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IWMI-TATA Water Policy Research Program (IWMI-TATA Program)

The IWMI-TATA Water Policy Research Program (ITP) was launched in 2000 as a collaborative pro-
gram of International Water Management Institute (IWMI) and Sir Ratan Tata Trust, Mumbai. ITP emerged in
response to widely articulated problems of growing water stress in many parts of India, with several detrimental
consequences to the society.

The program aims at evolving new perspectives and practical solutions derived from the wealth of
research done in India on water resources management. The objective of ITP is to help policy makers at the
central, state and local levels to address their water challenges — in areas such as sustainable groundwater
management, water scarcity, and rural poverty — by translating research findings into practical policy recom-
mendations.

ITP engages Indian scientific/academic institutions in addition to in-house researchers in a practical
agenda to identify, analyze and document relevant water-management approaches and current practices. This
program is seen to fill critical gaps in India’s water sector research by bringing in multi-disciplinary perspectives
in the analysis of water related problems.

Since its inception, ITP has worked on 18 themes in the water sector and brought out three books, over
80 research papers in national and international journals and nearly 300 discussion papers. In addition, ITP had
initiated two major field interventions aimed at improving water resources management and enhancing water-
based livelihoods of rural communities.

International Water Management Institute (IWMI)

The International Water Management Institute is a non-profit scientific research organization specializ-
ing in improving water and land resources management for food, livelihoods and nature.

IWMI targets water and land management challenges faced by poor communities in the developing
world/or in developing countries and through this contributes towards the achievement of the UN Millennium
Development Goals (MDGs) of reducing poverty, hunger and maintaining a sustainable environment. These are
also the goals of the CGIAR.

IWMI is one of 15 international research centers supported by the network of 60 governments, private
foundations and international organizations collectively known as the Consultative Group of International Agri-
cultural Research (CGIAR). IWMI has staff of about 350 and offices in 12 countries across Asia and Africa.

Sir Ratan Tata Trust (SRTT)

Set up in 1919, the Sir Ratan Tata Trust situated in Mumbai, is one of the oldest philanthropic intuitions
in India, and has played a pioneering role in changing the traditional ideas of charity. Through its grant making,
the trust supports efforts in the development of society in areas of rural livelihoods & communities, education,
enhancing civil society & governance, health, arts & culture.

Annnal Partners’ Meet

ITP’s Annual Partners’ Meet (APM) is one of the largest event focusing on water issues in India with
the aim to disseminate the findings of the studies conducted by ITP, its partners and other researchers to a large
group of stakeholders including government officials, policy makers, development professions, leading water
scientists and representative of international organizations from across the globe. Substantial participation from
central and state governments is of this meet.
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FOREWORD

“Managing Water in the Face of Growing Scarcity, Inequity and Declining Return” is not a
new topic for discussion by the water fraternity. But, it is perhaps the first time it has been adopted as a
theme for a conference and examined in a comprehensive manner. “Exploring Fresh Approaches” is one
of greatest challenges that water professionals face and is both complex and profound. It is for this reason
that we bring together renowned individuals to the IWMI-Tata Annual Partners Conference - which is
considered as a major gathering of water professionals in the country - to think, innovate, debate, motivate
and recommend what concrete steps we can take that will help meet the challenges facing the water sector
of India.

This volume brings together papers presented and deliberated at the 7* annual conference held on 2-
4 April, 2008 at ICRISAT campus, Patancheru, Andhra Pradesh. The papers offer new perspectives and
practical solutions derived from research carried out under the IWMI-Tata Policy Research Program and
those done by other scholars on water issues iz india. b apers included in this volume cover five key topics:
subsidizing micro-irrigation systems in India; groundwater depletion and its socio-economic impacts; water
policies and legal frameworks; water harvesting and groundwater recharge; water, economic growth and
human well-being. The aim of ITP is to help policy makers at the central, state and local levels to address
their water challenges — in areas such as sustainable groundwater management, water scarcity, and rural
poverty — by translating rescarch aindings into practical policy recommendations.

The hoiding of th. conference was possible through the funding from Sir Ratan Tata Trust (SRTT).
We acknowledge the support and encouragement received from the Program Manager of SRTT Mr. Arun
Pandhi. We also express our appreciation to Dr. Colin Chartres, Director General of IWMI, Dr. Peter
McCornick, Director for Asia and Dr. Debbie Bossio, Theme Leader for their support and encouragement.

Dr. Dinesh Kumar, Head of the IWMI-Tata Policy Research Program provided the inspiration and
Leadership for the conference. It is because of his efforts that the papers in this volume were peer reviewed
and published in time for the conference. Dr. Kumar was ably supported by his colleagues, Kairav Trivedi,
Vidhya Ramesh, Nidhi Ladha, Sacchidananda Mukherjee, Nitin Bassi and Dr. M.V. K. Sivamohan.
Finally, a special word of thanks goes to Navanith, Judy, Aparna and many others for their pro-
ductive contributions.

Madar Samad
Head, South Asia
International Water Managzinent Institute
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PREFACE

India is facing a major water crisis. But, the origin of this crisis is in the increasing realization that very
little is known about the nature and magnitude of water scarcity, and the causes for such scarcity situation. At
the fundamental level, there is little understanding of the probable ways in which the major factors driving water
situation such as economy, society, environment, demography, technology and governance forms could unfold
in future. Uncertainty exists about the type, nature and magnitude of water problems that India is likely to face
in the coming decades due to lack of consensus on the approaches and methodologies for forecasting water
scenarios.

On the civil society front, there were intense debates on the approaches to deal with water scarcity.
These debates are by and large characterized by polarized positions. Many from within water bureaucracies and
outside believe that solution to avert an impending future water crisis lies in mega water transfer projects that
could take water in bulk from well-endowed to poorly endowed regions. They believe that the future social
tensions and ecological crisis that can be perpetuated by water scarcity would be enormous and widespread
that they would justify the localized negative social and ecological impacts of major water transfer projects.

On the other hand, many have mooted water demand management to avert a crisis, some focusing
mainly on improving water productivity in agriculture to make more water available for environment. They
argue that significant improvements in productivity of both rainwater and irrigation water is possible through
farm management and on-farm water management. Though over the past 25 years, there have been significant
improvements in efficiency of water use in irrigation globally leading to leveling off of water use, it has mostly
been in developed countries.

Globally, many advocate rainwater harvesting not only as a means to augment the supplies, but often as
a source of irrigation supplement to enhance the productivity of rainwater. In India, it mainly concerns runoff
harvesting in rural areas, and artificial groundwater recharge to create buffer for drought-proofing. Voluntary
organizations strongly advocate the need to exercise control on the use of water in agriculture, domestic sector
and pollution assimilation, and lobby for stringent regulations on water withdrawal and use.

On the implementation front, decentralization and participation of stakeholders at different levels are
often discussed as institutional alternative in water development and management actions, to circumvent the
evils in the conventional approaches. NGO involvement is strongly being argued as a catalyst for fostering
community participation. The underlying assumption is that NGOs represent the voice of the poor and could be
used to deliver the services, which governments fail to provide. Whereas in certain other situations, the need for
involving Panchayat Raj Institutions (PRIs) in water management is emphasized. A few experiments are underway
in irrigation and drinking water sector for participatory management.

Many scholars believe that the huge stock of groundwater and plenty of surface water resources in the
Ganga-Brahmaputra-Meghna basin could be tapped to meet India’s future water needs. Such propositions have
ignored the low demand for water in the region, due to poor availability of arable land, ecological factors, and
poor socio-economic and volatile political situation inhibiting farmers from investing in irrigation infrastructure.
Suggestions for polic, interventions often made to boost the demand for water in agriculture had looked at the
ways to overcome economic constraints, ignoring the agro-hydrolegical, ecological, political, and sociological
features.

Often, projections of India’s irrigation growth by both government agencies and scholars harp heavily
on the official figures of untapped groundwater stock, purely on hydrological considerations of recharge and
abstraction. They hardly factor in the regional and local resource dynamics and trends. Part of the problem is
the “hydro-schizophrenia”, where the contribution of groundwater to maintaining the lean scason flows in



rivers is ignored in resource assessment methodologies, leading to over-estimation of the utilization potential
from either surface water or groundwater. So is the case with contribution of canal water to augmenting
groundwater supplies in command areas.

On the other hand, governments are investing mammoth sums in rehabilitating tanks, especially in
South India. But, there have been limited attempts to understand the functioning of tanks as part of an integrated
hydrological system comprising groundwater, surface water and catchments. In many situations, tanks are
situated in regions which have experienced dramatic increase in groundwater use, and major land-use changes.
The governments are also simultaneously investing in watershed development in the upper catchments of
tanks. Groundwater development in command areas and upper catchment watershed interventions, often have
major negative impacts on the tank inflows. Understanding these interactions is crucial for deciding investment
priorities in water resources in such regions.

In India, the proponents of rainwater harvesting have been successful in projecting “local water harvesting
solutions” as a significant alternative to the conventional water projects that involve lurec engineering interventions,
huge capital investments, and having major social and environmental imperative- The World Commission on
Dams report also advocates local water harvesting solutions for the said reasons. NGOs, civil society organizations
and local governments alike had implemented local water harvesting and groundwater recharge projects on a
large scale in many arid and semi-arid parts of the Indian country-side.

But, very little systematic and scientific analysis exists on the potential of rainwater harvesting and
groundwater recharging in water-scarce regions. More importantly, very little analysis is available on the
comparative economics of rainwater harvesting projects, against large water resource projects. The scientific
accuracy of certain claims about rainwater harvesting such as improved runoff collection efficiency is often
subject to questioning. Another big issue to be resolved is how many local interventions would be required to
achieve the same productive impact as a single large intervention, and their social and downstream environmental
impacts.

While the concept of water productivity and “more crop per crop” have gained acceptance in policy
circles in India, the complex concepts underlying it are poorly understood. Very little understanding exists on
the drivers of change in water productivity, and the opportunities and constraints in enhancing the same. On-
farm water management and farm management can improve crop water productivity. But, farmers’ ability to
carry out on farm water management depends on the quality and reliability of irrigation water supplies. Further,
their ability to carry out agronomic practices also depends on the quality and reliability of irrigation.

Drip irrigation is advocated by the government of India (Gol) as a panacea for all water problems in
water-scarce regions. The Task Force on Micro Irrigation (MI) estimated that a total area of 97 m. ha could be
brought under MI systems. But, little attention has been paid to the constraints facing the farmers in adopting
this system such as: erratic power supply conditions; and lack of clear economic incentives for saving water
and energy due to inefficient pricing of electricity and water; the existing cereal dominated cropping systems;
and the small size of farm holdings. A recent ITP study shows that a total of only 5.8m.ha could be brought
under drip systems considering the existing cropping pattern, climatic conditions, water availability and rural
power supply situation in difterent regions.

The issues relating to poor-targeting of subsidies in MI are even more serious. The whole basis for
public subsidies in micro irrigation is the social benefits their adoption brings about. But, there is hardly any
analysis in India looking at the social costs and benefits of micro irrigation systems. Social benefits of water
saving can be over-estimated at least in regions with shallow groundwater, whereas the social costs of talking
labour out of agriculture could be ignored in areas where labour is already in short supply. Such analysis would
help judicious allocation of public funds. Having said that, there are regions where MI adoption is picking up
fast like wild fire in India. It is important to know the social conditions under which MI is being adopted by
farmers like higher risk taking ability, entrepreneurship and degree of exposure to modern farming practices.
The social changes it brings about in rural areas, needs to be carefully analyzed.
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Within the larger questions of “more crop per drop”, there are questions of how water productivit
(Rs/ET) varies from crop to crop; how does water productivity of a rain-fed crop change with supplementar
irrigation; between rain-fed crop and irrigated crop, which one generates more biomass and income; hov
important is rain-fed production when compared to irrigated production in terms of enhancing basin wate
economy? There were very few attempts to evaluate productivity of water in agriculture, most of which focu:
on productivity of diverted water and its contribution to water economy. Not much information and knowledge
exists about the use of rainwater for crop production, and the economy it generates in Indian agriculture.

Finally, research on water productivity had its accent on “more crop per crop”. Transposing the
findings of the research from the west to Indian situations would be meaningless. The distinct features of India
that make the conventional “more crop per drop” approach less versatile are: smaller land holdings; relatively
lower volume of water handled by farmers; incfficient pricing and zero marginal cost of water, or the energy
used for pumping groundwater; uncontrolled water deliveries from public systems; and lack of institutional
regimes governing access to groundwater.

There is a need to examine how the various considerations involved in assessing water productivity
should be different in India from those for the west. Generally, farming systems in India are composite, with
crops and dairying practiced together. Employment generation in rural areas and food security are still major
public concerns, and can run into conflict with the private interest of enhancing water productivity as some of
the cereals, which feed our granary and generate wage labour, have low water productivity. Hence, trade offs
between realizing economic objectives and social objective need to be understood.

The use of economic concepts such as the “value of water in its use” for managing water allocation
decisions is extremely limited. Historically, projects that involve transfer of water from abundant regions to
scarce regions had their basis in increasing the effective utilization of water, rather than enhancing its economic
value. But, the concept of incremental economic value would have great relevance in managing water economies
in the Indian context.

The present institutional and policy regimes governing the use of water in agriculture include power
tariff in agriculture; pricing of canal water; and property rights in water, particularly groundwater. Many states
follow flat rate tariff for electricity supplied in agriculture, and some states offer free power to farmers. No
Indian state charges for canal water on volumetric basis as a rule. Due to these, the farmers are not concerned
with enhancing the productivity of water unless they help them maximize the returns from land. Even in
situations of physical scarcity of water, where farmers are confronted with the opportunity cost of using water,
productivity enhancement might not lead to reduced use, and resource reallocation. The reason is farmers want
to maximize their returns. This is due to lack of well defined property rights in water. Institutional and policy
interventions for water allocation have to be designed. But, discussions on these aspects are scanty.

Water users associations are the only institutional innovation which had been tried out in India’s irrigation
sector during the past several decades. Their management regime had not extended beyond the secondary level
in the hydraulic system hierarchy, apart from having very low scale of implementation. Also, questions are
often raised about the transaction costs of creating these institutions against the real benefits derived from their
existence, and of late, the very sustainability of these institutions. While government and policy makers provide
lip services to options such as water pricing, water laws, registration of users, issuing of licenses and “quotas”
to draw water, researchers and practitioners have debated on enabling legal framework, water rationing, and
water rights. But, hardly any research exists on the institutional processes involved in instituting and enforcing
water rights in Indian situations, and the benefits against the transaction costs.

In the past few years, a great deal of government response to groundwater over-draft problems and
the huge revenue losses in electricity subsidies has fallen on regulatory measures such as regulating the supply
of electricity to farm sector, and state regulation of groundwater use. On the other hand, recent past had seen
remarkable iricrease in the price of diesel, a major fuel for running the rural economic engine, which uses water
as another key input. The impacts of these on the rural water economy and livelihoods, especially equity, have
not been studied in a comprehensive manner.
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The past decade has seen some legal and policy reforms in water sector in several Indian states. Also
many Indian states have drafted their own water policies. The cornerstone of these state level policy reforms is
the National Water Policy-2002, although few States have put policies and laws in place to implement the policy
objectives. In most cases, where legal reforms have happened, it has been before the adoption of the national
water policy. But, very little thinking seems to have gone into implementing policy choices. The biggest gap is
the institutional and administrative mechanism for implementing them. Over and above, the likely outcomes and
impacts of these policy choices are little known.

In this backdrop, the IWMI-TATA Water Policy Research Program (ITP) aims at contributing to
improved agricultural livelihoods in India through research on improved management of water resources. The
IWMI-Tata program by joining IWMI and the TATA-Trust brings a unique and powerful partnership of research
and development investment to bear on these problems. The Program tackles policy relevant issues in water
management which have direct bearing on the livelihoods of the rural poor, and provides advice for investment
and policy interventions to improve those outcomes. ITP had identified some of the issues discussed above for
research during this year. Following are the three major topics we have focussed: 1] enhancing water productivity
in agriculture: physical, institutional and policy alternatives; 2] changing groundwater socio-ecology and its
impact on agriculture and rural livelihoods; and, 3] water policies and legal frameworks in India.

The theme of this year’s meet is “Managing Water in the Face of Growing Scarcity, Inequity and
Declining Returns: Exploring Fresh Approaches”. The meet is being hosted by the South Asia Sub-regional
office of International Water Management Institute in Hyderabad, India. A total of 56 papers were included in
the conference proceedings, after peer reviews. Of these, more than half are from ITP researchers and ITP-
commissioned studies. The rest are contributions from young and senior researchers from other institutions.
Most of the papers deal with the topics selected for this year’s research, while a few are on topics like issues
in water harvesting/groundwater recharge in India; and water and economic growth. These are also topics on
which ITP has been working in the recent past. These papers are organized under five major themes and eight
sub-themes. This volume contains these research papers, which would be discussed during the 3 days of the
meet from 2-4 April, 2008.

We hope the papers in this volume would be of immense interest to the researchers, practicing managers
and policy makers engaged in water sector in India.

M. Dinesh Kumar

Researcher and ITP Leader
International Water Management Institute.



WATER SAVING AND YIELD ENHANCING MICRO-IRRIGATION TECHNOLOGIES
IN INDIA : WHEN AND WHERE CAN THEY BECOME BEST BET TECHNOL OGIES?

M. Dinesh Kumart, Hugh Turra?, Bharat Sharma®, Updi Amarasinghe* and O. P. Singh®

Abstract

A systematic attempt to determine the conditions under which, micro irrigation (Ml) systems become the
“ best bet technology” in terms of realizing the potential benefits, and extent of reduction in crop water requirement
possiblethrough such systemsiscrucial for assessing our ability to addressfuture water scarcity at the regional and
national level. The ultimate objective of thisresearchisto find out under what conditionsmicroirrigation systemoffer
the best bet technology, and what benefitsit can yield. The research aims at determining the potential benefits from
the use of MI systemsin India. Thisis done through assessing: a] the conditions that are favourable for M| system
adoption; b] thefield level and aggregate level impacts of the systems on water use; and c] the yield and economic
benefits from adoption. The research al so aims at assessing the potential future coverage of Ml systemsin India, and
the potential reduction in aggregate water requirement in crop production.

The research used extensive review of published and unpublished literature on the feasibility, and physical
and economic impacts of various Ml systems; results from field experiments carried out by IWMI in one location in
Gujarat on the techno-economic viability of some MI devices; data from field-based research carried out by IWMI
resear chers on the economic viability of Ml systems; and statistics on M| adoption in India.

Theconstraintsin Ml systemadoption are: i] lack of independent sour ce of water and pressurizing device for
many farmers; ii] poor quality of groundwater in many semi arid and arid regions; iii] the mismatch between water
delivery schedulesandirrigation schedulesrequiredin Ml systemsin surfaceirrigation systems; iv] cropping systems
that dominatefield cropsin semi arid regions; v] dominance of small and marginal farmers, and small plot sizes; vi]
low opportunity costs of pumping groundwater due to lack of well-defined water rights; vii] negative technical
externalities in groundwater use; viii] poor extension services; and viii] poor administration of subsidies.

Theother findingsare: 1] the extent of real water-saving and water productivity gainsat thefield level from
adoption of MI systems varies across crops, climate, geo-hydrology and type of Ml devices used; 2] the potential
benefits of M1 systemsin termsof real field level water saving arelikelytoberealized in semi arid and arid areaswith
deep water table conditions, for widely spaced row crops; 3] the economics of pressurized Ml systems depend on the
capital cost of the system, size of the plot, type of crop irrigated, extent of water and energy saving and the market
value of the produce; 4] being capital intensive, the economic viability of Ml systemsis sound for high valued cash
crops and orchards, especially in areas where groundwater availability is extremely limited; and 5] in many areas,
dueto flat rate system of pricing and heavy subsidy in electricity, zero opportunity cost of using groundwater, energy
and water saving does not result in cost saving and improved economic returns from MI.

The future potential of MI systems to improve basin water productivity is primarily constrained by the
physical characteristics of the basins vis-a-visthe opportunitiesthey offer for real water-saving at thefield level and
basin water productivity improvements, and area under cropsthat are conducive to Ml in those basins. Preliminary
analysis shows a very modest potential of Ml systemsto the tune of 5.6 million ha, with the impact of drip systemsin
reducing aggregatewater requirement for crop production to thetune of 44.46 BCM. Creating appropriateinstitutions
for technology extension, designing water and electricity pricing and supply policies apart from building proper
irrigation and power supply infrastructurewould play a crucial rolein facilitating large-scal e adoption of different
MI systems. The subsidies for Ml promotion should be targeted at regions, people and technologies level, where MI
adoption resultsin real water and energy saving at the aggregate level, and maximize welfare impacts.
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1. INTRODUCTION

Demand management becomes the key to the overall strategy for managing scarce water resources
(Molden et a., 2001). Since agriculture is the major competitive user of diverted water in India (Gol, 1999),
demand management in agriculture in water-scarce and water-stressed regions would be central to reducing the
aggregate demand for water to match the available future supplies (Kumar, 2003a and 2003b). Improving water
productivity in agricultureisimportant in the overall framework for managing agricultural water demand, thereby
increasing the ability of agencies and other interested parties to transfer the water thus “saved” to economically
more efficient or other high priority domestic and industrial use sectors (Barker et a., 2003; Kijne et a., 2003).

Three dimensions of water productivity include: physical productivity, expressed in kg per unit of water
consumed; combined physical and economic productivity expressed in terms of net return per unit of water
consumed, and economic productivity expressed in terms of net income returns from a given amount of water
consumed against the opportunity cost of using the same amount of water (Kijne et al., 2003). The discussionin
the present paper would be largely on the first parameter, i.e., physical productivity. There are two major ways
of improving the physical productivity of water used in irrigated agriculture. First: the water consumption or
depletion for producing a certain quantum of biomass for the same amount of land is reduced. Second: the yield
generated for a particular crop is enhanced without changing the amount of water consumed or depleted per unit
of land. Often these two improvements can happen together with an intervention either on the agronomic side or
on the water control side (for discussion on other aspects of water productivity, see Kumar et a., 2007).

There are severa conceptual level issuesin defining the term “water saving” and irrigation efficiency.
This is because with changing contexts and interests, the “unit of analysis’ changes from field to farm to
irrigation systems to river basins. With the concepts of “dry” and “wet” water saving”, which capture the
phenomena such as “return flows from field” and “depleted water”, becoming dominant in irrigation science
literature in the last one decade, the old concepts of “water saving” and irrigation efficiencies have become
obsolete. The real water saving or “wet water” saving in irrigated production at the field level can come only
from reduction in depleted water and not the water applied (Molden et a., 2001). But, there are methodol ogical
and logical issues involved in estimating the depletion fraction of the water effectively applied to the crop.
Complex considerations, including agronomic, hydrologic, geo-hydrological and geo-chemical, go into deter-
mining the “depletion” fraction. Nevertheless, for the limited purpose of analysis, throughout this paper, “water
saving” refersto “wet” water saving.

Water productivity isan important driver in projecting future water demands (Amarasinghe et al., 2004;
Kijne et al., 2003). Efficient irrigation technologies help establish greater control over water delivery (water
control) to the crop roots, reduce non-beneficial evaporation and non-recoverable percolation' from the field,
and return flows into “sinks’ and often increases beneficial ET, though the first component could be very low
for field crops. Water productivity improves with reduction in depleted fraction and yield enhancement. Since at
the theoretical level, water productivity improvements in irrigated agriculture can result in saving of water used
for crop production, any technological interventions, which improve crop yields, are aso, in effect, water
saving technologies. Hence, water saving technologies in agriculture can be broadly classified into three: water
saving crop technologies; water saving and yield enhancing irrigation technologies; and, yield improving crop
technologies.

There are several technologies and practices for water-saving inirrigation. They include: 1) broad beds
or small border irrigation; 2) improved furrow irrigation (surge, cutback, proper management) 3) laser leveling
of fields; 5) plastic mulches and tunnels; 6) improved soil moisture retention sub-surface barriers; 7) alternative
wetting and drying for rice; 8) system of rice intensification; 9) direct seeding of rice; 10) aerobic rice; 11) on-
farm storage; and, 12) allowing better control and timing of surface irrigation (micro-irrigation, sprinklers and
their variants). But, only micro irrigation technologies, which are based on plastics, are dealt with in this report.

India stands 27th in terms of scale of adopting water-saving and yield enhancing micro irrigation de-
vices (Source: www.oznet.ksu.edu/sdi/News/Whatisnew.htm). There are several constraints to adoption of Ml

1SeeAllenet d., (1997) for definitions of non-beneficial evaporation, non-recoverable deep percolation.
2



devices. These are physical, socio-economic, financial, institutional—pricing, subsidies, extension service and
policy-related related (Narayanamaoorthy, 1997; Sivanappan, 1998; Kumar, 2002a). Nevertheless, a systematic
attempt to find out the conditions under which MI systems become a best bet technology, and assess the
magnitude of reduction in water requirement possible through them is hardly ever made. Such efforts are crucial
for assessing our ability to address problems of water scarcity in the future at the regional and national level.

The ultimate objective of thisresearchisto find out under what conditions micro irrigation system offer
the best bet. It aims at determining the potential benefits from the use of MI systems. Thisincludes assessing: d
conditionsthat are suitable or unsuitable for M1 systems; b] field level and aggregate level impacts of the systems
on water use; and c] yield and economic benefits due to adoption of MI system. The research also aims at
assessing the potential future coverage of M1 systemsin India, and the reduction in aggregate water requirement
in crop production.

The scope of the report is as follows. First, it provides an over-view of the benefits of “MI technolo-
gies. It then covers the present spread of M1 systemsin India. It deals with the potential physical and economic
impacts of M| systems in India. This is based on analysis of: i] physical, socio-economic and institutional
congtraints for its adoption in the country; ii] field level water saving, and impacts on drivers of water demand;
iii] and cost-benefit analysis of M1 systems for different crops under different socio-economic conditions, and
policy environments. A macro level analysis of the potential future impact of drip systems on agricultural water
requirements in India is provided. This is done by: a] assessing the actual cropped areas that can be brought
under drip systems in the basins which would benefit from them in terms of water productivity improvements;
and b] potential future reduction in water requirement of selected crops through drips. The fifth section deals
with the impact of existing water and energy related policiesin India, and discussions on institutional and policy
alternatives for spreading M| system adoption.

2. AVAILABLE WATER-SAVINGAND YIELD IMPROVING IRRIGATION TECHNOLOGI -
ESIN INDIAN AGRICULTURE AND THEIR POTENTIALS

Water-saving and yield enhancing irrigation devices which are in use in India and the crops for which
they can be used are given in Table 1. While listing these devices, we have considered their technica feasibility
for the crop in question and their actual preference by farmers, and are not based on their analysis of the social
costs and benefits of using them. Synthesizing the information provided in the last column, it is clear that highest
growth in water productivity would be possible with green house, which reduces the consumptive use of water
and enhances the yield substantialy.

3 CONTRIBUTION OF MICRO-IRRIGATION TECHNOLOGIESIN INDIAN
AGRICULTURE

3.1Present Spread of Micro-irrigation Technologiesin Indian Agriculture

There were no systematic attempts in the past to assess the spread of water-saving irrigation technolo-
giesin India. Sivanappan and Lamm (1995) reported that the area under drip irrigation isamere 7000 hain 1994.
The most recent data shows that nearly 1.3 m ha of irrigated land is under drip irrigation (see Narayanamoorthy,
2004b).

They cited high initial cost (including mis-targetted subsidies), clogging of drippers and cracking of
pipes, lack of adequate technical inputs, damages done by rodents; high cost of spare components; and insuffi-
cient extension education effort as the major problems in the slow rate of adoption of drips. The National
Committee on Irrigation and Drainage also added factors such as salinity hazards to the list of problems (Gol,
1994). Shiyani and others (1999) found difficulty in inter-cultivation another reason for non-adoption, while
Palanisamy and others (2002) cited joint ownership of wells as additional reason for non-adoption based on their
study in Coimbatore (Tamil Nadu). However, some of the problems listed above such as clogging, lack of
adequate technical inputs and high cost of spare components, to a limited extent, are being bypassed with the
introduction of low cost micro irrigation systems in India, pioneered by International Development Enterprises.
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The recent data released by the Task Force on Micro Irrigation in India shows that during the past four years,
peninsular India had recorded highest growth in adoption of drip systems. Maharashtra ranks first, followed by
Andhra Pradesh and Karnataka. Table 2 presents the data of adoption of drip irrigation systems under various
programmes, viz., macro management plan; technology mission on horticulture; cotton development programme
and oil palm development programme. The major crops for which drip systems are currently adopted are:
cotton, sugarcane; banana, orange, grapes, pomegranate, lemon, citrus, mangoes, flowers, and coconut.

Table 1: Nature of Water Saving for Different Crops under Different Types of Efficient Irrigation Devices

Name of water-saving and

S No yield enhancing micro Names of crops for whi_ch the Nature of Saving in
L technology can be used ideally Applied Water
irrigation technology

1. Pressurized drip systems All fruit crops; cotton; castor; | 1. Reduces non-beneficial
(inline and on-line drippers, | fennel; maize; coconut; evaporation (E) fromthe area
drip tape) arecanut; chilly; cauliflower; not covered by canopy

cabbage; ladies finger; toma- 2. Reduces deep percolation
toes; egg plant; gourds; 3. Water saving also comesfrom
mulberry; sugarcane; water reduction in evaporation from
melonl ; flowers fallow after harvest

4. Extent of water saving higher
during initial stages of plant
growth

5. Significant yield and quality
improvement.

2. Overhead (movable) sprin- | Wheat; pearl millet; sorghum; Reduces conveyance losses

klers (including rain guns) cumin; mustard; cow peg; chick | 2. Improves distribution effi-

pea, grasslands and pastures, tea ciency dightly

=

estates 3. Reduces deep percolation
4. Margina yield growth
3. Micro sprinklers Potato; ground nut; alfalfa; gar- | 1. Reduces seepage and evapo-
lic and onion, herbs and orna- ration losses in conveyance
mentals 2. Reduces deep percolation
over furrow irrigation and
small border irrigation
3. Yield growth and quality im-
provement significant
4, Plastic mulching Potato; ground nut; cotton; cas- | 1. Keeps complete check onthe
tor; fenndl; brinjal; chilly; cauli- evaporation component of
flower; cabbage; ladies finger; ET
flowers; maize 2. Stops non-beneficial evapo-
ration (E), kills weeds and
pests

3. Extent of water saving higher
over drip irrigation

4. Faster germination and sig-
nificant yield growth

AWatermelon is often grown in intercropping with orchard crops, reducing the capital cost of drips significantly.
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Si. No N';Te? dognvﬁztnegrslgvr::;grind Names of crops for which the Nature of Saving in
irrigation technology technology can be used ideally Applied Water
5. Green houses All vegetables, high valued fruits| 1. Controls the ambient tem-
such as strawberry: and exotic | , Peréure and humidity,
flowers, nurseries, vegetative 2. Checksthewind, thereby re
" ' ducing transpirative demand
propagation of plant.

3. The water-saving is highest
as compared to other tech-
nologies

4. Substantial yield growth,
quality improvement and nu-
trient savings.

6. Micro tube drips All horticultural and plantation | 1. Reduces non-beneficial
crops evaporation

2. Distribution uniformity is
poor and depends on number

of micro tubes on a latera

Table 2: Rate of Adoption of MI Systems during 2001-05 under various programmes

Area Under Micro Irrigation Systems (in ha)

Sr. No. Name of State 2001-02 2002-03 2003-04 2004-05 Total
1 Andhra Pradesh 9117 4227 12 4200 17556
2 Arunachal Pradesh 110 100 248 500 958
3 Assam 22 16 17 350 405
4 Bihar 500 141 0 0 641
5 Chhatisgarh 444 227 0 100 771
6 Goa 70 48 0 305 423
7 Gujarat 2130 2109 1035 3650 8924
8 Haryana 226 0 236 230 692
9 Himachal Pradesh 111 85 0 0 196
10 Jammu and Kashmir 0 5 30 0 35
11 Jharkhand 179 0 0 0 179
12 Karnataka 9480 397 2635 4219 16731
13 Kerda 939 457 180 489 2065
14 Madhya Pradesh 1190 1007 200 375 2772
15 Maharashtra 14391 6875 248 844 22358
16 Manipur 10 20 25 100 155
17 Meghalya 28 0 55 60 143
18 Mizoram 0 50 20 450 520
19 Nagaland 60 55 100 50 265

20 Orissa 250 0 285 650 1185
21 Punjab 0 80 0 0 80
22 Rajasthan 1400 1000 1700 1200 5300
23 Sikkim 30 30 0 50 110
24 Tamil Nadu 814 635 25 1986 3460
25 Tripura 118 0 278 300 696
26 Uttar Pradesh 454 264 0 235 953
27 Uttaranchal 100 100 0 0 200
28 West Bengal 0 0 0 [eie] 99

Total 42173 17928 7329 20442 87872

Source: Task Force on Micro Irrigation, Ministry of Agriculture, Government of India
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Though exact state level wise data on the spread of sprinkler systems are not available, it is found that
sprinkler systems are in vogue in regions where conditions are unfavourable for traditional method of irrigation
such as loose sandy soils and highly undulating fields. These areas are irrigated by wells. Farmersin other (well-
irrigated) areas have also procured the system under government subsidy programme, but were using HDPE
pipes for water conveyance in the field except during droughts when they use them for providing supplementary
irrigation to kharif crops.

InIndia, sprinkler systems are mainly used for field crops such as wheat, sorghum, pearl millet, groundnut
and mustard. But the use of sprinklers is often limited to certain part of the crop season when farmers face
severe shortage of water in their wells. Normally, thisisjust before the onset of monsoon when the farmers have
to sow these crops, or when there is a long dry spell during the monsoon season. Sprinkler for groundnut is
common in Saurashtrain Gujarat; sprinkler for mustard is common in Khargaon district of Madhya Pradesh and
Ganga Nagar district of Rgjasthan. In the high ranges of Keralaand Tamil Nadu, sprinklers are used for irrigating
tea and coffee plantations. However, recently, farmers have started using micro sprinklers and mini micro
sprinklers for potato, groundnut and afalfa

3.2 Potential Contribution of Micro-irrigation Technologiesin India
3.2.1 Physical impact of micro-irrigation technologies on water demand for crop production

Analyzing the potential impact of MI systems on the aggregate demand for water in crop production
involves three important considerations. The first concerns the extent of coverage that can be achieved in Ml
system adoption at the country level. The second concerns the extent of real water saving possible with Ml
system adoption at the field level. The third concerns what farmers do with the water saved through MI sys-
tems, and the changes in the cropping systems associated with adoption. But, most of the past research on
physical impacts of M| systems had dealt with the issue of changes in irrigation water use, crop growth and
crop yield.

Thereislimited analysis available on the potential coverage of M1 systemsin India, and the water saving
possible at the aggregate level. These analyses suffer from severe limitations. First: the analyses of potential
coverage of M1 systems are based on simplistic considerations of the area under crops that are amenable to Ml
systems, and do not take into account the range of physical, socio-economic and institutional factors that induce
severe constraints to adoption of these technologies. Second: they do not distinguish between saving in applied
water and real water saving, while the real water saving that can be achieved through MI adoption could be
much lower than the saving in applied water. Third: there is an inherent assumption that area under irrigation
remains the same, and therefore the saved water would be available for reallocation. But, in redlity, it may not be
so0. With introduction of M| systems, farmers might change the very cropping system itself, including expansion
in irrigated area. Therefore, al these assumptions result in over-estimation of the potential coverage of Ml
systems and the extent of water-saving possible with M| adoption. These complex questions are addressed in
the subsequent sections of this paper.

3.2.1A Physical constraints and opportunities for adoption of MI Systems

Determining the potential coverage that can be achieved in M1 system adoption require a systematic
identification of the conditions that are favourable or un-favourable for adoption and a geographical assessment
of areas where such conditions exist. Such conditions can be physical, socio-economic or institutional. These
physical, socio-economic and institutional constrains in the adoption of M| systems are discussed below.

If we do not consider the difficult options of shifting to less water intensive crops and crops having
higher water productivity, there are two major pre-requisites for reducing the overall demand for water in
agriculture in the region. They are: i] reducing the non-beneficial evapo-transpiration from crop land; and ii]
maintaining the area under irrigation. The second issue is not being dealt with here. The time-tested and widely
available technology for increasing water productivity is pressurized irrigation systems such as sprinklers and
drips (or trickle irrigation). (Consider removing )
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Micro Irrigation adoption is very low in India. This includes even areas where the capital investment
needed for creating irrigation sources is very high such as Kolar district in Karnataka, Coimbatore district in
Tamil Nadu and aluvia north and central Gujarat. While, there are severa constraints at the field level, which
limit the adoption of this technology by the farmers, some of the very critical onesthat are physical in nature are
anayzed here.

First of al, M1 systems need reliable daily water supply. But, nearly 41.24% of the net irrigated areain
the country gets their supplies from surface sources such as canals and tanks (source: Gol, 2002). Drips and
sprinklers are not conducive to flow irrigation due to two reasons. First is the mismatch between water delivery
schedulesfollowed in canal irrigation and that required for M1 systems use. Normally, in surface command areas
in India, farmers get their turn once in 10-15 days at flow rates ranging from 0.5 to 1 cusec. But, for drips and
sprinklersto give their best, water should be applied to the crop either daily or once in two days with lower flow
rates which are equal to the evapo-transpiration. This means, intermediate storage systems would be essential
for farmers to use water from surface schemes for running Mls. Storage systems are also required as settling
tanks for cleaning large amounts of silt contents in the canal water supplies. Second, there is a need for pumps
for lifting water from the storages and running the M1 systems. These two investments reduce the economic
viahility of MI.

Therefore, in the current situation adoption of MI would be largely limited to areas irrigated by wells.
Having said that, an increasingly large number of farmers in groundwater irrigated areas manage their supplies
from water purchase. This aso includes areas where groundwater over-draft is not a concern like Bihar and
western Orissa, and where economic access to water is a problem. It is difficult for these farmers to adopt any
MI devices.

Need for pressuring devices limits the adoption of MI systems. In groundwater over-exploited areas
such as north and central Gujarat, Coimbatore district in Tamil Nadu and Kolar district of Karnataka, ownership
of wells mostly does not remain with individual farmers but with groups. Also, alarge number of farmers have
to depend on water purchase. They get water through underground pipelines at amost negligible water pressure
(head). In order to use the conventional sprinkler and drip systems, high operating pressure (1.0-1.2 kg/cn¥) is
required. Unless the systems are directly connected to the tube well, the required amount of “head” to run the
sprinkler and drip system cannot be developed. The need for a booster pump and the high cost of energy
required for pressurizing the system to run the sprinklers and drips reduce the economic viability. But, there are
new MI technologies, which require very low operating head such as sub-surface irrigation systems and the
micro-tube drips. Farmers who are either water buyers or share wells can store the water in small tanks, lift it to
small heights to generate the required head for running the sub-surface drip system or micro tube systems.

Another important constraint is the poor quality of groundwater. Due to the high TDS level of the
pumped groundwater (the TDS levels are as high as 2000 ppm (parts per million) in many parts of India where
groundwater is still being used for irrigation), the conventiona drippers that are exposed to sunlight get choked
up dueto salt deposition in the dripper perforations. The saline groundwater areas include south western Punjab,
north and central Gujarat, parts of Rgjasthan, and many parts of Haryana. This needs regular cleaning using mild
acids like the hydrochloric acid. This is a major maintenance work, and farmers are not willing to bear the
burden of carrying out this regular maintenance. However, in limited cases, rich farmers in South West Punjab
use large surface tanks for storing canal water when it is available, and blend it with brackish groundwater, and
use for drip irrigating kinnow (a citrus fruit) orchards to prevent problems of clogging.

In addition to areas irrigated by groundwater, there are hilly areas of the western and eastern Ghat
regions, north-western Himalayas (Himachal Pradesh, Jammu and Kashmir and Uttaranchal) and statesin north-
eastern hill region, where surface streams in steep slopes could be tapped for irrigating horticulture/plantation
crops. Such practices are very common in the upper catchment areas of many river basins of Kerala, which are
hilly. Farmers tap the water from the streams using hose pipes and connect them to sprinkler systems. The high
pressure required to run the sprinkler system is obtained by elevation difference in the order of 30-40 mts. Such
systems are used to irrigate banana, vegetables and other cash crops such as vanilla. With the creation of an
intermediate storage, drips can irrigate crops such as coconut, aracnut and other fruit crops during the months

of February to June.
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Geological setting has a strong influence on M| adoption in well-irrigated areas. In hard rock areas,
farmers will have strong incentive to go for M1 systems. The reason is dug wells and bore wells in hard rock
areas of Maharashtra, Madhya Pradesh, Tamil Nadu, Karnataka and Andhra Pradesh have very poor yield and
well owners leave a part of their land fallow due to shortage of water. In most of these areas, farmers have to
discontinue pumping after 2-3 hours for the wells to recuperate. When pressurized irrigation systems (drips,
sprinklers) are used, the rate at which water is pumped will reduce. This gives enough opportunity time for wells
to recuperate. Since, pump will eventually run for more number of hours, the same quantity of water could be
pumped out, and the command area can be expanded. This factor provides a great economic incentive for
farmers to go for water-saving micro irrigation systems.

3.2.1B Socio-economic and institutional constraints for MI adoption

Another mgjor constraint in adopting conventional M1 technologies is the predominant cropping pattern
in the water-scarce regions. M| systems are best adaptable for horticultural crops from an economic point of
view (Dhawan, 2000). The analyses presented in Table 11 and 12 aso substantiate this point. Saving in input
costs are not very significant, the additional investment for drips has to be offset mainly by better yield and
returns (Kumar et al., 2004). But, percentage area under horticultural cropsis very low in these regions, except
Maharashtral. Though the low cost drip irrigation systems appear to be a solution, they have low physical

Figure 1: Total Water Use Vs Own Irrigation
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efficiency when used for crops in which the plant spacing is small (chilly, vegetables, groundnut and potato)
(Source: IWMI research in Banaskantha). In such situations, they also score low on the economic viability. Low
cost systems can be used for some of the row crops such as castor, cotton and fennel. However, to use the
system for these crops, it is very important that the farmers maintain afixed spacing between different rows and
different plants. So far as maintaining the spacing between rows is concerned, farmers pay sufficient attention.
But, spacing between plants is not maintained. Due to this un-even (un-favourable) field conditions, designing
and installing drippers becomes extremely difficult. Therefore, for adoption of these water saving technologies,
the farmers' agricultural practices need major changes.

For crops such as paddy, neither drips nor sprinkler irrigation systems are feasible. Paddy is an impor-
tant crop in many arid and semi arid regions where water levels are falling. Certain studies at ICAR (Patna) have

The total area under horticultural crops and vegetables is only 5.04 per cent of the net irrigated area in the
country in 2001-02. It is highest in Maharashtra, both in percentage (19.04%) and aggregate terms (0.75 M ha).
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developed Low-Energy Water Application (LEWA) systems which apply regulated water supplies to paddy and
have demonstrated potential to save water. But the technology is still in itsinfancy and requires large scale testing
before field scale adoption. Adopting suitable cropping patterns that would increase the adoptability of water
saving technologies is one strategy. But, as mentioned in the beginning of the section, “crop shift” is a harder
option for farmers.

The socio-economic viability of crop shiftsincreases with the size of the operational holding of farmers.
Given that small and marginal farmers account for large percentage of the operational holders in India, the
adoptability of horticultural crops by farmers in these regions cannot be high. This is because these crops need
at least 3-4 years to start yielding returns, (except for pomegranate, papaya). It will be extremely difficult for
these farmers to block their parcel of land for investments that do not give any returns after a season. Market is
another constraint. Large-scale shift to fruit crops can lead to sharp decline in the market price of these fruits.
Labour absorption is another major issue when traditional crops such as paddy, which are labour-intensive, get
replaced by orchards. Orchards require less labour, it is also seasonal, and the chances for mechanization are
higher.

Plot size dso influences farmers' choices. Conventional M1 systemswill be physically and economically
less feasible for smaller plots due to the fixed overhead costs of energy, and the various components of these
irrigation systems such as filters, overhead tanks (Kumar, 2003).

The following equation calculates the pressure “head” required to pump water for running pressurized
irrigation systems.

_ 5+ 5)
M (w+Z)

Where Req isthe residual pressure required at the well outlet. P, isthe pressure required at the sprinkler
nozzle or dripper and P, isthe pressure loss during conveyance of water from the tube well to the sprinklers or
the drips. 7z isthe differencein elevation. If the sprinkler/drip systems are located at a higher elevation than the
pump outlet, then *Z’" will be negative. The equation shows that the additional energy required for running the
system will reduce with every additional sprinkler, the reason being that only the pressure loss increas es with
increase in number of sprinklers/drip irrigated area. However, organizations like International Devel opment En-
terprises (IDE) have developed and promoted M| systems for very small landholders, which use small storage
cisterns for providing the required pressure.

Poor rural infrastructure, mainly power connections to agro wells and the quality of power supply, is
another magjor constraint for adoption of M| systems. Difficulty in obtaining power connections for farm wells,
and poor quality of power supply forces farmersto use diesel pump sets for irrigating their crops. Use of diesdl
pump increases the cost of abstraction of well water. Regions such as Bihar, eastern UP and Orissa are ex-
amples. Here, many cash-starved farmers do not own wells, and depend on water purchased from well owners
for irrigation. Drips and sprinklers are energy intensive systems, and installing such systems would mean extra
capital investments for installing higher capacity pump sets as well as recurring expenses for buying diesdl.
These factors act as deterrents for adopting M| systems.

The current water pricing and energy pricing policies that exist in most states* also reduce the eco-
nomic incentives for M| adoption. Due to these policies, the water-saving and energy-saving benefits from the
use of M1 systems do not get converted into private benefits.

