm costs, water as share of 197–199
farm incomes 34, 37–38, 102, 251

and agri-environment schemes 333, 
339–340

China 277, 290
Tadla scheme, Morocco 271
and water charges 341–343

farm subsidies 26–27, 67, 308–309, 312–313
crop support prices 109, 121–122
decoupling from production 67, 68, 

314, 329
rice production 135

farmers
benefits from irrigation 40–41
crop choice, see cropping patterns
participation in irrigation management 35, 

39, 72–74, 268, 283–285, 291–292
profit-maximizing behaviour 114
resistance to water charges 42–45
resistance to water ‘rights’ 158
responses to water price rise 33, 109
responses to water scarcity 28, 30, 129–130
technology adoption 54–55, 56–58
tension with irrigation operators 29
water accounting 268
water use efficiency 28, 45–46, 117–121, 

128–130
feasibility studies 24–25
fees, see water charges
fertilizer use 65, 67, 96, 299, 314
field level irrigation 266–267
financial autonomy 5, 44–45, 72–74
Finland 297
flat-rate tariffs

electricity supply 219–226
justification of 219–221
water 114, 305–306

fodder crops 270, 271
Food and Agriculture Organization (FAO) 4, 41
food prices 26, 117
food security 25

China 291

South Asia 211
Vietnam 166, 169

France 297
agricultural pollution 304
Canal de Provence 50
irrigation district costs 302
water charges 50, 317, 319
water demand elasticity 308
water user associations 301

fruit and vegetables 53, 57, 132, 304, 312
China 290–291
export of 290–291
Jordan 237, 238, 239, 241, 242, 243, 245, 

246, 247, 248, 249–251
fruit tree farms, Jordan 237, 238, 241, 242, 244, 

245
furrow irrigation 96

Ganga–Brahmaputra–Meghna basin 212
geopolitical goals 25
Germany 297, 301, 317, 319–320
Ghana 26
Good Farming Practices 314
grain crops 53, 113, 114, 119, 120
Great Ruaha river 145, 147
Greece 36, 47, 295, 297, 301, 302, 304, 317, 

320–321
Green Revolution 193, 208
greenhouse farms 304, 307

Jordan 249–251
groundnuts 114, 119, 120, 120
groundwater

expropriation 60
markets 63, 111
salinity 192, 193, 195–196, 240, 332

groundwater use 32, 54, 209–210, 210, 211, 212
China 209, 210, 279, 285–288, 290
consumption rates 307–308
cost recovery 314, 315
costs 269, 285–286, 304
environmental costs 65
Europe 296, 314
falling water tables 65, 279, 287
India 113, 195–196, 197, 201, 209, 210
Jordan 234–235, 237, 240–241
quotas 49–50, 240, 248, 252, 254, 257
South Asia 210–212, 213
Tadla scheme, Morocco 269, 271–272
‘tragedy of the commons’ 195, 196

guar 206
Gujarat 37, 37, 56, 217, 222

Sardar Sarovar project 221

Haryana state, see India, Haryana state
Hawaii 57

Molle & Berkoff_Index.indd   350Molle & Berkoff_Index.indd   350 9/10/2007   8:28:54 PM9/10/2007   8:28:54 PM



 Index 351

heavy metal pollution 314
horticulture 343
human rights, water as 12, 126
Hungary 297, 317, 321
hydropower 61, 143, 147, 151, 154, 157

illegal water use 148
incentives 6–10, 11, 39–40

EU Water Framework Directive 
305–310

linkage to water charges 44
negative 6, 68, 247, 305–306
positive 68, 75, 247, 257

India
Andhra Pradesh 10, 226
cost recovery 39
electricity supply

metered tariff regime 213–218
rational flat tariff regime 218–226

food security 211
groundwater use 113, 209–211

dependence on 209–212, 210, 213
electricity-powered 212, 213
regulation 212–213

Gujarat 37, 37, 56, 217, 221, 222
Haryana state 43, 192, 224, 229

agriculture and hydrology 193
costs of water 197
groundwater 195–196, 197, 201
Haryana Water Resources 

Consolidation Project 197
Sirsa Irrigation Circle 204
value of water (returns to water) 197, 