Un-scientific water delivery schedulesfollowed in surface irrigation systems, and power supply restric-
tions for farm sector also induce constraints for M1 adoption. It is common in surface irrigation systems that
while plenty of water isreleased for the crops for certain part of the season, in the last leg of the crop season the
crops are subject to moisture stress. Poor reliability of water delivery services or lack of adherence to a standard
delivery schedules and poor control over volumetric supplies force farmersto adopt crops that are less sensitive

4They are: 1] crop area based pricing of surface water for irrigation; 2] flat rate system of pricing of electricity or free electricity
followed by many Indian states for farm sector. Only Gujarat and Orissa had partially introduced metering of electricity for farm
wells.
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to water stress such as paddy and sugarcane and resort to flood irrigation. Regulated power supply in agriculture
is aso reducing the economic incentive for adoption of M| systems that are energy-intensive. Many states
including Punjab, Madhya Pradesh, Tamil Nadu, Gujarat and Karnataka had consistently reduced the duration of
power supply to farm sector, due to growing power crisis. In future, this would emerge as a major impedi ment
for large-scale M| adoption.

Poor extension services offered by concerned agencies pose another major constraint. It is not com-
mon for the extension wings of Agricultural Universitiesto set up demonstration of new technologiesin farmers
fields. Thisisapplicable to companies which manufacture and sell M1 devices. Because of this, thereisvery little
knowledge about M| technologies among the farmers in water-scarce regions. The existing knowledge is filled
more with misconceptions. Many farmers believe that M| systems have severe limitations vis-a-vis crops for
which they could be used. Another misconception isthat coverage of sprinklers being circular leavesalot of dry
spots in the irrigated fields. This belief has mainly come from the experience of farmers who have used the
system with improper designs.

The administration of subsidiesin M1 devices also works against the promotion of M| systems. In many
states, the governments continue to pay the subsidy directly to the manufacturers. Many farmers purchased Ml
systems just to avail the subsidy benefits, and do not maintain them. The suppliers do not offer any after-sales
services to the farmers and hence are not interested in ensuring quality control. The systems supplied are often
of sub-standard quality. Over and above, as the amount funds available for subsidies are limited, the smarter
influential farmers take benefit. On the other hand, the government officials, who come and inspect the systems
installed, only check the amount of materials supplied, and work out the subsidy that has to be paid to the
irrigation company. Since the manufacturers had the hassle of doing the entire documentation for obtaining the
subsidy, they keep the price (without subsidy) high enough to recover their interests on capital and transaction
costs.

The present institutional framework governing the use of groundwater, which puts no limit on the
amount of water farmers can pump from aquifer, does not provide clear economic incentives to use water
efficiently. Thisis particularly so for well owners, who have good sources of water supply. Examples are the
Indo-Gangetic aluvium and aluvia areas of Gujarat. Though the opportunity cost of using water influences
farmers' decision-making, the opportunity costs are not felt clearly. Thisisin spite of the prevalence of water
markets® in these regions. The reason is that the demand for water from the water buyers and for ones own
irrigation use, is much less than the number of hours for which the farmers could run their pumps® (see Figure
1). In such cases, the direct additional financial returns farmer gets by introducing M1 systems are from the
increased crop yield. This will not happen unless the farmer adopts new agronomic practices.

Due to this reason, the well owners would rather pump for extra hours to sell water to the needy
farmers than trying to use water more efficiently by making substantial capital investments. The economic
efficiency of water use for irrigated crops in the area even with the current inefficient practices is much higher
than the price at which water is traded (Kumar and Singh, 2001).

Negative externalities in groundwater pumping pose a serious constraint for M1 adoption. Well interfer-
enceisvery common in hard rock areas. Under such conditions, pumping by one farmer will have effect on the
prospects of pumping by another farmer. Due to this reason, the efforts to cut down pumping rates by afarmer
may not result in increased future availability of groundwater for the farmer. Efforts to save water from the
system by an individual farmer might mean increased availability of groundwater for pumping by the neighboring
farmers. Under such situations, the farmers do not have any incentive to invest in M| systems. The technical
externality becomes negative externality for well irrigators in the absence of well-defined water rightsin ground-
water.

5 These are not formal water markets, but pump rental markets. Here the well owners are not confronted with the opportunity cost
of tapping water from the aguifer.

8For instance, a survey of 19 tube well owners carried out in Daskroi taluka of Ahmedabad district showed that the total hours of
pumping including that for providing irrigation servicesto the neighbouring farmersisin the range of 80 hours and 2930 hours. Most
of them are found to be in the range of 1000 hours. But, the hours for the farmers could run the pump is as high as 3600.
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3.2.1C Real Water Saving and Water Productivity Impacts of Ml Systems in the Field

The rea water saving impact of MI systems at the field level depends on improvements in water use
efficiency. All the available data on the efficiency impact of micro irrigation systems are on application effi-
ciency’. The classical definition of irrigation efficiency is the ratio of amount of water consumed by the crop to
the amount of water applied. Sivanappan (1998) provides the data on application efficiencies at various stages
such as conveyance efficiency, field application efficiency and soil moisture evaporation (see Table 3). These
figures do not take into account two factors:1] in certain situations, water will have to be applied in excess of the
ET requirements for the purpose of leaching if the irrigated soils have salts; and 2] the actual field performance
in the irrigation systems is not as good as that shown in experiments and demonstrations.

In estimating water-saving, what matters is the amount of depleted water, rather than the amount of
water applied. The depleted water includes moisture evaporation from the exposed soil and non-recoverable
deep percolation. It would be less than the applied water so long as the un-consumed water is not lost in natural
sinks like saline aquifer or swamps (Allen et al., 1997). This means, the application of the concept of irrigation
efficiencies are no longer useful in analyzing the performance of irrigation systems, with greater understanding
of agro-hydrology and appreciation of deep percolation from irrigated fields® as a component of the available
water resources (Keller et al., 1996), except in situations where the groundwater is saline or deep or the
unconsumed water goes into swamps.

Water use efficiency improvements through M| adoption, and therefore the field level water-saving
impacts, depend on three major factors: 1] the geo-hydrological environment, including the depth to groundwa-
ter table and the nature of aquifer, whether freshwater or saline; 2] the type of crops; and 3] the agro-climate.

In regions where water table is degp and showing declining trends, M| adoption can lead to real water
saving at field level. The reason is deep percolation that occurs under traditional method of irrigation, does not
reach the groundwater table. This can be explained in the following way. The depth of groundwater tableisin the
range of 20 m to 135 m. The 20-135 m thick vadose zone holds the vertically moving water as hygroscopic
water and capillary water. Some of the water from the soil profile within or below the root zone, having higher
levels of moisture, also can move up due to differential hydraulic gradients (Ahmed et al., 2004). All this water
would eventually get evaporated from the crop land after the harvest if the fallow period is significant depending,
on the climate. The depth of soil below the surface from which evaporation could take place can be up to 2-3m
in semi arid and arid regions (Todd, 1997). Some water in the deep vadoze zone would get sucked away by the
deep-rooted trees around the farms during the non-rainy season.Since, under M1 system, water is applied daily
in small quantities to meet the daily crop water requirements, deep percolation is prevented.

Such regions include aluvia tracts of north and central Gujarat, central Punjab, hard rock areas of
northern Karnataka, Tamil Nadu, Andhra Pradesh, Maharashtra, Madhya Pradesh and many parts of Rgjasthan.
Though deep percolation could be quite significant in paddy irrigation, so far no water-saving irrigation devices
are being tried in paddy, though many water saving practices have evolved over time in paddy irrigation.

Nevertheless, in areas where groundwater levels are still within 20 m below ground level, the saving in
applied water achieved through M1 devices would mostly result in saving in pumping cost, but no real saving in
water from the system. The reason isthat a good share of the excess water used in irrigation under the traditional
irrigation practices finally goes back to the groundwater system through return flows. It isimportant to note that
areas with high water table coincide with areas with low level of aridity or mostly sub-humid or humid climate
where evaporation losses from soil would be low even in summer months.

The real water saving that can be achieved through M1 system would be high under semi arid and arid
climatic conditions. Thisis because the non-beneficial depletion of moisture from the exposed soil could be high
under such situation due to high temperature, wind speed and low humidity. Such losses would be significant
during initial stages of crop growth when canopy cover is small®.

"It refers to total amount of water diverted from the source for irrigation and not the amount of water applied in the field.

8Deep percolation isdue to the drai nage bel ow the root zone, which can find itsway to perched water table or true groundwater table.
Deep percolation is common in al surface methods of irrigation such as border irrigation (both leveled and unleveled small and large
border), furrow irrigation and flooding.
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Real water saving would be more for row crops, including orchards, cotton, fennel, castor, and many
vegetables, where the spacing between plantsislarge. The reason is the area exposed to solar radiation and wind
between plantswould be large, and as aresult the non-beneficia evaporation would be a major component of the
total water depleted, under traditional method of irrigation. With drip irrigation, water could be directly applied to
plants, preventing this loss. Such row crops are widely grown with drips and sprinklers in arid and semi arid
regions of India. Examples are mulberry in Karnataka; cotton, sugarcane, banana, groundnut, coconut and
vegetables in Tamil Nadu; chilly and mangoes in Andhra Pradesh; orange, banana, pomegranate, mangoes,
grapes, flowers, sugarcane and vegetables in Maharashtra; cotton, mustard, rapeseed and wheat in Madhya
Pradesh; oil seed crops such as cotton, groundnut, castor, mustard and fennel, and wheat, potato and afalfain
Gujarat; mustard and chilly in Rajasthan; and wheat and potato in Punjab. Hence, the reduction in non-beneficia
evaporation from soils and non-recoverable deep percolation, and hence actual water saving through micro
irrigation could be in the range of 10-25% depending on the type of crops and the natural environment (soils,
climate and geo-hydrology).

There are no scientific data available in India on the actual impact of M| systems on water use effi-
ciency, which estimates the depleted water against the water consumed by the crop, or which takes into account
the amount of water available for reuse from the total water applied. The figures provided by Sivanappan (1998)
do not give figures of “real water saving”, the extent of which would be determined by the climate (arid, semi
arid or sub-humid or humid), depth to groundwater table and groundwater quality, and the amount of water
available for deep percolation.

Table 3: Relative Irrigation Efficiencies (per cent) under Different Methods of Irrigation

Irrigation Efficiencies Method of Irrigation
Surface Sprinkler Drip
Conveyance Efficiency* 40-50 (canal)
60-70 (well)
Application Efficiency™® 40-70 60-80 90
Surface water moisture evaporation 30-40 30-40 20-25
Overdll efficiency 30-35 50-70 80-90

Source: Sivanappan (1997)
'Thisisfor open channels

There is effectively no research in India quantifying the real water saving and water productivity im-
pacts of water saving irrigation technologies on various crops, at thefield level. An extensive review of literature
shows that all the data on water-saving are based on applied water, and within that more reliable ones are on
experimental farms, for limited number of crops and system types and for a few locations. Table 4 presents
experimental data on water-saving, yield rise and water use efficiency improvements with drip irrigation over
flood irrigation in severa crops from different research stations across India. The reduction in water consump-
tion varies from a mere 12% for ash gourd and bottle gourd to 81% for lemon.

°For instance, direct dry seeded rice in wet season and direct wet seeded rice in dry season were found to be
effective ways of saving water in rice irrigation over transplanted rice (Tabbal et al., 2002). Similarly, large
amount of research in India has demonstrated the benefits of applying irrigation after 2-3 days of disappearance
of applied and ponded water. Field studies conducted on System of Rice Intensification (SRI) also showed
significant reduction in applied water use owing to reduction in the duration for which the field remains under
submerged conditions (Satyanarayana, 2004; Tiyagarajan, 2005). Majority of this reduction could have possibly
come from reduction in deep percolation of water from the paddy field. However, the area under SRI, aerobic
rice and other methods of improved irrigation is still very small in India

OHere, application efficiency is defined as the ratio of volume of water retained in the RZ at application against the total water

applied.
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As seen from the data, some of the figures on water saving are quite high. But, it is important to
remember here that the condition of flood irrigation system chosen for comparison influences the findings on
water saving and yield improvements in DMI (drip method of irrigation). Poorly managed flood irrigation sys-
tems used for comparison could significantly affect the result in favour of DMI. However, to obtain high
efficiencies, surface methods (furrow, border, and basin) generally demand operating skills and a high degree of
flexibility in water supply. In contrast, much of the complexity of drip and sprinkler irrigation systemsisin their
design rather than their operation, and they can more easily be operated (but are not always) with low losses.
Generally, the natural environment imposes constraints on readlistically achievable efficiency levels (Carter et al .,
1999),"* and therefore in what environments the comparisons are made is also important. With the same technol-
ogy, and with the same crop, the water saving and yield impacts of these irrigation technologies would depend
on the agro climate.

One mgjor limitation of the database is that they are generated for a single location. Another limitation is
that it compares DMI with one traditional method only. But, the extent of field level water saving through DM
would be heavily influenced by the conventional irrigation method practiced for that crop in the region under
consideration, and the precision irrigation followed in drip irrigation. Flooding is just one of the many traditional
irrigation methods used by Indian farmers. Itsuseis generaly limited to cand irrigated fields, and fieldsirrigated
by wellsin canal command areas due to high flow rates from canals. Well irrigators generally use other methods
viz., small border irrigation, trench irrigation and furrow irrigation. On-farm efficiencies are much higher under
furrow, trench and small border irrigation as compared to flooding. Another limitation is that data obtained from
experimental farms are for ideal conditions, and using such data can lead to over-estimation of field level water
saving and water use efficiency impacts of DMI. The reason isit is difficult to simulate the ideal conditiona of
experimental farmsin farmers’ fields.

Therest of the data on field level water savings and yield improvements through M1 systems are from
socio-economic studies based on respondent surveys involving adopters and non-adopters. The results from
such studies are summarized in Table 5. The data on water saving are arrived at using figures of total applied
water. The available data from the experimental farms do not enable analysis of reduction in depleted water under
various treatments. Based on the earlier discussions, it is reasonable to assume that for traditional methods of
irrigation, the “ applied water” would be very close to the depleted water for row crops, under semi arid and arid
climatic conditions, there are no hard empirical data obtained from experiments to prove this. Here, deep perco-
lation is one unknown parameter.

While M| systems are expected to have likely impact on deep percolation from the fields, such deep
percolation can be treated as loss into the sink because of the following reasons; 1] drip irrigation is normally
used in well-irrigated fields; 2] the amount of water percolating in non-paddy irrigated fields would normally be
low (source: based on Ahmed et al., 2004; ) especially for well irrigation, as the dosage per watering is generally
low ; 3] depth of vadoze zone in which the percolating water could be held as hygroscopic water or capillary
water would be high in arid and semi arid areas which depend on groundwater; and, 4] part of the water going
into the vadoze zone can get lost in soil evaporation during fallow period (based on Todd, 1997). Hence, applied
water saving which the available literature refer to can be treated as rea water saving.

But, these studies are not complete in themselves, as they cover only a few crops, and a few Ml
devices. Also, these studies have limitations. First, they are mostly based on data obtained from respondent
surveys, which capture relative benefits of the technology from the farmers’ perspective. Second, they are also
likely to be influenced by respondents’ bias. In order to understand the extent to which the water productivity of
crops could be enhanced through M1 technologies, it is crucial to get redlistic data on potential changes in
irrigation water use and crop yield, the two determinants of water productivity, with different technologies.

1S0il types, climate and hydrology can affect water losses. Surface irrigation is likely to be more efficient on vertisols than sandy
soils. Undulating or sloping land may dictate the use of drip or sprinkler irrigation which can then be managed with lesswater lossthan
surface techniques. Unpredictability complicates management and normally reduces efficiency. Total irrigation is easier to schedule
and manage than supplementary irrigation because of the unpredictability of natura rainfall (Carter et a., 1999).
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Field experiments were conducted in Banaskantha district of Gujarat with different MI devices on
various crops to analyze the impact of the technology on irrigation water use, crop yield and water productivity.
Banaskantha district falls in semi arid to arid climatic conditions. The mean annual rainfall for the location
(Palanpur) was 682mm (source: authors' own analysis based on data provided by Gujarat Agriculture University,
Anand). The annua reference evapo-transpiration (ET ) for the nearest location (Radhanpur) was estimated to
be 1750mm. 32% of this evapo-transpirative demand is during the four months of July-October when the region
receives monsoon rains (source: Indian Meteorological Department, Ahmedabad as cited in Figure 6 of Kumar,
2002b: page 17). The soil type in the area varies from sandy to sandy loam and loamy sand.

Table 4: Saving in Applied Water and Productivity Gains through Drip Irrigation

N - Water ccinwmpt?ion gv"’ltr% in\éireelgse Water consumption
ame of the crops (or ?ﬂ? nl] (/:r?ta: )on.) Yield (tovha)  |over FMIloverEMI per(;(q)nm Zfo ﬁl) eld
(%) | (%)
Vegetables FMI DMI FMI DMI FMI DMI
Ash gourd 840 740 10.84 12.03 12 12 77.49 61.51
Bottle gourd 840 740 38.01 55.79 12 47 22.09 13.26
Brinjd 900 420 28.00 32.00 53 14 32.14 13.13
Beset root 857 177 457 4.89 79 7 187.53 36.20
Sweet potato 631 252 4.24 5.89 61 40 148.82 42.78
Potato 200 200 23.57 34.42 Nil 46 8.49 5.81
Lady’s finger 535 86 10.00 11.31 84 13 53.50 7.60
Onion 602 451 9.30 12.20 25 31 64.73 36.97
Radish 464 108 1.05 1.19 77 13 441.90 90.76
Tomato 498 107 6.18 8.87 79 43 80.58 12.06
Chilly 1097 417 4.23 6.09 62 44 259.34 68.47
Ridge gourd 420 172 17.13 20.00 59 17 2452 8.60
Cabbage 660 267 19.58 20.00 60 2 33.71 13.35
Cauliflower 389 255 8.33 11.59 34 39 46.67 22.00
Fruit Crops
Papaya 2285 734 13.00 23.00 68 77 175.77 3191
Banana 1760 970 57.50 87.50 45 52 30.61 11.09
Grapes 532 278 26.40 32.50 438 23 20.15 8.55
Lemon 42 8 1.88 2.52 81 35 22.34 3.17
Watermelon 800 800 29.47 88.23 Nil 179 27.15 9.07
Swest Lime* 1660 640 100.0 150.00 61 50 16.60 4.27
Pomegranate* 1440 785 55.00 109.00 45 98 26.18 7.20
Other Crops
Sugarcane 2150 940 128.00 170.00 65 33 16.79 5.53
Cotton 856 302 2.60 3.26 60 25 329.23 92.64
Groundnut 500 300 171 2.84 40 66 292.40 105.63

*: Yield in 1000 numbers,
Source: INCID (1994) and NCPA (1990) as cited in Narayanamoorthy (2004): pp 122

Note: FMI and DMI refer to flood method of irrigation and Drip Method of Irrigation, respectively.
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Table 5: Results available from past studies on water saving and yield impacts of drip irrigation

Name of Location Nature of study Results on
researchers
Saving in Applied Water Crop Yied
Jadhav et al. Haryana Socio-economic | 31 per cent saving in Yield increase by 50 %
(1990) water use in tomato
Hapase et al. Maharashtra | Socio-economic | 50-55 per cent saving | Yield increase in the range
(1992) in water in sugarcane | of 12-37%

crop

Muralidharan and

Kolar, Karnataka

Socio-economic

Water-saving benefits

others (1994) highlighted, not quanti-
fied
Narayanamoorthy/ Nashik, Socio-economic | 41 per cent water Productivity higher under
(1996) Maharashtra (respondent | saving for banana and DMI for both crops
survey) 59 per cent for grapes
Reddy and Bangdore, Experimental | Water-saving benefits| Seed cotton yield increased
Thimmegowda Agricultura farm measure- | not quantified by 13% under drip tap
(1997) University ments 16% under emitter drip
Research Station
Reddy and Bangdore, Experimental | Water-saving benefits | Seed cotton yield increased
Thimmegowda Agricultural farm measure- | not quantified by 13% under drip tap
(1997) University ments 16% under emitter drip
Research Station Ratoon yield by 3% unde
drip tape; and 6% under]
emitter drip
Dahake and others| Akola district of | Socio-economic | Uniform distribution and
(1998) Maharashtra survey conservation of water in
(Crange) orchards
R. L. Shiyani and| Four districts of | Socio-economic | Socio-economic survey |Yield enhancement in cottor|
others (1999) Saurashtrain survey Water saving not quan- |in all districts, averaging
Gujarat viz., tified; but estimated re- |22%
Junagadh, Rajkot, ductioninirrigation cost
Amrdi and as varying from 25% to
Bhavnagar 51%; increase in irriga-
(Cotton) tion cost in Bhavnagar
Palanisamy and| Coimbatore | Socio-economic | 50 % water saving in [20-30 per cent increase in
others (2002) (Coconut) survey coconut coconut yield
Kumar and other| Banaskantha, [Techno-economic| Reduction in water ap- |Yield increase in the range
(2004) Gujarat (Alfafa) | evauation of | plication in the range of |of 5-10 per cent
dripsindemo | 7-43 per cent

farms of alfalfa
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Name of Location | Nature of study Results on
researchers
Saving in Applied Water Crop Yied
Kumar, Singh,| Four districtsin | Socio-economic | Extent of water saving| Yieldincreaseinadl crops;
Singh and Shiyani| Gujarat (several survey variesfrom crop to crop | but variationinyield ben-
(2004) crops) and from system to sys- | efits across crops
tem
Waykar and oth-| Ahmednagar | Socio-economic | Dataon water-saving not| Higher yield of sugarcane
ers (2003) district of survey available (up to 27%) for adopters
Maharashtra of drip systems.
(Sugarcane)

Source: Synthesis of various studies by the authors

The crops covered are; afalfa, castor, groundnut and potato. The technologies used are: inline drip
system for afalfa; micro tube drip with and without plastic and organic mulching, and flooding with and without
plastic/organic mulching; micro tubes and inline drippers in groundnut; and inline drippers and micro tubes in
potato. The results from these experiments are presented in Table 6-9.

The treatments used for alfalfa are: different spacing of drippers without changing the water delivery
through drippers (30cm* 40cm in F1 to 50cm* 40cm in F4); maintaining the same spacing of drippers (30cm* 30cm)
with different intensities of daily irrigation (G1 to G4); maintaining same spacing of drippers with different
intensities of irrigation, and with watering on aternate days; small level border irrigation with different intensities
and with various irrigation schedules (from an average of 7-8 days in winter to 5 days in summer to an average
of 6 days in winter to 4 days in summer). FYM was applied in al the plots in equal dozes, and no chemica
fertilizers were used. The volume of water applied in the field was measured using water meters each time when
irrigation is done, and output is weighted each time harvest/cutting is done.

Theresults are presented in Figure 2. It shows that the yield is highest for plot with a dripper spacing of
30 cm* 40 cm (11.36 Kg./m?) of green matter, followed by one with a spacing of 35cm*40 cm (10.71 Kg./m?).
But, water productivity was highest (7.8 Kg./m* of water) for the plot which recorded second highest yield (F,).
Therefore, the highest yield corresponds to a depth of application of 1.6 m, while highest water productivity
corresponds to a depth of 1.37 m. With flood irrigation, the yield values were highest for treatment 1 _in which
the amount of water applied was 4.3 m. Though these are very high figures for small border irrigation, it can be
attributed to sandy soils. Here, 11 is a case of over-irrigation with very heavy doses of irrigation (139 mm) and
can be discarded. The figures are relevant since with such high dozes of irrigation no field run off was gener-
ated, meaning there are chances for farmers to actually apply such high doses in sandy soils under well irriga-
tion.

The yield figure almost touched that obtained with daily irrigation through drips (F, and F)). But, the
amount of water applied was far higher than that under F type treatments-almost 3 times in most cases. The
water productivity values were in the range of 1.47 Kg./m® and 2.79 Kg./m?, which were only 20-30% of that
obtained with drip irrigation under F, treatment. The results show that with drip irrigation, the water productivity
could be enhanced significantly in alfafa without compromising on the yield. As for economic viahility, even if
we compare the drip irrigated plots with some of the best plots under flood irrigation, the reduction in water use
is substantial, with modest improvementsin yield. Therefore, when water availability becomes a constraint, drip
for afafa would be economically viable under a lateral spacing of 30cm*40 cm. This is because, one of the
earlier analysiswith similar type of drip system on afalfa showed that even with 10% increase in yield, and 45%
reduction in water use, drips could be economically viable, when the socia benefits of water saving are taken
into account. In this case, reduction in water use is much higher when F1 and F2 are compared with any of the
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flood-irrigation plots. Increase in yield is 10% when F2 is compared against the best flood irrigated plot, and
much higher than 10% when compared against other flood-irrigated plots.

Figure 2: Impact of Drip on Applied Water Productivity in Alfafa
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Theresults (I, to |, ) also show that there are significant variationsin water productivity levels of dfalfa
under flood irrigation with changing irrigation intensity. Highest yield was obtained under second highest level of
waea gdicain(43rosa thefdl agyear). Hgest wate praldivity (2 PKy/m 3) was obtained with
the lowest level of irrigation (3.15 m). The lowest water productivity (1.47 Kg./m®) was obtained under highest
level of irrigation (6.0 m).

Experiments carried out with micro tube drips with plastic and organic mulching and micro tubes with
broad furrows as the control in Manka village of Vadgam in Banaskantha. There were four treatments followed.
In the first three treatments, watering was done daily with daily irrigation water requirement estimated roughly
on basis of the crop water requirement (K *ET ), and daily dosage was adjusted on the basis of the field
observations of soil moisture conditions. In the fourth case, the irrigation water dosage was determined by
making provision for evaporative losses from the exposed soil in the crop land and deep percolation losses. The
scheduling was same as that practiced in the area for castor for traditional method. While atotal of 96 watering
were done with G, C, and C, irrigation was applied nine times under C. The results showed that water
application rate was lowest when micro tube drips were used with plastic mulching (treatment C)), followed by
micro tube with organic mulch (treatment C)). The water application rate was highest for broad furrow treat-
ment (C,). Theyield was highest for C, followed by C,. The water productivity was highest for C , and second
highest for C,. The difference in water productivity was 100% between the first and the last treatment.

Table 6: Impact of Drip Irrigation on Applied Water, Yield and Applied Water Productivity in Castor in Manka

Methodof | 29 | protsize | Noof |Appliest P S0 Meter Area

od o ; ot Sze 0.0f |Application , Wa

L. nomic o

PotNo. | yrrigation Practices | (M) | Watering| Rate (mmv VWater Use Production Productivity

irrigation) | (M) (Kg) (Kg./m?)

C-1 Micro-tube PM 1110 96 2.09 0.201 0.135 0.67
C-2 Micro-tube oM 1110 96 2.35 0.225 0.099 0.44
Cc-3 Micro-tube 1110 96 3.14 0.302 0.113 0.37
C-4 Flooding 1110 9 40.64 0.366 0.126 0.34

PM = Plastic Mulching; OM = Organic Mulching
Source: Authors’ own analysis
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Experiments conducted on groundwater with inline drip systems and micro tube drips showed highest
level of reduction in applied water use in case of inline drippers when compared against border irrigation. The
treatment included daily application of water to the plot through inline drippers and micro tube drips. The
fertilizer doses were samein all the plots which were of the same size. The reduction in water dosage was nearly
18 cm, while the yield was higher by 0.013 Kg./m?, with a net effect on water productivity in the order of 0.18
Kg./m? of water (see Table 7). The micro tube irrigated plot gave same yield asthat of furrow irrigated plot, but
the applied water was less with micro tube. The study shows that inline drippers are physically more efficient
than furrow method and inline drip irrigation.

Table7: Impact of Drip Irrigation on Applied Water, Yield and Applied Water Productivity in Groundnut (Kumbhasan)

Water Per Sq. Meter Area
Plot Na Method of | Plot Size No. of Application
[ Irrigation (m?) Watering | Rate (mm/ Water Production |Water Produc-
irrigation) use (M®) (Kg.) tivity (Kg./m®)
G- 1| InlineDrip 192 49 6.54 0.320 0.130 0.41
G - 2| Micro-tube 192 49 7.05 0.345 0.117 0.34
G- 3| Furrows 192 8 62.85 0.503 0.117 0.23

Source: Authors' own analysis

Another interesting experiment was done with different types of MI devices to understand the physical
productivity of applied irrigation water in potato. In this experiment, five different types of MI devices were
used, viz., inline drippers; easy drips (or drip systems with flexible laterals having a thickness ranging from 125
microns to 500 microns and have perforations instead of drippers to emit water); micro tube drips, micro
sprinklers; and mini sprinklers. The results are presented in Table 8. It can be seen that the yield and physica
productivity of water is highest for field irrigated with micro sprinklers, followed by mini sprinklers. Thisisin
spite of the fact that the water dosage was more than double in the case of treatments P4 and P5.

On the basis of the values of irrigation dosage and the corresponding yield and water productivity values
under different treatments, one can infer that water dosage was much lower than required in the case of inline
drip, easy drip and micro tube drip irrigated plots, resulting in water stress and significant yield losses. Also,
another inference is that in al the treatments, water dosage was in the ascending part of the yield and water
productivity response curves for irrigation water application, which also means that with higher dosage of
irrigation, the chancesfor getting higher yield are higher. It can be seen that with micro tubes, though the amount
of water applied was same as that with inline drips (P1), the yield (0.148 Kg./m?) was much lower than that with
P1. This could be due to poor distribution efficiency obtained with micro tubes.

Table 8: Impact of Drip Irrigation on Applied Water, Yield and Applied Water Productivity in Potato (Manka)

Method of Plot Sze | WST No.of Ap\p/)Y%:tri on Por S0 Me'ter Areawaer
Plot No. Irrigation (m?) (cm) | Watering |Rate (mm/ Water3 Use |Production Productivity
irrigation) | (M) (Kg) (Kg./m?)
P-1 |Inlinedrip 304 52.5x 30 56 7.50 0.420 0.375 0.893
P-2 |Easydrip 304 52.5x 30 56 7.50 0.420 0411 0.979
P-3 | Micro-tube drip 304 52.5x 30 56 7.50 0.420 0.148 0.352
P-4 | Micro-Sprinkler 304 310 x 290 59 15.96 0.942 1.316 1.397
P-5 | Mini-Sprinkler 304 730 x 720 59 15.96 0.942 0.905 0.961

Source: Authors' own analysis
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3.2.1D Potential aggregate impact of MI systems on water use for crop production

There is debate about the extent of water saving at system and basin level due to the widespread
adoption of M1 systems. This concerns: 1] whether there isreal water saving in thefirst place, and 2] what users
do with the saved water. We have addressed the first question in the earlier section. As regards the second
guestion, many scholars believe that the aggregate impact of drips on water use would be similar to that on water
usein unit area of land. While several others believe that with reduction in water applied per unit area of land, the
farmers would divert the saved water for expanding the area under irrigation, subject to favourable conditions
with respect to water and equipment availability, and power supplies for pumping water (Kumar, 2002),*? and
therefore the net effect of adoption of micro irrigation systems on water use could insignificant at the system
level. At the same time, there are others who believe that with adoption of WSTSs, there is a greater threat of
depletion of water resources, as in the long run, the return flows from irrigated fields would decline, while area
under irrigation would increase under WSTSs.

These arguments have, however, missed certain critical variables that influence farmers’ decision mak-
ing with regard to area to be put under irrigated production, and the aggregate water used for irrigation. They are:
groundwater availability vis-avis power supply availability; crops chosen; and amount of land and finances
available for intensifying cultivation. The most important factor is the overall availability of groundwater in an
area

If power supply restrictions limit pumping of groundwater by farmers, then it is very unlikely that
adoption of conventional WSTs would help farmers expand their area under irrigation. In the states of Punjab,
Gujarat, Karnataka and Madhya Pradesh, power supply to agriculture sector is only for limited hours (Gol,
2002). It acts as a constraint in expanding the irrigated area, or increasing irrigation intensity, in those areas
where groundwater availability and demand is more than what the restricted power supply can pump.

Since the available power supply isfully utilized during winter and summer seasons, farmerswill be able
to just irrigate the existing command with M1 system. This is because the well discharge would drop when the
sprinkler and drip systems connected to the well outlet start running, owing to increase in pressure developed in
the system (please see equation below). In other words, the energy required to pump out and deliver a unit
volume of groundwater increases with the introduction of M1 system. The only way to overcomethisisto install
a booster pump for running the M1 system. As electricity charges are based on connected load, farmers have
least incentive to do this.

* *
i A*100 %5
H

Where, “BHP” is pump power in kilowatt/sec, “H” isthe total head, “Q” isthe discharge. ? = combined
electrical and hydraulic efficiency of pump set.

Such outcomes are expected in the alluvial areas of north Gujarat and Punjab. In this area, even in
situations of availability of extraland, it won't be possible for farmers to expand the area under irrigated crops
due to restrictions on power supply.

The other factor is the lack of availability of extra arable land for cultivation. Thisis applicable to areas
where land use and irrigation intensity is aready high. Example is central Punjab. But, farmer might still adopt
water-saving technologies for cash crops to raise yields or for newly introduced high-valued crops to increase
their profitability. So, in such situations, adoption would result in reduction in aggregate water demand.

On the other hand, if the availability of water in wells is less than what the available power supply can
abstract, with adoption of micro irrigation systems, the farmers are likely to expand irrigated area. This is the
situation in most of the hard rock areas of peninsular India, central Indiaand Saurashtra. Due to limited ground-
water potential and over-exploitation, well water is very scarce in these areas. The available power supply is

121f power supply is more than what is required to pump the available water from wells, then water saving can lead to expansion in
irrigated area. Wheress, if power supply islessthan what is required to pump the available water from wells, then water saving per
unit area cannot result in area expansion (Kumar, 2002).
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more than what is needed to abstract the water in the wells. Hence, farmers have strong economic incentive to
go for MI systems other than yield enhancement (Dhawan, 2000). The reason is that the saved water could be
used to expand the irrigated area and improve the economics of irrigated farming. In Michael region of central
India, for instance, farmers use low cost drips to give pre sowing irrigations to cotton, before monsoon, when
there is extreme scarcity of groundwater. This helps them grow cotton in larger area as water availability
improves after the monsoon (Verma et al., 2005). In this case, there is no water saving at the aquifer level.

Thethird factor is the crops chosen. Often M1 technologies follow a set cropping pattern. All the areas
in the country where adoption of drip irrigation systems has increased, orchard crops are the most preferred
crops (Dhawan, 2000; Narayanamoorthy, 2004b). Therefore, while farmers adopt M| systems, the crops aso
change, normally from field crops to fruits.™®* While for many fruit crops, the gestation period is very large
extending from 3-10 years (for instance, citrus, orange and mango), for many others like grapes, pomegranate
and banana, it is quite short extending from one to two years. Also, farmers can go for intercropping of some
vegetables and watermelon, which reduces their financial burden of establishing the orchards. This flexibility
enables small and marginal farmers also to adopt M1 systems, as found in north Gujarat and Jalgaon and Nasik
districts of Maharashtra.

Access to credit and subsidy further increases M| adoption among small and marginal farmers. The
irrigation water requirement of the cropping system consisting of field crops such as paddy, wheat, pearl millet/
sorghum combinations is much higher than that of fruit crops such as pomegranate, gooseberry, sapota and
lemon. Also for other orchard crops such as mango, the irrigation water requirements during the initia years of
growth would be much less than that of these field crops. Therefore, even with expansion in cropped area, the
aggregate water use would drop. Only in rare situations, the system design for one crop is adaptable for another
crop. For example: the micro sprinklers that are used for winter potato, can also be used to irrigate summer
ground nut and hence farmers opt for that crop.

Synthesizing, there is very little data across agro-climatic conditions on the yield impacts of micro
irrigation systems for the same crop. The research is heavily skewed towards drip irrigation systems, and there
is hardly any data on the economics of other WSTs. Aswe have seen early, for agiven crop, theyield aswell as
water-saving benefits of M| system can change across systems, as can the capital costs. Also, it can change
across crops. But, the research is also heavily skewed towards orchard crops (banana, sugarcane and cotton).
These crops still occupy a small percentage of theirrigated areain the country. Further, these economic analyses
were not contextualized for the socioeconomic and institutional environment for which they were performed.
The socio-economic and institutional environments determine the extent to which various physical benefits get
translated into private and economic benefits. We would explain it in the subsequent paragraphs.

Normally, it has been found that drip irrigation is economically viable for horticultural crops and or-
chards such as banana, grapes, orange, coconut, and sugarcane (Dhawan, 2000: pp 3775; Sivanappan, 1994;
Narayanamoorthy, 2003).

13 Farmers bring about significant changesin the cropping systems of farmerswith the adoption of drips. When drips are adopted for
orchards, farmers permanently abandon cultivation of traditional crops such as paddy and wheat. A most recent exampleis Nalgonda
district in Andhra. Farmers generally start with small areas under orchards and install drips. After recovering the initial costs, the
general tendency of farmersisto bring the entire cultivated land under orchards, and put them under drip irrigation. Thisis because
orchards require special care and attention and putting the entire land under orchards makes farm-management decisions easier.

However, the same tendency of area expansion is not seen when M1 systems are used for other cash crops such as cotton and
sugarcane.

Inthe case of cotton, itisdifficult for farmersto take up any crop that can beirrigated with drips after the harvest in the end of winter.

Thisis due to the lack of flexibility in the design of the conventional M1 systems. Due to the high capital cost, it is best suited to
permanent plantings or crops having roughly the same planting space as frequent removal and rolling back can cause damageto online
drips. Exceptions are porous pipes used for sub-surfaceirrigation. In the cotton growing areas, farmers normally roll back the system
and cultivate the traditional cropsin summer only if water is available. But, early sowing of cotton is found to be common among
farmerswho have installed drip irrigation, as they are able to manage their pre-sowing irrigation with very little water available from
wells(Vermaetal., 2004). With improved planting patterns (paired rows, pit system) farmersinstall almost permanent drip systems
for sugarcane crop.
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Table 9: Results available from past studies on economic viability of drip and sprinkler irrigation

Name of L ocation Nature _ -Results on
researchers of study Economic Viability Remarks
Pusa, Haryana Socio- 5.16 and 2.96 for
Jadhav et al. (1990) economic | drip and furrow
method, respec-
tively, in tomato
Muralidharan and Kolar, Karnataka Socio- B-C ratio not as But, B-C ratio did not
others (1994) €economic _go_od as in furrow tal_<e into account the_
irrigation for price at which water is
mulberry crop. traded in the region
Nashik, Socio- Incremental return | B-C analysis was based
Maharashtra economic | was Rs. 32400/ha | on direct costs and
(respondent | in banana and Rs. direct benefits and not
survey) 50180/hain grapes. | based on incremental
Narayanamoorthy Reduction in cost returns against incre-
(1996) of cultivation was mental cost of drips
Rs. 1300/hain
banana and Rs.
13400/hain grapes
Narayanamoorthy Nashik, Socio- B-C Ratio ranged
(1997) Maharashtra economic | from 2.07 to 2.36
(respondent | for banana and Do
survey) 1.48 to 1.80 for
grapes with varying
discounting rates
Shivanappan Tamil Nadu Physical and | B-C Ratio ranged The incremental
(1994) Socio- from 1.3 for benefits calculated for
economic | sugarcaneto 11.5 the scenario of irri-
for grapes. The B- gated area expansion
C ratio improved did not include the cost
when the benefits of establishing the
of water saving crops in case of
was reckoned with | orchards
Reddy and Bangaore, Experimental | Average establish- | The pay back period
Thimmegowda Agricultural faammea | ment cost was | wasthree years for
(1997) University Re- surements | Rs.92522/ha for | turbo tape drip and five
search Station emitter drip irriga- | years for emitter drip

tion, and Rs. 57482/
ha for turbo tape.
Turbo tape drip irri-
gation was found
more profitable than
emitter drip irriga-
tion as indicated.

irrigation for the main
crop.

21




irrigation. On an
average, the net
present value of
sprinkler was
found to be Rs.
7970, benefit-cost
ratio was 1.97, and
the internal rate of
return was 17%

Name of Location Nature N _Results on
researchers of study Economic Viability Remarks
R. L. Four districts of Socio- Significant differ- Other advantages of
Shiyani and Saurashtrain economic encesin cost-B and | drip system included
others Gujarat viz., survey | cost-C between saving in water,
(1999) Junagadh, drip adoptersand | reduction in weeding
Rajkot, Amreli the farmers using and labour cost,
and Br’lavn - surface method of | suitability for un-
g irrigation. The leveled and stony soils,
(Cotton) major advantages | increase in water use
of drip system over | efficiency, declinein
conventional diseases and pests
method were: incidence and improve-
higher yidld, higher | ment in the quality of
profit, risein labour | product
productivity and
reduction in unit
cost of production
Palanisamy Coimbatore, Economic | Aditional cost of Reasons for improved
and others Tamil Nadu performance| drips in coconut financial viability were:
(2002) (Coconut) of drip cultivation was Rs. | higher price of coco-
irrigation 31,165/ha. The nut, 20 to 30 %
cost of cultivation increase in yield;
went up by 19% in | increased fertilizer use
drip-irrigated efficiency; reduction in
coconut. The expenditure on plant
financia viability of | protection chemicals;
drip irrigation 50% water saving; and
system showed labour saving to the
more than 30 per tune of Rs. 3000/ha.
cent modified
interna rate of
return in the water
scarcity condition.
Luhach et Haryana Socio- Average net returns
al. (2003) economic | per hafrom
survey of | Sprinkler irrigation
i was found to be
:ﬂ)glgﬂf] 19.53% higher than
wheat that for pump

Source: Synthesis of various studies by the authors
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The reason for this is that the crops are high valued and even a marginal increase in yield results in
significant rise in value of crop output. Dhawan (2000) argues that higher value of crop output is realised aso
from improved price realization due to quality improvements on one hand and early arrival of the drip-irrigated
crop in the market on the other. The same need not be true for other cash crops, and field crops.

3.2.2 Economic impacts of M| Systems

There is enormous amount of research-based literature showing the positive economic impacts of
water-saving irrigation devices. Many research studies available from India during the past one decade quanti-
fied economic benefits from drips. They are summarized in Table 6 cant see.

For instance, the income benefit due to yield improvement depends on the type of crop. For cereals, it
cannot be significant. A 10% rise in yield would result in an incremental gain of 400-500 kg of wheat or Rs.
3000-Rs.3750/ha of irrigated wheat. At the sametime, a10%riseinyield of pomegranate, whose minimumyield
is 60000 kg per ha per year, would result in an incremental gain of 6000 kg/ha or Rs.90000/ha. Besides the
incremental value of outputs, an important factor which influences the economic performance of drip systemis
the cost of installation of the system.

From the point of view of deciding investment priorities including the provision of subsidies, it is
important to know the social benefits from drip irrigation. As Dhawan (2000) notes, cost-benefit analyses,
which do not take into account social costs and benefits, are on weak conceptual footing as the government
subsidies in micro irrigation systems are based on the premise that they have positive externality effect in terms
of water saving. In areas, where available water in wells is extremely limited, it is logical to take water-saving
benefits and convert the same in monetary terms based on market price or in terms of additional areathat can be
irrigated. Same is the case with energy saving. But the same methodology cannot be applied to areas where
accessto water is not alimiting factor for enhancing the area under irrigation, or energy is not a scarce resource.
But, such analysis are absent in India.

Given the range of variables - physical, socio-economic and financial - that affect the costs and returns
from crops irrigated by M1 systems, it isimportant to carry out comprehensive analysis taking into account all
these variables, across situations where at least the physical, socio-economic conditions change. Now, we
examine how these variables change under different situations.

As regards water saving, in many areas, the well owners are not confronted with the opportunity cost
of wasting water. Hence, water saving does not result in any private gains. Where asin some hard rock areaslike
Kolar district in Karnataka, the amount of water that farmer can pump from the well is limited by the geo-
hydrology. The price at which water is sold isalso highin such areas (Deepak et al., 2005), asisthe opportunity
cost of using water. Hence, the amount of water saved would mean income saving for the adopters.

As regards benefit due to energy-saving, it is applicable to certain M| devices, especially low pressure
systems and gravity systems such as drip tapes, micro tube drips and easy drips. But, farmers of many water-
scarce regions are not confronted with marginal cost of using energy. Hence, for them energy saving does not
result in any private gain. But, from a macro economic perspective, if one wants to examine the economic
viability of the system, it is important to consider the full cost of supplying electricity to the farms while
evaluating the economics of irrigation using the system. Also, we consider the price at which water istraded in
the market for irrigation (ranging from Rs.1.5/m3 to Rs.2.5/m3 in north Gujarat to Rs.6/m3 in Kolar) as the
economic value of water* then any saving in water resulting from drip use can be treated as an economic gain.
Thereal economic cost of pumping water ranges from Rs. 1.5/m3 in north Gujarat to Rs. 2/m3in Kolar district.

The private income benefit due to water saving is applicable to only those who purchase water on
hourly basis. Dhawan (2000) cautions that over-assessment of private benefits are possible in certain situations
where return flows from conventional irrigation are significant (Dhawan, 2000). But in regions where reduction

14Though the actual economic value of the groundwater would be equal to the economic surplus generated by the use of that water
for irrigation, which would vary according to the type of crops farmers grow, thiswould be a reasonable assumption that can lead to
more conservative estimates of economic benefits of water saving.
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in deep percolation means real water saving, it leads to private benefits. Here, for water buyers, the private
income gain from the use of drip or sprinkler system depends on the price at which water is purchased (volu-
metric) and the reduction in water use achieved. There could be significant socia benefits due to water saving in
water scarce regions, owing to the reduced stress on water resources (Dhawan, 2000), resulting from reduced
pumping. In situations like north Gujarat, such socia benefits could not be over-emphasi sed.