198, 199–200, 204–206
warabandi system 193–195, 202
water charges 196, 197
water pricing policy 

instruments 200–203
irrigation technology 56
Madhya Pradesh 217, 220
Maharashtra

electricity supply 217
irrigation system 112
Mula canal system 112–113

Orissa 217, 218, 230
Punjab 224, 229
State Electricity Boards (SEBs) 208, 213, 

213–214, 218
Tamilnadu 223, 224
Uttar Pradesh 213, 218, 224
water charges 36, 37
water transfers 60

Indian Grameen Services 217
Indonesia 3, 7, 36, 38, 39
industry

water prices 281

water use 27, 59
China 279

infrastructure
cost recovery 303–304
maintenance 38–39, 282, 310

integrated water management 329, 344
International Bank for Reconstruction and 

Development (IBRD) 127
International Irrigation Management

Institute 4
investment 23

colonial 1–2
cost recovery 1–4, 303–304
irrigation versus rain-fed agriculture 40
private 34

Iran 38, 47, 104, 209, 210, 210
Ireland 301
irrigation, rationale for 23
irrigation design 28–29
irrigation districts (IDs)

China 280, 281
costs 300–301, 302
Spain 324

irrigation efficiency 28, 58
farm level 117–121
irrigation schemes 73
river basin scale 28, 102, 105, 129–130
Tadla scheme, Morocco 266–267
and assumptions 111

Maharastra (Mula Canal) 
model 113–121 

water pricing 10
irrigation management

accountability 72–74
cooperatives 168–169, 175–176, 181
cost recovery 4–6, 10, 42–45, 42, 

69–70, 303
customary 146–147
decentralization 169–170, 185–186
linkage to charges 44, 139–140
local 169–170
participatory 35, 72–74, 144, 146, 268, 

283–285, 291–292
shejpali system 112, 113, 115
state 147
traditional 146–147, 266
warabandi system 63, 103, 112, 115, 

193–195, 202
water scarcity 29–31, 50, 51, 103–104

irrigation schemes
autonomy 5, 44–45, 72–74
costs 300–301, 302
expansion 40
rehabilitation 7, 39
typology 29–31
water losses 117–118

irrigation service fee (ISF) 33

Molle & Berkoff_Index.indd   351Molle & Berkoff_Index.indd   351 9/10/2007   8:28:54 PM9/10/2007   8:28:54 PM



352 Index 

Israel 50, 51, 57
Italy 321–322

Foggia region 312, 313, 313
groundwater use 210
irrigated agriculture 295, 297, 321
irrigation district costs 300, 301, 302
irrigation water charges 318, 322
water demand curves 312, 313

Japan 36, 210
Japanese Bank for International Cooperation 136
Jordan 36, 55

cropping patterns 253, 255
groundwater policies/by-law (high-

lands) 237, 240–241
impacts on farming systems 241–244
water savings 244–248

groundwater use 234–235, 237
Lower Jordan River Basin

farming systems 235–237, 238–239
water allocation 233, 234

technology adoption 236, 243, 252
water policy reform 233–235
water pricing (Jordan Valley) 37, 248–254

alternatives to 253–254
cost recovery 248–249
current and proposed tariffs 258
impacts on farming 249–251
water allocation 248

water quotas 49–50, 248, 252, 254, 257
water scarcity 233

Jordan Valley Authority 236

Kazakhstan 36
Kilombero Valley Teak Company 157
King Abdullah Canal 236
Kolombero Sugar Company 157
Korea 38, 67
Kyrgyzstan 37

labour
agricultural 315
availability of 132
irrigation construction 41
substitution with water 96–97
‘volunteer’ 282, 284

land taxes 35, 181
large-scale water users 156, 157
Latvia 297
laws, national water 9
Lithuania 297
livelihoods, rural 211, 251
Loy Krathong festival 126
lucerne 53, 119, 271

returns to water 274–275
Luxembourg 297

Maastricht Treaty 296
Macedonia 37, 297
Maharashtra, India 112–113, 217
maize 146, 286, 307, 314, 339

agricultural subsidies 308–309
Malaysia 26
Mali (Office du Niger) 37, 43
marginal cost pricing

electricity 219–220
water 31–33

market-based water prices 35
markets, water 62–64, 308
media 8–9
melon 343
metering