Asregards the cost, the capital costs could vary widely depending on the crop. For widely spaced crops
(mango, sapota, orange and gooseberry) the cost could be relatively low due to low density of laterals and
drippers. For closely spaced crops such as pomegranate, lemon, papaya, grapes, the cost could go up. For
crops such as castor, cotton, fennel and vegetabl es, the cost would go further up as denser laterals and drippers
would be required. Even for low cost micro tube drips, the cost per ha would vary from Rs. 12000 for sapota
and mango to Rs.28000 for pomegranate to Rs.40000 for castor.

Keeping in view these perspectives and situations, economics of water-saving technologies can be
simulated for four typical situations for afalfa in Banaskantha district of north Gujarat based on real time data
collected from four demo plotsin farmers’ fields. Alfalfaisan annual crop used asforage grown in north Gujarat
region, including Banaskantha district.

Thefirst level of analysisislimited to private cost-benefits (level 1). Yield increase and labour saving are
the private gains here. The annual yield benefit was estimated by taking calculated daily yield increase (col. 3-
col. 5in Table 11) and multiplying by 240, which is the approximate number of days for which the fodder field
yields in a year. The labour saving benefit was calculated by taking the irrigation equivaent (in daily terms) of
total water saved (total volume of water saved/discharge of pump in 8 hours) and multiplying it by the daily
wage.

In the second level of analysis, the actual economic cost of using every unit of electricity is considered
as a benefit from saving every unit of the energy (level 2). In this case, the energy saving and cost saving depend
on two factors: the energy required to pump unit volume of groundwater, and the total volume of water saved.
Here, it is assumed that no extra energy would be required for using the inline drip system, which is connected
to the existing pumping devise®. In the third level of analysis, the unit price of water in the market was treated
as economic gain from “actual saving” of every unit of water and was added to the cost of electricity to pump
unit volume of water (level 3). This was multiplied by the total volume of water saved to obtain the total
economic gain in excess of the gain from yield increase and labour saving. The fourth level of anaysis for
farmers who are irrigating with purchased water. Here in this case, the unit price of water could be considered
as aprivate gain from saving every unit of water (level 4). In this case, the cost of construction of a storage tank
and a 0.5 HP pump are added to the cost of installation of the system. The results are presented in Table 10.

Table 10: Economics of Drip Irrigation in Alfalfafor Four Different Situations

Initial Cos{  Total |Equivdlent] Labour | Yied | . |- . fo Private
Plot| ofthe | Waer | Energy | Saving/ | Increase ; CONOMIC: | ECoNomIC | Benefit/
. i Benefit/ | Benefit/ | Benefit/ | Cogt Ratio
No.| System | Saving/ | Saving/ Yeaxr From the . .
(US9) |Year (M3)Year (KW, (person |entire plot Cost |Cost Ratio | Cost Ratio| (for water
(Level 1) | (Level 2) | (Level 3) | buyers)
hr) days) (Kg) (Level 4)
1 157.0 | 47950 | 149.00 4.00 448.00 1.09 1.83 2.78 1.39
2 136.0 | 111.30 92.30 6.00 409.00 1.29 1.48 1.74 0.99
3 201.0 63.60 31.60 4.90 586.00 1.10 1.18 1.28 0.88
4 168.0 | 468.00 | 232.80 6.00 414.00 1.05 1.73 2.59 1.33

Source: The authors' own estimates based on primary data

An analysis of economics of some water-saving technologies (pressurized drips, sprinklers and micro
tubes) was attempted on the basis of data on crop inputs and outputs, and capital investments collected from
15The system being designed and installed for small plots of 500 m2 with an operating pressure requirement of 0.4kg/cm2 for the

inline drips, all the farmers who used the system ran them under the residual head.
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primary survey of adopters and non-adopters for Kachchh, Bhavnagar, Rgjkot and Banaskantha districts. While
Kachchh has arid climate, Bhavnagar and Rajkot have semi arid climate. The results are presented in Table 11.
The analysisis based on the estimates of incremental returns from drip irrigation over the entire life of the system
against the additional capital investment for the system. For calculating the present value of an annuity, a dis-
count rate of 6% was used and the life of the system was considered as 10 years. The incremental returns
considered are the average of two consecutive years. This was done to take care of the problems of yield
reductions due to crop failure and price fluctuations. While estimating incremental returns, the effect of differ-
ential input costs, and differentia return were considered. The benefit cost analysis was carried out for three
important crops in al the four districts irrigated by micro irrigation systems and are presented in Table 11.

Overall, two major findings emerge from the results of benefit-cost analysis. First: for cash crops and
orchard crops, the B/C ratio often become very high but with wide variations across crops. For instance, in case
of castor in Banaskantha, the B/C ratio is 5.2, whereas it is only 0.56 for the same crop in Kachchh. Second: for
conventional field crops, the B/C ratios are generally low, but with low variation.

Table 11: Private costs and returns from micro irrigation in the selected districts

Sl. No. Crop ! ncrement(aésr;et income | | nc(;?rtr:qaeqsl Stagr:ugl?;:)ost B/C Ratio
Rajkot

1 Chilly 17518.28 16792.63 1.06
2. Cotton 20064.84 6266.75 3.30
3. Groundnut 7574.25 9216.00 1.30
Banaskantha

1 Alfdfa 49062.77 9998.76 4.90
2. Bajra 1787.88 1221.13 1.40
3. Castor 5373.78 1016.48 5.20
4 Mustard 6021.25 3970.70 2.00
5 Wheat 2305.95 2602.72 0.98
Kachchh

1 Banana 54297.21 10949.73 6.00
2 Cotton 17303.65 11158.78 1.70
3. Lemon 34029.61 15677.26 2.70
4, Mango 8570.48 8386.90 0.94
5 Brinja 42816.90 32608.70 1.30
6 Castor 18953.74 33840.17 0.56
Bhavnagar

1 Groundnut 3509.98 685.47 5.10
2. Bajra 2155.14 2559.86 0.84
3. Jowar (Fodder) 38150.91 8861.06 4.30
4 Cotton 3719.35 2138.46 1.70
5. Mango 29901.90 1953.13 15.30
6. Lemon 3933.28 2822.49 1.40

Source: Authors' own estimates based on primary survey
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It is noteworthy that the incremental net returns were generally markedly higher for cash crops viz.,
ground nut, cotton, castor; and fruits viz., mango and banana than for food crops viz., bajra and wheat. Thisis
in conformation with the work of earlier researchers (see Narayanamoorthy, 1997; Sivanappan, 1994;
Narayanamoorthy, 2003). The incrementa returns from cash crops, particularly fruits, could, however, fluctu-
ate significantly depending on the price and yield fluctuations. At the sametime, it is aso equally striking to note
that the benefit-cost ratios are good for cereals also given the fact that the capital cost of the system is high and
the market value of the produce is not high. Perhaps, this could be because farmers who did not use the system
faced significant yield losses due to water stress.

4. POTENTIAL FUTURE BENEFITSFROM MICRO-IRRIGATION TECHNOLOGIES

This section is based on inference drawn from section 3 concerning the conditions under which micro

irrigation system becomes a good bet technology.

Table 12: Crops conducive to water-saving technologies in India and their Potential Spread

Different crops conducive

Type of WSTs that can be

Crop Category for WSTs used Regions*
Treecropsand | Mango, Guava, Goose- Drips (for al); and aso Maharashtra, Andhra
orchards berry, Pomegranate, Sprinklers (Banana, Pradesh, Kerala, Karnataka,

Sapote, Orange, Coconut,
Banana, Date pam,
Grapes, Papaya, Citrus
and Kinnow, Drumstick

Mango) and plastic
mulching in case of
extreme water stress

Tamil Nadu, and Punjab

Row field crops

Potato and Groundnut

Drips; and aso mulching (for
groundnut and potato)

Gujarat, Maharashtra and
Punjab

Pantation Crops

Coconut, Coffee, Tea, Teak

Drips (for coconut and
teak); and sprinklers (for
tea and coffee)

Kerala and Karnataka (coco-
nut, tea and coffee), Orissa
(tea); Tamil Nadu (coconut)

Fidd Crops Wheat, Pearl millet, Sor- Overhead sprinklers Punjab, Haryana, Gujarat,
ghum, Maize, Alfdfa, (wheat, pearl millet, maize | Maharashtra, Rgjasthan and
Mustard and sorghum) and mini and| Madhya Pradesh, Andhra

micro sprinklers for afalfa| Pradesh, and Karnataka

Fruit/Vegetables | Tomatoes, Cucumbers, Drips, and plastic mulching| Maharashtra, Gujarat,
Capsicums, Brinjal, Rajasthan, Andhra Pradesh,
Gourds, Chilly, Cabbage, Tamil Nadu, Karnataka
Cauliflower, Strawberry

Cash crops Cotton, Fennel, Castor, Drips for sugarcane; fogger] Maharashtra, Tamil Nadu and

Sugarcane, Vanilla and
Cumin, betel vines

sprinklers for Vanilla; and
micro sprinklers for cumin

Gujarat (for cotton, sugar-
cane and ground nut),
Gujarat for cumin and fennel,
Orissa and central Indiafor
betel vines, and Kerdafor
vanilla

Note: Drips include pressurized drips (integrated drips, emitters, drip tapes); easy drips, micro tube drips;
Regional priority only indicates, any of these crop types could be grown there and not al the crops under the

category
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4.1 Crops Conducive to Micro-irrigation Technologies

A rigorous analysis of published and unpublished literature shows that there are a wide range of crops
that are conducive to micro-irrigation technologies from physical feasibility point of view. They could be classi-
fied into: 1] tree crops and orchards; 2] row crops; 3] plantation crops; 4] field crops; 5] vegetables; and 6] cash
crops. A list of crops which are conducive to different water-saving irrigation technologies are presented in
Table 12. However, this does not mean that micro irrigation systems would be economically viable for these
crops in the regions mentioned.

4.2 Water -scar ce River Basinsthat can benefit from Micro-irrigation Technologies

Though the economic viability of MI systems for a given crop would depend on a wide range of
factors, such as natural environment (soils and climate), production conditions, market conditions, spread of the
technology in an area and the type of price considered for economic evaluation (whether, farm gate price or
market price) due to paucity of data on the actual conditions for which the evaluation is performed, general
conclusions are drawn on the conduciveness of the basins to the technol ogies based on the available data and the
knowledge about the regions’ physical and socio-economic conditions and institutional settings.

That said, there are many basins that can benefit from MI devices. But, the extent to which it can
contribute to overall improvement in basin water productivity would depend on: 1] the total area under crops that
are conducive to micro irrigation devices in the basin; 2] the types of sources of irrigation of those crops, i.e.,
whether lift irrigated or gravity irrigated; 3] the climatic conditions in the basin; and, 4] the geo-hydrological
conditions.

We have seen that crops that are served by gravity irrigation are least likely to be covered under Ml
systems due to physical, socio-economic and institutional constraints. Hence, large areas of Haryana, Uttar
Pradesh, and Punjab offer no potential for scaling up of micro irrigation systems as mostly they are covered
under canal systems. Over and above, paddy, one of the major crops grown in these areas, is also not conducive
to water-saving irrigation devices. Though sprinklers can be used for wheat, the water-saving and yield impacts
arenot likely to be significant enough to motivate farmersto go for it. Nearly 55% of the groundwater in Haryana
is saline and alkaline, and the problems are more severe for deeper aquifersin the region (Kumar, Dhindwal and
Malik, 2003:pp9). The use of groundwater for irrigation itself is marginal, making micro irrigation system
adoption difficult. In Bihar, leaving aside the problem of low appropriateness of the prevailing cropping system
(comprising wheat and paddy), power crisis would be a stumbling block in adopting sprinklers which are
energy-intensive.

As regards climate, most of Ganga-Brahmaputra-Megha basin covering most parts of Uttar Pradesh,
Bihar, and north east has sub-humid and cold climate, and the extent of water-saving possible through Ml
system adoption could be quite insignificant.

If we consider physical availability of water, physical conditions of water supply and land use, cropping
systems, groundwater table conditions, the basins where M| system adoption could take off and where it would
result in enhancement in basin level water productivity are: west flowing rivers north of Tapi (river basins of
Saurashtra, Kachchh and Luni in Rgjasthan); Banas, Sabarmati, south-western parts of Punjab and Haryanain
Indus; Cauvery basin; Krishnabasin; Pennar basin; Vaghai basin; Narmada; downstream areas of Tapi; Mahanadi
and Godavari.

The enhancement in water productivity would come from two phenomena - 1. Reduction in the amount
of water depleted with no effect on crop consumptive use. 2. Raising the yield of all the crops that are grownin
these basins. Nevertheless, within these basins, there are areas where the groundwater tableis very shallow, and
climateis sub-humid. They include: south and central Gujarat, which fall in the downstream of Tapi and Narmada.

The western Ghat areasin Kerala, Karnataka, Maharashtra and Goa provide favourable environment for
adoption of micro-irrigation devices due to the presence of tree and fruit crops and plantation crops such as
coconut, arecanut, coffee, tea, mango and banana. The semi arid, hard rock areas of Tamil Nadu, Karnataka,
Andhra Pradesh, Maharashtra and most parts of Gujarat, provide favourable environment for adoption of Ml
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systems owing to limited groundwater potential; the dominance of well irrigation; and dominance of tree crops,
fruit crops, cash crops, row crops and vegetables. At the same time, there would be real saving in water due to
declining groundwater table in these regions.

The available data on adoption of micro irrigation systems in different states of India during the past
four years is a testimony to what has been discussed in the preceding paragraphs. The highest area under drip
irrigation isin Maharashtra (22358 ha). Thisis followed by Andhra Pradesh (17556 ha), Karnataka (16731 ha)
and Gujarat and Rgjasthan. But, at the aggregate level, micro irrigation accounts for nearly 1.6% of India s tota
irrigated area, against 21% in the United States, and 30% (8% under drips and 22% under sprinklers) in Australia.

4.3 Area that can be brought under M| Technologiesin Major Indian States

The map shows the area under different crops that are conducive to M1 devices in different states of
India. The empirical basisfor estimating this. 1] the grossirrigated area under such crops; and 2] the percentage
of net irrigated area under well irrigation in the respective states. Such approach has the inbuilt assumption that
percentage area under well irrigation is uniform across crops. This may not be true. In fact, it has been found
that in surface irrigated areas, farmers normally take water-intensive, but |ess water-sensitive crops. It consid-
ered only 16 major states, and had excluded the minor states (13 nos.) and Union Territories. Further, it has
excluded area under crops viz., wheat, mustard, rapeseed, pearl millet and sorghum which can beirrigated using
sprinklers, but with poor results in terms of water-saving, and had included only those which are amenable to
drips and plastic mulching.

It shows that Uttar Pradesh has largest area (1.884 million ha) under crops amenable to WSTs. It is
followed by Gujarat with 1.327 million ha, and Maharashtra with 1.012 million ha.
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4.4 Basins and Cropped Area Conducive to Adoption of Micro-irrigation Technologies

In order to estimate the figures of “total irrigated cropped areathat would benefit from M1 systems”, we
have superimposed the cropped area that are conducive to M1 systems, and the basins where M1 adoption would
lead to real water saving, and water productivity improvements.

The earlier analysis has shown that peninsular and western India had substantial area under crops that
are conducive to M1 technologies. It has also shown that central and north India have very little area under such
crops. Uttar Pradesh is an exception, which accounts for nearly 25% of the area that is conducive to Ml
systems. The basins in peninsular, western and central India have natural environments (soil, geo-hydrology,
climate), wherein M1 adoption can actualy result in real water saving and basin level water productivity im-
provement. Western part of Mahanadi is also conducive to MI systems. But, in Ganga-Brahmaputra basin, in
which UP falls, adoption is going to be poor due to poor rural electrification; relative water abundance; shallow
groundwater in most areas; and very low size of operational holdings of farmers. Even if this region adopts Ml
systems on a large-scale, it may not result in reduction in depleted water, but alittle difference in crop yields,
with the resultant meager increase in water productivity at the basin level. Hence, Ganga-Brahmaputra-M eghna)
have to be excluded from our analysis.

The cropped areas that will benefit from M1 system would hence be from: 1] basins of al east-flowing
rivers of peninsular India; 2] basins of west-flowing rivers north of Tapi in Gujarat and Rajasthan; Mahanadi;
some parts of Indus basin covering south-western Punjab; and west flowing rivers of South India. The total
would be 5.844 m ha (79.30-20.86) of cropped area. This is the absolute potential, and the real adoption would
depend on several socio-economic and institutional factors.

Now, let uslook at the area estimates provided by Narayanamoorthy (2004b), and the task force on Ml
in India. Narayanamoorthy (2004b) provided an estimate of 21.27 m. ha as the net area under all irrigated crops
that can be brought under drip systemsin India, with an upper figure of 51.42 m. ha including area under those
crops, which are currently rain-fed. But this analysis did not consider the several physical and socio-economic
factors that would ultimate determine the viability of drips for these crops. The task force on M| had estimated
afigure of 69 m. haasthe area suitable for M|l systemsin India. It is quite clear from such a high figure that the
task force estimates had included all regions and areairrigated by different types of irrigation systems, therefore
not considered the physical (technical, and hydro-meteorological), and socio-economic constraints in the adop-
tion of M| systems.

4.5 Quantification of Potential Future Impact of Ml Systems on Water Requirements

In order to analyze the impact of M1 devices on aggregate water requirement for crop production in
India, we started with the data provided in Table 2 in which data on water use efficiency’® impact of drip
irrigation for various crops are presented. A total of six crops, for which country-level dataonirrigated crop area
are available, were considered for estimating the future water-saving benefits. Then the data on aggregate output
from these crops are obtained. Assuming that the same output for the respective crops is to be maintained in
future, the future water requirement for growing the crops could be estimated by dividing the improved water
use efficiency figures by the crop outpuit.

The reduction in water requirement for crop = Present Output of Crop ,[1/Current Water Productivity
-1/Improved Water Productivity]

The procedure can be repeated for all crops.

* States where M| systems are likely to be adopted. This is obtained by multiplying the average crop
yield under conventional irrigation (as provided in Table 4) with the sum of the estimated area under that crop in
each state. The water productivity figures are estimated from the yield and water consumption figures provided
for the respective crops in Table 4 of this report.

18\Wetreat them aswater productivity values asthe modified values of WUE capture the net effect of improved water application and
improved agronomic practices.
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Table 13: Aggregate Reduction in Water Requirement for Crop Production Possible with Drip Irrigation Systems

. Current Yield .
S Name of Crop y I _Expecteq Water Improved | Reductionin Crop
No (ton/ha) | Yidd Coming =

from the Productivity | Water Produc- Water
. (Kg./m?) tivity Requirement
States*
(million ton)

1 Sugarcane 128.0 170.0 5.950 18.09 31.00
2 Cotton 2.600 4.391 0.303 1.080 10.42
3 Groundnut 1.710 2.840 0.340 0.950 1.453
4 Potato 23.57 34.47 11.79 17.21 0.127
5 Castor 1.260 1.350 0.340 0.670 0.497
6 Onion 9.300 12.20 1.544 2.700 0.963
7 Totd 44.46

While estimating the crop area that are likely to be brought under drips, the area under the respective
crops in water-abundant states viz., UP, Bihar, West Bengal, Haryana and north eastern states were subtracted.
The aggregate reduction in crop water requirement due to the adoption of drip systems was estimated to be
44.46 BCM. It can aso be seen that highest water-saving could come from the use of drips in sugarcane,
followed by cotton. Thisis the maximum areathat can be covered under the crops listed in well-irrigated aress,
provided all the constraints facing adoption are overcome through appropriate institutional and policy environ-
ments. In the subsequent section, we would discuss what these policies are.

5. INSTITUTIONAL AND POLICYALTERNATIVESFOR SPREADINGMICRO-
IRRIGATION TECHNOLOGIES

The most ideal policy environment for promotion of MI technologies in well irrigated areas is pro-rata
pricing of electricity. While this creates direct incentive for efficient water use (Kumar, 2005), to what extent the
M1 technologies would reduce energy use depends on the crop type and the type of technology (pressurized
system or gravity drip system) used for the crop. Not all MI technologies are energy efficient. Hence, bringing
non-conventional (non-pressurized) drip systems under subsidies is very important, once pro-rata pricing of
electricity is introduced. It would aso force farmers in areas irrigated by diesel engines to adopt such Ml
systems as it could save diesel and reduce input costs.

While in the long run, total metering and consumption-based pricing would be the most desired (Kumar,
2007), the governments can start with metering of agricultural consumption. Cash incentives or heavy subsidy
for MI devices could be provided to farmers who are willing, provided they minimize electricity consumption.
This cash incentive could be inversely proportional to the total energy use and directly proportional to the
percentage area under M1 system. This would create incentives for farmers to maximize the coverage of Ml
systems in their irrigated crops, particularly less energy intensive crops; and limit the total irrigated area.

Improving power supply, both quality and duration, is extremely important for boosting adoption of
pressurized M| devicesin many areas. Such areas include alluvial north Gujarat and south-western Punjab. One
can argue that with improved power supply, groundwater use could go up. However, in reality, with improved
hours of power supply, the quality of irrigation would go up, enabling farmers to realize the full potential of Ml
systems. The actual impact of improved power supply regime on sustainability would depend on the type of
crops farmers grow with M| systems, and the availability of extraland for area expansion.’

17In areas where the entire cultivable land is under irrigation, adoption of M1 deviceswould result in reduction in groundwater use at
the farm level. Subsidies are required here to promote M1 adoption as it would lead to social benefits from reduced stress on
groundwater
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All these policy measures would help address the issuesin well-irrigated areas. Still, alarge chunk of the
irrigated area (23.606 million ha in 1999-00 in India, source: Ministry of Agriculture and Cooperation, Gol),
which is from surface sources, would be left untouched. In addition to amendments in administration of subsi-
dies and improvementsin extension activities, the way to bring these areas under M| systemsisto either change
the delivery practices or to increase the economic incentives.

The water delivery systems need to be designed such that farmers can directly connect the source to
thelr distribution system. The irrigation schedules need to be reworked so that the duration between two turns
becomes much shorter than the present duration of 2-3 weeks. In the idea situation, the supply should be
perennial. This can happen in the most advanced stage of irrigation systems design and would take time. More-
over, it can be thought about only in case of hew schemes. One of the reasons why the farmersin Israel adopt
micro irrigation systems at such alarge-scale (with 95% of the irrigated crops are under drip systems) isthat the
surface water is delivered in their fields under pressure through pipes.

Economic incentives for M1 adoption in canal commands can be improved by increasing the
price of irrigation water. High prices for irrigation water increase cost and result in applied water saving. Alter-
natively, the cost of building intermediate storage systems can be reduced through proper design of subsidies. In
command area of Indira Gandhi Canal Project, most of the farmers are using intermediary storage tanks locally
caled “Diggi”. The farmers are using eectric pump for lifting this water and irrigating crops whenever they
required. After seeing the benefits of such interventions on reducing the pressure on the resource, government
has started providing subsidy for construction of “Diggi”. Many farmers are using sprinklers to irrigate their
crops from the tank water.

Apart from saving the cost of water, the differential economic returns farmers get under lift irrigation
over cand irrigation (IRMA/UNICEF, 2001; Kumar and Singh, 2001) and the differential return in drip irrigated
crops would be the strongest incentive for farmers to go for intermediate storage systems. The justification for
subsidizing the systems is that the private benefit-costs ratio would not be very attractive with very high capita
cost of the system and the additional infrastructure, whereas the social benefits accrued from saving the scarce
water resources would be high when compared against the social costs. The differential returns could be due to
the better control over water delivery possible with lift (IRMA/UNICEF, 2001) or due to the increased ability to
grow cash crops such as cotton, banana, and fruits and vegetables in the command areas. With this, the actual
areathat could be brought under M| systems would be larger than the potential area estimates we have provided.

Improving the administration of subsidies is necessary to increase welfareimpacts. The farmers should
be made to pay the full cost of the system initially, and subsidies be paid in installments based on periodic review
of system performance. As manufacturers have to sell the system at the market price, it would compel them to
improve the competitiveness of their products, and also provide good technical input services. Rura credit
institutions can advance loans to farmers for purchase of M| systems to maximize coverage to include small and
marginal farmers. In Gujarat, a new model for promoting M1 devicesis being implemented by the state govern-
ment through a state-owned company called Gujarat Green Revolution Company (GGRC). Under thismodel, the
subsidy is paid by GGRC to the farmer in installments, and the results are very encouraging. Not only is the
adoption of MI devices fast, but significant percentage of the adopters belongs to small holder category, having
lessthan 2.0 haof land. They useit for cash crops viz., cotton, ground nut, potato and vegetables. Within ayear
after the creation of GGRC, atotal of 30,000 ha of crop land had aready been brought under dripsin the state.

On the other hand, there is a need for creating a separate agency for promoting Ml in each state to
increase the speed of processing of application from farmers. The agency can work in tandem with the manu-
facturers and farmers to enable timely technical inputs to the farmers. In areas where agricultura processing
units are concentrated, provision of al critical inputs including subsidies would not be a problem, as they could
come from these processing units. The exampleisthat of sugarcane and grape grower cooperatives of Maharashtra.
However, in areas where demand for drip irrigation is scattered vis-a-vis crops and geographical spread, this
would be an issue. A new agency should facilitate survey of farmers' fields by the manufacturer, and get the
designs and estimates prepared along with the most desirable cropping system. This would also help farmers
procure the system well in advance of the crop season to make full benefit of it.
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6. MAJOR FINDINGS

1

The extent of adoption of M1 devicesin Indiatoday isjust 1.6% of the total irrigated area, due to the lack
of favourable, physical, socio-economic, ingtitutional and policy environments. Adoption is also heavily
skewed vis-a-vis geographical spread and crops.

The available literature shows that drip irrigation leads to substantial saving in applied water over conven-
tional method of irrigation, yield improvements, and improvements in water use efficiency. The extent of
field level water saving is the highest for orchards. The available data are from experimental farms; and
social research. Both have limitations. In the first case, issue is of replicability and in the second case, the
reliability and adequacy of data.

There are methodological issues involved in the estimation of water-saving and water productivity im-
pacts of M| systems. The available estimates are based on the assumption that al the water applied to the
crop isdepleted. But, in view of the fact that M1 devices are mostly adopted in semi arid and arid regions
with deep and falling water table conditions, such methodological compromises can aso yield reliable
results.

Analysis of the potentia contribution of MI systemsin Indiain reducing the aggregate demand for water
in crop production involves three complex considerations: 1] the extent of coverage of MI systems that
can be achieved at the national level; 2] the extent of real water saving possible with M| system adoption
at thefield level; and 3] what farmers do with the water saved through M| systems, and the changesin the
cropping systems associated with adoption.

Some of the factors that limit the expansion of M1 technologiesin Indiaare: 1] lack of independent source
of water and pressurizing device for many farmers; 2] poor quality of groundwater in many semi arid and
arid regions; 3] mismatch between water delivery schedules in surface irrigation systems, and irrigation
schedules required in M1 systems; 4] cropping systems that dominate field cropsin semi arid regions; 5]
dominance of small and marginal farmers, and small plot sizes; 6] low opportunity costs of pumping
groundwater due to lack of well-defined water rights; 7] negative technical externalities in groundwater
use; viii] poor extension services; and 8] poor administration of subsidies.

Thefield level water saving due to M| systems depends on: a] the geo-hydrological environment; b] crop
type; c] agro-climate; d] type of Ml technology. Water saving impacts would be high for drip systems,
particularly under arid to semi arid climate, for widely spaced row crops, when groundwater table is
deep. While MI system would result in field-level water saving in various degrees, depending on the
situation, itsimpact on aggregate water use would depend on the groundwater availability vis-a-vis power
supply situation, the crops farmers choose with M1, and the extraland availablefor cultivation. In ground-
water scarce areas, M| adoption would result in area expansion, with no likely reduction in aggregate
groundwater draft.

Available studies on the costs and benefits of M1 systems suffer from many inadequacies. First of al, they
do not capture the physical settings, the socio-economic conditions and institutional and policy environ-
ments that affect the actual private, economic and socia benefits from M1 adoption. Secondly, some of
the analyses are based on direct costs and returns and not incremental costs and benefits associated with
system use.

A comprehensive analysis of economics of different WSTsfor different crops across Gujarat shows that
B/C ratios are highly influenced by crop choices and largely limited to high value crops (fruits and some
vegetables), which have further capital investment requirements apart from the irrigation system.

The river basins that are likely to benefit by and are also conducive to M1 systems are: western part of
Indus in Punjab and Haryana; west-flowing rivers north of Tapi; east-flowing rivers south of Tapi; west-
flowing rivers south of Tapi in the Western Ghats; Sabarmati; and Mahanadi. In these basins, extensive
adoption of efficient irrigation technologies would result in overall enhancement in basin-level crop water
productivity. The total well-irrigated areathat can be potentially brought under M1 systemsfrom 16 major
states of Indiais estimated to be 5.6 million ha.
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10. The tota potentia reduction in crop water requirement with the full adoption of drip systems in six
selected crops is estimated to be 44.46 BCM. It can also be seen that highest reduction in water require-
ment could come from the use of dripsin sugarcane, followed by cotton. Both the estimates are much
lower than the estimates provided by Narayanamaoorthy (2004b) and that by the Task Force on Micro
Irrigation in India

7. CONCLUSIONS

Adoption of MI systemsislikely to pick up fast in arid and semi arid, well-irrigated areas, where farmers
have independent irrigation sources, and where groundwater is scarce. Further, high average land holdings, large
size of individua plots, and a cropping system dominated by widely spaced row crops, which are also high-
valued, would provide the ideal environment for the same. The extent of real water-saving and water productiv-
ity improvements at the field level through adoption of M1 systems would be high for widely spaced row crops,
in arid and semi arid conditions, when the groundwater table is deep or aquifer issaline. In hard rock areas with
poor groundwater potential, M| adoption would result inimproved efficiency of water use, but would not reduce
the total groundwater draft.

In semi arid and arid areas, which face severe groundwater scarcity, the economics of Ml systemswould
be sound for high-valued cash crops. In areas where electricity charges are not based on power consumption,
and opportunity cost of using water is zero, the saving in energy and water achieved through M| system do not
get translated into economic benefits. Hence, economics of M1 system will not be sound in such areas. But, the
evaluation studies are skewed towards drip systems, and do not capture the effect of changing physical, socio-
economic and ingtitutional settings on the economic dynamic.

The future potential of M| systemsin improving basin level water productivity is primarily constrained by
the physical characteristics of basins and the opportunities they provide for rea water-saving at the field level,
and area under crops that are conducive to M| systemsin those basins. Preliminary analysis shows very modest
potential of MI systemsto the tune of 5.69 m ha, with an aggregate impact on crop water requirement to the tune
of 43.35 BCM possible with drip adoption for six selected crops. Creating appropriate institutions for extension,
designing water and electricity pricing policies apart from building proper irrigation and power supply infrastruc-
ture would play a crucial role in facilitating large-scale adoption of different M1 systems. The subsidies for M|
promotion should be targeted at regions and technologies, where M| adoption results in real water and energy
saving at the aggregate level.
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COST AND BENEFITSOF INTERMEDIATE WATER STORAGE STRUCTURES:
CASE STUDY OF DIGGIESIN RAJASTHAN

Updi A. Amaraanghet, Anik Bhadurit, O.P.Singh?, Aravind Ojha* and B.K.Anand?®

Abstract

This paper assesses the cost and benefits of "diggies’, the intermediate water storage structures in the
Indira Gandhi Nehar Pariyojana project in Rajasthan. A diggi helps providereliable water deliveriesto farmsand
that in turn expectstoincrease crop production. Our analysisshowsthat through better water control, farmerswith
diggi'shaveincreased cropping intensity, input application and crop productivity. The net value of crop production
per ha of irrigated area of farms with diggi'sis 68% higher than that of farmswithout diggi. A cost-benefit analysis
shows that diggi is a financially viable intervention for farms with size larger than 4 ha.

1. INTRODUCTION

Unreliable water supply associated with rigid schedules of water delivery is a mgor constraint for
increasing the performance at farm level in the cana irrigation commands. Often, the schedules of water
delivery do not match the periods of crop water stress at field level. They result in, at times delayed sowing and
often improper input application leading to low productivity. The canal irrigation through the warabandi system
in north-western India is one in which farmers often complain of unreliable water supply. The major objective
of the warabandi system is to distribute the scarce water resources to as many farmers as possible through a
system of rotational water supply. So, untimely water delivery is an inherent feature in the warabandi system.

The Indira Gandhi Nehar Pariyojna (IGNP) project in Ragjasthan, which uses warabandi system of
delivery of water, envisagesirrigating 1.9 m.ha of crop land. It off takes from the Harike barrage, located afew
kilometers downstream of the confluence of the Sutlej and the Beas riversin Punjab, and takes water along 650
km long main canal and terminates near Jaisalmer in Rajasthan. Water scarcity is an in-built feature of irrigation
distribution in the IGNP canal system. The warabandi in IGNP has promoted equitable water distribution, but
water deliveries at times become unreliable or inefficient. Farmers do not receive water at a time when the
irrigation is critical even for the survival of crops or for higher yields.

A diggi, intermediate storage or surface water banking, is a farmersintervention to mitigate the effects
of scarce and unreliable canal water supply in the IGNP. Through this intervention, farmers first construct a
small pond, called a diggi, in their farm to store the canal water supply. Next they pump the water out from a
diggi to irrigate the crops, through field channels or micro-irrigation technologies. With increase in control of
the water management, farmers meet the crop-water requirement as best as possible. In fact, a diggi addresses
the reliability issue through a self enforcement mechanism and corrects the all ocative inefficiency of water use.
In the end, the society achieves both equity and efficiency. The cost of achieving efficiency is reflected in the
cost of diggi.

This report assesses the impacts of the "diggi" intervention on the irrigation performance at the farm
level, and estimates the incremental value of the net income benefits. The study has significant policy relevance.
The results suggest how afarmer in canal command system can achieve a Pareto improvement through saving
of water. The specific objective of the report is to assess

! International Water Management Institute, 2 Banaras Hindu University, Varenas * URMUL, Bikaner, Rajasthan, 4 Consultant,
Bangdlore,
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= theextent that "diggi" helpsincreasetheirrigation performance, which includeincreasing the crop area,
crop yield, crop diversification and net value added economic benefits at the farm level, and
= 1o evaluate cost and benefit of "diggi” intervention in the IGNP,

The report is organized into five sections. Section two gives a brief description of how "warabandi*
and "diggi" perform. Section three describes the methodology of impact assessment of Diggi. Section 4 shows
the cost and benefits of introducing a"diggi". Section 5 discusses the up scaling and possible impacts. And we
conclude the paper with a policy discussion and implications to further development of IGNP in the second
phase.

2. WARABANDI AND DIGGIESIN IGNP

The main goal of the IGNP cana system wasto provide irrigation to amajor part of the Thar Desert in
Rajasthan. Located in the north-west, Rajasthan is the largest state in India, covering 10 per cent of the total
land areain India. Two-thirds of the land area of Rajasthan is covered by the Thar Desert. Thisincludes 85 out
of 142 desert blocks in whole of India. Moreover, a magjor part of the state of Rgjasthan is covered by the arid
to semi-arid climates. The rainfall patters are highly erratic, and they vary from low rainfall in north-east region
to high rainfall in south-west region (Khan, 1998). Most of the rain falls from June to September. On an average
Rajasthan, receives 560mm rainfall annually. So, without irrigation, crops cannot survive in many parts of the
state. In fact, irrigation covers about one-third of the net sown and gross cropped area, 15.5 and 19.3 million
ha, respectively in 1999-2000.

Tubewells and canals are major sources of irrigation in the State of Rajasthan. Of the net and gross
irrigated area (5.61 and 6.93 million ha), tubewells and canals provide, 64 and 33 per cent, respectively.
Groundwater is virtually the only source of irrigation in the southern plateau and arid region of the west (93 and
92% respectively) and dominates irrigation in southern and eastern plain regions (79 and 65% respectively).
However, canals provide amost al theirrigation in the arid north region. The IGNP project, popularly known as
the Ragjasthan canal, isthe largest surface irrigation projectsin arid north-west. The warabandi is the system of
water deliveriesin the IGNP project.

3. WHAT IS WARABANDI?

In warabandi, "wara' means turn, and "bandi" means fixed. According to Malhotra (1982), "warabandi
is a rotational method for equitable distribution of the available water in an irrigation system by turns fixed
according to a predetermined schedule specifying the day, time and duration of supply to each irrigator in
proportion to the size of his landholding in the outlet command".

The warabandi system, mainly practiced in semi-arid and arid north western India for more than 125
years, rotates irrigation supply according to a predetermined schedule, where one cycle generaly last for 7
days. It alocates the irrigation quantity proportion to farm area. The higher water-use efficiency and equitable
water distribution are prominent goals of a Warabandi system (Malhotra 1982). The water-use efficiency isto
be achieved through the imposition of water scarcity on each and every user, and the equity in distribution
through enforced equal share of scarce water per unit area among all users. The key features of warabandi
system are:

« Individual farms are aggregated into hydrologic units (chaks) of 100-400 ha (50-200 farms),

« Each chak is served by a water course whose capacity is proportional to the size of chak;

« [Each farm holding in the chak is entitled to take full supply in watercourse during a specified period
proportional to its size. Since the watercourse flow is proportional to the size, each farm in acommand
area of distributaries is ensured a uniform volumetric allocation per hectare per week,

= Watercourses are un-gated and are served by parent channels (minor canals) that at any given chainage
has capacity exactly equal to the sum of the discharges of the watercourses offtaking at downstream
points.

52



= Minor canals in turn are usually gated and are served by a distributary whose capacity at any given

chainage is exactly equal to the combined capacity of offtaking minors and watercourses downstream).

For more information of warabandi, see Reidinger (1971), Malhotra (1982), and Berkoff and Huppert (1987),
Sakthivadivel et. al. (1999).

Throughout IGNP, the canals operate on the warabandi scheme due to variation in water availability at
the Harika barrage in the river Sutlej. The demand for irrigation water throughout the year is met by changing
the days on which each branch canal is operated. Water flowsin canals for one week, and then the canal isdry
for aweek. This water distribution system forces all minor and branch canal, distributaries, water courses to
share the deficit of water supply in the IGNP system. This means that farmers, in general, get their quota of
irrigation at fortnightly intervals.

4. WHAT ISA DIGGI?

"Diggi", a"surface water bank" is an intermediate water storage tank between the watercourse and the
farm. It is a farmer's response to water scarcity and unreliable canal water supply in the IGNP. The cana
irrigated area in the IGNP command has gradually increased over the last 15 years. Accordingly, the frequency
of canal water releases to the farms in the command area has decreased. Initially, the number of turnsinto the
field was 4 turns a month, and 4-5 hours per each turn. Today, with increasing command area, the number of
turns has decreased to two times a month and 2-3 hours per each turn. The reduction of duration of water
supply had many negative implications, which includes decreased irrigated area; crop failures; and in some
cases where the supply was not adequate or available to meet crop requirement at the critical stages of growth.
The IGNP farmers responded to the water stress and unreliable water supply by constructing diggi's.

The diggi stores the canal water supply from watercourses in allotted turns to the fields. Water from
the "diggi" is then pumped from an electric motor and applied to field by micro-irrigation devices such as
sprinklers (typically with 20-25 nozzles). In the IGNP canal commands, the sprinklers are used not to save
irrigation water, but to irrigate more area. A diggi combined with the sprinkler irrigation increases the number of
irrigation and the irrigated area; provides a reliable water supply to meet the cropwater requirements; increases
the crop yields; helps diversify to high value cropping patterns; and reduces land leveling requirements of the
uplands, and alowsirrigating the undulating lands through sprinklers, where normal canal water courses cannot.

Initially, the IGNP farmers constructed diggis from their money. Now, the Government of Rajasthan
provides a 20 percent subsidy of the total cost. The average cost of constructing adiggi is RS 172,710 or US$
3111 (at 2006 prices). The cost is based on the primary survey.

Although it is not as prevalent as in the canal command areas, the diggis are also being constructed in
the groundwater irrigated area. The primary reasons for constructing diggis in groundwater irrigated area are
the low yieldsin tubewells and unreliable electricity supply. Due to these constrains, farmers are unable to apply
irrigation when the cropwater requirement is most critical. So, first they pump groundwater into the diggi and
then pump out to irrigate the crops. Although this practice is highly energy expensive, farmers claim that
without diggis farming is not effective or is not possible in many of groundwater irrigated areas.
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5. STUDY LOCATION AND METHODOLOGY FOR IMPACT ASSESSMENT
A distributary of the IGNP canal, the Kanwarsain lift Canal, isthe location of this study (Figure 1). The
canal offtakes at Birdhwal in the IGNP main cana and stretches about 200 km to Bikaner.

Figure 1. Study Location- Kanwarsain Lift Canal of IGNP project

5.1 Sampling Plan

A stratified random sampling scheme is used for assessing the benefits from diggi. First weidentify the
watercourses with and without diggi across head, middle and tail sections of the canal and also across the tube-
well irrigated areas. From the watercourses with diggis, 31 watercourses were selected, with 10 each from the
head, middle and 11 from tail end of the canal command area. From each selected watercourse, two farmers
were selected with one having a diggi and the other without a diggi. We aso selected 10 farmers from the
groundwater irrigated area, with five each having diggi and irrigating their crop directly from tube-wells. Both
groups of farmers in groundwater irrigated areas used sprinkler for irrigating their crops. In al, 72 sample
farmers were selected for in-depth survey.

5.2 Methodology and Data Requirements

The hypothesis which is being tested in the study is that adoption of diggi helps the farmers to expand
the irrigated area; increase the crop yield diversify cropping patterns; improve input application; and increase
the gross and net value of crop output.

These hypotheses are tested using simple statistical techniques-- two sample or paired t-tests. We
collect the primary data from the selected samples, which include total land holding size, irrigated area and
irrigation paterns, seasonal cropping patterns, crop inputs and outputs. The data related to diggi were aso
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collected, which includes the year of construction of adiggi, physical details, fixed and working cost of diggis,
tube-well and sprinklers.

We aso estimated the cost:benefit ratio (CBR) and the internal rate of return (IRR) from diggis. The
benefit is estimated as the net value added after the construction of a diggi. The cost includes the capital
investments for a'diggi, sprinklers, electricity connection and electric or diesel motors, and the operational and
maintenance cost. In groundwater irrigated areas, the capital cost includes the cost of installing a tube-well. For
estimating the benefit:cost ratio, we assumed the useful life of all structures as 20 years..

6. RESULTSAND DISCUSSIONS

The decreasing and reliability of canal water supply to the farm are the main reasons for constructing
adiggi. Over the time, water supply has decreased in the IGNP canal system. We observe asimilar pattern from
the data. On an average, farmers received 20 hours less canal water supply as compared to that prior to
constructing diggi when water supply was initially started in their watercourses. Today, the number of hours of
canal water supply is even less. Farms with a diggi receive on average only 65-68 hours canal water supply in
kharif (July-October ) and rabi (October-March) seasons, as against 148 to 129 hours water supply at the time
of construction of adiggi. Farms without a diggi receive only about 32 hours of water supply in each season.
The difference of duration of water supply to farms with and without a diggi is due to farm land holding size.

In general, diggi is constructed in farms of larger size. The average size of farms with a diggi is about
twice the size of the farms without adiggi (Table 1). The farm size decreases from head to the tail reach of the
canal command. This seems to indicate that diggi is not a viable option in smaller farms and also when the
distance from the main offtake from distributary increases.

The portion of land holding that is cultivated decreases from head to tail reach of the distributary. This
is clearly related to inequitable water supply between the head end and tail end, and similar situation exists in
farms with and without diggi. The inequity in water supply is very prominent in farms without diggis, where

Table 1. Average land holding size and the area of cultivation in farms with and without diggis

Land holding size | Cultivated area- % of land | Number of hours of canal
of farms with and holding size Cultivated water supply in farms with
without diggis area of farms with and and without diggis in 2006
(ha) without diggis (%) (Hours)
With Without With | Without With Without
Canal command area
Head 13.7 7.7 83 89 164 108
Middle 12.9 5.6 77 66 128 35
Tall 10.3 4.5 59 59 102 52
All 12.3 5.9 73 70 135 64
Groundwater irrigated area
10.2 11.9 67 46 - -

Source: Authors' estimates based on the primary survey

head end farms receive water supply for greater duration than that in middle and tail reaches. Of course, land
holding size is a determinant of the duration of water allocation in warabandi system. But our sample shows,
the duration of water supply per unit area of farms in head end of the distributary is significantly higher than
that at the tail end farms. The average durations of water supply per hain the head end farms with and without
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diggiewere 12 and 14 hr/ha of land holding size respectively. The middle and tail end farmswith diggie receive
about 9 hr/ha of water supply; and farms without diggie received 6 and 12 hr/ha, respectively.

The average land holding size of farms in groundwater irrigated areas showed insignificant difference
between farms with diggis and farm without diggis. But they have substantially lower percentage of cultivated
area, and similar to tail end farms with diggie.

6.1 Expansion of Irrigated Area

Irrigated area expansion was a mgjor goal of farmers in constructing a "diggi". We explore here the
extent to which diggi helpsincrease theirrigated areain farms. With diggis farmers were able to irrigate al their
cultivated area compared to only two-thirds of the area before diggi construction (Table 2). This increase is
significant and is uniform across reaches in canal command and groundwater irrigated areas.

Farms without diggis, except those in the middle reaches, irrigate almost all their cultivated land. Due
primarily to significantly lower number of hours of canal water supply (see Table 1), the farms without diggis
in the middle reach irrigate only 79 per cent of the cultivated area. Farmers with diggis uses sprinkler irrigation

Table 2. Irrigated area (%) of cultivated area in farms with and with-out diggis

Irrigated area (% ) of cultivated area

Command area Farms with diggis Farms without diggis
Before After
Canal irrigated area
Head 61 100 100
Middle 66 100 79
Tall 67 100 100
All 67 100 93
Groundwater irrigated area 63 93 96

to irrigate their crops, and this allows them to irrigate even the undulated land, which the direct canal irrigation
did not allow, and asaresult it increasesthe irrigation coverage substantially. Overall, the crop area hasincreased
by 33 percent with diggi construction. A similar increaseis evident in groundwater irrigated areas. In groundwater
irrigated areas, farms without diggisirrigate aimost al their cultivated area. However, the farms with diggis only
now mange to irrigate 93 per cent of the cultivated area, whereas they irrigate only 63 per cent crop area before
construing diggis.

6.2 Increased Land Rental Value

The construction of adiggi has also brought many changesto the irrigated lands. An immediate impact
was the increase in land rental value. As per the response survey, the rental value of agricultural land in canal
irrigated area before construction of diggi was Rs 11,269/halyear (US$ 269 in 2006 prices, US$ 1= Rs. 43). But
after the construction, the rental value hasincreased to Rs 14,438/halyear (US$ 335). The value addition owing
to extra infrastructure is more than Rs 3,000. Although not significantly different, the higher rental value of the
lands without a diggi was because the land was more suitable for irrigating from canal. In fact, the overwhelming
response of the farmers for investing in diggi was the poor irrigable conditions of their land.
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Figure 2. Land rental value before and after diggi construction
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The general trends of increase in land rentals in the groundwater irrigated areas are similar. The rental
value of lands after constructing adiggi is vastly different from land before construction and also lands without
adiggi.

6.3 Increased Input Application

With diggis, now farmers have the ability to apply irrigation to crops, when the crop demands the
most. With areliableirrigation supply, farmersin general manage their input application better. Thisisevident in
fertilizer application of some crops (Figure 3). Farmers without a diggi in canal command areas did not take an
undue risk of applying more fertilizer with an unreliable canal water supply. However, a significant increase in
fertilizer application can be seen for gram and mustard crops, which have relatively higher value than cereal
crops. The fertilizer application of wheat crop, which is already high before the construction of diggi, shows
non significant change.

Figure 3: Fertilizer use in canal command area for selected crops (kg/ha)
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6.4 Increased Crop Yields

In the IGNP canal command area, diggi helps farmers to irrigate crops through sprinklers, and when
the crop demands the most. Microirrigation technologies, in general, seemsto have apositive effect on increasing
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the yield of many crops (Narayanmoorthy, 2006, Kumar et al., 2008). The data also show asimilar trend. In the
canal command areas, almost all farmers with diggis irrigates their crops using sprinklers, whereas only one
farm out of 30 sampled without a diggi used sprinklers. However, in groundwater irrigated areas, both farms
with and without diggis use sprinklers. So, yield increases in groundwater irrigated areas did not show any
apparent pattern. However, yield increase in canal command areais very significant. Thereis differencein crop
yields in canal command area with and without diggis.

The crop yields are significantly higher in areas with diggis than those without diggis (Table 3). The
increase in yield is significant in al canal reaches, from head to tail end. Kharif crop yields of farms with diggis
are 18 and 39 per cent higher for guar and groundnut, respectively. In Rabi season, crop yield of gram,
mustard and wheat in farms with diggis are 30, 29 and 7 per cent higher than those in farms without diggis,
respectively. The difference between the main crop yield and their byproducts between farms with and without
diggis are statistically significant.

The diggis with sprinklers have helped farmers not only meet the crop water requirements better, but
also increase the input application. So diggis have directly and indirectly increased the crop yields.

6.5 Increased Gross Value of Crop Production

The average gross value of output of farms with diggi is significantly higher than that without diggis
(Table 4). It is 39 per cent higher in kharif season, and 21 per cent higher in rabi season. There are significant
differences of increments in different canal reaches. In the kharif season, the farms in head reach had a
significantly higher increment than farms in middle and tail reaches. In rabi season, farms in head and middle
reaches had significantly higher increments in gross value of outputs.

The difference in gross value of output per ha of land between head reach and tail reach could be due
to the differential access to water supply. Although,warabandi is supposed to ensure equitable distribution, our
results show otherwise. We have earlier shown that water supply to farms in head reach is significantly better
than that in middle and tail reach. So, these farmers have more gains by storing them in diggi's and distributing
them among different crops. In fact, many farmers with high gross value had high yields and also high value
crops.

Table 4: Gross value of output per ha of irrigated area

_ Gross value of output! per ha of irrigated land
Location (Rs/ha, Rs 43 =US$ 1 in 2006)
Kharif season Rabi season

Without diggi With diggi Without diggi With diggi
Head 23,915 42,416> 19,843 25,857
(77%) (30%)
Middle 23,414 31,355 18,855 24,474
(34%) (30%)
Tall 20,188 29,672 21,755 24,586
(47%) (13%)
All 22535 34207 20109 24956
(52%) (24%)

! Values within the parenthesis are the percentage differences of the average gross value of output with and without a diggi.

2 This average for the head end farmers is based on 9 observations, and has highly skewed distribution. Only two farms in this group
have higher than average gross value of outputs, Rs 87,000/ha and Rs.54,000/ha. This is mainly because significantly higher yields
of these farms.
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6.6 CROP DIVERSIFICATION

To what extent does a diggi help crop diversification? Our sample suggests no major differences of cropping
patterns between the farms with and farms without diggis (Table 5). The only exception is bajra and narma
(cotton) area in the Kharif season and gram and mustard in the Rabi season. While the area under narma
(cotton) and bajrais higher in farms with diggis, the area under gram and mustard is lower.

Table 5: Cropping paitern in farms with and without diggis

Crop Cropping paattern - % of tota irrigated area
Without diggi With diggis
Kharif season
Bara 13 7
Cotton 3 3
Narma (cotton) 13 5
Gawar 13 16
Groundnut 9 9
Green gram (moong) 3 0
Rabi season
Gram 15 22
Joi 4 4
Mustard 11 14
Taamira 7 4
Whesat 8 9
Total 100 100

6.7 Benefit Cost Ratio of Diggi I ntervention

The annua net value added through diggi construction isthe increasein net value of agricultural output
in farms with diggis over those without diggis. The net value of agricultural outputs is the value of production
of crop and livestock minus the cost of inputs, interest of the capital expenditure, and variable cost (operation
and maintenance cost) of diggi, sprinklers and electric or diesel motors.

6.7.1 Cost of Construction, Operation and Maintenance of a Diggi

The operationalization of adiggi in canal command area includes. constructing a diggi, installing diesel/electric
motor for pumping water from a diggi, and then installing sprinklers for irrigation. Installing tube-well for
pumping groundwater to diggi is an additional investment in groundwater irrigated areas. These are the capital
investment involved in diggi operations. The variable cost include the cost of electric/diesel for pumping water
from diggi and pumping groundwater to diggi; and the operation and maintenance cost for diggi, sprinkler and
electric/diesel pump. The capital cost and variable cost of a diggi operation in the cana and groundwater
irrigated areas are given in Table 6.

The average size of a diggi in canal command areas is generally larger than those of groundwater
irrigated area. In fact average storage of a diggi in a canal command area, 2,877 m® (29 m* 29m * 3.4m), is
three times more than that of a diggi in groundwater irrigated area, 944 m3 (16.9m * 16.3m * 3.4 m). The
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Table 6. Capital and operation cost of diggi and sprinklers

Cost* (Rs/year)
ltems Candl irrigated Groundwater irrigated
areas areas
With diggi Without diggi

Capital cost of construction of diggi* 1,49,912 96,526 -
Subsidy 35,041 - -
Net cost of construction of a diggi 1,14,871 96,526 -
Cost of maintenance (Rs/year) 11,113 9,200 -
No. of sprinklers 21 37 39
Capital cost of sprinklers 35,602 74,800 58,955
Cost of maintenance of Sprinklers (Rs/year) 6,071 3,600 2,100
Capital cost of electricity connection and

electric/diesel engines 25,902 79,602 77,302
Cost of electricity/diesel cost (Rs/year) 19,513 43,000 36,800
Capital cost of installation of tube-well - 2,03,488 3,44,567
Cost of maintenance of tube wells (Rs/year) - 4,800 4,800
Electricity charges (Rs/year) 40,560 33,600
Fixed cost 1,76,375 454,416 4,80,824
Variable cost

Operational cost (Rs/year) 19,513 83,560 70,400
Maintenance cost (Rs/year) 17,184 17,600 6,900

Government of Rajasthan has provided a subsidy, o InRs 35,000, for construction of adiggi in canal command
area, while farmers have borne the full cost of diggi construction in groundwater irrigated area.

In groundwater irrigated areas, a sprinkler irrigates only haf the area than in the groundwater irrigated
area. Asaresult, number of sprinklers required to irrigate the farm land and the capital cost for installing them
are significant in the canal command areas than in the groundwater irrigated areas. Additionally, the groundwater
irrigated areas require tube wells for pumping water into the diggi. Therefore the capital and the operational cost
are significantly higher in the groundwater irrigated areas.

6.8 Net Value of Crop Production

The net value of crop production is the difference between the gross values of crop production and the cost of
production. The cost of production includes the cost of labour, seeds, fertilizer, insecticide, and ploughing,
threshing, machinery and water charges. In canal command area, the net value of crop production of farms
with a diggi is significantly higher than in the area without diggi's (Table 7).

The incremental benefits from kharif crops are much higher than the incremental benefits from Rabi
crops. Thisis because of the reason that farmersin IGNP command tend to allocate more area under wheat in
Rabi season, and difference in wheat yield is not significantly high between the areas with and with diggis.

1 Cost estimated on the basis of 2006 constnat prices
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Table 7: Net value of crop production and the net value of output per ha of irrigated area per year (Rs/ha)

Canal reach Average net value of crop production per hain farms with and without diggis
Kharif Rabi Annual
Without diggi With diggi | Without diggi| With diggi Without diggi | With diggi

Head 14,776 34,860 11,755 20,114 16,778 34,847
(136%) (71%) (108%)

Middle 12,573 23,077 9,553 16,891 16,678 27,814
(84%) (77%) (67%)

Tal 12,141 19,508 12,407 15,288 21,139 29,137
(61%) (23%) (38%)

All 13,144 25,503 11,191 17,413 18,152 30,509
(94%) (56%) (68%)

However, value of incremental output varies substantially across the canal reaches. The head reach farmers
have more than doubled their net value of crop production, and have more than three times the incremental
benefits that the tail reach farmers secure. While the head reach has increased the annual benefit, by 108 per
cent by introducing adiggi, the tail reach farmers have increased only by 38%. This hasto do with the available
water supply for diggis. Aswe have shown earlier, the diggisin tail reach receives on an average 60% less water
supply than diggis in head reach. So, opportunity for tail end farmers to increase cropping intensity and yield
through diggis is much lower.

6.9 Benefit:Cost Ratio for Diggi Investment in Canal Irrigated Area

The cost of diggi operation in a farm in cana irrigated area includes cost of constructing a diggi, installing
sprinklers and required electric and diesel motors, and investment for electricity connection. An average sized
diggi in IGNP costs about Rs 176,000. But capital cost isrelated to irrigable area. Our sample showsthat 1 per
cent increase in irrigated area results in 0.31 per cent additional capital cost of diggi and other infrastructure
(Figure 4). We estimated the required capital investment for different irrigable areas using the equation in Figure
4 (Table 6).

Figure 4. Capital cost of diggi, sprinklers and electricity connection and electric/diesel motors vsirrigable area
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! Net value of crop production is gross value of crop production minus cost of inputs (US$1=Rs 43 in 2006).
2Values within parenthesis are incremental average net value of output of the farms with diggis.
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In estimating the cost and benefits, we assume useful life time of diggi and other infrastructure as 20
years. The cost of diggi and related infrastructure (in 2006 prices) for different irrigable areais given in Table
8. The operation and maintenance cost of an average size diggi and other infrastructure, with a capital cost of
Rs 1,76,000, is about Rs 36,000. There is variation in operation and management cost for diggis with different
size. On the benefit side, new infrastructure brings an additional benefit of Rs 12,257/halyear independent of
size of irrigable land. The annualized cost, benefits: cost ratio for diggis for different farm sizes are given in
Table 8.

Table 8: Annualized cost, benefits, and benefit:cost ratio of a diggi and other infrastructure

Annualized cost and benefits (Rs)
Irrigable Capitd Denreciation _ Bendfit-
aea(ha) |  cost (Rs) Interest on ep@ 5% %%ira“gr:_zz? Total cost | 1Ot cost ratio
capital @ 6% discount rate i% o benefits
1 98,716 4,936 5,923 20,619 31,477 2,357 0.4
2 122,379 6,119 7,343 25,561 39,023 | 24,714 0.6
3 138,770 6,938 8,326 28,985 44,249 | 37,071 0.8
4 151,714 7,586 9,103 31,688 48,377 | 49,428 1.0
5 162,580 8,129 9,755 33,958 51,842 | 61,785 1.2
6 172,034 8,602 10,322 35,933 54,856 | 74,142 1.4
7 180,454 9,023 10,827 37,691 57,541 | 86,499 15
8 188,081 9,404 11,285 39,284 59,973 | 98,856 1.6
9 195,075 9,754 11,705 40,745 62,203 | 111,213 1.8
10 201,552 10,078 12,093 42,098 64,269 | 123,570 1.9

The analysis shows that diggis are economically viable for farms with large holdings. The benefit:cost
ratio is more than one for farms with size more than or equal to 4 ha. In fact, the average land holding size of
the farms with diggis in the command area is 8.7 ha. A farmer with an irrigable land of more than 7ha can
recover the full investments for the new infrastructure in 6 years.

Dueto variation in the net crop production benefit across the canal reach, the benefit:cost ratio of new
infrastructure is much higher in the head reach. For example, the incremental value of the crop production
benefit from irrigated lands in head reach from diggisis about Rs 18,100/ ha. Thus, the incrementa value of the
output from an irrigated land holding of 4 hain head reach is about Rs. 72,000, and is 1.5 times the total cost.
In fact, adiggi and other infrastructure in the head reach area can be cost effective even for an irrigable land
holding size equal to 2 ha

6.10 Benefit: Cost Ratio in the Groundwater Irrigated Area

The average size of land holding of diggi owners in groundwater irrigated areas does not vary much. It varies
from 10.2ha for diggi owners to 11.9ha for those without diggi. We have estimated the benefit cost ratio of a
farm of average size 10 ha, and the results are provided in Table 7.

In groundwater irrigated areas, farmers have aready installed tubewells and sprinklers for irrigating
their fields. We assumed that in groundwater irrigated areas, only additional cost that farmers have to incur with
new infrastructure isthat of diggi. The capital cost of the diggi is Rs.96000. The annual operation and maintenance
cost is Rs.17400. The change in net value of crop production through a diggi in groundwater area is about Rs
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Table 9: Benefit and cost of adopting a diggi in groundwater irrigated area

Cost and benefit items Without diggi With diggi
Cost of a diggi construction (Rs) 96526
Interest on capital at 6% (Rs) 5792
Depreciation cost @ 5% discount rate (RS) 4826
Operational and management cost (RS) 41,700 59,180
Change in total annualized cost (Rs) 28,098
Net value of crop production (Rs/ha) 22,867 26,893
Change in net value of crop production for a 10 ha land 40,257
Benefit-cost ratio 14

4,000, generating a net benefit of Rs. 40257 for aland holding of 10 ha. Thus, even in groundwater irrigated
areas benefits of introducing adiggi isfar out weigh the cost. A farmer can recover the full cost of constructing
adiggi of afarm with land holding size 10 ha after 3 years.

7. OTHER BENEFITS OFDIGGISIN THE CANAL COMMAND AREA

7.1 Addressing Water Logging and Salinity

The problems of water logging are increasing in the IGNP command area. The rise of water table leads
to water logging and development of salinity in many parts. The soils of the IGNP command are calcareous,
and the soils in the desert plains are underline by nodular lime horizon, consolidated gypsum and sand stone.
Sandy soils have poor water holding capacity, are susceptible to wind erosion. The infiltration capacity of fine
texture sandy soils is very poor. They are highly saline and sodic. With rising groundwater tables, these soils
pose problems of drainage, salinity and akalinity. In fact, afew villages in the IGNP area were abandoned due
to unfavorable living conditions due to water logging and salinity.

Although characterized as water scarce, farmers in some regions of IGNP apply excess water to
irrigate their crops. This is especially true in the head reaches of the canal command. Long periods of flood
irrigation recharge the shallow aquifer, and due to poor vertical drainage conditions, the water table comes,
which results in water logging and salinity. Thus, this can be decreased by lowering canal irrigation, increasing
conjunctive water use, or increasing consumptive part of the total irrigated water applied in the command area.
The diggi and sprinklers help overcome these problems. The diggi, which stores the water supply from the
watercourse, address the increasing unreliability with decreasing canal water supply the warabandi system.
Sprinklers help spread theirrigation into alarge area, increasing consumptive water use. Thus diggi and micro-
irrigation help avert water logging and salinity in long-run.

7. 2 Spreading Microirrigation Technologies

In general, canal irrigation does not support microirrigation technologies such as sprinklers and drips. However,
water stored in a diggi facilitates microirrigation. Microirrigation not only improves the water-use efficiency,
but also increases the crop yield. So spreading micro irrigation in canal command area will increase the crop
productivity and ultimately benefits the farmers.

7.3 Increasing Crop Diversification

Crop diversification has a large potential for increasing the net value of crop production. With proper

crop choice, crop diversification to high-value crops can especialy, help the small to medium land holdersin
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water scarce regions (Birthal et al., 2007). They need to increase the value of crop production from the same
amount of consumptive water use. A reliable water supply is the critical requirement for high-value crops that
require proper application of inputs, where some of them are expensive. The diggi is an ideal solution for
unreliable water supply to farms. Farmers have full control of managing water stored in adiggi. But, why then
it is not an economically-viable option for small farmers in the IGNP canal command area. It is precisaly
because of this reason that diggis have not brought about significant changes in the cropping pattern. However,
by shifting to high value crops, it could be possible for small holders to significantly increase the value of crop
production. In such cases, diggis can be an economically-viable intervention even for small land holders.

7.4 Increasing Multiple Use of Water

Diggisin the IGNP are so far being used only for enhancing the crop production. Can it also be used
for raising fish? Since water is supplied round the year, certain level of water supply can be maintained in adiggi
for raising fisheries also. According to farmers, this has not been practised in the IGNP due to: low loca
demand, poor facilities for marketing the produce outside; and limited knowledge for raising fish in conjunction
with crop production. Raising fish means that farmers cannot empty there diggi for an extended period of time
of the year. However, we do not know whether net benefit loss of crop production after retaining water in
diggis for fisheries is less than the net value of production gain through fisheries. However, data show that
fisheries in conjunction with crop production can increase the income of farmers from every drop of water
used manifold So with proper extension, diggis can eventually become an even better economically viable
enterprise for farmers in the IGNP command area.

7.5 Bridging gap between Potential and Actual Irrigated Areas

A magjor problem in IGNP command area is irrigating the undulating land. This is exacerbated by the
differences of water supply between the farms in head, middie and tail reaches of the canal command. Our
research show, that water distribution between head, middle and tail reaches are highly inequitable. Farmersin
head reach may still be using large quantity of water for irrigating their crops with a diggi. Indeed, a proper
water accounting study could assess the quantity of water needs to be diverted to a diggi for meeting the full
requirement of crops and other multiple uses. The excess water can then be diverted to meet the requirements
of tail end of the command area, which often suffers due to water scarcity. This additional water supply can
make a diggi an economically-viable option even in tail end areas. And it can increase irrigated area and bridge
the gap between potential created and actual irrigated area.

8. CONCLUSIONS

In this paper, we had evaluated the physical and economic performance of diggiswith sprinkler irrigation
for farmers of different land holding sizesin IGNP command area. The diggi combined with microirrigation has
substantially increased the irrigated area, yield, with improved input management and finally the net income
benefits from crop production.

The capital cost of diggi and other infrastructure can be recovered within 6 yearsin afarm of size6 ha.
At larger land holding sizes, the returns to investments are much higher, and the investment can be recovered
quickly from increase in crop production itself. The diggi can aso become a viable option for small land
holders, if they grow high-valued crop or diversify their farming to include fisheries. Due to the vegetarian diet
being followed in thisregion, whether this type of intervention would be successful or not is not clear. However,
given the present trends in states such as in Andhra Pradesh, where most of the inland fish production is
exported for consumption outside the state, it is likely that with proper marketing facilities this can be a viable
option in the IGNP project in Rgjasthan.

It is clear that adiggi can: 1) mitigate the waterlogging and salinity in canal command area, 2) spread
microirrigation; 3) help promote crop diversification; and 4) mitigate water scarcity in tail reach. All these
require further research and extension in the IGNP canal command areas.
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The intermediate storage structures with micro irrigation technologies, such as diggi and sprinklersin
the IGNP, can be a viable solution to water scarce areas in other parts of the country. While they increase the
private benefits, they could mitigate the environmental impacts such as waterlogging and salinity in high water
table areas and reducing groundwater overdraft in semi arid and arid areas.

We need to further explore whether the use of diggisin the head reach farms could mean making more
water available to tail end areas. This isimportant for successful completion of Phase Il and Il of the IGNP.
The reason is that completion of these phases of the project would depend largely on water availability in the
main canal for delivery to downstream locations.

Although, size of the sample from g roundwater irrigated areas for this study is not large, the general
patterns show that an intermediate water storage structures are economically viable there also, even though
they are highly energy-intensive. However, more research is required to assess the impacts of these intermediate
structures on energy requirements, or to know at what level of energy prices can these structures be viable.
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IMPACT OF QUALITY AND RELIABILITY OFIRRIGATION ON FIELDAND FARM
LEVEL WATER PRODUCTIVITY OF CROPS

Kairav Trivedi*and O. P. Singh?

Abstract

This paper examines the impact of quality and reliability of irrigation on water productivity of individual
crops and cropping system in the farm through comparison of crops watered by different types of irrigation systems
such as canal irrigation; well irrigation and conjunctive use. Then it analyzes the actual factors that drive differential
productivity, and which change due to change in quality and reliability regime of irrigation. The study area is Bist
Doab area in Punjab and the analysis was carried out for two agro-climatic regions, both semi-arid, one having
medium to high rainfall and the other having low to medium rainfall. The first location (Changarwan) is predominantly
canal and well irrigated, whereas the second location (Skohpur) has well irrigation and conjunctive use.

The analysis involved working out an index called “irrigation quality index” for different types of irrigation
systems, and then compares water productivity of individual crops vis-a-vis estimated values of this index, for each
location. The crop water productivity parameters analyzed are: physical productivity of water in kg/n?; and water
productivity in economic terms.

Overall, the irrigation quality index was higher for: well irrigated fields as compared to canal irrigated
fields and fields irrigated by both wells and canals in Skohpur; and canal irrigated fields for most crops in Changarwan.
Comparison of irrigation water quality index estimated for major crops under different sources of irrigation vis-a-vis
the water productivity of the respective crops show that differential reliability has an impact on economic productivity
of water (Rs/m?). The fields, which received irrigation water of higher quality and reliability got higher water
productivity in rupee terms. However, the impact of differential quality and reliability was not visible on physical
productivity of water for fodder crops.

Contrary to the belief that higher quality and reliability of irrigation would result in better yields, the fields,
which were receiving poor quality irrigation gave higher yields. This was primarily due to the high nutrient load
which canal water contained that increased the yield of those crops. Fodder crops also gave higher yields under less
reliable irrigation water supply. Hence, one can conclude that improved quality and reliability of irrigation would
help enhance the water productivity in crop production.

1. INTRODUCTION

The criteria for evaluating irrigation systems have undergone major modifications in the last 30 years
from the classical irrigation efficiencies to measuring performance using avariety of indicators (see Bastiaanssen
and Bos, 2001), taking into account productivity of irrigation water with accent onyield (Perry and Narayanamurthy,
1998; Sarwar and Perry, 2002; Seckler et al., 2003), and revenue enhancement per unit of depleted water
(Barker et al., 2003); and equity in water distribution (Svendson and Small, 1990). As scarcity of irrigation water
is becoming evident in many regions and demand for water increasing from other competing sectors of use
(Perry and Narayanamurthy, 2001), there is a need to assess the quality of irrigation services in relation to
productivity of water rather than land (Sarwar and Perry, 2002). This means, the criteria for assessing system-
wide irrigation management strategies adopted by irrigation agencies a so needs to be revisited. In other words,
the factors that need to be taken into account for assessing the quality of irrigation also needs to change, the
reason being the factors that influence yield are not exactly same as those, which influence water productivity.

1Scientific Officer, International Water Management Institute, South Asia Sub-regional Office, Patancheru, Hyderabad.
Email: k.trivedi @cgiar.org
2 Agricultural Economist, Dept. of Agricultural Economics, Banaras Hindu University, Varanasi, UP.
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Crop water productivity can be defined either as the yield per unit of water depleted in crop production
or applied for crop production; or the net return from crop production per unit of depleted water or water applied
(Kijne et al., 2003). Hence, the key drivers of change in water productivity are: amount of water depleted in crop
production as it changes both the numerator and denominator of productivity parameters; and all crop inputs
including crop variety, fertilizer and pesticide dosage and labour as they determine the crop yields and net
returns, which change the numerator of water productivity. Now let us see how the reliability and quality of
irrigation affects these drivers; and therefore water productivity. It is an established fact that while crop yield or
biomass production increases in proportion to increase in transpiration, at higher doses, irrigation does not result
in beneficia transpiration, but non-beneficial evaporation. This way, increased evapo-transpiration does not
result in proportional increase in yield of crops (Vaux and Pruitt, 1983). Non-recoverable deep percolation is
another non-beneficial component of the total water depleted from crops during irrigation (Allen et al., 1998).
This aso increases at higher dosage of irrigation.

It is very likely that with greater quality and reliability of irrigation, the farmers are able to provide
optimum dosage of irrigation to the crop, controlling the non-beneficial evaporation, and non-recoverable deep
percolation. The result will be that the consumed fraction will remain low, and the fraction of beneficial evapo-
transpiration within the consumed fraction (CF) (depleted water) will remain high?. It is also possible that with
high reliability of available supplies, even under scarcity of irrigation water, the farmers can adjust their sowing
time such that they are able to provide critical watering, thereby obtaining high yield responses. Both result in
higher water productivity. Further, if more reliable irrigation water is available, farmers would be encouraged to
use high yielding varieties, and apply adeguate amount of fertilizers and pesticides to their crops, resulting in
better crop yields. Hence, the overall outcome of improved quality and reliability of irrigation would be higher
water productivity.

The purpose of the paper isto: i] develop quantitative criteriafor measuring the quality and reliability of
irrigation water that capture the complex physical variables relating to irrigation and affecting crop water pro-
ductivity; ii] assesstheimpact of quality and reliability of irrigation on water productivity in agriculture, through
analysis of individual crops; and then, iii] analyze the factors that cause differential water productivity, and
which change due to change in quality and reliability regime.

2. REVIEW OF LITERATURE ON ANALYZING THE IMPACT OF IRRIGATION
MANAGEMENT STRATEGIES

The recent past has seen an increase in enthusiasm among irrigation researchers worldwide, in trying to
develop indicators for measuring performance of irrigation systems and also to assess the impact of different
irrigation management strategies on crop yields and productivity of land and water quantitatively, in view of the
growing shortage of irrigation water, and the competing demands for water from other sectors. Four main
strategies, which were examined are: providing deficit irrigation; improving the timeliness of irrigation; precision
irrigation; and improving the quality and reliability of irrigation. One of the motivating factors behind thisis to
identify the best strategy for improving the performance of irrigation systems, given its potential as a powerful
tool to manage the demand for water in agriculture.

Svendson and Small (1990) analyzed farmers perspective of irrigation system performance. They
found that the way farmers evaluate performance of irrigation systems mainly concern the outcomes and
impacts of irrigation systems rather than the processes involved in managing irrigation such as staffing policies
of the agency, pattern of communication and nature of farmers' participation in water users associations.
According to them, the ten important measures that farmers use to assess irrigation system performance are:
depth related measures viz., adequacy, equity and timeliness; farm management related measures such as trac-
tability, convenience and predictability; and water quality related measures viz., temperature, sediment content,
nutrient content, toxics and pathogens. How these criteria can be converted into normative indicators for analyz-
ing irrigation system performance, or even strategies for improving the same were not addressed.

2See Allen et al., (1998) for detailed discussion on various components of the applied water, such as consumed water, consumed
fraction, beneficial transpiration, non-beneficial evaporation from the soil and non-recoverable deep percolation.
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Bastiaanssen and Bos (1999) argued that a new generation of irrigation performance indicators such as
adequacy, equity and productivity could be quantified using remote sensing data, based on previous work by
severa scholars such as Azzali and Menenti (1987), Bastiaanssen (1994), Menenti et al. (1989), Moran (1994),
Roerink et al. (1997). For instance, Menenti et al. (1989) measured equity in irrigation water distribution by
evaluating the actual flow per unit irrigated area, at different spatial scales, in which the irrigated area was
measured using satellite data. Moran (1994) used vegetation index and surface temperature to assess the ad-
equacy. Bastiaanssen (1994) expressed adequacy inirrigation as aratio of the total energy consumed by the crop
in theform of ET and the total energy available for ET, and computed it from surface energy balance. He argued
that equity inirrigation performance could be evaluated by taking adigital overlay of the SEB, with administrative
boundaries and calculating the coefficient of variation across space. Roerink et al. (1997) extended the ET
fraction approach used by Bastiaanssen (1994) and calculated coefficient of variation of actual ET over tota
water supplied to quantify productivity.

There were lots of anecdotal and research based evidences from around the world showing differential
productivity gainsinwell irrigation over canal irrigation vis-a-visyield and water productivity, and this gain has
been attributed to virtues of well irrigation over canal irrigation such astimeliness, and greater quality in terms of
adequateness and control over water delivery (Llamas, 2000; Chakravorthy and Umetsu, 2004). Some empirical
studies showed positive impact of timeliness of irrigation on paddy yields in canal command areas (Meinzen-
Dick, 1995). Whereas some studies showed positive differential yield and net returns from crop production in
diesel engine irrigated crops over electric-pump irrigated crops (Kumar and Patel, 1995), with the difference
being attributed to accessto and control over irrigation possible with diesel engine operated wells, i.e., the ability
of the farmers to irrigate the crop as and when required or better “timeliness’.

Studies in Pakistan Punjab showed greater yields obtained by farmers who use conjunctiveirrigation in
canal command areas as compared to those who use only canal water for their wheat and rice crop (Hussain et
al., 2003). A study by Sarwar and Perry (2002) in Indus plains of Pakistan, which simulated crop growth and
ET under different irrigation schedules, using SWAP (Soil-Water-Atmosphere-Plant) model showed that it is
possible to enhance crop water productivity through deficit irrigation. The study showed 47% higher crop water
productivity under deficit irrigation conditions as compared to unrestricted irrigation supply condition, which led
to the conclusion that while applying water to meet the exact crop water requirement would be the right strategy
under situations of plentiful water, in situations of scarcity, restricted water supply would be the strategy to
maximize productivity of water. But, whether irrigation isin deficit regime, or in water surplusregime, is highly
crop specific, and their actual impacts on crop production cannot be assessed redlistically, unless the farmers
response in terms of crop choices are a'so modeled.

According to another analysis by Perry and Narayanamurthy (1998), rationing irrigation to make it
available during critical stages, which correspond to points where the yield sensitivity to ET is high, is a useful
strategy in enhancing crop yields. However, there are practical problems in assessing quality of irrigation in
terms of water availability during critical stages, and then applying it to devise appropriate water delivery policy
for an irrigation scheme. First: the sowing time for crops varies significantly across farmers within the same
irrigation command thereby the timing for critical watering changes across farmers. Second: farmers in many
irrigation systems in Asia grow multiple crops with critical stage with respect to “growth response to ET”
differing widely. More over, the quality of irrigation available from an irrigation system cannot be assessed in
relation to water availability during critical stage alone.

In a nutshell, review of available irrigation literature shows that the studies cover either analysis of
different indicators for analyzing irrigation system performance from different perspectives - farmersand irriga-
tion agencies; use of different scientific methodol ogies to assess the performance of irrigation schemesin terms
of crop yields or crop growth; or different approaches to improve the performance of irrigation systems in
terms of their outcomes, under a set of conditions existing in the field vis-a-vis crops and climate; or merely
qualitatively analyzetheimpact of quality of irrigation on crop yields. But, it isimportant to note here that thereal
field outcomes of introducing irrigation management strategies suggested by such crop growth-based econo-
metric models (see for instance, Perry and Narayanamurthy, 2001) would deviate from the model predictions.
Thisis because such models fail to take into account the farmers’ decision making variables with regard to crop
choices under different irrigation water supply regimes. Most of the studies assess productivity in relation to
land.
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Such studies, therefore, leave major information gaps about the governing parameters in irrigation
management that need to be manipulated for improving the performance and that are critical for working out
operational policies for irrigation management, and their expected outcomes. There is hardly any empirical
research that attempts to develop quantitative criteria, which uses measurable physical indicators, for assessing
the quality and reliability of irrigation and which captures the complex variables such astimeliness of irrigation,
physical accessto irrigation water source, water delivery rates and control over water delivery®. Such quantita-
tive measures are important for working out operational policies for irrigation management.

Further, very little is known about how improved quality and reliability of irrigation cause differential
productivity, and the extent to which they contribute. What is best known is the physical processes involved in
plant growth, and how that changes with irrigation. But, what is needed is the real life impacts of different
irrigation management interventionslikeimproving “ quality and reliability” of irrigation on productivity of water.

3. THE STUDY OBJECTIVES AND METHODOLOGY
3.1 Study L ocation

In Bist Doab area of Punjab, the climate varies from semi arid to hot, sub-humid from south west to
north east (Hira and Khera, 2000). The Bist Doab area provides a unique opportunity to analyze the impact of
reliability of irrigation on crop yields and water productivity. The reason is the presence of farmers using canal
water, groundwater and both in the same location with similar agro-climate. Also, incidentally, there are pockets
wherereliability of canal irrigation is quite high, against locations which are traditionally known for poor quality
canal irrigation. This can help overcome the problem of wrongly attributing differential productivity to aparticu-
lar source of irrigation.

One of the locations (Changarwan village) chosen for the study in Hoshiarpur district, which receives
adequate amount of canal water from Shah Neher canal. Very few farmers have wells, which are located outside
the command. But, farmers who receive canal water do not practice well irrigation. The area, which is part of
the sub-mountainous region of Punjab, receives nearly 900mm of rainfall, and is hot and sub-humid. The second
location (Skohpur village) located in Nawanshehr district is well known for intensive well irrigation, and the
canal water supply is generally poor, except in very good rainfall years. The area receives amean annual rainfall
of approximately 450 mm (source: based on Hira and Khera, 2000). Most of the farmers who receive canal
water also practice well irrigation, at least for some crops.

3.2 Objectives

The objective of this paper is to analyze the impact of quality and reliability of irrigation on field level
water productivity of crops. This is done by comparing the physical productivity of water for individual crops;
and water productivity in economic terms under different types of irrigation systemswith differential quality and
reliability vis-a-vistheirrigation quality and reliability index for these systems.

3.3 Methodology*, Sampling, Analytical Procedures

Thequality and reliability of irrigation influences water productivity in many different ways. First, good
quality and reliableirrigation services provide farmers with the opportunity of optimizing the dosage of irrigation,
which can help prevent non-beneficial evaporation of soil moisture from the field during the crop development
stages and residual moisture in the soil after the crop harvest thereby bringing the depleted water close to
beneficial ET. Reliable and quality irrigation would motivate farmersto use fertilizers adequately, use high yield-
8 Thisdoes not ignore the fact that several scholars had highlighted the need for improving the timeliness or irrigation on crop yields
(Meinzen-Dick, 1995); providing watering at critical stages of crop growth (Perry and Narayanamurthy, 1998); and deficit irrigation
under situations of water scarcity as crucial factorsin enhancing productivity (Sarwar and Perry, 2002)
4This part draws heavily on the proposdl titled “ Analyzing the Trade offsin Maximizing Farming System and Regional Level Water
Productivity” prepared by M. Dinesh Kumar for submission to the Department of Environmental Sciences, Wageningen University
and Research Centre, Wageningen, the Netherlands.
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ing seed varieties, invest in agronomic practices and also go for high-valued crops that involve more risk. This
would positively affect yield. Since, differential input costs need to be factored in the productivity analysis,
combined physical and economic productivity of water also need to be compared. Further, since cropping
pattern might change from one source to another, overall net water productivity (R¥m?), including all the crops
needs to be compared for understanding the real impact (Kumar, 2005).

Since there are perceptible differencesin the quality and reliability of irrigation between canal irrigation
and well irrigation and also between well irrigation and conjunctive use, the impact of reliability and quality on
water productivity can be compared by comparing field level water productivity of depleted water for the same
crop for these different sources (both in Kg/m? of applied water and Rs/m? of applied water). It is aso important
to quantify the quality and reliability of irrigation using certain realistic criteria based on physically measurable
indicators. Then the productivity values for different sources will be compared against the estimated values of
quality and reliability of the source.

The sample size for Changarwan village is 36, with 18 farmers using canal irrigation and 18 using well
irrigation. In case of Skohpur village the sample sizeis 35, of which the farmers using well irrigation are 21 and
those adopting conjunctive use are 14. Among these, there are 3 farmers who use only canal water supply for
irrigating certain crops.

Primary data were collected from the sample farmers, in both the locations using real time monitoring.
The data collected included: area under different irrigated crops,; date of sowing and harvesting; the actual
irrigation schedules including the timing and duration of each watering; crop outputs; the price of produce (price
at which it is being procured by Food Corporation of India); the discharge of pumps; canal discharge rate.

4. ESTIMATING RELIABILITY AND QUALITY OF IRRIGATION

The differential quality and reliability of irrigation vis-&vis a crop can be quantitatively estimated by
using certain irrigation related physical parameters. They are: water control index; no. of irrigations; average
duration per watering per unit cropped area; and maxiggum time duration between two waterings during the
entire crop season. It is argued here that higher frequency improves the quality and reliability of irrigation. Also,
the greater the duration of watering, the better would be the quality. On the contrary, greater the time gap
between two watering for the same crop, poorer would be the quality of irrigation and greater would be the
chances for crop damage due to water stress. Correct dosage of water could prevent leaching of fertilizers and
other nutrients in the soil, thereby maintaining good growth.

Quality and reliability of irrigation for wells, canals and conjunctive use for a farmer, with respect to a
given crop is assessed in terms of an irrigation quality index ( J, y defined by

dzw ........................................... 7
t|

= [ag—bg]where, 2=0.13 and b=0.0026

Whereis {J, the water control index for farmer |, In and Id, are the number of irrigations and duration
of irrigation (hr/acre), respectively, given by the sample farmer | for a crop;t, is the maximum time duration
between any two consecutive watering given by sample farmerfor | the crop in days. q, isthe rate of water
delivery (I/s) for that farmer. It is assumed that a water delivery rate of 15 litres per second is best for the crop
for which the index would be one and accordingly the values of coefficients a and  were estimated. Further,
the relationship between Jand  isassumed to be according to a convex curve. Fromtheindex  obtained for
each farmer in the sample, the mean values would be estimated and compared against the field level water
productivity.

The way quality and reliability of irrigation is measured for a particular farm will have to be different
from that for a particular field. This is because unlike in case of afield, in afarm, there would be many crops,
each having different irrigation requirements, in terms of dosage and frequency. Therefore, assessing the quality
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and reliability of irrigationin relation to number of irrigations given, duration of irrigation and the maximum time
duration between two waterings would be futile. For a farm, the parameters that matter when it comes to
comparing reliability and quality between two sources of irrigation are: 1] the total time duration for which water
is available at the farm gate for a given cropped area; 2] the time interval between two consecutive water
deliveries at the farm gate; and, 3] the degree of control with which water can be applied in the field, which is
determined by water control index.

Quality and reliability of irrigation with respectsto al the cropsin afarm can be assessed quantitatively
as afunction of the water control index ( ); the average duration of water delivery per unit cropped areain the
farm (hours per ha); and an inverse function of the cumulative timeinterval between water deliveriesin the
farm t _¢,m (hours). The underlying premise in developing these criteriais that greater the duration of water
delivery in the farm, greater would be the ability of the farmer to manage hisirrigation. Larger the time interval
between two water deliveries, lesser would be the reliability of the water supplies. Again, higher the water
control index, greater would be the ability to provide optimum dosage of irrigation.

The detailed analytical procedure employed for estimating water productivity parametersis availablein
Kumar et al. (2008).

5. RESULTS AND DISCUSSION
5.1 Quality and Reliability of Irrigation Water Supplies for Different Irrigation Systems

Based on real time data on irrigation schedules, duration of irrigation and the water delivery of the
source, theirrigation quality index was estimated for all the sources, viz., well irrigation, conjunctive irrigation
and canal irrigation. The estimates for Changarwan are provided in Table 1 and that for Skohpur are provided in
Table 2. As Table 1 shows, the 1Q value is higher for well for all crops except paddy. Thisis understandable. In
the case of wells, for a given crop, the number of irrigations was much higher. Also, the time gap between two
consecutive watering was higher. In the case of paddy, the index is dlightly higher for canal.

Table 1: Estimates of quality and reliability for canal irri§dfion and well irrigation at Changarwan (Zone 1) for
selected crops

Seacon Crop of Ingation i
Kharif Paddy Well 2.66
Cand 3.33
Maize Wl 10.28
Cand 0.65
Bara Wl 1.37
Cand 0.25
Winter Wheat Wel 2.26
Cand 0.5
Barseem Wl 0.44
Cand 0.17

Source: author’s own analysis based on primary data

In the case of Skohpur, there are three sources of irrigation, i.e., well, cana and conjunctive use. The
IQ values are higher for well irrigation except for kharif bajra and maize. For maize, the 1Q value is highest for
conjunctive irrigation, and in the case of bajra the value is highest for canal.
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Table 2: Estimates of Quality and Reliability for Well irrigation, Canal Irrigation and Con-
junctive Use at Skohpur (Zone I11) for selected crops

Season Crop Source Irrigation Quality
of Irrigation Index
Paddy Wl 26.77
Candl 13.51
Conjunctive 28.16
Maize Well 263
Kharif Candl 5o
Conjunctive 5.01
Bara wdl 1.44
Cand 2.29
Conjunctive 1.16
Whest Wl 1.05
Candl 0.87
Winte Conjunctive 1.25
Cand 1.17
Conjunctive 0.32

Source: author’s own estimates based on primary data

5.2 Water Productivity of Different Crops

The mean values of crop yields, and estimated mean values of irrigation dosage, and water productivity
in physical and economic terms for the major crops viz., paddy, maize, bajra, wheat and barseem for well
irrigated crops and canal irrigated crops are presented separately in Table 3 and Table 4. Comparing crop yields
between irrigation sources show higher yield values for canal irrigated fields. The comparison shows the follow-
ing: 1] the irrigation dosages are much higher for canal-irrigated fields for all the five crops; 2] physical produc-
tivity of water is higher for well-irrigated fields, for paddy, maize and wheat; and 3] the values of water produc-
tivity in economic terms are higher for well- irrigated fields for maize, bajra and wheat.

The irrigation dosages are excessive for fields, which are receiving canal water. But, till theyields are
much higher for these fields when compared to well-irrigated fields in spite of the fact that the well irrigated
fields are getting adequate quantities of water. One important reason for this differential yield is the chemica
quality of irrigation water available through canals. As reported by the farmersin Changarwan village, the canal
water, which comes from Bhakra irrigation scheme in Punjab-Himachal border is very rich in many minerals
from the hilly catchmentsin the Shivalik hills. The continuous availability of thiswater for the past four decades
had made the land receiving this water also very fertile. Hence, the nutrient regime in the soil is much higher in
the canadl irrigated fields.

The mean values of crop yields, mean values of estimated irrigation dosage, and mean values of estimated
water productivity in physical and economic termsfor the major cropsirrigated by wells, canals and conjunctive
method in Skohpur village are presented separately in Table 5, Table 6 and Table 7, respectively. Comparison
across sources shows the following: 1] the depth of irrigation is highest for fields irrigated by candls, followed
by conjunctive use, and lowest for wells for paddy and wheat; 2] the yield is higher for well irrigated fields for
paddy, and barseem, whereas it is higher for cana irrigated fields in the case of maize; 3] the physical produc-
tivity of water is higher for well irrigated fields in the case of paddy, bajra, and wheat and highest for cana
irrigated field in the case of maize. As regards water productivity in economic terms, values were higher for
well-irrigated fields for al crops except bajra.
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Table 3: Water Productivity Estimates of Different Crops under Well irrigation at Changarwan (Zone 1)

Well Irrigation
Total Net Water Weater
c [rrigation CropYidd Income Productivity in Productivity
rop Water Use [ko/acre] [Re/acre] Main Product [Rs./m?]
[m3/acre] [kg/m?]
Paddy 3518.5 1169.5 548.8 0.57 0.32
Maize 598.7 941.7 1629.3 1.53 6.44
Bara 1497.9 6025.0 3425.5 7.82 0.43
Wheat 9154 1003.6 754.1 1.97 4.45
Barseem 1184.5 4864.6 9474.0 1.72 12.99

Source: authors' own estimates based on primary data

Table 4: Water Productivity Estimates of Different Crops under Canal Irrigation at Changarwan (Zone 1)

Canal Irrigation
Total Net Water Water
Cro Irrigation CropYidd Income Productivity in Productivity
P Water Use [kalacre] [Re/acre] Main Product [Rs./m?]
[m3/acre] [kg/m?]
Paddy 5849.8 1661.2 6183.8 0.41 1.50
Maize 2600.0 880.0 4336.2 0.53 2.00
Bara 1935.8 8122.2 7358.2 10.41 0.09
Wheat 1109.0 1100.6 2465.4 157 3.46
Barseem 2488.5 7216.7 16454.0 3.60 24.01
Source: authors' own estimates based on primary data
Table 5: Water Productivity of Different Crops under Well Irrigation at Skohpur (Zone 3)
Well Irrigation
Total Net Water Water
c Irrigation Crop Income Productivity in Productivity
rop Water Use production [Re/acre] Main Product [Rs./m?]
[m3/acre] [kalacre] [kg/m?]