electricity 208–209, 214–218
China 214–215
South Asia 215–218

ground water 240–241, 257
see also volumetric water charges

Mexico 5, 26, 37, 37, 300
bulk water allocation 48–49
groundwater use 209–210, 210
reallocation of water 61, 63

micro-irrigation 56
Middle East 36
migration, Tanzania 145–146
millet 113, 114, 119, 120
moisture probes 97
Moldova 297
monsoons 120, 166
Morocco 5, 10

agricultural and water policy 263–264
irrigated agriculture 262
Tadla scheme 263

groundwater prices and management 
267, 269, 271–272

infrastructure and water distribution 
264–267

institutions and governance 267–268
operation and management costs 269, 

270, 272
returns to water 270–271, 274–275
surface water prices and management 

268–269, 272
water charges 37, 43, 49, 268–269

Water Law 264, 267, 272
water-saving technology 57

Mtera–Kidatu power plants 151
multiplier benefits 25, 41
mung bean 132
municipal and industrial uses of water 27
mustard, net returns to water 198, 200, 205–206

Molle & Berkoff_Index.indd   352Molle & Berkoff_Index.indd   352 9/10/2007   8:28:54 PM9/10/2007   8:28:54 PM



 Index 353

National Geographic 8–9
national priorities 25
Nepal 37, 209, 210
net irrigation requirement (NIR) 114
Netherlands 67, 305, 312, 314

irrigation water charges 318, 322
irrigation water use 322
water and irrigation 297

NEWATER research project 334, 337–343
Niger 37, 37
Nigeria 36, 37
nitrogen use/pollution 299, 304
Norway 297

OECD countries, review 10–11
Office du Niger (Mali) 43
olive

Jordan 237, 238, 241–246, 247
Spain 307, 309
Tadla scheme, Morocco 270, 274–275

operation and management (O&M) costs
estimation 41–42
pumping 165
recovery 4–6, 10, 42–45, 42, 69–70, 

135–136, 254, 303
Tadla scheme, Morocco 269, 270

operators, irrigation schemes 29
opportunity costs 32
opportunity-cost pricing 61–62, 109–111
overirrigation 120–121

Pakistan 26, 36, 37, 44
groundwater use 209, 210

palm trees 255
paprika 274–275
participatory irrigation management 35, 72–74

China 283–285, 291–292
Tadla scheme, Morocco 268
Tanzania 144, 146, 157

Peru 37, 50
pesticides 65, 67, 96, 299, 314
Philippines 5, 10, 35, 39, 44, 73, 74
phosphorus pollution 314
Poland 37, 298
politics in water management 25, 255–256
‘polluter-pays’ principle 6, 8, 66, 71, 299, 311, 

315
pollution, agricultural 65, 304–305, 314
pollution charges 66
pollution permits 67
Portugal 301, 322–323

Alqueva dam 304
irrigation water charges 318
water and irrigation 298

poverty alleviation 25

power, devolution of 72–74
power use/supply, see diesel power; electricity 

supply; electricity use; hydropower
Pravara electricity cooperative 217
private investment 34
protection of agriculture 26–27, 109, 121–122
public-private partnerships 74
pumping of water

costs 130, 165, 269, 285–286
diesel-powered 113, 212, 213, 224, 225, 267
electricity-powered 113, 210–211, 287

pyrethrum 146

qanats 1, 62
quotas 11, 35, 36, 49–52

advantages 51
CAP agri-environment programme 333–334, 

338–339, 343
compensation payments 333, 339–340, 343
crop-based 248
drawbacks of 51–52, 343
Jordan 49–50, 240, 248, 252, 254, 257

rain-fed agriculture 40, 134–135
rationing

electricity 221–226
water 51, 103–104, 116–117, 122–123

reallocation of water
across sectors 58–65, 132–133
bureaucratic 60–61, 64
Jordan 236
markets 62–64, 308
and water pricing 61–62, 70

registration, water rights 144, 148–149, 152–155
rehabilitation, irrigation schemes 7, 39
relative water supply (RWS) 29–31
remediation charges 66
rent-seeking strategies 5
resource charges 36
resource costs 300

definition in WFD 311–312
return flows 117–118
reuse of water 129–130
rice

international trade 135
net returns to water 198, 200, 205
specific water charges 197

rice production 53
burden of water charges 38, 38
taxation 134
Thailand 131–132, 134
Vietnam 168–169, 170

rights, see human rights; water rights
Rio Declaration on Environment and 

Development 6

Molle & Berkoff_Index.indd   353Molle & Berkoff_Index.indd   353 9/10/2007   8:28:54 PM9/10/2007   8:28:54 PM