Paddy 4548.0 2270.0 12520.7 0.79 4.46
Maize 1381.0 1060.0 310.3 3.30 6.34
Bara 1040.9 5607.8 -244.40 17.21 0.37
Wheat 697.5 1494.1 8584.8 341 19.80
Barseem 3050.6 6214.3 12676.8 3.52 30.28

Source: authors' own estimates based on primary data
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Table 6: Water Productivity Estimates of Different Crops under Canal Irrigation at Village Skohpur (Zone 3)

Canal Irrigation
Totd Net Water Water
Irrigation Crop Income Productivity in Productivity
Crop Water Use production [Re/acre] Main Product [Rs./m?]
[m3/acre] [kg/acre] [kg/m?]
Paddy 11722.6 1766.7 3966.2 0.20 0.06
Maze 2836.1 1260.0 6656.4 9.15 1.99
Bara 6433.6 4500.0 1752.2 1.45 1.03
Wheat 1787.0 1592.9 9820.0 2.37 14.32
Barseem 2382.3 5400.0 11263.7 241 10.56

Table 7: Water Productivity Estimates of Different Crops under Conjunctive use of Irrigation at village Skohpur

(Zone 3)
Conjunctive Use
Total Net Water Weater
Cro Irrigation Crop Income Productivity in Productivity
P Water Use production [Re/acre] Main Product [Rs./m?]
[m3/acre] [kg/acre] [kg/m?]

Paddy 7740.0 2188.9 11628.3 0.79 4.19
Maize 1247.4 783.3 1635.8 0.73 1.50
Bara 475.20 8600.0 4400.0 9.05 4.38
Wheat 1745.0 1518.3 9528.8 251 16.99
Barseem 3909.6 5675.0 8869.40 3.76 9.73

Source: authors' own estimates based on primary data

5.3. Impact of Quality and Reliability of Irrigation on Water Productivity of Crops

Table 8 shows the estimates of irrigation quality index for five major crops under two major sources of
irrigation, viz., wells and canals, and the corresponding estimates of physical and economic productivity of
water for these crops for Changarwan village. It can be seen that in situations where the irrigation quality index
is higher, the water productivity in economic termsis higher. The only exception is barseem. Another interesting
observation is that water productivity in economic terms does not follow the same trend as that of physical
productivity of water. The physical productivity of water was found to be higher for fields, which have lower
irrigation quality index, in the case of paddy, bajra and barseem.

One reason for this could be the difference in duration of the crop between fields under different
sources of irrigation. In crops such as bajra and barseem where only leafy biomass is harvested, if water is
available in plenty through excessive water delivery, farmers might take more harvests of these fodder crops
with more number of irrigations. This would reduce the value of 1Q, but may not reduce physical productivity
of water as the biomass output would increase in proportion of the amount of water.
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Table 8: Productivity of Water for Crops at Changarwan (Zone 1)

Source Irrigation Water Water
Crop of Quality Index Productivity Productivity
Irrigation (kg/m?3) (RImMd)
Paddy Well 2.66 0.57 0.32
Cand 3.33 0.41 1.50
Maze Well 10.28 153 6.44
Cand 0.65 0.53 2.00
Bara Wl 1.37 7.82 0.43
Cand 0.25 10.41 0.09
Wheat Well 2.26 1.97 4.45
Cand 0.5 157 3.46
Barseem Well 0.44 6.53 12.99
Cand 0.17 10.23 24.01

Source: authors own estimates based on primary data

Table 9 shows the estimates of irrigation quality index for five major crops under well irrigation, canal irrigation
and conjunctive use, and the corresponding estimates of physical productivity and economic productivity of
water for these crops for Skohpur village. Similar to what was seen in the case of Changarwan, comparing well
irrigated crops and canal irrigated crops in Skohpur shows that water productivity (Rs'm?®) was found to be

higher for fields which have higher estimated values of irrigation quality and reliability except paddy.
Table 9: Productivity of Water for Crops at Skohpur (Zone 3)

Source Irrigation Water Water
Crop of Quality Index Productivity Productivity

Irrigation (kg/m?3) (RImMd)

Paddy Wl 26.77 0.79 4.46

Cand 13.51 0.20 0.06

Conjunctive 28.16 0.79 4.19

Maze Well 2.63 3.30 6.34

Cand 22 9.15 1.99

Conjunctive 5.01 0.73 1.50

Bara Well 1.44 17.21 0.37

Cand 2.29 1.45 1.03

Conjunctive 1.16 9.05 4.38

Wheat Well 1.05 341 19.80
Cand 0.87 2.37 14.32

Conjunctive 1.25 251 16.99

Barseem Well 1.43 3.33 30.28
Cand 117 241 10.56

Conjunctive 0.32 2.02 9.73

Source: authors' own estimates based on primary data
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5.4 How Water Productivity in Crop production Changes with Quality and Reliability of Irrigation
Water ?

We have begun our analysiswith the premisethat improved quality and reliability of irrigation, expressed
in terms of irrigation quality index (1Q), would be able to manipulate the water productivity parameters through
controlling the major drivers of change in water productivity such as irrigation dosage, fertilizer and pesticide
inputs.

Increase in irrigation dosage, largely, increases the beneficial evapo-transpiration from the crop, and
therefore the crop yield. But, excessive irrigation will not have any positive effect on crop yields. On the other
hand, it increases the value of denominator of water productivity. We have seen that the 1Q values are much
higher for well-irrigated fields for both the locations. Simultaneously, the irrigation dosages are much higher in
canal irrigated fields as against well-irrigated fields for most crops in Changarwan. Also, it was much higher in
canal irrigated fields and field irrigated by both canals and wells, than that of well irrigated fields for most crops
in the case of Skohpur. This means that the highest influence of 1Q index is in controlling the water delivery in
thefield.

Excessive dosages of irrigation are likely to reduce both the physical and economic productivity of
water. But, fertilizer and pesticide dosage and labour input are also other drivers of change in water productivity
asthey can increase the yield, without changing the denominator of water productivity in kg/me. Generally, their
effect on physical productivity of water would be positive. At the same time, these inputs can increase the cost
of production significantly, and therefore its marginal impact on the net returns may not always be positive. We
have begun our analysis with the assumption that better quality and reliability inirrigation serviceswould lead to
optimal use of other inputs such as fertilizers, pesticides and labour.

Comparative analysis of crop inputs such as fertilizer, pesticide and labour use between crops, which
receiveirrigation of differential quality and reliability does not fully support this hypothesis. In Changarwan, for
instance, the change in levels of fertilizer and pesticide dosage with change in source of irrigation was found to
be significant only for paddy, wheat and maize. What emerges from the comparison is that the dosage of these
inputs does not increase with increase in reliability of irrigation water (Table 12). Thisis evident from the fact
that canal-irrigated fields, which have lower reliability, do not necessarily receive lower dosage of fertilizer and
other inputs. One reason could be that asthe irrigation dosageis very high in the case of canalsresulting in heavy
percolation, farmers provide for leaching of fertilizers, which occur due to it. Another reason could be that the
quality and reliability does not matter so much for fodder crops such as bajra and barseem, farmers try to obtain
higher yield through higher dosage of inputs. Significant difference in labour use was found between sources,
for three crops viz., paddy, maize, and barseem. Here, contrary to what was generally perceived, labour input
was higher for fields, which received irrigation water of lower reliability.

Analysis for Skohpur (Table 13) shows that there is no general pattern in the input use vis-a-vis source
of irrigation or quality and reliability of irrigation. Similarly in the case of labour input also, no general patternis
seen to be emerging. As aresult, lower quality and reliability of irrigation does not necessarily result in lower
water productivity in physical terms, but in economic terms, as shown by mgjority of the cases from both the
field locations.
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Table 12: Comparison of Input Use and Water Productivity in Economic Terms at village Changarwan (Zone 1)

Crop Source of 'ggjiito” Input Use (Rs./acre) L abour Weter
Irrigation y - - (Rs./acre) | Productivity

Index Fertilizer Pesticide (Rs./m?3)
Paddy Wl 2.66 607.8 179.0 1393.81 0.32
Cand 3.33 701.5 157.0 1207.37 1.50
Maize Well 10.28 566.3 1355 3333 6.44
Cand 0.65 272.3 196.2 666.6 2.00
Bara Well 1.37 215.0 - 1200 0.43
Cand 0.25 242.9 - - 0.09
Wheat Well 2.26 629.1 176.0 918.6 4.45
Cand 0.5 7755 169.8 944.6 3.46

Barseem Well 0.44 438.5 120.0 560 12.99
Cand 0.17 426.5 350.0 300 24.01

Source: authors' own estimates based on primary data

Table 13; Comparison of Input use and Water Productivity in Economic Terms at village Skohpur (Zone 3)

Crop Ir(gl?::it(;n Soyrcg of Fertilizer Pesticide Labour Pro\clj\lﬁa(;:z/ity
Index [rrigation (Rs./acre) | (Rs./acre) | (Rs./acre) (Rs/m?)
Paddy 26.77 Wl 1004.9 151.9 1032.0 4.46
13.51 Cand 857.70 245.7 1195.2 0.06
28.16 Conjunctive 1019.4 196.0 1047.6 4.19
Maize 2.63 Wl 954.0 228.4 1201.2 6.34
2.2 Cand 1058.7 148.9 966.6 1.99
5.01 Conjunctive 1007.3 178.3 2815 1.50
Bara 1.44 Well 345.0 - 845.0 0.37
2.29 Cand 500.0 55.0 500.0 1.03
1.16 Conjunctive - - - 4.38
Wheat 1.05 Wl 835.2 199.2 824.8 19.80
0.87 Cand 1080.7 206.7 727.7 14.32
1.25 Conjunctive 875.9 165.6 1300.0 16.99
Barseem 1.43 Well 535.9 - - 30.28
1.17 Cand 591.0 495.0 466.6 10.56
0.32 Conjunctive 675.0 175.0 - 9.73

Source: authors' own estimates based on primary data
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The quality and reliability of irrigation had some impact on the cropping pattern chosen by the farmers.
The well irrigators in Changarwan were allocating more area under maize during kharif season as compared to
canal irrigators (see Table 14 and 15). Obviously, maize is a low water consuming crop when compared to
paddy. But, it is not a highly water-efficient crop either. There are two reasons for greater preference for maize.
One is the water shortage during summer months induced by restricted power supply in the farms. The other is
the high cost of diesel required for pumping groundwater. In Punjab, monsoon arrives in the first week of July,
while the transplanting of paddy startsin Juneitself. During the month of June, the potential evapo-transpiration
of the crop rapidly goes up dueto very high temperatures and high aridity, and the crop needs frequent waterings.
This makes paddy production with diesel pump irrigation an un-attractive proposition for the farmers. But, the
canal irrigators in the same village get plenty of canal water for paddy, with good reliability as seen from the
estimates of quality and reliability of canal water supply for paddy in that village. Hence, they are ableto all ocate
more land for paddy.

Contrary to this, in Skohpur village, the reliability of canal water supply is very poor. This is evident
from the discussions with the farmers, and the irrigation quality and reliability index estimated for canal water
supplies for paddy. The lower reliability of canal water suppliesisforcing farmersto allocate much less area for
water-intensive paddy. The main reason for thisis that the returns from paddy are dependent on the adequacy of
irrigation water applied, as seen from the comparison of net returns from paddy. While the well irrigators get net
returns of Rs. 12000 from an acre of paddy, the canal irrigators get Rs.3900 per acre in that village. Hence, we
could infer that quality and reliability of water influences the cropping pattern wherein the farmers choose crops,
which give higher return from every unit of land they cultivate.

Table 14: Comparison of cropping pattern at village Changarwan (Zone 1)

% of area under different water source
crop Wl Cand
Paddy 3141 43.41
Maize 11.42 2.37
Bajra(GF) 521 7.14
Wheat 44.85 42.15
Barseem 5.93 4.90

Source: authors' own estimates based on primary data

Table 15: Comparison of cropping pattern at village Skohpur (Zone 3)

c % of area under different water source
ro|

P Wel Cand Well + Cand
Paddy 24.1 9.99 48.90
Maize 18.5 25.8 7.52
Bajra(GF) 4.56 8.43 1.25
Wheat 42.3 445 28.5
Barseem 6.72 10.2 4.7

Source: authors own estimates based on primary data
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6. FINDINGS AND CONCLUSIONS

In this paper, we have devel oped quantitative criteriafor ng the quality and reliability of irrigation
water, and using these criteria, a composite index called the irrigation quality index was developed. The index
uses the water control index, a function of water delivery rate; the frequency of irrigations; the duration of
irrigation; and the maximum time gap between two consecutive waterings as the determinants. The index was
worked for different crops under three different sources of irrigation in Bist Doab area.

Overall, theirrigation quality index was found to be higher for well irrigated fields as compared to canal
irrigated fields and fields irrigated by both wells and canals in Skohpur village. But, the estimates of irrigation
quality index were found to be higher for canal irrigated fieldsthan well-irrigated fiel dsin the case of Changarwan
village for afew crops. Thisisin confirmation with what the farmersin these villages perceive about the quality
and reliability of irrigation water deliveries from canals from the respective villages. Hence, we could conclude
that the quantitative criteria evolved for estimation of this composite index are redlistic.

Comparison of irrigation quality index estimated for major crops under different sources of irrigation
vis-avis the water productivity of the respective crops show that differential reliability has an impact on eco-
nomic productivity of water (R&m?). The fields, which received irrigation water of higher quality and reliability
got higher water productivity in rupee terms. But, theimpact of differential quality and reliability was not visible
on physical productivity of water for fodder crops.

Contrary to the belief that higher quality and reliability of irrigation would result in better yields, the
fields, which were receiving high quality irrigation gave lesser yields as compared to those which received poor
quality irrigation. Thiswas primarily due to the high nutrient load which canal water contained that increased the
yield of those crops substantially. Also, fodder crops also gave higher yields under less reliable irrigation water
supply. Hence, one can conclude that improved quality and reliability of irrigation would help enhance the water
productivity in crop production. Nevertheless, the index developed here is not adequate to assess the 1Q of
crops, which can be harvested many times. Also, it needs refinement to take into account the difference in
chemical quality of irrigation water.
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WATER PRODUCTIVITY OF IRRIGATEDAGRICULTURE ININDIA:
POTENTIALAREASFORIMPROVEMENT

M. Dinesh Kumar?, O.P. Singh?, Madar Samad®, Hugh Turral* and Chaitali Purohit®

Abstract

The objective of the study is to explore the scope for water productivity enhancement in irrigated agriculture
in India through: i] water control; ii] optimizing nutrient input to crop; iii] improving the quality and reliability of
irrigation water; and, iv] growing crops in regions where climate is favourable. The study is based on data from three
important river basins in India, viz., Indus, Narmada and Sabarmati. The study involved: 1] estimating the incremental
water productivity of selected crops viz.,, wheat and cotton in response to applied water, and fertilizer dosage; 2]
estimating water productivity of the same crop across agro-ecological zones within the basin, and 3] comparing
determinants of crop water productivity with different sources of irrigation with differential reliability and quality.

Most farmers are applying water within a regime where the yield response to both irrigation and fertilizer
dosage is positive. Also, their water application corresponds to a regime where water productivity (Rs./m?®) response
to irrigation is negative and fertilizer is positive. But, in certain situations, farmers water application regime
corresponds to a regime where both yield and water productivity responses to irrigation are either positive or
negative. Within basins, for the same crop, water productivity in both physical and economic terms is much higher in
high rainfall, sub-humid area as compared to that in low rainfall, arid areas. The quality and reliability of irrigation
can significantly impact the type of crops chosen by farmers and the crop yield, thereby raising water productivity.

There is ample scope for improving water productivity in irrigated agriculture through water control. But, in
most cases, it may lead to reduced net return per unit of land. Hence, they would have incentive to go for water control
measures only if there is sufficient land, which can be put to use for irrigated production using the saved water.

1. INTRODUCTION

Economic value of water in agriculture is much lower than that in other sectors (Barker et al., 2003),
including manufacturing (Xie et a., 1993). Growing physical shortage of water on the one hand, and scarcity of
economically accessible water owing to increasing cost of production and supply of the resource on the other,
had preoccupied researchers with increasing productivity of water use in agriculture in order to get maximum
production or value from every unit of water used (Kijne et a., 2003).

Raising water productivity is the cornerstone of any demand management strategy. Definition of water
productivity is scale dependent. Water productivity can be analyzed at the plant level, field level, farm level,
system level and basin level, and its value would change with the changing scale of analysis (Molden et al.,
2003). The classical concept of irrigation efficiency used by water engineers omitted economic values and
looked at the actual evapo-transpiration (ET) against the total water diverted for crop production (Kijne et al.,
2003). Moreover, it does not factor in the “scale effect” (Keller et al., 1996).

At the field level, there is no single parameter to determine the efficiency of water use in crop
production. Measures to enhance yield to raise water productivity in biomass per unit of water depleted, might
increase the cost of production thereby reducing net return per unit of water depleted. Therefore, crop water
productivity needs to be assessed in terms of both kilogram of crop per cubic metre of water diverted or depleted
(Kg./md); and net or gross present value of the crop produced per cubic metre of water (Kijne et al., 2003).
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Whiletheyield would increase with an increase in actual ET, the water productivity (Rs./m® would start
leveling off and then start declining much before the yield reaches maximum (see for instance Molden et al.,
2003). The reason is that the amount of depleted water might increase with increase in irrigation dosage, and
beyond apoint, it does not result in yield increase (Vaux and Pruitt, 1983). Similarly, while the yield would keep
increasing until a point with increase in nutrient inputs, the net return might start decreasing even at level of
nutrient dosage lower than that corresponding to maximum yield. Hence, the challenge is to identify optimum
level of water and nutrient inputs to ensure maximum return per unit of land and water. The measure can be
referred to as “water control”; and optimizing nutrient dosage, respectively.

“Water control” refers to supplying water dosages close to the difference between crop water require-
ment and available soil moisture in the root zone. It ensures greater utilization of applied water for ET, and
minimal non-recoverable percolation from the applied water, which is non-beneficial. It also reduces the fraction
of non-beneficial evaporation from applied water. Hence, with controlled water delivery, the yield would be more
for the same depletion or consumed fraction, resulting in higher water productivity.! The measures for this
include on-farm water management practices and improving the conveyance of water. Micro irrigation systems
take care of water control for many crops, and in certain other crops by farm leveling.

Crop water productivity also depends on thereliability and quality of irrigation water applied in addition
to control over water delivery. Improved reliability can ensure better timing of irrigation to ensure crop growth
needs (Meinzen-Dick, 1995). With the same amount of water applied, the crop consumptive use (ET) would
change depending on the timing of water application. On the other hand, non-availability of moisture at critical
stages of crop growth can significantly reduce the crop growth and yield and the reduction would not be
proportional to the reduction in water applied or water consumed. Therefore, the quality and reliability of irriga-
tion should affect water productivity, with the same amount of irrigation water applied.?

Now, opportunities for enhancing water productivity would change when one moves from the field to
the basin. Enhancing water productivity at the field through water control may adversely affect the availability of
water for downstream uses in a closed basin. The reason is the probable reduction in non-consumptive part of
the water applied (Allen et al., 1998; Molle and Turral, 2004). If those downstream uses have higher return per
unit water use, water control measures would result in productivity losses at the basin level. On the other hand,
at the basin level, as Abdulleev and Molden (2004) note, opportunities might exist for growing the same crop in
areas where their ET values are lower, which result in improved water productivity in both physical and eco-
nomic terms. Hence, crop water productivity needs to be mapped across different agro climates in the basin.

In this paper, the potential for enhancing water productivity in agriculture and water saving are explored
in selected river basins of Indiathrough the following measures: 1] water control and optimizing nutrient input to
crops, 2] improving the quality and reliability of irrigation; and 3] growing certain cropsin regions wherethe ET
requirements are lower and genetic potential of the crop can be realized.

2. REVIEW OF LITERATURE ON WATER PRODUCTIVITY IN IRRIGATED AGRICULTURE

Over the past few years, the concept of productivity of water in agriculture has gained ground owing to
increasing scarcity of irrigation water from physical and economic perspectives, mostly localy and often also
regionally. Several studies are available from the past which deal with water productivity of crops with respect
to evapo-transpiration (ET) of crops (seefor instance, Table 1, Kijneet al., 2002: pp8 and Zwart and Bastiaanssen,
2004). But, we would discuss only those which are relevant for the present study.

Choudhury and Kumar (1980) and Singh and Malik (1983) showed large differences in water produc-
tivity of wheat between wet and dry years. Tuong and Bouman (2002), estimated water productivity of ricein
India; found it in the range of 0.50-1.10 Kg./m® against 1.4-1.6 Kg./m?® for wet-seeded rice in the Philippines;

1SeeAllen et al., (1998) for definitions of consumed fraction (CF), non-recoverable deep percolation, non-beneficial evaporation,
consumptive use and ET, and differences thereof.
2However, plants have highly devel oped adaptive mechanismsto compensate for water stressin different growth stages, and theonly
way to factor these in properly is to use a well calibrated crop growth model, or through the development of crop production
functions.
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Oweis and Hachum (2002) analyzed water productivity impact of supplementary irrigation on pulses. Study by
Saeed and El-Nadi (1998) in Shambat, Sudan, Utao and Idaho on forage crops showed improvement in physical
productivity of water with supplementary irrigation. Rockstrom et al., (2002) provided evidence from Kenya
and Burkina Faso to the effect that supplementary irrigation enhances water productivity (Kg./m?3) of rain-fed
maize and sorghum, respectively, remarkably with greater effect coming with fertilizer management; and from
Tanzania to show that conservation tillage increases water productivity of maize.

Ahmad et al. (2002) used Soil Water-Atmosphere-Plant (SWAP) model to estimate water flux in the
unsaturated soil profile of groundwater irrigated areas of Pakistan Punjab under rice-wheat system and cotton-
wheat system. Singh et al. (2003) used the same model to estimate the same for Sirsa district of Haryana. Both
the studies quantified the moisture changes in unsaturated soil profile during crop seasons. The studies found
that the vertical water flux in the unsaturated zone is continuous under rice-wheat system with frequent and
intensive irrigation. Though both the studies showed that a significant amount of the water applied is recycled,
they also showed significant build up of moisture in the unsaturated zone, which can be lost in soil evaporation.

It is recognized that the ET values themselves could reduce with better irrigation and soil management
(Burt et al., 2001), and thereby improving the chances of cutting down groundwater depletion. However, the
significance of achieving better groundwater balance through irrigation management increases with decreasing
efficiency of conveyance of percolating water from the crop root zone to the groundwater system.®

Ahmad et al., (2004) estimated the spatial and temporal variations in water productivity (physical and
economic) separately for process evaporation, soil evaporation and actual ET which were estimated using SWAP
model for rice-wheat areain Punjab. They found that the applied water (sum of precipitation and irrigation) far
exceeded the evapo-transpired demand (ET) in case of rice causing deep percolation. Whereas, it fell short of the
ET requirementsin case of wheat since some of the requirements were met by soil moisture depletion. They also
found that the process depletion (transpiration) to produce a unit weight of cereal was slightly lower for rice
when compared with wheat.

Abdulleev and Mol den (2004) examined theissue of spatial and temporal variationsinwater productivity
in Syr Darya Basin in Uzbekistan and analyzed its economic and equity implications for basin water economy.
From the spatial analysis of water productivity, it was found that the water productivity for supplied water
(WP,,,,,) and potential evapo-transpiration (WP ) are higher for private farms. Water productivity of supplied
water is much lower than that of PET, indicating the scope for limiting water application. There is significant
difference in lowest and highest water productivities indicating the scope for increasing average water produc-
tivity within the basin.

Thetemporal analysis of water productivity for paddy and cotton for three years (1999, 2000 and 2001)
showed the following: highest water productivity in case of cotton for both applied water and PET was obtained
in low rainfall years. It also showed that the difference between WP, and WP was smaller in low rainfall
years, owing to the fact that irrigation water dosage was close to crop water requirement. In the case of paddy,
the highest water productivity (WP, and WP ) was obtained in 2001, which was a normal year and lowest
in 1999. Water productivity for paddy was not high during dry years.

Singh (2004) analyzed composite farming system in north Gujarat consisting of crops and dairying and
estimated productivity of applied well water in dairy farming. Kumar (2007) analyzed the composite farming
system in north Gujarat, to analyze the applied water productivity in dairy production. It also analyzed the extent
to which groundwater use in the region can be reduced without compromising on the farm economy and milk
production through efficient irrigation water use technol ogies using asimulation model based on linear program-
ming.

To summarize, past research on water productivity were on analyzing average physical productivity of
water for select crops, including variation according to climate. There is limited analysis of marginal water
productivity (Kg./ET) in response to supplementary irrigation and change in depleted water. However, the
economic dimensions of water productivity were not analyzed. Analyses of incremental changes in water

%The conveyance efficiencies would be low when the unsaturated zoneis very deep dueto loss of soil moisture through evaporation,
and non-recoverable deep percolation.
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productivity of crops in economic terms in response to changes in irrigation water dosage, or ET, were not
attempted. It is crucial to assess the potential for improving water productivity of a particular crop and deciding
on alocation priorities between crops.

3. OBJECTIVES OF THE STUDY

The objective of the study is to explore the scope for water productivity enhancement in irrigated
agriculture in Indiathrough: i] water control; ii] optimizing nutrient input to crop; iii] improving the quality and
reliability of irrigation water; and, iv] growing cropsin regions where climate is favourable.

3.1 Hypothesis

1) Better reliability and adequacy of irrigation can improve yield and water productivity of irrigated crops
through better agronomic practices and better water management

2) Better control over water and fertilizers can ensure water productivity improvementsin irrigated crops, as
water application regime might correspond to either ascending or descending water productivity response
curve to irrigation and nutrient inputs.

3.2 Approach and M ethodology

The potential for improving water productivity through water control and optimum nutrient use is
assessed by estimating: 1] the incremental changes in water productivity (for select crops) with increase in
irrigation water allocation and fertilizer inputs. The potential for improving water productivity using climate
advantage is assessed by mapping the spatial variation in average productivity of crops vis-a-vis agro-climatic
regions. The potential for raising water productivity through improvement in quality and reliability of irrigationis
analyzed by comparing average water productivity with different sources of irrigation, which represent different
degrees of control over water delivery.

The regions of the study basins are shown in Map 1. The approach is that of primary surveys in the
study area. Three river basins in India were selected for the study. They are Indus, Narmada; and Sabarmati.

The study analyzed water productivity variations across: 1] farms growing the same type of crops with
same pattern of irrigation; and 2] irrigation sources (wells, canals and conjunctive use); and 3] agro-climates
within the same basin. It involved collection of data on parameters governing water productivity in crop produc-
tion such as cropping system, cropped area, crop inputs (bio and chemical fertilizers, farm labour, irrigation
water use, irrigation schedules, and crop technology), crop outputs (main product, by product, market price of
crops), and method of irrigation. For each irrigated crops, the sample size is 30-35 for each agro-climate within
ariver basin. In addition, there were samples for each type of irrigation source. Hence, the maximum sample size
was 90 in one location; but limited to only situations where sufficient samples for different modes of irrigation
were available. The detailed sampling design isgiven in Table 1.

Table 1: Sampling Design for Water Productivity Study

Name of theBasin | No. of Loca- | No. of Agro No. of Different Total Sample Size
tions climates sources of Irrigation
Indus basin 3 3 3 (wells; conjunctive 200
use; canals)
Narmada 9 7 1 (wells only) 450
Sabarmati 6 3 1 (wels only) 180
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3.2.1 Dataand Sources

Data used for water productivity analysis are primary data from farmers. Data collection was done
using a structured questionnaire from locationsin all the four basins, viz., Indus, Narmada and Sabarmati. From
the Indus, only one location was covered; from Narmada, nine locations, each representing one agro-climatic
condition, was covered. From Sabarmati, four locations, each representing one agro-climate, were selected.
The data collected from farmers included: data on crop inputs comprising cost of seeds, labour, fertilizer and
pesticides, quantum of irrigation water, and quantity (weight in Kg.) and market price (Rs./Kg.) of main and
byproduct of the crop output. In addition, discharge of irrigation wells (litre/sec) was measured using a bucket
and stop watch to quantify the volume of water pumped, for which data on number and hours of irrigation for
each crop and for each season were obtained from the farmers.

3.2.2  Analytical Procedure

The physical water productivity &, (Kg./m®) and water productivity in economic terms, ﬁim’i (Rs./
m®) in apurely irrigated cropj are estimated as:

1Ll
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Hyii, and W, are the irrigation water dosage (mm) and yield (Kg./ha) for purely irrigated crop,

respectively inmm. NE,,;; isthe net return per unit area of the crop (Rs./ha). All winter crops selected for the

study are treated as purely irrigated crops, and the greed water use for these crops was ignored. The reason is
that their yields under un-irrigated condition as well as residual soil moisture before sowing are negligible. All
crops covering two seasons, viz., kharif and winter, having no rain-fed yields were aso treated as irrigated
crops. Winter wheat in Narmada basin, cotton in west Nimar in Narmada basin, winter wheat in UP, Punjab, and
all crops selected from Sabarmati basin (namely, wheat, castor, bajra and cotton) were treated as irrigated crops,
and therefore the water productivity values estimated for them are irrigation water productivity.*

Marginal physical productivity of water, Teams—iri,; (Kg./m3), and marginal water productivity in eco-

nomic terms Froma_ms, + (Rs/m?) for crops, which receive supplementary irrigation, and have rain-fed yields,
with respect to irrigation, are estimated as:
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Where, ™ comirs ;istheyield corresnandina ta jrrigation water applied (Kg.) and Ao, ;istheirriga-
tion water applied for the crop  (mm). ME s s - ic the net retirn ner unit area corresponding to the
irrigation water applied for the same crop (Rs/ha). Fesma-mi,; and A ; Were obtained by running aregres-
sion of yield and net returns from the crop against irrigation water applied for each crop, respectively. The
regression coefficients give the marginal physical productivity of water and water productivity in economic
terms, respectively, of irrigation for these crops. This gives the mean value of marginal water productivity for all

“4In areas with moderate rainfall like eastern UP, this must have resulted in over-estimation of irrigation water productivity.
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the farmers growing that crop. One major assumption involved in this analysisisthat the water application is still
in the scarcity regime, meaning the total consumptive use may fall short of or just meet the evapo-transpirative
demands. Therefore, the response curve of yield and net return to irrigation water use were treated as linear.
This no way means that the volumetric water applied (effective rainfall and irrigation) is below ET demand, as
farmers can provide excessive irrigation in certain periods of the crop season, resulting in losses.

The marginal water productivity of irrigation water for individual farmerswere estimated by subtracting
the“a’ coefficient , i.e., Y intercept, of the regression equation for yield and net return, respectively, from their
corresponding crop yield and net returns, and dividing by the volume of irrigation water applied. Paddy from
Jabalpur and Mandla in Narmada river basin were considered for this methodology, as it had rain-fed yield in
many locations.

4. SCOPE FOR ENHANCING IRRIGATION WATER PRODUCTIVITY IN AGRICULTURE
4.1 Using water control for improving irrigation water productivity

In order to assess the potential of “water control” in improving crop water productivity, the incremental
changes in crop yield and crop water productivity with respect to irrigation were analyzed. For this, the data
collected from four agro-climatic regions in Narmada river basin were analyzed. The analysis included the
following: 1] the crop yield response to irrigation water applied; 2] the water productivity (Rs./m® of water
applied) response to irrigation; and, 3] the yield response to fertilizer use.

In the case of Hoshangabad district, data of applied water, fertilizer dosage, crop yield, and water
productivity in economic terms (estimated) were available for two consecutive years, viz., 2002 and 2003. The
regression analysis showed that the relationship between dosage of irrigation water and yield for winter wheat of
2002 islinear. The R square value hereisonly 0.14, and hence the relationship is not strong. As shown in Figure
1, wheat yield responded to increase in dosage of irrigation water. However, for the same level of irrigation, the
yield differences across farmers are quite substantial . This can perhaps be explained by the differencein fertilizer
use by these farmers, differences in soil quality, changes in date of sowing, and differences in crop variety.

Figure 1: Yield vs. Irrigation Dosage in Wheat (Hoshangabad 2002)
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Figure 2 shows the graphical representation of the variation in yield with differential levels of fertilizer
input. It shows a dlightly stronger relationship between fertilizer use and crop yield (R?=0.16). Higher dosage of
fertilizer meant higher wheat yield. This does not mean that it isthe higher fertilizer dosage, which caused higher
yield. Generally, it is the farmers who have good irrigation facilities and who use higher quantum of irrigation
water use proportionally higher dose of fertilizers. Due to this co-linearity between irrigation and fertilizer dos-
age, the increase in yield cannot be attributed to higher dosage of fertilizers. Hence, in order to segregate the
effect of fertilizer dose on crop yield, a more thorough examination of data was carried out.
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Figure 2: Yield vs. Fertilizer Dosage (Hoshangabad 2002)
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It was found that two farmers applying the same dosage of irrigation (1834 mm) applied different
quantities of fertilizers (worth Rs.1213/ha and Rs. 2160/ha, respectively) and got different levels of yield (19.8
quintal/ha and 31.7 quintal/ha, respectively). In another case, two farmers applied same dosage of irrigation
(2035mm), but applied fertilizers in varying doses (worth Rs. 975/ha and Rs. 1205/ha respectively), and got
different yields (1480 Kg./ha and 2500 Kg./ha respectively).

Figure 3: Water Productivity vs. Irrigation Dosage in Wheat (Hoshangabad 2002)
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Figure 1 also meant that many of the farmers are applying scarcity irrigation and could have actualy got
higher yield had they applied higher dozes of irrigation with proportional increase in fertilizer inputs. However,
the amount of water applied to the soil aso influences the nutrient absorption capacity of the plants, and there-
fore, irrigation water shortage might belimiting farmers' ability to apply adequate quantities of fertilizers. Mostly,
the maximum yield corresponded to maximum irrigation.

The graphical representation of water productivity response to irrigation is given in Figure 3. The
relationship is inverse and exponential. Higher dosage of water applied meant lower water productivity
(R?= 0.28). Generally, those who applied higher dosage of water had lower levels of water productivity, while
many farmers who applied lower dosage of irrigation (200 to 225 mm of irrigation) got high water productivity.
At the same time, many farmers who maintained similar dosage of irrigation got much lower water productivity
(Rs/m?3). This could be due to the lower levels of fertilizer inputs, which reduced the crop yields. The lower
water productivity at high dosage of irrigation could be due to lack of proportional increasein yield, increasein
cost of fertilizers which reduces the net returns, and increase in volume of water applied, which increases the
value of denominator.
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The analysis was repeated for the 2003. It showed a stronger positive linear relationship between
applied water and crop yield in wheat (R?=0.21). Higher levels of water dosage generally ensured higher yield
(Figure 4). The incremental yield due to increase in dosage of irrigation by 100 mm was around 230 Kg./ha.
Again, there were significant yield differences between farmers who applied more or less same amount of water.
This could be explained by the factors mentioned above. Nevertheless, sightly improved relationship better
fertilizer and irrigation dosage (with an R? value of 0.25) confirmsto this (Figure 5).

Figure 4: Yield vs. Irrigation in Wheat (Hoshangabad-2003)
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Now, the regression values for the response of yield to irrigation dosage being very small (Figure 1 and
Figure 4). So, one could argue that many factors other than irrigation explain yield variations. But, given that the
data presented here are for different farmers, who represent different soil conditions, different planting dates and
different seed varieties, all of which have a potential to influence the crop yield, the relationship and regression
coefficient is significant5 . Also, the lope of yield curve is very mild in the case of Figure 3, which is quite
contrary to what can normally be found given the wide range in irrigation water dosage among the sample
farmers.

Figure5: Yield vs. Fertilizer Dosage in Wheat (Hoshangabad-2003)
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The regression between water dosage and water productivity (Rs./m?) showed a poor inverse relation-
ship between the two unlike what was found for 2002 (Figure 6). This could be due to the reasons explained
above for the same crop grown during 2002. Some of the farmers who were in the lower range of irrigation
dosage (between 200 mm and 300 mm) got very low water productivity values (between Rs. 0.41/m?® and Rs.
1.38/md), while some other farmers got values of approximately Rs. 7/m?® of water. This could be due to the wide
differences in fertilizer dosage, which resulted in differential yields. The strong linear relationship between
fertilizer dosage and crop yield (R?=0.25) are shown by Figure 5.

SWith changing sails, the nutrient level s could change. With changing planting dates, the soil moisture availability could change; sothe
crop water requirement and yield potential. Yield potential could also change with seed variety.
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A closer look at the chart showing relationship between irrigation dosage and crop yield also provide
better clues to this effect. There are many examples of farmers applying similar dosage of irrigation, but differ-
ent dosage of fertilizers and getting different levels of yield. For instance, two farmers who applied irrigation
dosages of 2518 and 2557 m?® of water to their wheat, applied different levels of fertilizers (worth Rs.1112/haand
Rs. 2400/ha) and in turn got yields of 2910 Kg/ha and 4000 Kg/ha, respectively.

Figure 6: Water Productivity vs. Irrigation Dosage in Wheat (Hoshanganad-2003)
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The analysis was repeated for west Nimar in Narmada basin, for cotton for 2003. After the rainy
season, the crop is normally irrigated. The yield response to irrigation was polynomial (Figure 7), with yield
increasing up to a point (from 100mm to 300mm), and then declining. Many farmers who applied close to 300
mm got highest yields. Beyond 300mm, the yield started declining. The curve showing the water productivity
(Rs/m?®) response of irrigation dosage (Figure 8) is again “polynomial”. With increase in dosage of irrigation,
while the yield increased, the water productivity did not get affected much. But, beyond the point of optimum
yield, increase in irrigation dosage led to declining water productivity. This is the third set of response curves
(Figure 7).

Figure 7: Yield vs. Irrigation Water Dosage in Cotton (West Nimar 2003)
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The foregoing analyses show that water productivity can be manipulated through water control. It is
based on the premise that in many situations farmers do not have control over water delivery and fertilizer
dosage, or are tempted to apply more water to maximize yields and returns per unit of land. In the process, they
are not able to get the optimum yield that gives highest water productivity.® To what extent “water control”
would help enhance water productivity depends on that point of yield and water productivity response curve to
which, the irrigation dosage corresponds. It would also depend on what fraction of the applied water from the
crop isused for non-beneficial evaporation. We do not have any information about non-beneficial depletion from
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applied water. Some of the sources are: a the deep percolation, which is lost in the vadose zone;” b] the
evaporation of soil moisture after crop harvest during the fallow period; c) direct evaporation from the soil
surface, especially during crop establishment and d) possibly un-necessary watering at the end of the season
when it does not contribute to yield.

There are three different types of responses of yield and water productivity to irrigation dosage. In the
first situation: @ the relationship between applied water and yield is positive, but weak; and b] the response of
WP to applied water is inverse and exponential. In such situations, the reduction in dosage of irrigation water
would not affect the yield significantly; and often the effect may not even be adverse. The same would signifi-
cantly enhance WP. However, this strategy would work only if there is sufficient arable land, which remains
uncultivated due to shortage of water. The reason is that farmers would like to expand area under irrigation and
use the water saved from field to irrigate additional land to maintain income returns.

The second situation is one in which the relationship between applied water and yield is strong and
positive, where in most farmers are applying water under scarcity regime and very few under water abundance
regime (Figure 4, 5 and 6). Itislikely that with increase in dosage of irrigation, the physical productivity of water
also might increase dlightly. However, the response of water productivity in economic terms (Rs./m®) to applied
water is “inverse-logarithmic”. Here, the best strategy for most of the farmers would be to minimize the irriga-
tion dosage, which would help obtain highest water productivity in economic terms. Here, it may be necessary
for the farmers to expand the area under irrigation slightly to maintain the net returns.

Figure 9: Potential Changesin Crop Yield and Water Productivity under Micro Irrigation
In the third situation, the relationship between applied water and yield is “polynomial”, where yield
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increases with irrigation dosage up to a certain point, and then declines (Figure 7). In such a case, with increas-
ing dosage of water, water productivity declines abruptly beyond the point, which corresponds to the maximum
yield. Hence, the relationship between applied water and water productivity in economic termsis *polynomial”
(Figure 8). This is the ideal situation where farmers who are losing on the yield and income returns have an
incentive to reduce irrigation dosage. By doing this, they enhance both yield and water productivity. The reason

SWater productivity is not an objective for farmersto realize when water isin plenty. On the contrary, they would try and maximize
the income returns per unit of land, for which crop yield (Kg./ha) enhancement is the best route.
" Water “lost in the vadose zone” normally becomes non beneficial E or ET as bare soil evaporation or transpiration through other
(non-productive) vegetation.
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for over irrigation of crop beyond the point of maximum return is zero marginal cost of electricity used for
groundwater pumping owing to flat rate system of electricity pricing in the regions under study. In such situa-
tions, it is not even necessary that farmers expand the area under irrigation to maximize their aggregate returns
from farming. There are many farmers, who are not getting optimum yield and water productivity due to
inadequate irrigation dosage. It isimportant for them to reduce the area under irrigation while increasing irriga-
tion dosage to save water8 .

Now, let us look at the option of micro-irrigation. For a given amount of nutrient inputs, the only
determinant of crop yield is ET and how far the transpirative requirements of the crop area met during critical
stages of crop growth. Under micro irrigation, non-recoverable deep percolation is negligible. Further, the non-
beneficial evaporation of applied water can be reduced to nil, particularly for row crops. Such non-beneficial
depletion, which is the difference between CF and crop ET (Allen et al., 1998), would be much less as com-
pared to traditional method of irrigation, more so for row crops. It is possible to achieve the twin-objectives of
higher water productivity and higher yield through micro-irrigation. The theoretical response curve of yield (Kg./
ha) and water productivity in economic terms (Rs./m?) to irrigation dosage under traditional irrigation and micro
irrigationisgivenin Figure9. It showsthat the yield corresponding to the same amount of “ applied water” would
be higher under micro irrigation. Research in many parts of India had already shown that for cash crops,
particularly those grown in rows such as cotton, the net incremental returns for drip irrigation plots over flood
irrigated plots are higher than the sum of capital and operational costs of drip systems (Narayanamaoorthy,
2004).° This means that even in situations where the entire land is irrigated, farmers might have incentive to go
for micro irrigation for such crops. The water productivity gain automatically comes under such situations.

4.2 Improving irrigation water productivity through optimizing input use

In order to assess the potential of “optimum nutrient dosage” in improving crop water productivity, the
incremental changes in crop yield and crop water productivity with respect to fertilizer dosage were analyzed.
For this, the data collected from four agro-climatic regions in Narmada river basin were analyzed. The analysis
included the following: 1] the yield response to fertilizer application; and 2] the water productivity response to
fertilizer application.

As regards yield response to fertilizer inputs, in the case of wheat in Hoshangabad, it was found that
response is extremely weak for the drought year (2002) as shown in Figure 2 (R?=0.16). At the same time, the
response was reasonably good for the normal year 2003 (R? =0.25) as shown in Figure 5. Water productivity
was a so higher for farmers who applied higher dosage of fertilizers (R?=0.27) in 2003, though such trends were
not seen for 2002 which was a drought year. Figure 10 shows the response curve of water productivity to
fertilizer input across the farmers. Such a response does indicates that farmers are optimally using fertilizers and
irrigation water to enhance the returns.

In case of cotton crops in West Nimar, water productivity response curve for fertilizer dosage was
“polynomial” for 2002 (drought year) with productivity (Rs./mq) increasing from the lowest values at low levels
of fertilizer use towards the middle range, and then declining (R?= 0.11). Such aresponse curve can be explained
this way. Very high doses of fertilizers is generally accompanied by increased dose of irrigation water. Higher
dosage of irrigation water could aso increase the chances of fertilizer leaching, reducing the nutrient intake by
the plants and flattening the response curve of yield. At the same time, the yield gains obtained due to the same
were not significant to offset the effect of increased cost of inputs, and increase in the volume of water applied.
Thisis quite natural as the farmers are interested in maximizing the returns pet unit of land, and not water.

Figure 8: Water Productivity vs. Irrigation Water Dosage in Cotton in West Nimar- 2003

9Such cropsinclude banana, sugarcane, orange, grapes and cotton.

°But, cases where farmers are not able to secure optimum levels of water productivity due to water shortages are rare. Well owners
have reasonably high degree of control over water delivery. Power supply isthe only factor that reducestheir water control. In states
such as Punjab, Gujarat and Madhya Pradesh, quality of farm power is poor. The supply is provided in rotations, including during
night. This might affect the dosage of water farmers could give to cropsin hard rock areas with limited groundwater.
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For a“linear response curve” of yield to fertilizer dosage, the response curve for water productivity

10,00

2.00 *
— * * v = -SE0Tx + 00025 + 05215
B 6001 *t . * . E =015
@ 400 - R hd L, "
B N '
2,00 - x
+ »
.00 . hd v . y | * — *
-anu”ﬂf' 100000 200000 000000 S000.00 00000 GO00.00

Water use {m3 ‘ha)

(Rs/m?®) may not be inverse exponential or inverse logarithmic; but “direct and linear” as shown in the case of
wheat in Hoshangabad for 2003 (Figure 10). Inverse relationships can occur only if the fertilizer dosage is
accompanied by increased dosage of irrigation. With increase in fertilizer dosage, the water productivity could
actually rise, and then decline. Thisis because it would be possible to increase yields with increase in fertilizer
dosage, without much change in irrigation dosage up to certain point. Beyond this point, increased use of
fertilizer dosage would require greater dosage of irrigation for increasing the nutrient absorption capacity of the
plants. This may not result in increase in ET, thereby showing no effect on crop yield. However, this would
reduce water productivity as the total depletion or CF would increase. Here adjusting the fertilizer dosage to
optimal levelsiscrucial.
Figure 10: Water Productivity vs. Fertilizer Dosage in Wheat (Hoshangabad 2003)
For the same dosage of irrigation water, crop yield can be enhanced to an extent with optimal dosage of
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fertilizers. This means that the physical productivity (Kg/m®) of water, apart from returns from land, can be
enhanced through manipulation of fertilizer use.’® This might increase water productivity in economic terms as
well (as seen in the earlier section). Such situation may be encountered in central India (covering most parts of
Narmada, Tapi, Mahi and Krishna basins), where fertilizer use in agriculture is one of the lowest. If fertilizer
dosage does not increase the yield, then ssmple reduction in dosage would result in saving of input costs, thereby

Primary data collected from farmersin Narmadabasin show that with increasein irrigation dosage, thereis proportional increasein
the dosage of fertilizers in most situations. Hence, the effect of fertilizer on crop yield and water productivity cannot be assessed
through multiple regression model estimation procedures.
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increasing water productivity in rupee terms. Such situations are possible in Punjab and Haryana where applica-
tion of nitrogenous fertilizer is excessively high.

4.3 Improving water productivity through improving quality & reliability of irrigation water

There is not much empirical evidence to suggest that greater reliability and quality of irrigation leadsto
greater water productivity.

Analysis from groundwater irrigated areas of north Gujarat showed that the gross returns per cubic
metre of applied water was higher for shareholders of tube well companies, when compared to farmers who
were buying water from well owners. The gross water productivity was Rs. 5.61/m? for tube well owners
against Rs. 4.61/m?® for water buyers. The gross returns only indicate the physical efficiency of water use. It
does not take into account the input costs, and only converts the main product and byproduct into cash equiva-
lents. In the case of shareholders, the entitlement of water is fixed in volumetric terms, and water supply is
highly reliable. In case of water buyers, the well owner supplies enough water to make sure that the cultivator
gets sufficient yield as hisirrigation charge is paid in proportion to the total crop yield.

The difference between the two cases is in terms of water alocation norms and reliability of water
supply. In the case of shareholders, supply is rationed and known to the farmers much in advance of the season.
Hence, they are able to do proper water budgeting and apply optimum dosage of fertilizers. Whereas the farmers
who purchase water on hourly basis are at the mercy of the well owners. They do not try to optimize fertilizer
dosage or go for the best quality seeds, as they are not sure of getting adequate water supplies. This reinforces
thefact that net return from crop production isless elastic to the cost of irrigation than the reliability of irrigation.

Yields in two major crops, viz., wheat and paddy in three different types of irrigation systems, which
represent three different degrees of water control, in two different regions of Bist Doab area in Punjab, were
compared to understand the impact of differential quality of irrigation water. The three systems selected are
canal irrigation, well irrigation and conjunctive use. The underlying premise was that canal irrigators will not be
able to apply water at critical stages in right quantities, whereas well irrigators would be able to apply water to
their crops as and when they require, subject to the availability of electricity. Asfarmers using both canal water
and well water should have a higher degree of control over water application compared to canal irrigators, the
“overal quality of irrigation” would depend on what proportion of the total demand is met from canals, and what
proportion from groundwater.

Analysis involved comparing water productivity in wheat under different sources of irrigation in two
distinct agro-ecological regions. Adequate numbers of irrigators for each of the three sources of irrigation were
not available from the same agro-ecological region. Thefirst islower Bist Doab area, with low rainfall and semi
arid climate; and the second the sub-mountainous region with medium to high rainfall with sub-humid climate.
Comparison of yield with different sources of irrigation was made between conjunctive use and cana water (in
sub-mountainous region). The analysis showed that yield figures are lowest for farmers using only canal water
for both paddy and wheat; second lowest for farmers using both canal water and groundwater (Table 2). The
farmers using well water (in Jalandhar and Kapurthala) got the highest yield. The yield differences between
categories within the region and across regions are substantial. While agro-ecology would be an important factor
affecting the crop yields, such large differencesin yield could only be explained by the quality and reliability of
irrigation water.

The foregoing analyses clearly show that improvement in quality and reliability of irrigation would
impact yield significantly. Here, quality of irrigation includes adequacy and reliability. With greater reliability and
adequacy of irrigation, farmers would be able to adopt good agronomic practices and adjust nutrient use. En-
hanced quality and reliability of irrigation would also help farmers optimize the irrigation dosages in each water-
ing and give adequate number of watering including watering at critical stages of plant growth. This would not
only increase the yield, but also reduce non-beneficial depletion.

Table 2: Differential Land Productivity with varying quality of irrigationin Punjab
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. Name of District Predominant Source
Name of Region of Irrigation Crop Yield (ton/ha) Paddy Whest
6.26 4.68
Jalandhar

, Well Weter 5.20 4.40
Lower Bist Doab =08 273

Kapurthaa Well Weater i -
5.52 5.30
A 4.46 3.82
ConjunctiveUse 165 379

Sub Mountainous Hoshiarpur . .
Canal Water 2.77 3.52
347 2.80

Source: Authors' own analysis using primary data

Whereas with uncertainty in irrigation schedules and water delivery, as found in the case of canal
irrigation, farmers hesitate to apply adequate quantities of fertilizers, thereby losing yield. In many cases, the
depth of each application is much higher than the optimum dosage determined by the capacity of the field with
uncertainty of water supply as compared to assured water supply (well water). This leads to heavy percolation
losses and excessive residual moisture after harvest. These cause increase in non-beneficial depletion over crop
ET. Greater irrigation dosages may also increase fertilizer leaching, reducing nutrient use efficiency.

4.4 Enhancing irrigation water productivity using climatic advantages

The spatial analysis of water productivity is an important aspect of the strategy to enhance water
productivity at the agro-climatic level (Kijne et al., 2002: page 13), as productivity of applied water isafunction
of agro-climate (Abdulleev and Molden, 2004). Spatial analysis of water productivity of selected crops was
carried out for nine districts falling in seven agro-climatic regions in Narmada basin, and three agro climatic
regionsin Sabarmati river basin (Table 3 and Table 4). Theoretically, climate can influence both physical produc-
tivity of water and water productivity in economic terms. The climate determines the actual consumptive water
requirements and potentia crop yields, and the availability of soil moisture from precipitation. In regions, with
favourable climatic conditions, the biomass output per unit of water evapo-transpired would be higher. Here, we
have compared water productivity of wheat and paddy, which are two significant crops.

The physical productivity of applied water for grain production during the normal year was estimated to
be highest for Northern hill region of Chhattisgarh in Mandla district (1.80 Kg./m®) although Raisen fallsin the
traditional wheat-growing belt; it was lowest for Jabalpur in Central Narmada Valley (0.47 Kg./m?®). This is
mainly due to the major difference in irrigation water applied, 127 mm in Mandla against 640 mm in Jabal pur.
Thisis asignificant difference, with the highest being 250% more than the lowest. The difference inirrigation
can be attributed to the difference in climate between Jabal pur (dry semi-humid) and Mandla (moist sub-humid),
which changes the crop water demand. It can aso be noted that the physical productivity in normal year is
second highest in Raisen (1.01 Kg./m®). Higher biomass output per unit volume of water (physical productivity)
should also result in higher economic output especialy when the difference is mainly due to climatic factors,
which changes the ET requirements, unless the factors which determine the cost of inputs significantly differ. In
our case, it was found that the net economic return per cubic metre of water was highest for the same region for
which physical productivity was higher (Rs. 4.09/m?3). The same was lowest for Narsingpur (Rs. 0.86/m?3),
which had the second lowest physical productivity.

The difference between gross and net water productivity (furnished in Table 3) is that in the first one,
the total economic value of outputs from unit area of outputsis only considered in the numerator, whereasin the
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second case, the net income from crop production after deducting the cost of inputs per unit area is considered.

Table 3: Region-wise I rrigation Water Productivity (Wheat) and Marginal Productivity of Irrigation Water (Paddy)
in Narmada River Basin for Selected Crops

2002-03 (Drought Year) 2003-04 (Normal Year)
; Name of the Prysica Water Productivy  physical Pro\éﬁttei(/ity
Name of the Region Disrict Pr(?gu‘;t'\g' Y |ty in Economic| Productivity | inEconomic
g./m’) Terms (Rs/mf) | (Kg./m?) Terrn]sngs./
P:\gngCtPrEZl_Jct Gross | Net ngchtPrEg;lct Gross Net
Wheat
Hoshangabad| 0.81 | 0.81 | 574 | 209 | 091 | 0.90 | 6.25| 2.31
1. | Central NarmadaValley | Jabalpur 044 | 043 | 3.08 | 0.89 | 047 | 0.46 | 3.42|1.06
Narsingpur 053 | 049 | 384 | 111 | 049 | 047 | 3.47 |0.86
2. | JhabuaHills Jhabua 0.73 | 065 | 532 138 | 0.60 | 0.55 | 4.69 |1.20
3. | SatpuraPlateau Betul 0.72 | 073 534 | 214 | 0.84 | 0.82 | 6.05|2.61
4. | Mawa Plateau Dhar 1.07 1.02 8.05 246 | 1.05 1.05 | 7.67 | 2.04
5. | NimarPlain West Nimar | 0.85 | 0.83 | 6.65 | 2.38 | 0.83 | 0.83 | 6.20|1.99
6. | NHRC Mandla 092 | 088 | 6.62 144 | 1.80 1.78 | 12.75 4.09
7. | VindhyaPlateau Raisen 0.77 0.77 5.33 2.00 | 1.01 1.01 | 6.82 277
Paddy
1. | Central NarmadaValley | Jabalpur 108 | 079 | 586 | 199 | 1.62 | 1.15 | 9.36 |3.95
2. | NHRC Mandla 174 | 1.26 11.69 | 2.12 | 2.13 159 | 12.5¢01.43

NHRC: Northern Hill Region of Chhattisgarh
Source: authors' own analysis based on primary data

There are only two regions in Narmada basin, which irrigate paddy. The physical productivity for grain
during the normal year was higher for Northern hill region of Chhattisgarh in Mandladistrict (2.13 Kg./m®) while
it wasonly 1.62 Kg./m?in Jabalpur district of Central NarmadaValley. Likewise, water productivity in economic
terms was higher for Northern hill region of Chhattisgarh (Rs.3.95/m®) against Rs. 1.43/m?for Jabalpur, in
Central Narmada Valley. Similar figureswere found for the drought year (2002) in which the physical productiv-
ity of applied water was 1.74 Kg./m?® in Mandla against 1.08 Kg./m3 in Jabal pur.

Similar patterns of variation in water productivity across agro-climates were found in Sabarmati rive
basin also. The physical productivity of water for wheat ranged from 0.71 Kg./m?® in Daskroi to 2.75 Kg./m?in
Bayad. The water productivity in economic terms (gross) ranged from Rs. 4.66/m?® in Daskroi to Rs. 18.39/m®
in Bayad, and the net water productivity from Rs. 1.38/m?® to Rs.4.66/m?. Similar variations in physical produc-
tivity of water were found for castor oil between Himmatnagar and Kapadwanj. The physical productivity of
water ranged from 0.66 Kg./m3to 1.62 Kg./m?. The gross economic water productivity ranged from Rs. 9.69/
m?in Himmatnagar to Rs. 25.57/m? for Bayad. The net economic water productivity ranged from Rs. 3.56/m®in
Himmatnagar to Rs. 16.4/m* for Bayad. Interestingly, unlike in the case of wheat, the locations which gave
highest economic water productivity did not coincide with that of highest physical productivity of water in case
of castor ail.

Synthesis of results on crop water productivity in Narmada basin and Sabarmati basin show that the
variation in water productivity of irrigated crops across regionsis mainly due to variation in agro-climate, which
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reduces the crop water requirement. The northern hill region of Chhattisgarh has moist sub-humid to dry-sub-
humid climate. The four regions, viz., Kymore plateau and Satpura hills, Vindhya plateau, Satpura plateau and
Central Narmada Valley (CNV) have " dry sub-humid” climate. Theregions, viz., Mawal plateau, and Nimar plain
have semi arid climatic conditions. The district of Jhabua, which fals in the region, named “ Jhabua hills’, is
“semi arid”.** The question therefore is: whether the natural advantage, which certain crops enjoy in certain
regionsin terms of higher water productivity by virtue of the agro-climate can be made use of, without compro-
mising on farmers’ need and priorities. This means, earmarking certain crops only in those regions where they
have relative advantage of high water productivity-both physical and combined (physical and economic).

5. POTENTIAL FOR IMPROVING IRRIGATION WATER PRODUCTIVITY IN INDIA
5.1 Crops and areas for increasing Irrigated water productivity

Regionswhich receive intensive canal irrigation are regionsthat should get priority in water productivity
improvements because: 1] the water-intensive crops are grown in these regions; 2] there is poor control over
water delivery, and 3] quality and reliability of irrigation is poor. Semi arid and arid regions with deep water table
conditions areideal for water productivity enhancement (reduction in non-beneficial evaporation and non-recov-
erable deep percolation). Semi arid Punjab and Haryana are known for intensive cropping of wheat and paddy,
which have ample scope for improving yield.

After canal irrigated areas, areas that depend on well irrigation and where substantial areais still left un-
cultivated due to water scarcity should receive attention. The reason is that under such situations, the farmers
can expand the area under irrigation and increase aggregate returns. The priority areas would be hard rock areas
of peninsular, central and western India. The water-intensive crops grown in large areas in this region are paddy,
cotton, sugarcane, banana, cotton, castor, groundnut, and potato (Kumar and Singh, 2006).

Row crops such as cotton, groundnut, potato, castor, banana and sugarcane can also be prioritized for
water productivity improvement. Here, it can come from the use of micro irrigation devices, especially in sandy
soils, asitisvery difficult to maintain high distribution uniformity in water application with traditional method of
irrigation such as level borders and furrows. Large-scale adoption of drip irrigation for banana and sugarcanein
Maharashtra and for potato, groundnut, cotton and castor in north Gujarat serve as successful examples.

5.2 Potential improvements in water productivity and water saving at the basin level

The gain in applied water productivity through “water control” results in same extent of gain in
productivity of depleted water only in semi-arid and arid regions where the depth to groundwater tableislarge,!?
and where non-beneficial evaporation from fallow land is high. In such regions, a significant portion of the
applied water depletes. Hence, there can be basin level productivity gains through control over water delivery.t®
However, for farmers to adopt water control measures, they must have extraland to bring under irrigation. This
is because the net return per unit area might decline due to water control measures. At the aggregate level, there
would be no reduction in the demand for water.

Though micro irrigation would raise crop water productivity both in physical and economic terms
without reducing yield (asillustrated by Figure 11). The impact of micro irrigation would be significant in arid
and semi arid areas, and for row crops. This is because in case of row crops evaporation component of
consumptive use of water by crop (ET) is quite large, especially under aridity conditions (Kumar et al.,
forthcoming). The area under row crops is very small in the sub-humid and humid areas and water abundant
areas.

1 SeeKumar and Singh (2006) for detail ed description of average annual rainfall and reference evapo-transpirationin all the nine agro-
climatic regionsfalling in Narmadabasin.

2 Deep groundwater table and aridity meansthat the return flows from applied water are not significant; and evaporation of residual
soil moisture from fallow isvery high.

3 | n other regions—sub-humid and humid regions with shallow groundwater, the basin level water productivity gain would be very
much lower.
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Peninsular India and Western India have substantial area under crops that are conducive to micro
irrigation technologies; north and central India has very little area under such crops with the exception of Uttar
Pradesh. Western part of Mahanadi is another areathat would be conducive to water saving technologies (WST).
Use of micro irrigation system can significantly reduce crop water demand per unit area of cultivated land in
semi-arid and arid area, with deep groundwater table conditions or with saline aquifers. However, in these areas,
farmers use the saved water to expand the area under irrigation to maximize their aggregate returns (if un-
cultivated land is available). As aresult, the aggregate demand for water may not change. However, areas where
intensity of irrigation is aready highest likein central Punjab and Haryana might be exceptions.

The basins that are conducive to measures for improvement in water productivity through water con-
trol are: 1] all east-flowing riversof peninsular India; 2] riversnorth of Tapi in Gujarat and Rgjasthan; Mahanadi;
some parts of Indus basin covering south-western Punjab; and 3] west- flowing rivers of South India. Thisis
because these basinsfall under semi arid and arid climatic conditions, and have moderately deep, to deep ground-
water levels. These basins have very large areas, which are un-irrigated due to limited availability of groundwater
and canal water. Hence, farmers would have incentive to improve water productivity. In the process, they would
be able to maximize the aggregate returns.

There are some regionsin Indiawhere water productivity is not a consideration for individual farmers.
The economy here would benefit a lot by reducing the amount of water depleted and the energy used up in
growing crops. Such areas include parts of Indus in central Punjab, Haryana and UP, which are groundwater
irrigated. In such areas, water productivity improvement measures can help raise income returns from every
unit of land irrigated. The only option to enhance water productivity is water delivery control. It can be used
effectively in such situations where excessive irrigation leads to yield losses.

In Punjab and Haryana, improving adequacy and reliability of canal water supplies would lead
to greater yield for wheat and paddy, apart from reducing non-beneficial depletion and improving water produc-
tivity. Hence, irrigation departments should have incentive to go for improving both quality and reliability of
irrigation water, and “water control”. Since there is no scope for exploding groundwater-irrigated area, it would
lead to reduction in groundwater draft as well.

6. POLICY ALTERNATIVES FOR IMPROVING WATER PRODUCTIVITY

Itiswidely recognized that flat rate mode of pricing of electricity resulted in inefficient, and unsustain-
able use of groundwater (Kumar and Singh, 2001; Kumar, 2005). Pro-rata pricing of electricity would create
direct incentivefor efficient water use asit induces positive marginal cost of water application. There will betwo
different outcomes of this policy change: 1] as the marginal cost of using electricity is positive, farmers would
adopt water abstraction systems that are more energy efficient, which means the electricity used for pumping
and applying a unit of water would be less, so the marginal cost of increasing the dosage of water; and 2]
farmers could increase water use efficiency in crop production, enhancing physical efficiency (Kumar, 2005).

By enhancing water use efficiency, the farmer can reduce the water application to their crops, as the net
marginal returns would become negative at original level of water dosage. Such reductionsin applied water will
be affected without any change in the consumptive use through better farm water management and better
conveyance methods. Farmers can also adopt drip irrigation systems that require low energy to run,** which
also save energy. There would be no adverse effect of reduced irrigation dosage on yield. Instead, the irrigation-
net water productivity curve itself would shift diagonally upwards due to slight improvement in net water
productivity.

In the long run, total metering and pro-rata pricing would be the most desired scenario, The government
can start with metering of agricultural consumption. Heavy subsidy for WSTs can be provided to farmers who
are willing to use meters, provided they minimize electricity consumption. It could reduce with increase in total
energy consumed, and increase with increase in percentage cropped area under water-saving irrigation technol-

14 Like micro tubes and sub-surface drip irrigation systems (porous pipes). For details please see Kumar, Singh,
Sharma and Amarasinghe (2007).
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ogy. This can help realize the twin objective of more efficient and sustainable groundwater use, and efficient
energy use.

In groundwater irrigated areas, improving power supply conditions — both quality and hours of supply
—isextremely important for achieving greater control over water delivery. Unreliable power supplies and power
supply during night time force farmers to apply excess water whenever power supply is available (Kumar and
Singh, 2001), instead of application at the critical stages of crop growth that gives higher productivity. Thisleads
to inefficient use from both physical and economic points of view as shown by a study in Mehsana. In cana
command areas, farmers should be provided with subsidies for storage systems and small pump sets. This
would result in greater control over “water delivery” and better quality of irrigation to achieve higher water
productivity in physical and economic terms.
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SOCIAL COSTSAND BENEFIT OF MICRO IRRIGATION SYSTEM
ADOPTION IN CANAL COMMANDS: ASTUDY FROM IGNP
COMMAND AREA OF BIKANER IN RAJASTHAN

M. Dinesh Kumar?, Saurabh Rajvanshi? and Sushant Kumar Dash?

Abstract

It is generally perceived that adoption of micro irrigation (MI) system leads to increase in yield; real water
saving; and expansion in area under irrigation, all resulting in social benefits. But, most of these perceptions are
based on research on drip irrigated farms of orchards and cash crops. Again, they looked at saving in applied water
rather than actual water consumption by the crop. Thus, the social benefits tend to get over-emphasized. Since the
studies were done in agriculturally prosperous regions where labour is in short supply, the social costs associated
with removal of labour from farms get ignored. Thus, governments and donors are motivated to subsidize M| systems.
But, many research studies in the past on drip irrigation seem to suggest that these systems are viable even when the
full costs of the system are compared against the private benefit. Hence, subsidies may not be desirable from an equity
perspective as it is mostly large farmers having capital who go for micro irrigation systems.

The broad research question being addressed in the present study is whether subsidies are desirable for
promoting micro irrigation systems in canal commands. The study was undertaken in IGNP (Indira Gandhi Nehar
Project) command area where farmers have adopted sprinklers with the help of an intermediate storage system
locally known as diggie. The objectives of the study are to: 1] analyze the farming systems changes associated with Ml
adoption; and, 2] evaluate the economic and social costs and benefits of sprinkler and diggie adoption in the region.
The study shows that sprinkler with diggie is economically viable for the farmers even without subsidies. It further
shows that the social benefits exceed the social costs.

The study had shown that under situations of induced water scarcity, incremental income return over pre-
adoption scenario will not be the decisive criterion for farmers to go for Ml systems. Instead, the criterion would be
water productivity enhancement, which also ensures that the income returns are higher than what they would
probably secure with flood-irrigated crops under conditions of reduced water availability. Since the social costs are
less than the social benefits, the subsidies are justifiable as it makes the private benefits exceed the private costs. The
study also validates the unique methodology used for economic cost benefit analysis of micro irrigation systems. On
the social cost benefit front, we have only considered the positive externality associated with water saving. The other
positive externality of sprinkler adoption is reduced risk in livestock keeping. However, we have not quantified this.

1. INTRODUCTION

Water scarcity problems are growing in many arid and semi-arid regions in India. Given the fact that
agriculture consumes lion's share of total water diverted in these regions (Gol, 1999; Kumar, 2003), micro
irrigation is advocated by the government of India (Gol) as a panacea for all water problems. The task force on
micro irrigation constituted by government of India estimates the area that can be brought under micro irrigation
systems at 97 mha. But, little attention has been paid to the constraints facing the farmersin adopting this system
such as erratic power supply conditions; and lack of clear economic incentives for saving water and energy due
to inefficient pricing of eectricity and water. The existing cereal dominated cropping systems, and the small
sizesof land holding of farmersare other physical constraints (Kumar et a., 2008). Particularly, in canal commands
the delivery of water under gravity makes it difficult for farmers to adopt M| systems as they have to go for
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intermediate storage systems and pressurizing devices, which mean capital investmentsin addition to that required
for the MI system making the economics poor. With the least recognition of these constraints, government has
been using subsidy as an instrument for promoting adoption of MI.

That said, another important question which remains unanswered iswhether subsidiesareredlly justifiable.
Subsidies are desirable when the socia benefits exceed the social costs, whereas private benefits do not exceed
the investment farmers have to make. Water saving and yield enhancement are generally perceived as positive
externalities of M| adoption on society. Exchange of farm labour is perceived as anegative externality (Dhawan,
2000). But, the extent of real water saving depends on climate, soils, crop type, type of MI technology and geo-
hydrological environment. Similarly, the negativeimpact on farm labour depends on the socio-economic conditions
of the region and the farming system change associated with M| adoption. However, thereis hardly any research
available from India to throw light on these issues.

On the other hand, many research studies in the past seem to suggest that the micro irrigation systems,
particularly drip systems are viable for the farmers when the full private costs of the system are compared
against the private returns. Hence, subsidies may not be desirable from an equity perspective. The reason is that
it is mostly large farmers having capital who go for M1 systems.

The genera perception is that M1 adoption leads to increase in yield (kg/ha), water saving; increase in
areaunder irrigation due to reduction in water requirement per unit area, and advancement in produce harvest, all
resulting in socia benefits. But, most of these perceptions are based on research on drip irrigated farms of
orchards and cash crops. Again, they looked at applied water rather than actual water consumption by the crop
(Kumar et al., 2008). Also, studies concentrated in agriculturally prosperous regions where labour is in short
supply. In the absence of rigorous analysis, the socia benefits tend to get over-emphasized, and costs ignored.

A very recent research on drip irrigated cotton showed a 114% increase in yield and 45% reduction in
applied water (Narayanamoorthy, 2008). The effect of climate, geo-hydrological environment, crop type and
type of technology used were never considered in assessing the physical impacts of M| adoption on water and
energy use, which determine the real economic and socia benefits. The potential negative impacts M1 system
adoption can have on society (socia cost) such as reduced labour absorption in agriculture were generally
ignored, and instead the labour saving impact was highlighted as a private benefit. Part of the reason might be the
fact that large-scale M1 adoption takes place in regions where agriculture is progressive, and labour isin short
supply. The research on the actual physical and economic benefits from sprinkler irrigation is very scanty in
India (Kumar et al., 2008).

2. CONTEXT

On notable example for large-scale and intensive adoption of MI systems, is the Indira Gandhi Nahar
project—Phase - | located in Bikaner district of Rajasthan. In lieu of the growing problems of water logging and
salinity in the command area, and inter state conflict over sharing of water, government motivated farmersto use
alocal system called diggie to store canal water in order to make water use more efficient. The construction of
the diggie enables farmers to use the water for irrigation as and when required. It also enables the use of
pressurized irrigation techniques like sprinkler irrigation.

While the large scale adoption can be attributed to high returns against the investments, the subsidies
being made available to the farmers play an important rolein raising the net returns, there by boosting adoption.
In Rgjasthan, the government gives a maximum subsidy of Rs. 40,000 for constructing a diggie. Thisisin
addition to the subsidy for M1 systems which Gol provides. In Lunkaransar taluka of Bikaner district, farmers
had adopted sprinkler irrigation for their existing cropson alarge-scale. A properly designed lay-out of asprinkler
system ensures relatively uniform application of water over the field. Sprinkler systems are usually designed to
apply water at a lower rate than the soil infiltration rate, so that the amount of water infiltrated at any point
depends upon the application rate and time of application. But, it isimportant to note that the distribution efficiencies
would be low in sprinkler irrigated fields, if the fields are small. Thisis due to high edge effects.
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3. PHYSICAL AND SOCIO-ECONOMIC CHARACTERISTICS OF THE STUDY AREA

As discussed in the earlier part of the paper, the physical impacts of use of micro-irrigation
technology in a particular region depends on soil, climate, geo-hydrology and crops. The economic dynamic of
micro irrigation depends on the socio-economic factors, including the land-holding pattern, crops, nature of
access to irrigation sources etc. (Kumar et a., 2008). Hence, it is important to discuss the physical and socio-
economic profile of the region to analyze the physical impacts, and economic and socia benefits of sprinkler
adoption.

3.1 The Location and its Physical Environment

Bikaner is one of the desert districts situated in the north-west of Rgjasthan. It is bound in the north by
districts of Sri Gangbanger, on the west by Jaisalmer and Pakistan, Churu in the east and Nagaur and Jodhpur in
the south-east. Jaipur, Ganganagar, Amritsar are some of the important cities near to thisdistrict. Thedistrict is
situated between the latitude 27° 11’ 03" to 29° 03’ north and longitude 71°54' to 74° 12’ east comprising a total
geographical area of 27244 sq. km.

The district’s climate varies from arid in the east to extremely arid in the west. The mean rainfall of the
district is 247 mm varying from 300 mm in the east to 180 mm in the west bordering Pakistan with coefficient
of variability ranges from 50 to 65%. The annual potential evapo-transpiration is 1770 mm (Gheesa Lal, 1999).
The mean maximum temperature ranges from 24.4° to 47.9° C and mean minimum from 7.3° to (-) 1.2° C.
Frequent drought once in 2.5 years is a common phenomenon.

Soilsof thisdistrict are predominately light textured, weak structured and well drained. Moderately deep
to very deep, loamy sands, sandy loams and loam soils occur on the flat aggraded older aluvial plaints and flat
interdunal plains. Deep to very deep, fine sandy to fine loamy sand soils occur on the undulating sandy aggraded
older aluvial plains and undulating interdunal plains and very deep fine sands on the dunes.

3.2 Socio-economic Conditions

The total population of the district is 16, 73,562 (10, 79,060 rural and 5, 94,502 urban) with a density
of 61 persons/ sg. km. and literacy rate of 46.55% as per 2001 census. The district has 580 inhabited villages
and 67 uninhabited villages. Cultivators account for nearly 45% of the workforcein the district, and agricultural
labourers are only 4.6%. The other workers account for 49% of the workforce.

Asper 2000-01 land use statistics, the net sown areais 45.43% of the geographical area; forest constitute
2.68%; area not available for cultivation, 8.36%, barren and uncultivable land 1.27%, permanent pasture and
other grazing land 1.27%, cultivablewaste 26.77%, other fallow lands 8.93%, current fallow 4.84%, respectively.
The area, which is cropped twice, is only 2.84%.

Out of the 2.33 lac ha of irrigated area, 84.91% is served by IGNP canal system and rest is served by
wells and tube well. Groundnuts, american cotton, guar, kidney beans (moth), bajra, green fodder are the main
crops grown in Kharif season. Except bajra al other crops are cash crops. Wheat, mustard, cow-pea, are the
main cropsin Rabi season. Wheat is grown only for home consumption. Horticulture crops or vegetables are not
grown in dlightest in the region.

3.3 Indira Gandhi Nahar Project

The Indira Gandhi Nahar Project (IGNP) is one of the largest water resources projects in the world,
aiming to transform the desert into an agriculturally productive region. The IGNP was conceived and executed
to utilize 9,393 MCM of the 10,608 MCM of water allocated to Rajasthan from Ravi-Beas in order to convert
1.96 mha of land in the arid desert to agriculturally productive land. The project ams at drought proofing,
providing drinking water, improving environmental conditions, afforestation, employment generation, rehabilitation
of project affected people, livestock development and increasing agricultural production in the region. Though
the project, started in 1958 and only partially complete, it has shown remarkable success. The construction of
the project has been divided into two stages.
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Stage | comprises a 204 km long feeder canal, having a discharge capacity of 460m?/sec. The stage |
also consists of a189 km long main canal and 3454 km long distribution system. It is concrete lined, and serves
5.53 lac ha of cultivable command area. Of this, 4.6 lac ha areais served by pumping with a 60m lift.

Stage 1l comprises a 256km long main canal and 5,606 km long lined distribution system, and serves
14.10 lac haof CCA (873577 haareain flow and 537018 ha under lift), utilizing 4,930 MCM of water annually.
Thestage |l areahasbeen divided into 7 regions. As of now 2, 33,850 haof cultivableland in Bikaner are coming
under this canal system. According to Central Water Commission: “Indira Gandhi Canal was built at a cost of
Rs.70 crore. But now the income generated is about Rs. 700 crore every year from the project. An outlay of
Rs. 70 crore has brought about a return of Rs. 700 crore, 10 times more. The life pattern of the people in this
area has also dramatically improved.”

The problems of vertical drainage of water in IGNP command area are quite well known. Thisis created
by the occurrence of impervious layer between the water table aquifer and deep aquifers. Gypsum-Ferrous layer
is present just below the surface layer of soil. It isanimpervious layer and it is very thick. Asthe soil of the area
are coarse textures with a significant amount of sand resulting in low water holding capacity. The percolated
water isdeposited over the gypsum-ferrouslayer and asaresult stagnation of water has been increased considerably.
The evaporation of thiswater is possible because of the capillarity action of sand dunes; thisis the prime reason
of the salinity of the land.

3.4 Reason for Sprinkler Adoption

Three factors have contributed to sprinkler and diggie adoption. They are presence of upland, which
cannot be watered by flow irrigation from canals; sharp reduction in water availability; and availability of subsidy
for purchase of sprinklers and construction of diggie. Since there has been a remarkable reduction in the supply
of canal water, the timeliness of water availability reduced, affecting the quality and reliability of irrigation. Here,
the diggies act as an intermediate storage system for the water. The diggie and the pumping devise together
increasetheir ability toimprovethe quality and reliability of irrigation. Although thefarmersare not abletoirrigate
the land adequately, they can now irrigate more land both by virtue of the pressurizing device. Subsidies also act
as a motivation for the farmers to adopt the M1 system.

4. OBJECTIVES AND METHODOLOGY FOR THE STUDY
4.1 Objectives

The objectives of the study are: to analyze the farming systems changes associated with M| adoption
in IndiraGandhi Canal command area; and to eval uate the economic and socia cost benefits of microirrigation
adoption in the region.

4.2 M ethodology

Generally, the variable affecting the economic dynamic of micro irrigation adoption in Bikaner region
are: i] change in crop yield; ii] change in area under irrigation; iii] change in cost of crop cultivation; and, iv]
change in value of the produce (Dhawan, 2000). But, how these variables get atered depends on the socio-
economic conditions of the farmers and the region under consideration, the climate and the geo-hydrological
environment (Kumar, 2007). In the following section, we would discuss how each one of these variables had
been altered due to sprinkler irrigation.

Often in the context of MI, the reduction in water applied due to prevention of deep percolation is
counted as a private benefit. But, as Dhawan (2000) cautions, such private benefits can be over-emphasized in
situations where the deep percolation appears as return flows to the shallow aquifer and recharge to the well.
Nevertheless, such private benefits are applicable in situations where farmers are confronted with marginal cost
of using water. Since, the farmers here are not paying for canal water on volumetric basis, changes in volumetric
consumption of water due to adoption of micro irrigation system does not lead to cost saving for the farmers.

But, in regions of water shortage, the social benefits due to water saving could be enormous. But, the
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actual social benefit depends on the extent of real water saving, rather than saving in applied water (Dhawan,
2000). Real water saving comes from reduction in non-beneficial evaporation from soil, and non-recoverable
deep percolation (see Allen et d., 1998 for details). Real water saving due to M| depends on several physica
factors (Kumar et a., 2008). In regions, with semi-arid and arid climatic conditions and light textured soils and
deep water table conditions, the real water saving comes from reduction in non-beneficial evaporation and non
recoverable deep percolation (Kumar et al., 2008). Again, since return flows create water logging and soil salinity
problems, it can be treated as non-beneficial depletion of water. Hence, in the present condition, the applied
water saving can be treated as real water saving.

4.2.1 Sampling frame, and method of data collection

The universes of sampling were the villages of Lunkaransar taluka of Bikaner district. Four villages
Rozha, Phuldesar, Bada Delana and Chota Delana were selected. The farmers were selected randomly. A group
of 30 farmers who had adopted diggies and use sprinkler irrigation and 30 other farmers who have not adopted
diggies and use sprinkler irrigation were chosen for the analysis.

Structured interview using questionnaire were conducted. Based on the questionnaire the data on the
cost and benefit components of crop cultivation were collected. The main constituents of cost components are,
inputs viz., fertilizers, manure, seeds; labour cost; transportation; cost of maintenance of M1 system; and water
charges. The crop returns are, the main product; and the by-product (for wheat, cluster bean and groundnut);
and fodder.

4.2.2 Analytical procedure

The socia cost-benefit of micro irrigation adoption was evaluated by taking the ratio of the sum of
private benefit and positive externalities associated with M1 adoption and the sum of private cost of M1 adoption
and the negative externalities associated with adoption. On major assumption involved in the evaluation of both
positive and negative externalities associated with M| adoption isthat the externalities are alinear function of the
areairrigated.

The variables to be considered for evaluation of social costs and benefits were decided after preliminary
field investigations. These investigations provided insights into the nature of positive and negative externalities
associated with sprinkler adoption. Reduction in the amount of water consumed for crop production wasidentified
as amajor positive externality. Expansion in the irrigated area and the proportional increase in crop yield were
identified as major private benefits of sprinkler adoption. Thisis contrary to what has been found in most cases
due to adoption of MI systems.

The private benefit-cost ratio for sprinkler irrigated crops was evaluated by taking the ratio of the
difference between the aggregate net private return from all the sprinkler irrigated crops and the aggregate net
private returns from all the flood irrigated crops prior to adoption for the same water supply conditions (as post
adoption); and the sum of annualized capital cost and annual operation and maintenance of the systems (C ).
Both numerator and denominator were estimated per unit area of the sprinkler system. This can be exp
mathematically as.
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Here, N ypppm; and MVE g, care the weighted averages of the net private return for all the farmers
growing sprinkler irrigated cropi , and flood-irrigated crop , respectively. AT wppng; isthe sum of the
areaunder crop i fromall the sprinkler adopter farmersin the sample. AT g, s isthe sum of the areaunder

crop i, whichisflood-irrigated, from all farmers. Here , and VJ. are the volume of water allocated to cropi

by all farmers in the sample using sprinkler irrigation, and allocated to crop i by al farmers using flood
irrigation, respectively.
Water saving benefit through sprinkler adoption (fzzz57) is the difference between the amount of

water that is actually needed to produce the current economic outputs from the farms under traditional method
and the actual amount of water used for production currently.
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Here, MER,zp57; isthe net economic return from the sprinkler irrigated crop i . gy ; 1sthe water

productivity for crop i in economic terms under flood method of irrigation. upzpa; isthewater productivity

for crop ;i in economic terms using sprinklers. Water productivity is estimated using the functional formula, by
dividing the net returns from crop production and the vvi ume of water applied.

The positive externality induced by sprinkler use for irrigation through water saving is estimated by
multiplying the average volume of water that can be saved from unit area under sprinkler irrigation, and the
average net return under flood-irrigated crop from unit volume of water (it is same as the overall net water
productivity for flood-irrigated crop). Mathematically, it can be expressed as.
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The social benefit-cost ratio is estimated by taking the ratio of the sum of private benefit +positive
externality and the sum of private cost and negative externality. Thisis basically adding up of Equation (1) and
Equation (4).

The net water productivity in relation to applied water for different crops under flood method of irrigation
were estimated by taking the ratio of net return from crop production and the total volume of irrigation water
applied. Similarly for sprinkler irrigated crop, the net water productivity was estimated by taking the net return
and the volume of water applied through sprinklerst. Here, it is assumed that the rainfall contribution of yield is
negligible, and that the entire yield comes from irrigation only.

1 The volume of water applied through sprinklers for each plot was estimated by multiplying the average number of sprinklersfor
aunit areaof plot, with the discharge of the sprinkler, number of irrigations, the hours of irrigation per watering and the area of the
plot.
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5. ANALYSIS AND RESULTS
5.1Changesin Crop Inputs

Comparison of data on crop inputs for flood irrigated crops and their sprinkler irrigation counterparts
was done for the four main inputs, viz., seed quantity, irrigation dosage, fertilizer and pesticide. The results are
presented in Table 1. It did not show any significant change in the level of inputs except for irrigation. Under
sprinkler method, farmers increased the frequency of irrigation for all crops. Though the duration of watering
also increased with sprinklersfor al the crops, thiswas due to low rate of water delivery through the sprinklers.
But, closer analysis using data on discharge rates showed major reduction in water application depth under
sprinkler irrigation.

Table 1: Comparison of Crop Inputs during Pre and Post Adoption of Sprinklers

Crop inputs before adoption of sprinkler Crop inputs after adoption of sprinkler
Crop Seed Irrigation | Fertilizer |Insecticide| Seed [rrigation Fertilizer | Insecticidg
(kg) | No. | hr. (kg) (Rs) | (kg) [ No. | hr. (kg) (Rs)
Kharif
Cluster Bean 143| 10| 15 0.0 283 13.1 2 5.8 0.0 292.0
Groundnut 873| 45| 43 | DAP-54 0.0 832 | 6.8 7.2 | D-53.2 0.0
U-94.2 U-92.1
Cotton 135| 54 | 49 | DAP-20 /0] 124 | 5.6 70 | D-828 | 144.0
U-180 U-165.6
Green Fodder | 7.8 10| 12 0.0 0.0 7.8 21 4.4 0.0 0.0
Black Gram 15 10 | 12 0.0 0.0 158 | 2.6 5.4 0.0 0.0
Rabi
Wheat 743 | 58 | 48 | DAP-84 0.0 72 8.4 8.2 D-86 0.0
U-176 U-172
Mustard 43 34 | 44 | DAP-A 0.0 4 5.8 7.2 D-53 0.0
U-92 U-92
Cow Pea 23 13| 28 34 0.0 23 29 6.2 D-31 0.0
Green Fodder 8 12| 16 0.0 0.0 7.8 2.3 3.9 0.0 0.0

Source: Authors' own analysis using primary data

5.2 Changesin Crop Yield Due to Sprinkler Adoption

Generally, it is believed that use of micro irrigation systems result in increase in yield due to uniform
application of water acrossthe field resulting in more uniform distribution of soil moisture, and uniform growth;
frequent application of smaller dosage of water to the crop resulting in lower chances of moisture deficit and
water stress, particularly prevention of moisture stress at critical stages of crop growth; optimum dosage of
irrigation in each watering, preventing chances of nutrient leaching. But, in the IGNP command area, no trend
was found vis-a-vis the crop yield change due to sprinkler adoption.

The major kharif crops that are grown in Lunkaransar taluka are groundnut, cluster bean, bajra and
green fodder. The yield figures for these crops before and after adoption of sprinklers are compared and
presented in Table 2. It shows that there has not been a substantial change in the yield after adoption. In case of
groundnut and cluster bean, yield has decreased marginally where asfor bgjrait had increased marginally. Over
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all thereisno general trend in yield. While the effect of sprinkler irrigation on yield could be both positive and
negative, the availability of rains during kharif season can nullify this effect.

Table 2: Impact of Sprinkler Use on Yield of Kharif Crops

CropYield Under Percentage change
Name of Crop FMI (qti/ha) Sprinkler irrigation (qtl/ha) inyield (+/-)
Groundnut 21.74 21.38 -1.65
Cluster bean 12.76 12.60 125
Cotton 22.20 22.20 0
Bgjra 15.30 22.20 45

Source: Authors' own analysis using primary data
Note: + indicates increase after adoption; “-” indicates decrease in yield after adoption

The major winter crops that are grown in Lunkaransar taluka are wheat, mustard, pea and green
fodder. The crop yields are compared and presented in Table 3. It shows that the yield of green fodder has
increased substantially where as that of wheat had decreased. There was marginal improvement in the yield of
mustard. The yield reduction for wheat can be attributed to the poor distribution uniformity in watering which
affect the crop growth adversely. It is to be kept in mind that the input factors that can potentially affect the
yield, other than irrigation, had not changed after adoption. What is to be inferred is that the effect of poor
distribution uniformity is much higher than that of improved quality and reliability of irrigation.

Table 3: Impact of Sprinkler Use on Yield of Winter Crops

CropYield Under Percentage change
Name of Crop : — inyied (+/-)
FMI (qtl/ha) Sprinkler irrigation (qgtl/ha)
Wheat 24.43 23.10 -5.44
Mustard 14.53 14.82 1.99
Cow Pea 9.39 9.39 0
Green Fodder 55.44 64.80 16.88

Source: Authors' own analysis using primary data

5.3 Changes in Area under Crops and Irrigation

In well irrigation, there are no limits on the amount of water farmers can access, except those imposed
by the aquifer characteristics and energy supply. But here, in this case, canal water supply is restricted, and the
amount of land which farmers can irrigate is constrained by the amount of canal water. In the case of IGNP, the
water availability from canalswas adequate to bring all the operational holdings under flood method of irrigation.
But due to undulating terrain and higher elevation, a significant portion of the land, which cannot be irrigated
through gravity flow, had to be left fallow.

But, as farmers in the area experienced drastic reduction in water supply from canals, they had to
resort to more efficient method of water application even to maintain the previous levels of irrigation. The
availability of subsidies for construction of diggie enabled use of sprinkler irrigation. With the adoption of
sprinklers, thefarmers could also bring alot of the undulating land lying in higher elevation, under irrigation. We
would examine the changes in area under irrigation for Kharif and Rabi crops.
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Table 4 shows that the total area under Kharif crops experienced a very marginal increase of 1.7 ha.
Groundnut and cluster bean areaincreased slightly, and more importantly, the area under irrigation increased for
both the crops. The significant change due to adoption is that more areais put under irrigation. There are three
major reasons for this increase. First: framers receive remunerative prices for this crop. Second: the agro-
climateisvery favorablefor the cultivation of groundnut. Third: sprinkler isvery suitablefor irrigating groundnut.
The area under irrigated cluster bean saw an increase of 12%; and the absolute increase in area (7.5 ha) is also
quite substantial. This is because cluster bean does not require much water and is mostly rain-fed. Even prior
to adoption of sprinkler, the area under cluster bean was quite high.

In the case of cotton, the area under cultivation was also not very large prior to adoption. No change
in area under this crop was seen after adoption. It is also to be noted that cotton is not amenable to sprinkler
irrigation.

Table 4: Impact of Sprinkler Adoption on Area under Kharif Crop

Areaunder Areaunder Irrigated Irrigated
Name of crop cultivationbefore | cultivation after area before area after
adoption (ha) adoption (ha) adoption (ha) adoption (ha)
Groundnut 41.39 43.33 41.39 43.33
Cluster bean 136.94 136.12 53.06 60.56
Cotton 6.39 6.39 6.39 6.39
Black Gram 2.78 2.78 0.00 0.00
Bara 3.05 3.62 2.50 3.06
Green fodder 1.68 1.68 0.00 0.52
Total 192.23 193.92 103.34 113.86

Source: Authors' own analysis based on primary data

Asregards winter crops, as Table 5 indicates, there has been some increase in the areaunder cultivation
of there crops, namely wheat, mustard and cow pea. Area under wheat had increased by 0.80ha. The main
reason for thisincrease is that before adoption of M1 system the staple food crop of the areawas bajra, but with
time wheat has become the staple crop, indicating a general improvement in the welfare of the people. Thisis
in spite of the yield reduction after adoption of sprinklers. Farmers grow it only for domestic consumption.
Perhaps the reason is that wheat is a water intensive crop.