354 Index 

Rio Grande 61, 63
river basin, water use efficiency 28, 102, 105, 

139, 219
robta 266
Romania 298, 301, 318, 323
Ruaha National Park 147
runoff losses 117–118
rural development priorities 25
Rural Development Programmes (RDPs) 

314–315
Russian Federation 298

safety nets 256–257
salinity

groundwater 240
soils 65, 252

sanitary and phytosanitary regulations 
290–291

Saudi Arabia 37
Science 8–9
Scientific American 8
Scotland 324
seepage losses 117–118
seguias 266
service agreements 128–129, 137, 140
shejpali system 112, 113, 115
shrimp farming 131, 132
single farm payments 299, 309, 313, 329
Slovakia 298, 318
Slovenia 298
small-scale water users 153, 155, 157–158
social issues 251, 255, 256–257, 300, 304
socialist agriculture 168–169

China 278, 287
soil salinity 65, 252
sorghum 113, 114, 119, 120
South Africa 9, 36, 63
South Asia

electricity supply
metered tariff regime 213–218
rational flat tariff regime 218–226

groundwater use
dependence on 209–212, 213
electricity 212, 213
regulation 212–213

State Electricity Boards (SEBs) 208, 218
see also named countries

South Korea 43
Spain 36

Andalusia 308, 309
Aragon 308
Duero valley 312–313
EU Common Agricultural Policy 332–334, 

335–336
groundwater use 330
Guadalquivir basin 61, 301, 303, 313

irrigated agriculture 295, 298, 323–324, 
328–330

expansion 332
irrigation cost recovery 303–304, 316
irrigation districts 300–301, 302
irrigation infrastructure maintenance 310
irrigation water charges 318, 324
La Mancha 330

agriculture and water policies
analysis 334, 337–343
objectives 332–334, 335–336

groundwater abstraction 331–332
water pricing 340–343

River Basin Authority 324, 332
Tablas de Daimiel national park 330
Tablas de Daimiel wetland 330, 331–332
Valencia region 303–304, 306, 307–308
water abstraction 296
Water law 300–301, 303, 332
water policy 332, 335–336
water use incentives 307–308
water user associations 301

sprinkler irrigation 96, 97
Sri Lanka 1, 26, 38, 48
stakeholder agreements 303
state

infrastructure maintenance 39
reallocation of water 60–61, 64
water charge assessment/collection 35
water ownership 280

State Electricity Boards (SEBs), South Asia 208, 
213, 213–214, 218

strawberry production 307
subsidies

agricultural 26–27, 67, 68, 109, 121–122, 
135, 308–309

irrigation technology 57, 309
power 222, 223

Sudan 36
sugarbeet 270, 274–275, 307, 312–313
sugarcane 53, 112, 113, 115, 116, 120, 197

support prices 121–122
sunflower 119
‘Super Green Revolution’ 236
support prices, crops 109, 121–122
Sweden 298, 301, 318
Switzerland 67, 298, 312, 318
Syria 37

Tablas de Daimiel national park 330, 
331–332

Taiwan 37, 73, 168
Tamilnadu 223, 224
Tanzania 36, 143

irrigated agriculture and hydrology 143
River Basin Management project 144

Molle & Berkoff_Index.indd   354Molle & Berkoff_Index.indd   354 9/10/2007   8:28:54 PM9/10/2007   8:28:54 PM



 Index 355

River Basin Management and Smallholder 
Irrigation Improvement Project 150

Rufiji basin 154, 157, 158
Upper Ruaha catchment 144

background 145–147
water fees system 155–158
water legislation

before 1990s 147–149
reform in 1990s 143–144, 149–153

water rights registration 144, 148–149, 
152–154

Tanzanian Electricity Supply Company 
(TANESCO) 148

tariffs
binomial 36, 319
defined 33
flat rate 114, 219–221, 305–306
types of 34–35
see also water charges

taxation
agriculture/crops 25–26, 35, 134
groundwater abstraction 240
pollution control 67
Vietnam 181
see also ecotaxes

technology adoption 10, 54–55, 56–58, 95–102
Jordan 236, 243, 252
and water prices 70–71, 70, 95–96