Table 5: Impact of Sprinkler adoption on Area under Winter Crop

Area under Area under Irrigated area Irrigated area

Name of Crop cultivation before |  cultivation after before sprinkler after sprinkler

adoption (ha) adoption (ha) adoption (ha) adoption (ha)
Whest 28.61 20.44 28.61 20.44
Mustard 35.00 37.78 33.891 36.68
Cow Pea 48.33 49.72 32.78 32.78
Green fodder 3.62 3.62 3.33 2.78
Fennel 1.39 1.39 1.39 1.39
Tota 116.95 121.95 100.00 103.07

Source: Authors' own analysis based on primary data
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The area under mustard has also increased by 2.78 ha (8%). The main reason for increase in the area
for mustard is the high returns. Also, the yield was found to be improving with sprinkler use for this crop. The
farmers are able to sell the mustard for attractive price. There was increase in the area under cultivation of cow
pea also, but the irrigated area did not increase. The total increase in area under cultivation is 4.3% and that
under irrigation is 3.1%. In the case of green fodder, the irrigated area decreased by 0.55 ha.

One could argue that change in area under cropsin such plots cannot be attributed to sprinkler adoption.
But, given the fact that the rainfall is quite low, during droughts these crops aso will have to be irrigated. The
absence of proper water lifting and irrigation device prevents farmers from taking crops in these plots as the
investment for crop inputs would be lost in situations of droughts. But, the access to storage system and the
sprinkler technology enables the farmers to take crops in plots which otherwise cannot be irrigated under
gravity. Hence, thisis a positive externality of sprinkler and diggie adoption.

5.4 Impact on Livestock Rearing

Livestock forms the organizing feature of the region’s farming system. The farmers of the area keep
cow, buffalo, goat and camel. The number of livestock per family ranges from 2 - 20. The livestock holding per
family had remained more or less constant over the past many years. When the animals give birth to new ones,
the farmers either sell either the calf or the older animals according to the need.

The farmers keep cows and buffalos mainly for dairying. The average production of milk per animal in
the areavariesfrom 2 - 5 It/day. The farmers own only the local breed of animals. The amount of feed supplied
to the animals varies from 10 -15 kg/animal each time, with atwo-time feeding generally practiced. The fodder
is available from within the farm. It includes both green and dry fodder. The residents of the area do not buy
milk from the others. They meet their household milk demand from their cows and buffaloes. The excess milk
is sold to either the local trader, who makes mawa out of it, or to Urmul diary. The price of milk varies from
Rs.10 - Rs.12/It. The farmers also keep camels for ploughing and transport.

The area used to face severe seasona fodder shortages in the past. To overcome this, a practice that
was prevalent in the areatill afew years ago is that during scarcity, one or two persons from the village would
collect the cattle from the entire village. These animals would be taken to the neighbouring state of Punjab
where plenty of green fodder is available. These animals are taken back to the villages only with the onset of
monsoon season when sufficient amount of fodder is available locally. Now-a-days, with the introduction of
IGNP waters, farmers produce fodder in their own farms and the shortfall is met through purchase from the
local market. Under conditions of water shortage, it isthe use of sprinklerswhich enables the farmersto sustain
the area under fodder crops and aso those crops which have byproducts that can be used as fodder. This can
be treated as a positive externality of sprinkler adoption.

5.5 Impact of Sprinkler Adoption on Crop Water productivity

Water productivity in crop production can be defined in terms of biomass production for every unit of
water used or the net income return per unit of water used. The crop water productivity could be estimated
either in relation to the amount of water applied (applied water productivity); or the amount of water consumed
by the crop (productivity of consumed water ET) or the total amount of water applied, i.e., irrigation plus the
effectiverainfall (Kijne et a., 2003). Water productivity in crop production could be manipulated by improving
the crop (biomass) output through crop management involving agronomic practices, nutrient management or
crop technology management, or by reducing water use through on-farm water management?.

Table 6 shows that the water productivity for ground nut, cluster bean, mustard and pea are high and
for wheat and green fodder is lower under both flood-irrigation and sprinkler irrigation. The reason for high

2 On farm water management can be through any of the following measures: i] reducing conveyance losses in irrigation water
delivery; ii] applying optimum dosage of water; iii] ensuring water application at critical stages of crop growth; andiv] efficient
use of rainwater. First and second measure reduces non-beneficial depletion. The third measure increases the yield response to
ET; and the fourth measure reduces the irrigation water requirement and total water depletion.
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productivity of mustard is that the income per unit of land is high (Rs.22000/ha), and is low water-consuming.
The reason for low water productivity of wheat is that it is a water intensive crop and takes nearly 2-3 times
more water than mustard, while the net returns is more or less same as that of mustard.

Table 6: Applied Water Productivity of Kharif and Rabi Crops under Sprinkler and Flood Irrigation

Sr. . . . .
| Nemeotm | A e
Kharif Season

1 Ground Nut 24.24 10.24
2 Cluster Bean 34.00 18.27
3 Cotton 13.86 8.31
4 Bara 10.47 5.55

Rabi Season
1 Wheat 8.38 4,19
2 Mustard 20.23 6.69
3 Green Fodder 7.74 4.68
4 Cow Pea 25.49 8.72

Source: Authors' own estimates based on primary data

Water productivity for cluster bean is also very high. The reason being it requires only 1-2 irrigations.
Despite being a water-intensive crop, water productivity for groundnut is high. The reason is that the net return
from this crop under both flood and sprinkler irrigation (Rs.43700/ha and Rs.35500/ha, respectively) is highest
among all the crops grown. The slight increase in area under cultivation for mustard from 35 hato 93.33 ha
(see Table 5) is a clear indication that the farmers use there land efficiently so that they can get the maximum
returns out of that.

Comparison between sprinkler-irrigated crops and flood-irrigated crops showsthat the water productivity
values are higher under sprinkler irrigation for all the 8 crops. For the remaining crops, since farmers have not
irrigated, the estimates of irrigation water productivity are not available. The difference is quite substantial for
cluster bean, ground nut and cow pea. The enhancement in water productivity has mainly come from the
reduction in applied water in the case of sprinkler irrigated crop rather than enhancement in net returns. We
would see in the subsequent section that the net returns are much higher under flood irrigation for most crops.
In the case of cluster bean, cow pea, green fodder and bajra, some farmers were found to be growing the crop
under rain-fed conditions. For these crops, those farmers who are irrigating these crops are only considered for
water productivity estimates.

5.6 Incremental Economic Benefits from Sprinkler Adoption

Past research on economics of micro irrigation were for well irrigators. Two important considerations
wereinvolved in the analysis. They are: i] increase in net crop return from unit area of micro irrigated plot over
that irrigated using conventional method; and, ii] potential return from the additional areathat could be brought
under irrigation using the water saved through use of micro irrigation. While the first is realistic, the second
consideration assumes that physical scarcity of water does not permit the farmers from expanding the area
under irrigation prior to adoption. Such analyses were not based on any field evidence of area expansion due to
M1 adoption. Such considerations are valid for situations where wells are the source of water.

But, here, canal is the only source of irrigation water for the farmers, in which case the amount of
water which farmers can access is limited. Under such situations, the criteria for assessing the economic
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performance should be: increment in aggregate return from all the crops that are irrigated with sprinklers,
including the expanded area. Here, the validity of the assumption about areaexpansion can betested. Unfortunately,
the farmers experienced a major cut in the volumetric water availability, which prompted them to go for diggie
construction and sprinkler irrigation for their crops. Hence, comparing the net return from sprinkler irrigated
crop area against the flood-irrigated crop areas does not make sense. The volume reduction should be factored
into the area under conventional method of irrigation to make the comparison realistic.

Using equation (2), we have estimated the total amount of water used by the farmers in our sample
both prior to and after adoption of sprinkler system. The difference was quite substantial and it corroborated
with what farmers reported. While the total water use was 0.638 MCM before adoption of sprinkler, it was
reduced to 0.237 MCM, which forced farmers to go for micro irrigation. The reduction factor was estimated
to be 0.371.

To begin the economic analysis, the net income return per unit area of land was worked out for all the
irrigated crops for both flood method of irrigation and sprinkler method of irrigation. The results are presented
in Table 7. It graphical representation is given in Figure 1.

As Table 7 indicates, the mean values of net return per ha of the crop is much higher under flood
irrigation for four crops, and lower for three crops. Further, the average reduction in net return per unit area for
the first set of crops is higher than the average rise in return for the second set of crops. This does not mean
that the aggregate returns would be lower under sprinkler irrigation. The reasons are many: 1] every farmer
grows more than one crop in each season; 2] the net outcome of sprinkler adoption in terms of change in net
return would depend on how much area the farmer allocate to each crop. Nevertheless, it is important to note
that comparative income return won't be an important consideration for farmers to go for sprinkler irrigation.
The reason is the water supply situation had changed. With heavy rationing of water, the productivity of water
would become the most important consideration for farmers rather than returns from unit area of land.

Table 7: Net Return from Different Kharif and Rabi Crops under Flood and Sprinkler Method of Irrigation

- Net return (Rs/ha) of land under
Name of crop . - —
No. Floodirrigation Sprinklerirrigation
Kharif Crops
1 Groundnut 43693.0 35538.0
2 Cluster Bean 23960.0 16110.0
3 Cotton 36586.0 21959.0
4 Bara 6644.6 6633.0
Rabi Crops
1 Wheat 23637.0 17497.0
2 Mustard 22012.0 24054.0
3 Green Fodder 6165.0 6790.0
4 Cow Pea 11618.0 12330.0

Note: the net return is exclusive of the cost of sprinkler system

The economic returnsfrom sprinkler irrigation were estimated using the figures of aggregate incremental
returnsfrom sprinkler irrigated plotsover plotsirrigated under conventional method of irrigation (0.371* 203.37ha).
The incremental return per unit area was deduced from this figure based on the figure of the total area under
sprinkler irrigation (215.57ha). This was compared against the incremental cost of the sprinkler per unit area
covered by the system (Rs.7519.8/ha). The incremental return was estimated to be Rs. 15937/ha. Hence, the
private cost-benefit ratio for the system is Rs. 2.11. The reason for the high benefit-cost ratio is the unique
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characteristic of the system itself. The system is movable, and with just with an extra HDPE pipes to be used
as main pipe, the same set could be used to irrigate large area, provided sufficient labour is available.

Figure 1: Impact of Sprinkler on Land Productivity (Rs./ha)
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Table 8 shows that the net return from sprinkler irrigated crops (Rs. 53.74 lac-row 3, column 3) is
dlightly higher than that of flood-irrigated crop (Rs. 52.25 lac). The net incremental return per hais negligible,
and is far less than the additional cost which farmers have to incur for sprinklers, which is Rs.7519.8/ha. But,
if we consider the fact that the volume of water available for crop production has been much lower for the post
adoption scenario, the effective incremental return from sprinkler-irrigated crops becomes Rs.15937/ha. The
positive incremental return is mainly due to the effective increase in area (see numerator of Equation 1 in
methodology section) from 75.44ha - 215.57ha. Table 8 shows that both the private cost benefit ratio and
economic benefit cost ratio are more than 1.0. Hence, it can be concluded that farmers would have incentive to
adopt the systems even if subsidies are not available.

Table 8: Private Costs and Benefits from Sprinkler Irrigation

Sr. Amount in Rs.
No. Attributes of costs and benefits of sprinkler irrigation
Aggregate Per ha

1. Net Return from Crops Irrigated by FMI (RS) 5225368.80
2. Net Private Return from Sprinkler Irrigated Crop (RS) 5374196.00
3. Incremental Return after Sprinkler Adoption 148827.00
4. Annual Incremental Private/Economic Returns due to

Sprinklers (Rs) (2)-(1)*0.371 3435584.50 15937.2
5. Annual Incremental Private Cost (Capital and O & M) 1621033 7519.8
6. Annual Incremental Economic Cost (Capital and O & M) 1801605 8357.4
7. Private B-C Ratio 211
8 Economic B-C Ratio 1.90

Source: Authors' own analysis based on primary data

Note: the sprinkler irrigated areais 215.57haout of the 314.48haunder crops; thetotal cost of sprinklersand diggiesis
Rs. 43.5 lac without subsidy and Rs.31.5 lac with subsidy for the entire sprinkler irrigated area. The annualized capital
cost (both private and economic) wasworked out using adiscount rate of 10% and alife of 10 yearsfor the system. The
total annual operation and maintenance cost of the motor, sprinklers and the diggie was estimated to be Rs. 11.32 lac

rupeesfor the entire sprinkler irrigated area.
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5.7 Social Benefits due to Sprinkler Adoption

The most significant socia benefit in the region due to adoption of sprinkler irrigation isreal savingin
irrigation water. Thisisin view of the scarcity value of the resource being acutely felt in this arid region with
growing competition from other sectors such as industry and urban drinking, in addition to that from farmers
in other parts of IGNP command. The non-adoption of sprinkler irrigation would have forced the farmers to
either tap groundwater to sustain the income from crop production or led to conflicts.

Asregardsthe potential socia costs, no major negative externalities were seen to have been induced by
sprinkler adoption in the area. The potential negative externalities, as evident from arecent study in Nalgonda
district of Andhra Pradesh, are: 1] reduced labour absorption in agriculture, mainly coming from replacement of
labour-intensive crops by cash crops which depend on mechanized farming, and decline in wage rates due to
the reduction in labour demand; and 2] increase in food prices due to decline in cereal production in the area
mainly due to replacement of traditional food crops by high valued cash crops. But, in the case of IGNP, no
major change in cropping pattern that could affect cereal production was found. Also, there was no positive or
negative impact on either labour demand or wage rate after technology adoption.

Ideally, the aggregate water saving due to adoption depends on the real water saving at the field level
per unit area through M| adoption; and what economic value could be generated from the saved water. We have
already estimated the reduction in water use at the aggregate level for the sample farmers through M1 adoption
to be 0.401MCM (i.e., 0.638-0.237=0.401). But, for the purpose of social cost benefit analysis this figure will
not make sense. The reason is that the yield and income figures corresponding to pre and post adoption
scenarios were different. Hence, it is imperative to know how much water could have been used up by the
farmers to generate the return that occurs from the sprinkler-irrigated plots, had they used the conventional
method of irrigation.

We had employed equation (3) to estimate this. This uses net private return from sprinkler irrigated
crop, and water productivity (R¥m?3) estimates for all the crops under the two different methods of irrigation to
estimate the hypothetical water consumption for generating returnsusing FM|, and the current water consumption.
The net incomereturn from sprinkler irrigated areais estimated by taking the gross returns from all the sprinkler
irrigated crops and the total cost of al inputs, including the full cost of sprinkler systems. This was estimated
to be Rs. 35.72 lac. The overall net water productivity of all the cropsirrigated under flood method of irrigation
was estimated to be Rs. 8.63/me. The amount of water needed to generate the said income returns from flood
irrigated crops is estimated to be 0.413MCM. Hence, the water saving is 0.163MCM (i.e., 0.413-
0.237=0.176MCM).

This means, every hectare of sprinkler irrigated area saves water to the tune of 816m?®. Had the farmers
not used sprinkler irrigation, they would have been forced to depend on tube wells for maintaining the current
level of farm returns. Hence, the water saving can be treated as real. If we assume that the farmers all ocate the
saved water to put additional areaunder irrigation using flood method, the additional income that can be generated
from one cubic metre of water would be Rs.8.63. Hence, the surplus value product associated with the positive
externality induced by sprinkler adoption per hais Rs.7045. As Table 9 indicates, the social benefit cost ratiois
2.75. This means, subsidies in sprinkler irrigation could be justified.

Table 9: Private Costs and Benefits from Sprinkler Irrigation

Sr. No. Attributes of costs and benefits of sprinkler irrigation Amount in Re/ha
1. Annual Incremental Economic Cost of Sprinkler & Diggie 8357.00
2. Annual Incremental Benefit (Rs.) (from Table 6) 15937.20
3. Total Water Saving per ha of Sprinkler-irrigated Area due to Technology (m?®) 816.00
4, Positive Externality due to Water Saving 7045.00
5. Socia Cost-benefit Ratio (2)+(4)/(1) 2.75

Source: Authors' own analysis based on primary data
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6.

FINDINGS

One major consequence of sprinkler adoption in Bikaner is slight expansion in area under irrigation from
203.33hato 215.57ha. Thisisin spite of reduction in volume of irrigation water available to the farmersto
an extent of 62.9%. Hence, the real area expansion benefit due to sprinkler adoption has to be seen from a
hypothetical pre-adoption area of 75.44ha.

In many regions, M| system adoption is associated with introduction of new high valued fruit and cash
crops that replace traditional food crops or change in cropping pattern towards high valued crops, with
impacts on food security, use of animal power for cultivation and labour absorption. But, in Bikaner, no
major change in crops or cropping pattern is observed. Hence, there are no major negative externalities.

With sprinkler adoption, the yield of mustard, bajra and winter green fodder had increased marginally,
while that of wheat, groundnut and cluster bean had decreased marginally. Sprinkler and diggie use could
impact on yield both positively and adversely, the first due to improved quality and reliability of irrigation,
and the second due to reduced distribution uniformity. But, the farmers seem to take advantage of reduced
water reguirement by allocating more area to those crops which gain in terms of yield through sprinkler
use.

The mean values of net return per ha of land was lower under sprinkler irrigation for four crops, while it
was dightly higher for three other crops. But, farmers could manipul ate the aggregate returns by allocating
more land to such crops which give relatively higher net income per unit of land. Nevertheless, aggregate
net return won't be the consideration for farmers to decide in favour of sprinkler irrigation. The reason is
the changed water supply situation under which they would try and maximize the return per unit of water.

The net water productivity for al the cropsis higher under sprinkler irrigation than under flood irrigation.
The improvement has mainly come from reduction in applied water use achieved through reduction in
conveyance loss and deep percolation loss, rather than improvement in net income.

The private returns from sprinkler-irrigated crops under the scenario of reduced water availability are far
higher than the returns that could have secured if the farmers continued with the traditional method of
irrigation under the same scenario of water availability. The net incremental benefit was estimated to be
Rs. 15937/ha. This means, the opportunity benefits of adoption are very high. Hence, adoption of sprinkler
with diggie is economically viable for the farmers. The private benefit-cost ratio is 2.11.

But if we consider the actual cost of construction of the diggie and the actual price of sprinklers, the
system gives net returns slightly lower than that under flood method of irrigation. The economic benefit-
cost ratio is 1.90. This means that farmers can adopt the system even without subsidies.

Asregards the positive externality induced by large-scale sprinkler use on society, the main benefit is from
water saving. The aggregate income benefit due to sprinkler use for an area of 215.2 hais equivalent to
using an additional 0.176 MCM of water for generating the same economic output from flood-irrigated
crops. Hence, the water saving is 0.176MCM. Ancther positive externality is on the impact on livestock.

The positive externality of water saving per ha of sprinkler adoption is 816m3. This is equivalent to an
economic surplus of Rs. 7045/ha if we assume that the farmers use the saved water to grow the same
cropswithflood irrigation. Hence, the social benefit dueto sprinkler adoptionis Rs.22982/ha. Theincremental
cost to the society is Rs.9734.8/ha. Hence, the social benefit-cost ratio is 2.75. Hence, the subsidies for
diggie and sprinkler system could be justified.
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7. CONCLUSION

The study showsthat sprinkler with diggieiseconomically viablefor the farmers even without subsidies.
It further shows that the socia benefits exceed the social costs. The present study had shown that incremental
income return over pre-adoption scenario will not be the consideration for farmers to go for micro irrigation
systems under situations of induced water scarcity. Instead, they would be concerned with enhancement in
productivity of water, which also ensures that the income returns are higher than what they would probably
secure under conditions of reduced water availability, with flood-irrigated crops. Since the social costs are less
than the social benefits, the subsidies are justifiable as it makes the private benefits exceed the private costs.
The study also validates the unique methodology used for economic cost benefit analysis of micro irrigation
systems. On the social cost benefit front, we have only considered the positive externality associated with
water saving. The other positive externality of sprinkler adoption is reduced risk in livestock keeping. However,
we had not quantified this.

REFERENCES

Allen, R. G; L. S. Willardson, and H. Frederiksen (1998) Water Use Definitions and Their Use for Assessing the
Impacts of Water Conservation. In J. M. de Jager; L.P. Vermes, R. Rageb (Eds.) Proceedings ICID
Workshop on Sustainable Irrigation in Areas of Water Scarcity and Drought Oxford, England, Septem-
ber 11-12, pp 72-82.

Dhawan, B. D. (2000) Drip Irrigation: Evaluating Returns. Economic and Political Weekly, pp 3775-3780, Octo-
ber 14.

GOl (1999), Integrated Water Resource Devel opment: A Plan for Devel opment, Report of the National Commis-
sion for Integrated Water Resources Development Vol. |, Ministry of Water Resources, Government of
India, New Delhi.

Kijne, Jacob; R. Barker and D. Molden (2003), Improving Water Productivity in Agriculture: Editors Overview,
in Jacob Kijne (Eds.) Water Productivity in Agriculture: Limits and Opportunities for Improvement,
Comprehensive Assessment of Water Management in Agriculture. UK: CABI Publishing in Association
with International Water Management I nstitute.

Kumar, M. D.; Hugh Turral; Bharat Sharma; Upali Amarasinghe and O. P. Singh (2008) Water Saving and Yield
Enhancing Micro Irrigation Technologiesin India: When and where can they become best bet technolo-
gies?, paper for 7" IWMI-TataAnnual Partners Meet, ICRISAT Campus, Hyderabad, 2-4 April, 2008.

Narayanamoorthy, A. (2008), Economics of Drip Irrigation in Cotton: Synthesis of Four Case Studies, paper for
7" IWMI-TataAnnual Partners Meset, ICRISAT Campus, Hyderabad. 2-4 April, 2008.

82



IMPROVINGWATER PRODUCTIVITY INAGRICULTURE IN DEVELOPING
ECONOMIES: IN SEARCH OF NEW AVENUES

M. Dinesh Kumar and Jos C. van Dam*

Abstract

This article shows how the various considerations for analyzing water productivity (WP) differ due to the
differences in stakeholder interests, and objectives and units of analysis. Also it identifies some major gaps in WP
research and the key drivers of change in WP. The main arguments are: 1] in developing economies like India the
objective of WP research should also be to maximize net return per unit of water and aggregate returns for the
farmer, rather than merely enhancing “ crop per drop”; 2] the determinant for analyzing the impact of efficient
irrigation technologies on basin level WP and water saving should be consumed fraction (CF) rather than evapo-
transpiration; 3] in closed basins, determinants for analyzing basin level WP improvement through water harvesting
and conservation should be incremental economic returns & opportunity costs; 4] at the field level, the reliability
of irrigation water and changing water allocation could be the key drivers of change in WP that need to be
analyzed, whereas at the farm level, changes in the crop mix and farming system could be key drivers of change. In
composite farming systems, measures to enhance WP should be based on farm-level analysis involving considerations
such as risk taking ability and investment capabilities of the farmer. Finally, the options to enhance WP in agriculture
seem to be quite limited, given the larger objective of addressing food security, poverty alleviation, and employment
generation concerns in rural areas.

1. INTRODUCTION

Water productivity in agriculture would be the single most important factor driving the water use
globally inthefuture (Molden et a ., 2000; Rijsberman, 2004). Hence, research to evaluate crop water productivity
and analyze the drivers of change in the same, has fascinated many researchers and scholars worldwide
(Ahmad et al., 2004; Ambast et al., 2006; Grismer, 2001; Howell, 2001; Kijne et al., 2003; Zwart and Bastiaanssen,
2004; Singh, 2005; van Dam et al., 2006). As a result, most of the research studies on crop water productivity
were undertaken in naturally water-scarce regions of the world. Such regions include western United States,
drought-prone areas of arid Australia, semi arid areas of Indian and Pakistan Punjab, Turkey, and Mexico.

Water productivity in crop production can be expressed in terms of biomass production per cubic
metre of water diverted or depleted (kg/m?®), known as physical productivity of water; and net or gross present
value of the crop produced per cubic metre of water diverted or depleted (Rs/m3) known as economic productivity
of water (Kijne et a., 2003). A recent synthesis by Zwart and Bastiaanssen (2004) of an extensive body of
literature available research world over showed that water productivity in terms of biomass output per unit of
depleted water (kg/ET) or physical productivity of water in crop production has been mostly analyzed across
the world at least for some of the major crops; and enough is aready known about the factors that explain its
variations across locations. But, it also showed that no attention is paid to know how the crops compare in
terms of economic returns from every unit of water depleted. But, this is crucial, because the measures to
enhancewater productivity of acrop such ashigher dosage of nitrogenousfertilizers; improved soil management;
better agronomic practices, including the use of high yielding varieties, and pest control; water harvesting and
supplementary irrigation; and investment in water delivery control measures, have economic imperatives.

! Researcher and ITP Leader, IWMI, South Asia Sub-regional Office, Hyderabad, and Associate Professor and Chair-Soil, Agro
hydrology and Groundwater Management, Faculty of Environmental Sciences, Wageningen University and Research Centre,
Wageningen, the Netherlands, respectively. Email: d.kumar@cgiar.org
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This heavy focus on physical productivity of water is perhaps because most of these analyses were
done by agricultural scientists, who are concerned with raising the dry matter yield of crop per unit of evapo-
transpiration. The other factors, which might have been responsible for this bias are: 1] water is a limiting
factor at the societal level for enhancing crop production in these regions (Howell, 2001: pp), which still have
large cropped areas under un-irrigated conditions (Loomis and Connor, 1996: ppl10), and water productivity
improvement enable farmers to divert part of the saved water to expand irrigated area; and, 2] with volumetric
rationing and prices farmers have to pay for water, they are likely to get higher net returns along with higher
yields through efficient irrigation technologies that reduce consumptive use?. Another factor could be the
fluctuating price of agricultural commodities in the market, which changes the net return per unit volume of
water.

But, the avenues to improve agricultural WP through farming system changes are not explored. Thisis
amajor shortcoming, when we consider the fact that most of the farmsin devel oping economies like Indiaand
most of Africa are complex with several crops; and also composite with crops and dairying instead of one or
two crops. After Rothenberg (1980), as farms are organized to maximize the net economic return they are the
best fundamental units for economic analysis. Hence, how productively farmers use their water cannot be
assessed in relation to particular crop aone, but in relation to the entire farm. In sum, this dominant paradigm
of “more crop per drop” influence WP research in Asia and Africa.

On the other hand, there has also been greater recognition of the distinction between securing field
level “water-saving” and field-level WPimprovement, and water-saving and WP improvement at the basin-scale
(Allan et al., 1998; Howell, 2001; Molle and Turral, 2004; Seckler et al., 2003). The concept of “open basins’
and “closed basins” is often used to explain how the determinants of WP could be manipulated and water saving
achieved, or otherwise, in different situations. The received wisdom isthat in “closed basins’, field-level water
saving does not result in water-saving and WP improvement at the basin level, except when the return flows
meet with saline aquifers or are non-returnable; and otherwise basin level water saving and WP improvements
comes only from reduction in consumptive use (Molle and Turral, 2004).

This new paradigms in water resource management also seems to have influenced research in many
countriesin Asiaand Africa: 1] in deciding what one should look for askey “determinants’ in WP analysis; and;
2] inidentifying the drivers of changein WP. They have hardly captured the complex technical, social, economic,
ingtitutional and policy settings that govern water allocation policies by government and water use decisions by
farmers. This concerns the poor technical efficiency and reliability of public canal systems; heavily subsidiesin
pricing of water and electricity in farm sector; huge public investments in water harvesting; and, lack of
institutional regimes governing the use of water from canal schemes and groundwater.

This article first takes a critical look at these two paradigms in agricultural water management to
see how far they are useful in exploring new avenues for WP improvements and water saving, particularly
in situations like India. It also explores new opportunities for WP improvements and water saving for fields,
farms and regions, by analyzing the complex variables which drive these WP parameters, and identifies new
areas for research.

The questions being addressed are as follows. 1. Given the heavy subsidies in electricity and water
used for agriculture and lack of well-defined rights in surface water and groundwater in developing countries
like India, does research on raising “crop per drop” make sense, or what should be the new determinants of WP
for both farmer and basin water managers? 2. What considerations should be involved in analyzing basin level
WP and water saving impacts of efficient irrigation? 3. What are the likely impacts of improved reliability of
irrigation, and changing water allocation on crop water productivity and water saving? 4. In composite farming
systems, what should be key objectives and priority areas of WP research? 5. What should be the priority areas
for research on enhancing regional WPin agriculture, in countrieslike Indiawherefood security, rural employment
and poverty alleviation are still major issues?

2 Aswater saving leads to cost saving in irrigation sufficient to offset the additional cost of fertilizer and technology inputs.
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2. WHY ANEW PARADIGM OF RESEARCH ON AGRICULTURAL WATER PRODUCTIVITY
IN INDIA?

2.1 More Income Returns Vs. More Crop Per Drop

The main considerations involved in analyzing WP in the West is in reducing the amount of water
required to produce a unit weight of crop, as this would automatically ensure higher net return per unit of land.
But thisis not the concern in many developing economiesin Asia, where land use intensity is aready very high
in many regions. Surface water is heavily subsidized, and pricing is aso inefficient (Kumar, 2003). There is
zero marginal cost of electricity used for pumping groundwater for irrigation (Kumar, 2005). Hence, the measures
to enhance water productivity through ET reduction and yield enhancement may not result in significant
improvement in net income for the farmer for a unit area of irrigated land, though net water productivity in
rupee terms may increase. While major investments are required to achieve irrigation efficiency improvements
and yield enhancement, the increased benefit farmers get is only in terms of market price for higher yield. The
reason isthat thereal water-saving and energy saving®, which are major impacts of thetechnological interventions,
do not get converted into saving in private costs of water.

A study by Sander Zwart (2006), which involved analysis of system level WP in irrigated wheat in six
different regions around theworld using SEBAL (Surface Energy Balance) methodol ogy, showsthat the variation
in WP is not so much due to variationsin ET, but due to variations in yield (see Table 1). The average ET was
highest in Pakistan (443mm) and lowest in Sirsa (361mm), which is approximately 10% higher/lower than the
average (source: analysis by Sander J. Zwart, 2006). Though the potential evapo-transpiration (PET) depends
on the climate, especially therelative humidity (air temperature and solar radiations remaining in anarrow range
across these six regions), actual ET could have been manipulated by changing water available to crops through
irrigation. But, this does not seem to have happened. As a consequence, WP is strongly related to wheat yields.
The reason that ET remains the same is that there is a shift from evaporation (E) to transpiration (T). As soon
as the environment for crop production are improved (fertilizers, weeding, better seeds, water management,
etc., etc.) there will be a shift from non-beneficial to beneficial water depletion. This shows enhancement in WP
(Kg/ET) can mainly come from crop technologies, which needs farmer investments.

Table 1: Average System-level Water Productivity in Wheat in six Different Wheat Growing
Regions around the World

L ocati Average ET/ Averageyield Average WP
ocation Standard g ET
Deviation (mm) (ton har’) (kg m?)
Nile Delta, Egypt 408 (59) 6.1 (0.9) 1.50 (0.12)
Yaqui Valley, Mexico 402 (36) 55 (0.9 1.37 (0.16)
Sirsa, India 361 (16) 4.4 (0.3) 1.22 (0.06)
Linxian County, China 436 (35) 3.8 (1.4) 0.86 (0.28)
Hebei Province, China 380 (50) 25 (0.9 0.64 (0.22)
Sindh Province, Pakistan 443 (82) 2.2 (0.7) 0.50 (0.11)

Source: analysis by Sander J. Zwart dated May, 2006

Now, the only way to create incentive among farmers to adopt efficient irrigation technologies for WP
improvement is to subsidize it. The idea is to make private benefits offset the private costs (Kumar, 2007).

8 Whether use of efficient irrigation technol ogies can reduce energy usefor irrigation or increase depends on the type of irrigation
technology and how pressurized is the traditional water supply (Loomis and Connors, 1996).
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Whileyield enhancement is also abenefit of efficient irrigation technol ogies (L oomisand Connor, 1996: pp398),
it can aso come from improved agronomic practices mentioned above. The extent of subsidy for a system
which can save “X” amount of water could be kept higher than the difference between the private costs and
benefits. It should be guided by the positive externality that “X” creates on the society. Since, government
subsidies for efficient irrigation technologies are extremely limited in developing countries* such measures to
enhance WP do not result in increased land productivity.

This means that they have to divert part of the water saved to another plot to sustain their income as
net return is WP multiplied by the volume of water. But, in situations where the entire holding is used, farmers
will not have much incentive to go for measures that do not increase their returns from the land, but only
returns per unit of water. Thisis the situation in India, where the average holding of farmersis quite low (less
than 1 ha) when compared to that in Western US or Australia. The size of median landholding in Australiais 300
ha (ABS, 2002). This clearly means that what is socially optimal is that farmers look for alternatives that
enhance productivity of their land remarkably, simultaneously reducing water requirement, or divert part of the
water to other water-based farming systems that have minimal dependence on land. In nutshell, thereis a clear
trade off between enhancing physical productivity of water, and maximizing income returns. This argument
also holds true when it comes to analyzing the WP impacts of water harvesting for supplementary irrigation,
which happens with public investment. This is dealt with the subsequent section.

2.2 Poor Focus on Economics of Water Harvesting and Supplementary Irrigation

In the west, the focus in WP research has been on efficient irrigation technologies, including those for
supplementary irrigation, in some African countries (Oweis et al., 1999; Rockstrém et al., 2002), Mexico
(Scott and Silva-Ochoa, 2001) and in India, the focus has shifted to potential impact of water harvesting.

This is applicable to some of the recent work in eastern African countries. Rockstrom et al., (2002)
have shown remarkable effect of supplementary irrigation through water harvesting on physical productivity of
water expressed in kg/ET, for crops as sorghum and maize. However, the research did not eval uate the incremental
economic returns due to supplementary irrigation against the incremental costs of water harvesting. It also does
not quantify thereal hydrological opportunitiesavailablefor water harvesting at thefarm level and itsreliability.
The work by Scott and Silva-Ochoa (2001) in the Lerma-Chapala basin in Mexico showed higher gross value
product from crop production in areas with better allocation of water from water harvesting irrigation systems.
But, their figures of surplus value product which takes into account the cost of irrigation are not available from
their analysis. In arid and semi arid regions, the hydrological and economic opportunities of water harvesting
are often over-played. A recent work in India has shown that the cost of water harvesting systems would be
enormous, and reliability of suppliesfromit very poor in arid and semi arid regions of India, which are characterized
by low mean annual rainfalls, very few rainy days, high inter-annual variability in rainfall and rainy days, and
high potential evaporation leading to a much higher variability in runoff between good rainfall years and poor
rainfall years (Kumar et a., 2006).

With high capital cost of WH systems needed for supplemental irrigation, the small and margina f
armers would have less incentive to go for it. The reason is incremental returns due to yield benefits may
not exceed the cost of the system. This is particularly so for crops having low economic value such as wheat
and paddy, which dominate arid and semi arid regionsin India. But, even if the benefits due to supplementary
irrigation from water harvesting exceed the costs, it will not result in higher WP in economic terms in closed
basins. The exception is when the incremental returns are disproportionately higher than the increase in ET.
This is because, in a closed basin, increase in beneficial ET at the place of water harvesting will eventually
reduce the beneficial use d/s. Lack of this economic perspective in decisions, however, results in too much

4 For instance, the government of India had provided Rs. 5 billion towards subsidy for drip and sprinkler systemsin the five year
plan. But, this amount is just sufficient to cover an area of 100,000 ha against a total net irrigated area of nearly 55 m ha,
accounting for just 0.20%, if one considers an investment of Rs. 100000 per ha of area under MI system, and a subsidy to
the tune of 50%.
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public investment in India towards subsidies to farmers to harvest water locally. To sum up, gain in crop per
drop (Kg/ET) cannot drive water harvesting for supplementary irrigation in semi arid and arid regions. Also,
incremental net benefit considerations can drive water harvesting at the basin scale only if thereisno opportunity
cost of harvesting.

2.3 Distinction between Consumed Fraction and Evapo-transpiration

The effect of scale factor on the overall impact of water saving measures at field level on real water
saving had been thoroughly discussed by several scholars (Allen et al., 1998; Molle and Turral, 2004; Molle et
al., 2004; Seckler 1996). The main argument isthat in “closed basins’, real water saving is not possible through
improvements in irrigation efficiencies as it does not reduce depleted water, but only return flows (Molle and
Turral, 2004). While there are sufficient evidences from across the world on the relationship between ET and
yield (Connor et al., 1985; Grismer, 2001; Rockstrom et al., 2002), it has made at least a few scholars argue
that reduction in consumed fraction and therefore“ real water saving” are not possibl e through such technol ogies
without reducing yield unless we use better crop varieties or agronomic practices.

But, these technologies might be able to reduce the consumptive use as well as consumed fraction®
(CF), without reducing the beneficial evapo-transpiration (ET) and the yield (see page 76 of Allen et al. (1998)
for details on ET and consumed fraction) thereby leading to “real water savings’ at the field level. It could be
through reduction in evaporation from the excessively wet soil or reduction in non-reusable deep percolation
resulting from water application in excess of the soil moisture deficit in the root zone. However, the distinction
between ET and CF is often not made in analyzing the impact of depleted water on yields. Hence, an automatic
conclusion isthat real water saving at the basin level is not possible without changing ET (Zhu et al., 2004), or
affecting other uses in water-scarce basins (Molle et a., 2004). Whereas in reality, improvements in crop water
productivity in physical terms and water saving might be possible at the basin level through efficient irrigation
technol ogies. Hence, research on basin level WP impacts of efficient irrigation technol ogies should consider CF
as a determinant.

3. ARE THERE NEW OPPORTUNITIES FOR ENHANCING WATER PRODUCTIVITY IN
COUNTRIES LIKE INDIA?

3.1 Opportunities for Improving Field-level Water Productivity

It iswidely acknowledged that reliability and degree of control over field-level water allocation are by
and large very poor in surface irrigation systemsin India (Brewer et a., 1999; Meinzen-Dick, 1995), leading to
poor technical efficiencies (GOI, 1999; Ray, 2002). Whereas the irrigation systemsin the US and Australia are
far more reliable and are designed for high degree of water delivery control. Two major dimensions of irrigation
service, which have significant impactson crop yields, aretimeliness of water delivery (Perry and Narayanamurthy,
1998) and excess water deliveries, with the impact of first being positive and that of the second being negative,
asillustrated by astudy on irrigated rice production in Soneirrigation command in Bihar (Meinzen-Dick, 1995).
But, the opportunitiesavailablewithimproved reliability of irrigation and “ changing water allocation” in enhancing
WP have not been examined.

3.1.1 Impact of reliability of supply on WP

This research is particularly more important when there are theoretical (Malla and Gopal akrishnan,
1995; Perry, 2001) as well as practical issues involved in using pricing as a tool for demand regulation (de
Fraiture and Perry, 2004; Perry, 20014). But, the task also lies in developing quantitative criteria for assessing
reliability. There are evidences from several different parts of the world that well irrigation results in higher
yields than canal irrigation. Though there are sufficient evidences to the effect that well irrigators get higher

5SeeAllen et al., (1998) for detailed discussion on various components of the applied water, such as consumed water, consumed
fraction, beneficial transpiration, non-beneficial evaporation from the soil and non-recoverable deep percolation.
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yield, and in spite of higher cost of irrigation higher net returns as compared to cana irrigators (Kumar and
Singh, 2001; IRMA/UNICEF, 2001) thereislimited research dataon the differential productivity of groundwater
irrigation over surfaceirrigation. A recently published study for the Andalusian region (Southern Spain) shows
that each cubic meter of groundwater used for irrigation provides five times more money and almost four times
more jobs than a cubic meter of surface water used also for irrigation (Herndndez-Mora et a., (1999).

But, how this positive differential reliability in case of well irrigation does get translated into WP gains
isamajor point of enquiry. There are two possibilities. First, it is an established fact that while crop yield
increases in proportion to increase in transpiration, at higher doses irrigation does not result in beneficial
transpiration, but non-beneficial evaporation. Irrigation water dosages are normally higher in canal irrigation.
Thisway, increased CF does not result in proportional increase in yield of crops (Vaux and Pruitt, 1983). Non-
recoverable deep percolation is another non-beneficial component of the total water depleted (CF) from the
crop land during irrigation (Allen et al., 1998). This aso increases at higher dosage of irrigation, which occurs
in case of canal irrigation. Moreover, with controlled water delivery, the efficiency of utilization of fertilizers
would be morein the first case. Hence, with improved reliability and water delivery control, both denominator
(CF) and numerator (yield) of water productivity parameter (kg/m?®) could be higher. This can be better understood
by the negative correlation between surplus irrigation and crop yields in Sone command that surplusirrigation
led to reduced yields (Meinzen-Dick, 1995). Since, there are no extra capital investments it would also lead to
higher productivity in economic terms.

The second possibility is that with greater quality and reliability of irrigation, the farmers are able to
provide optimum dosage of irrigation to the crop, controlling the non-beneficial evaporation, and non-recoverable
deep percolation, with the result that the CF remains low, and the fraction of beneficial evapo-transpiration
within the CF or the depleted water remains high. Also, it is possible that with high reliability regime of
the available supplies, even under scarcity of irrigation water, the farmers can adjust their sowing time such
that they are able to provide critical watering. This can bring out high yield responses. Both result in higher
WPin kg/ET.

But, does the differential WP in economic terms (R/m?) come from well owners growing more water-
efficient and sensitive crop with assured water supplies? Evidence in support of this argument is a recent study
comparing water productivity of shareholders of tube well companies and water buyers in north Gujarat. The
study showed that the shareholders of tube well companies got much higher returns from every unit of pumped
water, i.e., overall net water productivity in economic terms (Rs.4.18/m®), as compared to water-buyers (Rs.1.3/
m?). The reason was that water allocation for shareholders was quite assured in volumetric terms, and irrigation
water delivery was highly reliable, owing to which they could do their water budgeting properly, select water-
sensitive and high-valued crops, and make investments for inputs judiciously, whereas water buyers were at the
mercy of the well owners (Kumar, 2005).

Now, with expanding well irrigation in many arid and semi arid countries like India, including canal
command area, new opportunities for improvement in reliability of water suppliesisavailable. If well irrigation
gives positive differential WP over surface irrigation, we can build in such features that contribute to higher
water productivity in well irrigation, in gravity irrigation systems. They include creating intermediate storage
system for storing canal water; and lifting and delivery devicesfor the stored water. That said, in real economics
terms, what does the productivity gain means given the fact that the economic costs of irrigation is much
higher than the private costsfor both canal irrigation and well irrigation? Understanding these linkages will help
design better policies for water allocation (whether to supply water by gravity or promote conjunctive use) and
pricing in surface irrigation. If reliability results in higher WP (RsYm®) in well irrigation, which cannot be
explained by price variations, then that makes tariff increase in canal water contingent upon improving the
quality of irrigation.

3.1.2 Impact of changing water allocation on water productivity and water saving

Water management decisions are often taken on the basis of average water productivity estimates. For
the sametype of system, water productivity for the same crop can change at field scale (Singh et al., 2006:pp272)
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according to water application and fertilizer use regimes. Hence, it isimportant to know the marginal productivity
with respect to water and nutrient use. It helps to analyze the role of changing water allocation strategies at the
field level on enhancing WP, But, there are no data avail able internationally.

For a given crop, the irrigation dosage and the crop water requirement (beneficial use plus beneficia
non-consumptive use) corresponding to the maximum yield may not correspond to the maximum water
productivity (Rs/m?) (Molden et al., 2003). The WP (k/m?) would start leveling off and decline much before the
yield starts leveling off (see Figure 1.2 in Molden et al., 2003). Ideally, WP in terms of net return from crop per
cubic metre of water (Rs/m?®) should start leveling off or decline even before physical productivity of water (kg/
m?®) starts showing that trend. When water is scarce, there is a need to optimize water alocation to maximize
water productivity (R¥/m?) through changing the dosage of irrigation. But, this may be at the cost of reduced
yield and net return per unit of land, depending on which segment of the yield and WP response curves the
current level of irrigation corresponds to.

Recent analysis with data on applied water, yield and irrigation WP for select crops in the Narmada
river basin in India showed interesting trends. In many cases, trends in the productivity of irrigation water in
response to irrigation did not coincide with the trends in crop yields in response to irrigation (Figure 1 and
Figure 2); whereas in certain other cases the trends in irrigation WP in response to irrigation and the trends in
yield in response to irrigation did actually coincide at least for some range inirrigation (Figure 3 and Figure 4).
Knowing at what segment of the WP response curveirrigation dosage to a given crop lies helps understand how
changing water allocation would change the crop yield and WP.

Figure 1: Yield vsIrrigation Dosage in Wheat (Hoshangabad 2002)
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The regression values for the response of yield to irrigation dosage being very small (Figure 1 and
Figure 3), one could argue that many factors other than irrigation explain yield variations. But, the data that are
presented here are for different farmers, who represent different soil conditions, different planting dates and
different seed varieties, al of which having apotential to influence the crop yield. If one takesinto account this,
one could say that the actual yield response to irrigation would be much stronger if planting date, soils and seed
varieties and same. Also, the slope of yield curve is very mild in the case of Figure 1. Thisis quite contrary to
what can normally be found given the wide range in irrigation water dosage among the sample farmers. This
can be explained by the variation in PET, and the moisture availahility across farmers in the sample, which
changes the irrigation water requirements.

Figure 3: Yield vs Irrigation Water Dosage in Cotton (West Nimar 2003)

2500.00 ;
= 2000.00 & y =-0.0001x * + 0.7534x + 322.54
e ] . R® = 0.2998
& 150000 .;”,0”’.. :. . .
e} - v *
2 1000.00 0. * . . . . N
> 500.00 1

0.00 - - . : .