Thailand 26, 28, 37, 55
Chao Phraya delta

agriculture and hydrology 127–128
irrigation cost recovery 133–136
water pricing 126–133

free water principle 126
Mae Klong basin 133
rice production 131–132, 134
Royal Irrigation Department 127, 129
water sector reforms 136–138

The Economist 8–9, 108
threshold water price 95, 98–101, 104
trade

agricultural 25–27, 135, 290–291
in water 63, 110–111, 202–203, 304, 308

traditional water management 146–147, 266
tube wells 54–55, 56

China 278
diesel-pumping 113, 212, 213, 224, 225, 267
electric 208, 210–211, 224, 225
Morocco 267
private ownership 34

Tunisia 10, 36, 37, 43, 57
Turkey 5, 36, 37, 48, 300

underirrigation 196
United Kingdom 312, 314

irrigated agriculture 324

irrigation water charges 318, 324–325
local irrigation management 301
water privatization 303

United States 25, 36, 56
agricultural subsidization 135
cost recovery 43
groundwater use 210, 210
irrigation water allocation 50
water pricing and water demand 110
water trading 63, 64

upstream-downstream user conflict 30, 31, 147, 
151

urban populations 117
urban water allocation 31, 58–60, 71, 133, 303
US Agency for International Development 

(USAID) 4, 41, 237
‘user-pays’ principle 66, 68, 71
USSR, former 210

value of water 27, 197, 198, 199–200
agri-environment programmes 340

vegetable production 53, 57, 132, 146, 304, 312
China 290–291
Jordan 237, 238, 239, 241, 242, 243, 

245–251, 253
Morocco 270

Vietnam 9, 73
food security 166, 169
Irrigation and Drainage Management 

Company (IDMC) 170, 172–175, 
181–184, 186

Provincial People’s Committees (PPCs) 171
Red River delta 165, 166, 167

Bac Hung Hai polder 170–176
evolution of water control 166–170, 

185–186
institutional framework of water 

 control 170–176, 184–185
Van Giang irrigation scheme 177
water pricing 36, 37, 44, 177–185

volumetric management 31
volumetric water charges 34, 36, 46–47, 94–95, 

219, 306
India 192
Tadla, Morocco 268–269, 272, 273
Thailand 128

Wales 324
warabandi system 63, 103, 112, 115, 193–195, 

202
wastage of water 28, 117–121

and pricing 7–8, 45–46, 128–130, 139
wastewater, treated 236, 247, 253
WATECO guide 300, 311–312
water abstraction fees 304

Molle & Berkoff_Index.indd   355Molle & Berkoff_Index.indd   355 9/10/2007   8:28:54 PM9/10/2007   8:28:54 PM



356 Index 

water accounting, farmers 268
water authority costs 303–304
water charges

binomial tariffs 36, 319
bulk allocations 47, 48–49
burden of 37–38, 37
China 280–288
collection 35, 36–37, 117, 267–268

China 281–282, 283
costs of 157–158
Tanzania 152–153, 157–158
Vietnam 183

crop-based 34, 36, 196, 197
and cropping patterns 52–56, 70, 115–117, 

130–133, 253, 255, 312–313, 343
defined 33
determination 36, 155–156, 179–181, 281

Vietnam 179–180, 184
extralegal payments 38
and farm incomes 34, 37–38, 102, 251, 

341–343
flat rate (per-hectare) 114, 305–306
link to service quality 44, 137, 139–140
objectives/rationale for 21, 94
payment in kind 36
payment rates 156
small-scale users 153, 155, 157–158
and technology adoption 54–58, 70–71, 70, 

95–96, 252
threshold value 95, 98–101, 104
types of 34–35, 36
volumetric 34, 36, 46–47, 94–95, 128, 192, 

219, 268–269, 272, 273, 306
and water demand 6–10, 95, 312–313, 

341–343
and water use efficiency 7–8, 32, 45–46, 

128–130, 138–139
water conservation 45–52

agri-environment programmes 333, 
339–340, 343

China 284, 290–291
‘real water savings’ 292
and water pricing 7–9, 46–49, 340–344

water deliveries
flexibility of 253–254
intervals 118–121, 119, 120
reliability 252
timeliness of 282–283

water delivery, timeliness 284
water demand

elasticity 47–48, 95, 97, 98–101, 110, 
306–307, 343

and water rationing 103–104
and irrigation technology 56–57
variability 307–308
and water charges 6–10, 95, 341–343

water demand curves 97–98, 98, 312–313, 313

Water Framework Directive (WFD) 8, 66, 299, 
329, 334

barriers to agreement 310–311
cost recovery 299–305, 310–311
economic analysis 311–312
environmental effects 336
European countries’ experiences 316–325
likely effects 312–315
objectives 310, 336
policy instruments 314–315, 336
societal effects 336
water use incentives 305–310

water losses, seepage/runoff 117–118
water markets 62–64, 110–111, 202–203, 308

failure of 63–64
water price, defined 33
water pricing

as economic tool 32–33, 33, 69–71, 70, 
74–76

economic/hydrological interactions 21–22, 
22

as environmental instrument 67–68
full marginal cost 31–33
successful 10
see also water charges

water rationing 51, 103–104, 116–117, 122–123
water reduction, costs to farmers 101–102
Water Resource Services (Vietnam) 171
water reuse 129–130
water rights

China 280, 291–292
farmer resistance 158
Tanzania 144, 148–149, 152–155
trade in 111

water saving technologies, adoption of 54–55, 
56–58, 252, 307

water scarcity
farmers’ responses 28, 30

China 290–291
Thailand 129–130

Haryana state 192
and irrigation management 29–31, 50, 51, 

103–104
Jordan 233

water ‘services’
concept 300
defined in WFD 310

water sharing, customary 146–147
water supply control 4
water supply and sanitation (WSS) 59–60, 71
water tables, falling 65, 192, 201, 202, 266, 267, 

279, 287, 330, 332
water transfers

compensation for 61
inter-basin 59

water use
domestic 27

Molle & Berkoff_Index.indd   356Molle & Berkoff_Index.indd   356 9/10/2007   8:28:55 PM9/10/2007   8:28:55 PM



 Index 357

environmental 27, 65
municipal and industrial 27, 59

water use efficiency 45–46
farm level 28, 45–46, 117–121, 128–130
and pollution 305
river basin scale 28, 102, 105, 129, 139
and water prices 7–8, 32, 45–46, 128–130, 

138–139
and water rights registration 153
see also application efficiency; irrigation 

efficiency
water user associations (WUAs) 35

bulk water allocation 47, 254
China 283–285
European countries 301
responsibilities 72
Tadla scheme, Morocco 268
Tanzania 144, 157
water allocation 122–123

Water User Groups (WUG) 137–138
water variability 28–29
waterlogging 203
wells

drilling licenses 240
private ownership 34
pumping costs 269, 285–286
re-establishment 287
water metering 240–241, 257
see also groundwater use; tube wells

wet season 130

wetland ecosystems 65
Tablas de Daimiel, Spain 330, 331–332

wheat 113, 114, 120, 120, 197, 307
returns to water 198, 200, 205–206, 

274–275
wheat–groundnut rotations 120
wholesaling of water 128–129
wildlife 147
wildlife conservation 331–332
willingness-to-pay 33–34
winter wheat 114, 286
World Bank

cost recovery policy and guidelines 2–4
Haryana Water Resources Consolidation 

Project 197
Jordan 235, 253
Operations Evaluation Department 

(OED) 3, 9–10
Tanzania 144, 150
Water Resource Management Policy Paper 

(1993) 7
water strategy 11–12, 61–62

World Trade Organization (WTO), Agricultural 
Agreement 26–27

World Water Assessment Program 11
World Water Commission 8
World Water Forum 11, 94

Yugoslavia 298

Molle & Berkoff_Index.indd   357Molle & Berkoff_Index.indd   357 9/10/2007   8:28:55 PM9/10/2007   8:28:55 PM