0.00 1000.00 2000.00 3000.00 4000.00 5000.00 6000.00

Irrigation Water Dosage (m?/ha)

Figure 4: Water Productivity vs Irrigation Dosage in Cotton (West Nimar 2003)
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In the first case, where the level of irrigation corresponds to the ascending part of the yield curve, but
the descending part of WP curve (Figures 1 and 3), then limiting irrigation dosage might give higher net return
per unit of water. But, farmers may not be interested in that unless it gives higher return from the land. Hence,
if the return from the land does not improve, the strategy can work only under three situations: 1] the amount
of water farmers can access is really limited either by the natural environment—Ilike limited groundwater
reserves—; 2] there is a high marginal cost of using water due to high prices for water or electricity used for
pumping water that it is much closer to the WP values at the highest levels of irrigation; and, 3] water supply is
rationed. In all these situations, the farmers should have extraland for using the water saved. Under condition
of supply rationing, farmers would anyway be using water for growing economically efficient crops. But, the
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issue being addressed here is for a given crop, how far the water productivity can be enhanced to alevel which
the best managed farm achieves.

In all these three situations described above, the WP improvements would lead to farmers diverting the
saved water for irrigating more crops to sustain or enhance their farm income. The reason is that the amount of
water being handled by farmers is too small that they need to use the same quantum of water as previously
since the WP differences are just marginal. This behaviour of the farmer can better be understood from the
following equation, which defines net improvement in farm income:

Net changein farmincome={V —AV}*{® +A®}-V* d=V* AD - AV*{D +A D}

Where, “V” isthevolume of water diverted for irrigation prior to adoption of productivity improvement
measures; AV isthe reductionin volume of water diverted for irrigation after adoption (+ve); @ isthe productivity
of water when volume V was used for irrigation; A @ is the rise in water productivity after adoption (+).

Analyzing the equation, the only way asmall farmer can maximize his net farm return in the improved
WP scenario is by making Ad zero. In the case of alarge farmer in US or Australia, who might use 100 to 500
times more water than an average farmer in India, thereis till option available for enhanced returns, even if he
decides to reduce the volume of water used for irrigation (i.e., ®V> 0) because V is very large making V* Ad.
Hence, the impact would be greater economic outputs for the same quantum of water. Nevertheless, the impact
can be different if the farmers get higher returns along with higher WP through changing water allocation as
illustrated earlier. Hugh Turral® (per. com) argues that to achieve real demand regulation, water for agriculture
needs to be formally allocated or re-allocated. If that means less water for agriculture, improving WP will be
one of the responses. Howell (2001) cites the example of the Texas high plains. The increased use of irrigation
technol ogies for wheat had resulted in enhancement of water use efficiency (Kg/ET), which followed significant
yield increase, in wheat (Table 8, Howell, 2001). He argues that in such situations, farmers would achieve red
water saving. This could result in water saving at the system level, if the farmers do not expand the area under
irrigation. But, in this case, the farmers can afford to reduce the area under irrigation as the net return per unit
of land also might have improved.

In the second case, where both the yield and WP curve are descending (Figures 3 and 4), the impact
of changein water allocation on both WP and yield would be similar, i.e., reduced water allocation would result
in both yield and WP gain. Thisisthe most ideal situation where farmers have strong incentive to get adapted to
water allocation strategies enforced by official agency in case of canal irrigation, and do voluntary cuts in
irrigation dosage in well irrigation. But, this is a situation which is not very common in semi arid and arid
conditions. Over-irrigation ismorecommoninrich aluvia areaslike central Punjab and Haryana, wherefarmers
get free electricity and canal water is heavily subsidized.

For instance, analysis of soil water balance in rice-wheat fields in Sirsa district of Haryana by Singh
(2005) using SWAP (Soil Water Atmosphere Plant) model shows that the total water applied to wasin excess of
the estimated ET (in the order of 290mm to 561 mm). I nterestingly, the ET value was higher for the field which
had lower dosage of irrigation (see Table 2). It shows that there is amble opportunity for real water saving
through reduction in non-beneficial E of ET and the part of soil moisture storage change, which would eventually
get evaporated from field. By reducing irrigation dosage in such conditions as cited above, the farmers gain
both higher land productivity (return per unit of land) and higher return per unit of water.

Table 2: Water Balance in two Rice-Wheat Fieldsin Sirsa, Haryana during Kharif

Fidd| Irrigation Dosage Rainfal ET Groundwater Soil moisture
No. (mm) (mm) (mm) recharge (mm) change (mm)
1. 1062 177 949 98 175
2. 1250 177 858 121 440

Source: Singh, Ranvir (2005): Table 4.6, pp: 46

5 Principal researcher, International Water Management I nstitute, Colombo, Sri Lanka.
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In the ultimate analysis, it may appear that to affect demand reductions, it isimportant to ration water
allocation in canals along with behaviour change through better education of the farmers about crop management.
Proper regional and sectoral water allocation can drive WP improvement. Experiences from the Murray-Darling
basin (Haisman, 2003) and Chile (Thobani, 1997) show significant improvements in water use efficiency and
value of water realized, respectively, in irrigated production after introduction of volumetric rationing enforced
through properly instituted water rights. Nevertheless, marginal WP analysis of the kind presented above can
help decide on allocation and delivery strategies for canal water, provided farmers are quite aware of water
allocation and irrigation scheduling policies.

Hence, there is much more one can achieve in WP enhancement and water demand management in
gravity irrigation without resorting to water pricing options technically. As Perry (2001a) notes, assigning
volumes to specific uses, and effectively rationing water where demand exceeds supplies, would be an effective
approach to cope with water shortages. But, its actual potential might depend on the situation in terms of access
to land and water, and the institutional and policy environment such as water and energy prices and water rights
regimes.

The recent past has shown significant debates over the usefulness of irrigation water pricing as a way
to regulate water demand. While, some argue for it (Malla and Gopalakrishnan, 1995; Tsur and Dinar, 1995;
Johansson 2000), some others argue against it pointing out shortcoming at both theoretical and practical levels
(Bosworth et a., 2002; Perry, 2001a). There are three magjor, and important contentions of those who argue
against pricing: 1] questioning the logic in the proposition that “if the marginal costs are nil, farmers would be
encouraged to use large quantities of water before its marginal productivity becomes zero, consuming much
more than the accepted standards and needs’ (source: Molle and Turral, 2004); 2] the demand for irrigation
water is inelastic to low prices, and the tariff levels at which the demand becomes elastic to price changes
would be so high that it becomes socially and politically unviable to introduce (de Fraiture and Perry, 2002;
Perry, 2001a); 3] there are no reasons for farmers to use too much water, which can cause over-irrigation
(Molle and Turral, 2004). But, these arguments have weak scientific basis. We would discuss them in the
subsequent paragraphs.

As regards the first point, the impact of zero marginal cost is not in “creating incentive to waste
water”, but in “creating disincentive to prevent wastage”. These two concepts are distinctly different for public
irrigation systems as control of water delivery devicesis not in the hands of the farmers. One exception is the
situations where Water Users’ Associations function. That takes use to the point about “disincentive”. The
reason for disincentive is that the direct cost or the opportunity cost of taking measures to prevent wastage
would be more than the benefits that can be derived from it in the form of reduction in yield losses. In certain
other situations, in the absence of proper control structures in the tertiary systems, water delivery is not
regulated. As farmers are not sure of getting the next release in time, apply water excessive irrespective of the
field capacity of soils. Thisis common in paddy, which iswidely grown in canal commands. So, the impact of
price increase would be the creation of a strong economic incentive to reduce wastage, equal to the irrigation
charges they have to pay for the wasted water.

The second point is about linking irrigation charges and demand for water. Merely raising water tariff
without improving the quality and reliability of irrigation will not only make little economic sense but al so would
find few takers. As returns from irrigated crops are more elastic to quality of irrigation than its price (Kumar
and Singh, 2001), poor quality of irrigation increases farmers resistance to pay for irrigation services they
receive. Therefore, the “water diverted” by farmersin their fields does not reflect the actual demand for water
in a true economic sense, so long as they do not pay for it. In other words, the impact of tariff changes on
irrigation water demand can be analyzed only when the water use is monitored and farmers are made to pay for
the water on volumetric basis.

It also means that if positive marginal prices are followed by improved quality, the actual demand for
irrigation water might actually go up, though efficiency would improve. To what extent it goes up depends on
the availability of land and alternative crops that give higher return per unit of land. Thisincreasein demand is
due to the tendency of the farmers to increase the volume of water used to maintain or raise the net income
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(Kumar and Singh, 2001). Hence, water rationing is important to affect demand regulations in most situations
(Perry, 20014a). The challenge lies in understanding the science of WP, particularly WP response to irrigation
and actual consumptive use of water, and managing irrigation water deliveries accordingly. In the case of well
irrigation, it isimportant for the farmers to understand this linkage, whereas the official agencies have to ensure
that power supply is available for critical waterings.

Asregardsthe third point, often the farmers do not make correct judgments about the level of irrigation
dosage that corresponds to zero marginal returns. This has been found in the case of well owners, who are not
confronted with positive marginal cost of pumping, resulting in lowering yield with incremental irrigation
(Kumar, 2005). Price reforms only make farmers more conscious about the negative economic consequences
of giving over-dose of irrigation water.

3.2 Opportunities for Improving Farm-level and Regional Level Water Productivity

We have seen that there are clear trade offs between options to enhance physical productivity of water
and WPin economic terms at the field level itself. We would see that there is trade off between maximizing WP
at the field level and that at the farm level, though farm level water productivity is dependent on the processes
that govern WP at the individual fields. We would also see that the options available to maximize WPin aregion,
which often is the concern of water policy makers, are much less than those for an individual farms. The water
policy maker looks for approaches that would not only enhance the economic returns, but also increase the
socia welfare. Many of the decisions relating to public investment in irrigation systems in countries like India
are driven by larger societal concerns such as producing more food, employment generation and poverty
aleviation. Often policy makers are more driven by social and political considerations than purely economic
considerations (Perry, 2001a). We would elaborate on these issues in the subseguent paragraphs.

From the analysis presented in the previous section, it is evident that the scope for improving field level
WPisextremely limited given the social, economic, institutional and policy environment in India. Limitationsare
more when we want to use it as a driver for changing water demand. Therefore, WP enhancement should

Table 3: Applied Water Productivity in Selected Cropsin North Gujarat, Western Punjab and eastern

Uttar Pradesh
Sr. Net Water Productivity of Crop (Rs'm?) of Applied Water in
No. Name of the Crop Vet : :
ern Punjab Eastern UP North Gujarat
1. Kharif Paddy 7.75 4.78 -
2. Fodder Bgjra 2.93 4.78 -
3. Kharif Cotton 40.40 - -
4. Kharif Castor - - 8.09
5. Brinja - - -
6. Wheat 8.05 9.11 4.46
7. Fodder Jowar 6.32 -
8. Mustard - - 4.73
9. Winter Gram 24.48 - -
10.| Jowar - - 4.01
11. Cumin - - 19.84
12.| Summer Bajra - - 2.85

Source: based on Kumar et a. (forthcoming) for western Punjab and eastern UP; and Kumar (2005) for north
Gujarat. In the case of north Gujarat crops, the mean values of water productivity figures for different
categories of farmers were taken.
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focus on crops that are inherently more water efficient in economic terms, but also have high return per unit of
land. As Molden (per. com) notes, “increasing WP is not often relevant to farmers. If it is important to the
society, then society should figure out ways to align everyone's incentives’.

It is established that many fruit crops have higher WP (R¥m?®) than the conventional cereals such as
wheat and paddy in arid areas. For instance, pomegranate grown in north Gujarat gives a net return of nearly
40,000 rupees per acre (i.e., USD 1000/acre) of land against Rs. 8,000 per acre (i.e., USD 200/acre) in case of
wheat. The WP is approximately Rs.100/m? for pomegranate (Kumar, 2007) against Rs. 4.46/m? for wheat in
the same region. Also, there are crops such as potato, cumin, cotton and castor which are more water efficient
than rice and wheat, which can be grown in Punjab (see Table 3). With greater reliability, and control over water
delivery, farmers using well irrigation would alocate more water for growing water-efficient crops. Perhaps,
farmers have already started shifting to high valued cash crops.

But, there are limits to the number of farmers who can take up such crops due to the volatile nature of
the market for most of these crops, its perishable nature, and the high risk involved in producing the crop. For
instance, cumin grown in north Gujarat is a very low water consuming crop, with a high return per ha. But,
crop failure due to disease is very common in cumin. In case of vegetables, that are fast perishable, markets are
often very volatile, and price varies across and within seasons. The problem of pricefluctuationisalso applicable
to cotton grown in western Punjab, which has high WP. Also, the investments for crops are also very high,
demanding risk-taking ability.

But, farmers organize their entire farm, rather than field to maximize the net economic returns
(Ruthenberg, 1980). The extent to which farmers can allocate water to economically efficient crops would
perhaps be limited by the need to manage fodder for animals. It may also get limited by the poor market support
for orchard crops. Many farmers in Punjab and other semi arid parts of India, manage crops and dairy farming
together. But, even globally, research analyzing WP in composite farming systems that really take into account
water depleted in biomass production is almost absent. Literature on water use efficiency and WP in dairy
farming isalso extremely limited. In regions for which they are available, the conditions are extremely different,
from that in countries like India. Studies from northern Victoriaand Southern New South Wales analyzed water
use efficiency in dairy farms that are irrigated (Armstrong et al., 2000) and dairy farming is not integrated with
crop production in this region. Green fodder produced inirrigated grass landsis used to feed the cattle by dairy
farmersin Australia and United States, unlike Sub-Saharan Africa and developing countries in south Asia.

Recent analyses from western Punjab seem to suggest that the overal net WP in rupee terms gets
enhanced when the byproducts of cereal crops are used for dairy production (see Table 4).

Table 4: Water Productivity in Crops and Dairy Production

Sr. No Name of Crop/Farming Water Productivity (R¥m?®)
Paddy 7.75
Wheat 8.05
3. Milk Production 13.06

Source: Kumar et al., forthcoming (derived from Table 11)

Reduced area under cereal crops such as paddy and wheat would mean reduction in availability of
fodder. Farmers may have to grow special crops that give green fodder, and in that case, they might in turn be
increasing the water use intensity’. Otherwise, farmers may have to procure dry fodder from outside, which
would involve more labour. Hence, there could be a “trade off” between maximizing crop WP and farm level
WP. But, there is not much of literature about economic productivity in dairy farming, especially with cereals
and dairying, to understand this trade off.

"Inasimilar semi-arid situation in north Gujarat, it was found that dairy production, which usedirrigated alfalfa, was highly water-
inefficient, both physically and economically (Singh, 2004).
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At the regiona level, enhancing WP through either shift to water efficient crops (like orchards and
vegetables) or with crop-dairy based farming system might face several constraints from socio-economic point
of view. Food security is an important consideration when one thinks about options to enhance WP. Labour
absorption capacity of irrigated agriculture and market price of fruits are other considerations. Paddy is labour
intensive and in fact a large chunk of the migrant labourers from Bihar work in the paddy fields of Punjab.
Replacing paddy by cash crops would mean reduction in farm employment opportunities. On the other hand,
the lack of availability of labour and fodder would be constraints for intensive dairy farming to maximize WP at
theregional level, though some farmers might be al e to adopt the system. Large-scale production of fruits might
lead to price crash in the market, and farming loosing revenue unless sufficient processing mechanisms are
established. Hence, the number of farmers who can adopt such crops is extremely limited.

In a developing country context, poverty reduction potential or the food security impact of irrigation
are more important than return per unit of water. Food security and poverty reduction arein-built goalsin large-
scale subsidiesin irrigation (Gulati, 2002), which enable poor farmers to intensify cropping. Therefore, WP in
irrigation needs to be looked at from that perspective also, and not merely “crop per drop”. One can argue that
with morereliable irrigation, farmers could as well produce more food or generate more employment, and with
that achieve higher physical and economic productivity along with meeting social objectives. But, the heavy
subsidies in irrigation reduce the ability of the agencies to improve its quality through regular investments.

Perhaps this welfare oriented policy of keeping irrigation charges low now needs a re-look. With
extensive well irrigation in India and with the poor paying heavy charges for pump renting or well water to
irrigate their crops, the policiesto subsidize canal irrigation may not bring about the desired equity and welfare
outcomes. In fact, a large chunk of the subsidies in canal irrigation goes to large farmers, due to the crop-area
based pricing followed (Kumar and Singh, 2001). These farmers also have access to well irrigation in the
command area.

Another fact that supports the above argument is that often the unreliable canal water supplies force
farmers to adopt only paddy, and not domestic food security concerns. The stable and high procurement prices
offered by the Food Corporation of India for cereals such as rice and wheat allow farmers to stick to this
cropping system. But there are major macro economic imperatives of trying to meet these social objectives
(Gulati, 2002). The intensive paddy cultivation in Punjab is associated with intensive use of electricity for
pumping groundwater even in canal commands during summer. Irrigating one ha of winter wheat requires 74
Kwhr to 295 Kwhr of electricity, which costs Rs.300 to Rs.1175 to the economy (source: field data). The
region is aready facing power crisis, with resultant impact on the quality of power supply to farm sector.
Enhancing productivity of pumped groundwater also means enhancing energy productivity and reducing the
revenue losses to the government in terms of power subsidies.

If farmers are able to secure higher net return from every unit of water applied or depleted in well
irrigation, this could be a major starting point for irrigation bureaucracies to start charging higher for irrigation
along with improving the quality—adequacy, reliability— and control. Following norms of rationing in water
allocation would be crucia in achieving higher WP. Perhaps, what would be required would be higher pricesfor
food crops or specia incentives for farmers who grow it so as to reflect its social benefit, while reducing the
irrigation subsidies heavily. So, the net result would be a compromise between socio-economic productivity
and productivity enhancement in monetary terms, with positive impact on the water resource system.

4. SUMMARY AND CONCLUSIONS

Research to explore potential improvementsin physical productivity of water (kg/ET) in crops without
due consideration to income returns per unit of water will not be relevant for Indian farmers under the current
electricity and water pricing policiesin agriculture, and institutional regimes governing water use. Thereasonis
it does not link WP improvement to raising aggregate farm income. In countries like India, major determinants
for analyzing improvementsin basin level WP dueto WH & supplementary irrigation should use: i] incremental
economic returns from enhanced crop yield; and ii] opportunity costs of water harvesting at basin scale.

197



Analysisof basin level impacts of efficient irrigation technol ogies on basin WP and water saving should involve
consider CF as a determinant of WP rather than evapo-transpiration.

Research on potential impact of improved reliability of irrigation water and changing water alocation
on WP is relevant for developing countries like India as it gives due consideration to maximizing farmers
income, while reducing the total water depleted. Nevertheless, their overall potential in improving WP in
agriculture and more so in reducing water demand is open to question, unless policies and institutions are
aligned to make society’s interests and farmers' interests match. For the composite farming systems that are
characteristic of countries like India, WP research should focus on optimizing water allocation over the entire
farm to maximize the returns, through changes in crop mix and crop-livestock compositions. But, due
consideration should be given to risk taking ability of the farmer, investment capabilities etc.

In countries like India, research on measures to enhance regional level WP should integrate socio-
economic considerations such as food production, employment generation along with wealth generated per unit
of water used up inirrigation. But, often farmers’ choice of food crops like riceis not by design, but by default.
Meeting food production needs or other social objectives cannot be an excuse for poor productivity. Given
these constraints, regional WP scenarios can examine the scope for improving WP through increment in
productivity of crops such aswheat and paddy with reliability and control regimesin irrigation, along with other
measures.

To conclude, the options to enhance WP in crops in countries like India seem to be quite limited, and
different from those being tried in the West, given the larger objective of addressing food security, poverty
aleviation, and employment generation concerns in rural areas. Research should aim at strategies to enhance
WHPthat are based onimproving reliability, adequacy, and water allocation for reducing non-beneficial consumptive
use, and non-beneficial non-reusable portions of water supplies. The inherent advantages of well irrigation
systems need to be built in while designing surface irrigation systems and designing water allocation norms.
But, in most cases, they could regulate water demand only if water allocation is rationed volumetrically.
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GROUNDWATER STRESSDUE TO IRRIGATION IN SEMI ARID AND
ARID REGIONS: ISDAIRYING A BOON OR ABANE?

M. Dinesh Kumar and O. P. Singh’

Abstract

One of the most remarkable impacts of India’s growing economy is the demand for dairy products. However,
the impact of this trend on the country’s land and water resources has not been analyzed. India is the largest
producer of milk in the world. A recent research in north Gujarat, which is known for intensive dairy farming, has
shown that dairying is the most water-inefficient production systems, taking lion’s share of the groundwater resources
in the region. This has made many scholars argue that dairying in semi arid regions could lead to increased use of
water in agriculture with direct impact on groundwater resources in such regions. However, distinction between
commercial dairy farming, and dairying which complements crop production, and their implications for water
intensity, is hardly every made.

The paper makes two major arguments. The first argument is that the water-intensity of dairying in semi
arid and arid regions is largely determined by the nature of dairy farming, i.e., whether crops supplement milk
production or dairying is intensive (high number of cattle supported per unit area of land). In the first situation,
dairying would he highly water-efficient. In the second situation, it would be water-intensive. The second argument
is that the trade offs in maximizing agriculture water productivity for a region as a whole would he different in the
two situations. In intensive dairy farming areas, route to reduce groundwater stress would be through reducing
milk production, and increasing the contribution of high-valued crops to overall farm income. Thus, there is a trade
off between increased farming risk, and reduced cash flows and regional food security. This can be minimized by
making dairy production more water efficient.

In areas where cereal production complements dairying, limited opportunities exist in enhancing
agricultural water productivity if food security and employment generation are not concerns. Opportunities to
raise milk production in such regions from the current levels, without making it water-intensive, are extremely
limited. Water-intensive dairying would result in further depletion of groundwater in such areas. Further analysis
shows that dairy production in humid and sub-humid areas would be highly water-efficient, as demonstrated in the
case of Kerala. Nevertheless, intensive dairy farming would require more arable land or land which can be used for
grazing.

1. INTRODUCTION

Indiais the largest producer of milk in the world. The country’s milk production had gone up from
22.51 million ton in 1970-71 to 80.81 million ton during 2000-01 with per capita milk availability increasing
from 115.3 gm/day to 238.06 gm/day during the period. Both semi arid and arid regions and sub-humid and
humid regions have contributed to this growth (Singh and Pundir, 2003). This achievement was possible with
the gradual replacement of traditional breeds of livestock by high yielding ones (Pandey, 1995). One of the most
remarkable impacts of India’'s economic growth is on the demand for dairy products. This is different from
other countries where demand for meat products increase with growing income levels. The milk consumption
in India increased by 20% during 1990-2005 in per capita terms (von Braun, 2007). According to a recent
projections, the consumption of milk products in India, which currently stands at nearly 185 gm/person/day, is
likely to grow at arate of 0.7% per annum to reach 236 gm/person/day during 2000-2025 (Amarasinghe et al.,
2007), further increasing the demand for increased production

*Researcher and I TP Leader, International Water Management Institute, Patancheru, AP
Lecturer, Banaras Hindu University, Varanasi, UP Email of corresponding author: d.kumar@cgiar.org
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But, the likely impact of this trend on the country’s land and water resources has not been analyzed. A
recent research in north Gujarat, which is known for intensive dairy farming, has shown that dairying is the
most water-inefficient production systems, consuming alarge share of the groundwater resources in the region
(Singh, 2004; Kumar, 2007). This has made many scholars argue that dairying in semi arid regions could lead
to increased use of water in agriculture with direct impact on groundwater resources in such regions. But, the
distinction between commercia dairy farming which is intensive, and the one which complements crop
production, and their implications for water intensity in dairy production, is hardly every made.

The actual impact of dairy farming on water resources would depend on where all the milk is produced,
and the nature of dairy farming. In this article, we provide comparative analysis of water productivity in crops
and dairying in the two semi arid regions, viz., north Gujarat and Punjab, and demonstrate how the opportunity
for reducing groundwater depletion through enhancing water productivity of crops differs between two regions,
if socio-economic concerns have to beintegrated in regional water allocation decisions. Thefirst region selected
for the purpose is semi-arid north Gujarat, where farmers had taken up intensive dairy farming on commercial
basis, whereintensively irrigated fodder cropslikewater-intensive alfalfaisfed to animalsa ong with byproducts
of cereal crops like wheat, bajra and sorghum. The other region is south western Punjab where cereals form a
major chunk of theirrigated field crops, and dairying istaken up asasupplementary activity in which byproducts
of crops are fed to animals.

2. THE CONTEXT

In water scarce regions, particularly arid and semi arid regions, heavy withdrawal of groundwater for
irrigation has several undesirable consequences. Demand management in agriculture is a standard approach to
water management suggested for such regions (Kumar, 2007). One important element of this approach works
on water productivity of individual crops (as cited in Kumar, 2007). Water productivity in agriculture refersto
the biomass output or net income returns per unit volume of water applied or consumed for crop production?.
It suggests replacement of cereal crops which are economically less efficient in water use with cash crops
which are economically more efficient in water use.

Semi arid north Gujarat is one region in India where heavy withdrawal of groundwater for agriculture
is causing secular decline in groundwater levels and scarcity of water for irrigation and drinking. Enormous
increase in cost of groundwater abstraction and increasing inequity in access to water are some of the socio-
economic consequences. Throughout most of semi arid Punjab, heavy withdrawal of groundwater is causing
depletion, with negative economic and environmental consequences. With the demand for milk and dairy products
growing in India, milk production is also increasing in many areas. More importantly, dairying is emerging as a
major livelihood option in rural areas of semi-arid and arid regions facing water stress like north Gujarat, Kolar
district in Karnataka and Alwar district in Rajasthan. One reason for farmers’ preference for dairying as a
livelihood option is the ability to manage the inputs such as feed and fodder through imports during scarcity.
Recent research in north Gujarat had shown that dairying is highly water intensive, with estimated values of net
water productivity in economic terms remaining far less than that of several conventional field crops?. Against
this in Punjab, the rice-wheat system of production is supposed to deplete Punjab’s groundwater resources.
The natural course for agronomists and water resource managers to reduce water stress in regions such as
north Gujarat isto replace dairy crops by some of the highly water-efficient fruit crops and vegetabl es. Whereas
in Punjab, the suggestion often made by water resource scientists and groundwater managers is to reduce the
area under cultivation of paddy and wheat that take a lot of water in the form of evapo-transpiration. Another
suggestion is to delay the transplanting of paddy saplings during kharif to make use of the rains.

1 While thefirst oneis called physical productivity, the second one is called water productivity in economic terms.

2|n case of cash crops, castor offered highest net water productivity (Rs.7.21/m®) and cotton the lowest (Rs.0.68/m?). In case of
food grains, highest net water productivity was found for kharif bajra and lowest for wheat crop with Rs.4.82 and 1.08 per m?,
respectively. In case of milk production, net water productivity for buffalo milk was Rs.0.19 per mé of water whereas the net water
productivity for crossbred cow was Rs.0.17 per m® (see Kumar, 2007).
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But this approach has serious limitations in most situations. Firstly, it ignores the linkages between
different components within the farming system, which are often integrated. For instance, reduced cultivation
of low water-efficient cereals and fodder could affect dry fodder availability, which could directly have an
impact on dairying, amajor source of income for millions of farmers. Thereis a need to recognize that farmers
allocate their water over the entire farm and not to individual crops. Unless we know about the comparative
water productivity in dairying, decisions on changing crop compositions that help reduce water stress cannot
be made. As a result, the unit of analysis of water productivity should be farming system rather than field.
Secondly, it ignores the effect of such changes on local food security and livelihoods. For example, large scale
replacement of low water efficient cereal crop by a highly water efficient cash crops by farmers in a region
might result in reduction in water use. But, it can cause local food insecurity, and affect domestic nutritional
security of farm households.

3.WHAT DETERMINESWATER INTENSITY OF MILK PRODUCTION?

Thewater intensity of milk production isinversely related to itswater productivity. High water intensity
means|ow water productivity. Water productivity in milk production isanalyzed using the concept of “embedded
water”, i.e., the amount of water depleted by the crops through evapo-transpiration that are used as animal feed
and fodder. The reason for this is that direct water consumption by cattle is low, whereas growing fodder and
feed cereals need large quantities of water. The functional relationship between water productivity in milk
production, and cattle inputs and outputs can be expressed as:

_Q
Jdajry, _AMP ....................... (N}

milk

WhereQyp  is the average daily milk yield of a livestock over the entire life cycle. A ;. is the total
volume of water, including the water embedded in feed and fodder inputs, used by an animal in aday. Both are

worked out for the entire animal life cycle. A, is estimated as:

_ch +Qdf +ng +A
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milk O-Cf de o

arink ..o, (2)
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Where, Q;, Qy and Qy are the average weights of cattle feed, dry fodder and green fodder used
for feeding livestock; O , 0 , and O are water productivity values (kg/m?) of cattle feed, dry fodder and

green fodder, respectively; A, isthe daily drinking water consumption by livestock.

drinl
If water productivity of green fodder like fodder jowar, fodder bajra, and maize is high, then quantum

of water used for dairying (A, ) would be low. This can raise milk water productivity. If, on the other hand,

the milk yield of the animal is high (QMP]- ), then again, water productivity of milk production would be high.

Similarly, if the amount of feed and fodder which an animal requiresto be productiveislow, then again
milk water productivity will be high. Again, the feeding pattern would determine the amount of water needed.
Wheat hay and paddy straw have high water productivity in kg/m®. So, when farmers just depend on these crop
residues for feeding animals, water productivity will be high. But, intensive dairying would force farmers to
grow fodder crops for the purpose, as crop residues won't be enough. Alfalfa, used as green fodder, is highly
water-intensive.

The water productivity in crop production can be estimated in relation to the total water consumed by
crop during its growth (evapo-transpiration), or the total irrigation water applied for crop production or the total
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effective water applied, which includes the irrigation dosage and effective rainfall. Since we are concerned with
the depletion of water resources available from groundwater system or surface flows for crop and milk
production, it would be appropriate to consider the productivity of applied (irrigation) water. But, as precipitation
also contributes to yield of many crops grown during monsoon, it is important to estimate the marginal yield
due toirrigation, by segregating the rainfall contribution of the yield from total yield. This hasto be used in the
denominator for estimating irrigation water productivity. However, for semi arid and arid areas, the yield
contribution of soil moisture from precipitation can be treated as negligible for most crops grown during
monsoon®. This would make marginal productivity of irrigation water equal to total productivity of irrigation
water (Equation 3). Y
__ ‘crop
Irrigation water productivity in crop production T, (kg/md) — _A .......... (©)]

crop

Y., and A, arethe crop yield ( kg/ha) and volume of water applied per hactare of irrigated area (m3

crop

ha) respectively.

Nevertheless, such assumptions would induce significant errorsin estimation of water productivity for
kharif cropsthat are grown in humid and sub-humid conditions. Hence, for such areas, the marginal productivity
of irrigation water is estimated by running regression between yield and irrigation water dosage. The beta
coefficient of regression equation gives the marginal productivity of irrigation water.

The estimated values of physical water productivity for crops and byproducts are inputed in Equation
(2) mentioned above to arrive at the value of A ,, . For byproducts of crops that are used for dairy production
as inputs, the total irrigation water applied and cost of production of the crop are allocated between main
product and by products in proportion to the revenue generated from them, as suggested by Dhondyal (1987).

Water productivity in milk production in economic terms ( ﬁdaj,y) is estimated by taking theratio of net
return from milk production ( NRdajry) and the total volume of embedded water, and direct water use in milk

production (A dairy)- HEre again, the net returns are average values, estimated for the entire animal life cycle,

taking into consideration the average milk yield worked out for the entire animal life cycle, the market price of
milk and the cost of production of milk worked out for animal life cycle.

_ NRdairy
airy N e (4)

dairy

2

4. AVERAGE PHYSICAL PRODUCTIVITY OF WATER IN MILK PRODUCTION IN TWO
SEMI ARID REGIONS

The physical productivity of water in milk production was estimated using the standard formula (for
details see Kumar (2007) or Singh (2004)) for 2 types of livestock in north Gujarat and three types of livestock
in western Punjab. Theinput data used for thiswere average daily milk yield; the average daily quantities of dry
and green fodder, and cattle feed for the livestock (kg); the daily drinking water use by the livestock (m?®), all
estimated for the animal’s entire life cycle; and the physical productivity of water for different types of green
and dry fodder (kg/m?). Subsequently, thewater productivity in milk production in economic termswas estimated
using the average net return from milk production using the gross return and average cost of production of
milk.

The results are presented in Table 1. It shows that the physical productivity of water for both buffalo
and cross bred cow is much higher in western Punjab, when compared to north Gujarat. Further, the difference
in economic productivity is much higher than that in physical productivity. The high physical productivity of

3 Needless to say, for winter and summer crops, such assumption would be quite reasonable and would not result in errorsin
estimation as residual soil moisture for growing cropswould be negligible.
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water in milk production in case of western Punjab is attributed to the lower volume of embedded water in the
inputs used for cattle owing to higher physical productivity of both green and dry fodder. In the case of western
Punjab, it was found that only, green fodder such as winter jowar (fodder) and kharif bajra (fodder), and dry
fodder available from residues of paddy (hay) and wheat (straw) were used. Since paddy and wheat have very
high yields in the region, the physical productivity of dry fodder is very high. The cumulative effect of both
these factors reduces the amount of embedded water. Whereas in the case of north Gujarat, afalfa, a highly
water intensive irrigated green fodder, was used commonly as feed for cattle.

Table1: Milk Yield, and Physical and Economic Productivity of Water in Milk Production in two Semi Arid Regions

Punjab North Gujarat
Varigbles Buffdo |C"OSS Prediindigenous| g o |CrOSS bred|indigenous
Cow Cow Cow Cow
AverageMilk Yield (It/day) 3.25 4.46 2.98 312 | 533 N.A
Water Productivity (WP) (It/m?) 1.79 2.53 3.68 031 | 049 N.A
WP in Milk Production (R¥m3) 7.06 17.44 16.41 0.190 0.17 N. A

Source: based on Singh (2004) and Kumar, et al., (forthcoming)

The difference in feeding pattern can be seen from Table 2. Though the amount of green and dry
fodder quantities are less in the case of north Gujarat, afalfa (figures in brackets) accounts for nearly 70% of
the green fodder for both buffalo and cross-bred cow. Further, the quantum of cattle feed used for dairy
animals in north Gujarat is much higher that that for western Punjab. The much higher water productivity in
economic terms was dueto: i] lower cost of production of milk, owing to the lower cost of production of cattle
inputs such as dry and green fodder, resulting in much higher net returns; and, ii] the lower volume of embedded
water in cattle feed and fodder. The difference in cost of inputs mainly comes from water. In north Gujarat,
pumping depths are much higher than in Punjab. This resultsin very high capital and variable cost of irrigation
owing to expensive deep tube wells, high capacity pump sets, and very high electricity charges.

Table 2: Comparison of Daily Average Feed & Fodder Consumption per Milch Animal in Western Punjab and
North Gujarat

Feed/Fodder Animal Type (Wes?gzlr;%ij ab) (Nol\r/ltr?h CS;J}]ZF at)
Green Fodder(Kg/day) Buffdo 19.46 12.98 (9.25)
Indigenous Cow 12.92 Nil
Crossbred Cow 14.41 12.96 (9.07)
Dry Fodder(Kg/day) Buffdo 7.94 5.48
Indigenous Cow 5.07 Nil
Crossbred Cow 4.33 6.44
Concentrate(K g/day) Buffdo 2.28 5.21
Indigenous Cow 12 Nil
Crossbred Cow 14 5.36
Drinking Weater(It/day) Buffdo 55.8 59.10
Indigenous Cow 52.6 Nil
Crossbred Cow 60.2 49.10

Kumar, et a., (forthcoming) and Singh, (2004)
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5. TRADE OFFS BETWEEN ENHANCING FIELD-LEVEL WATER PRODUCTIVITY AND
REGIONAL WATER PRODUCTIVITY

5.1 The North Gujarat Case

While a standard approach to improve water productivity in agriculture to reduce the stress on
groundwater would be replacement of low water-efficient crops by those which are highly water-efficient. For
north Gujarat, this would mean replacement of dairying by highly water-efficient crops such as orchards and
cash crops like cumin. But, this would result in lower production of milk, which gives stable income and
regular cash flow to the farmers. It would have significant impact on the region’s milk production, which not
only sustain its rural economy, but also produces surplus for export to other deficit regions.

In order to analyze the opportunities and constraints for improving regional water productivity in
agriculture and reducing stress on groundwater, farm economy in four talukas of Banaskantha district in north
Gujarat were simulated using linear programming. The resultsfrom 2 different optimization models, minimization
and maximization, for all the four talukas were more or less similar. Results from Vadgam tal uka of Banaskantha
district of north Gujarat showed that the volume of groundwater used for agriculture can be reduced to an
extent of 49.5% through introducing cumin or lemon. Thiswould not affect the initial level of net farm income
nor compromise on the food security of the region’s population. However, while doing this, the milk production
would fall sharply. Thisis because milk production was supported by irrigation of high water intensive crops,
and any effort to cut down groundwater use meant reducing milk production.

With the introduction of water saving technologies (WSTs) for field crops including afalfa, the extent
of reduction possible in groundwater use was high (60.1%), with lower extent of reduction in milk production.
The net farm output would not be adversely affected by this. Further analysis showed that using WSTS, the
groundwater use could be brought down by 17.5% even if milk production in the region is maintained at the
previous level. As Figure 1 (source: Kumar, 2007) shows, the extent of reduction possible in groundwater use
reduces with reduced willingness to compromise on mi i i i ivi
and cutting down groundwater use for farming have li
percentage of the total farm income is high.

Hgure2 Milk Froduction and Agreggets

Now, adoption of orchard crops and drip irrig (Veckegam)
of the capital intensive nature of the system and theneef § 700 )
marginal farmers would show great resistance to adog g 09 s
enhancing water productivity of farming system t g 4588 T ——
farming risks. % 000
Figure 1: Milk Production and Agrregate Ground %er UsEWRh WST (Vadagam)
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5.2 The Punjab Case

Now, let us examine farming system interactions in western Punjab. Punjab’s rice-wheat system of
farming has been under criticism for the low resource use efficiency, low water use productivity and groundwater
over-draft. It is established that many fruit crops have higher water productivity (Rsm?®) than conventional
cereals such as wheat and paddy in arid areas. For instance, pomegranate grown in north Gujarat gives a net
return of nearly 40,000 Rs/acre (i.e., USD 900/acre) of land against Rs.8000/acre (i.e., USD 180/acre) in case
of wheat. WP is approximately Rs.100/m? for pomegranate (with an estimated annual water application of 90
mm) against Rs.4.46/m? for wheat. Also, there are crops such as potato, tomatoes, cumin, cotton and groundnut
which are more water efficient than rice and wheat, which can be grown in Punjab. Some farmersin this region
have aready started shifting to high valued cash crops.

However, there is a limit to the number of farmers who can take up such crops due to the volatile
nature of the market for most of these crops, the perishable nature of these crops, the high risk involved in their
production* and the need to manage fodder for animals. In addition, investments for these crops are very high,
demanding the ability to take risk. It may also be limited by the poor market support for orchard crops. Many
farmersin Punjab and other semi arid parts of India, manage crops and dairy farming together. Recent analyses
from western Punjab suggests that the net water productivity in rupee terms is enhanced when byproducts of
cereal crops are used for dairy production (see Figure 2). Water productivity in dairying was found to be higher
than that of wheat and paddy (Kumar et a., forthcoming).

Figure 2: Water Productivity in Crops and Milk Production inWestern Punjab
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The equation presented in the earlier section explains this phenomenon. Unlike in the case of north
Gujarat where dairying isintensive, farmersin Punjab practiceit asacomplementary activity to crop production,
and depend mostly on crop residues such as wheat hay and paddy straw. They also do not grow highly water-
intensive fodder crops like afalfa. Water productivity (in kg/m?®of water) for these byproducts is very high.

There are potential trade off exists between maximizing field level water productivity through crop
shifts and maximizing water productivity at the farming system level. It is possible to enhance both field and
farm level water productivity simultaneously by introducing high valued crops such as vegetables and fruits, if
those crops have higher water productivity values than dairy production®. However, in both the cases, the risk
involved in farming might increase. The reason is highly volatile nature of vegetable prices; and the high
chances of drastic increase in fodder prices or fodder scarcity, in the event of a drought. It is found that while
the normal price of dry fodder such as wheat hay and paddy straw is Rs. 1/kilo, it goes up to Rs. 4/kilo during
drought years.

4 Themarketsfor fast perishing vegetables are often very volatile, and price varies across and within seasons. The problem of price
fluctuation is also applicable to cotton grown in western Punjab, which has high water productivity.

5 Otherwise, if the water productivity values of newly introduced crops is not higher than that of dairying, but, higher than that
of cereals, then fodder will have to be imported to practice dairying.
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At the regional level, attempts to adopt water efficient crops or crop-dairy based farming to enhance
agricultural water productivity might face several socio-economic constraints. National food security is an
important consideration when one thinks about crop choices. Punjab produces surplus wheat and rice and
supplies them to many other parts of India, which are food deficit, including eastern India (Amarasinghe et al.,
2004; Kumar, Gulati and Cummings, 2007). 20% of country’swheat production, and 10% of its rice production
comes from Punjab; it contributes 57% and 34% respectively to the central pool of grainsfor public distribution
(Kumar, Gulati and Cummings, 2007).

L abour absorption capacity of irrigated agriculture and market prices of fruits are other considerations.
Paddy is labour intensive, and a large chunk of the migrant labourers from Bihar work in the paddy fields of
Punjab. As per our estimates, 2.614 million ha of irrigated paddy in Punjab (as per 2005 estimates) creates 159
million labour days® during the peak kharif season. The total percentage of farm labour contributed by migrant
labourers during peak season was reported to be 35% as per the Economic Survey of Punjab 1999-00 (Gol,
2001). Based on these figures, we estimate that the total number of labour days contributed to paddy fields by
migrant labourers in Punjab was 55.75 million.

Replacing paddy by cash crops would mean reduction in farm employment opportunities. On the other
hand, the lack of availability of labour and fodder would be constraints for intensive dairy farming to maximize
farming system water productivity at the regional level, though some farmers might be able to adopt the
system. Large-scale production of fruits might lead to price crashes on the market, and farmers loosing revenue
unless sufficient processing mechanisms are established. Hence, the number of farmers who can adopt such
cropsisextremely limited.

5.3 The Contrasts between North Gujarat and Punjab

Comparison of north Gujarat and western Punjab shows that even under similar climates, the routes to
enhance water productivity and impacts of such initiatives on the farmers at the household level and on the
socioeconomic system would be different, because of the difference in their farming systems. In north Gujarat,
water productivity improvement calls for replacing dairy farming with cash crops, and use of micro irrigation
systems for conventional crops. In Punjab, paddy-wheat system needs to be replaced by crops with higher
water productivity than that in livestock farming, and dairying needs to be continued with imported fodder.
Import of fodder from neighbouring regions of is not an option.  Situation in eastern India appears bleak, as
theseregionsare net importers of food grains, and have very little arableland. While Haryanaisan agriculturally
prosperous region, dairying is also quite intensive in this region.

Introduction of cash crops in the farming system of north Gujarat would have adverse impact on the
stability of farm income and cash flow to farm households. However, there would be no impact on self
sufficiency in cereals. On the contrary, in western Punjab, there will be adverse impacts on regional food
security, employment and risks in farming. In spite of the differences between the two regions, integrating
socio-economic concerns such as food security, reducing risk in farming, improving livelihood opportunities
through agriculture and improving water productivity in agriculture to save water for environment are extremely
limited.

Now there are many semi arid and arid regionsin India, where dairying is emerging as a magjor source
of livelihood in rural areas. They include western Rajasthan and Peninsular and Central India. Theseregionsare
also facing problems of groundwater over-draft. It is difficult to conclude that in semi arid and arid regions,
dairying would lead to further depletion of groundwater on the basis of the north Gujarat experience. In composite
farming systems like the one in western Punjab, where dairying compliments cereal production, reasonably
high levels of water productivity can be achieved in dairying. Such complementarity comes due to large area
under crop production in per capita terms, with the result that the available crop residues are sufficient to feed
the livestock. Hence, it does not exert any additional pressure on local water resources.

8 Thisis based on the primary data which show that a hectare of paddy creates Rs. 5000 worth of farm labour in Punjab. Thisis
exclusive of the machinery employed in ploughing and harvesting. With a labour charge at the rate of Rs.80/day, the number of
labour days/ha of irrigated paddy is estimated to be 61 (source: primary data from Punjab).
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Other opportunities for reducing pressure on groundwater through water productivity improvement in
agriculture are extremely limited if the region contributes significantly to national food security and rural
employment. In addition, there are limits to intensifying dairy production in such regions. The reason is that if
dairying were intensive, with fodder crops grown specially instead of using crop residues, it would become
water intensive. In that way, it can induce additional pressure on local groundwater resources. But, there are
some ways to reduce the pressure on groundwater. They could include: enhancing water productivity of
individual crops, including those used for dairying through microirrigation, which will al so make milk production
less water-intensive.

6. CANDAIRYING THRIVE INWATER RICH REGIONSOF INDIA?

Thereareregionsin India, which are under humid and sub-humid climatic conditions, including Kerala,
north east, the western and eastern Ghat regions, and the Sub-Himalayan region. These regions have high
rainfall and humidity, and low evaporation and evapo-transpiration. Such regions also indulge in dairy farming.
These regions have alot of naturally grown grasses which provide nutritious fodder for livestock. They aso get
dry fodder from residues of crops, particularly paddy. The advantage of such regions is that not only the
consumptive use of water by fodder crops would be very less, but most of the water needs would be directly
met from precipitation. This is evident from a study conducted in Palakkad district of Kerala. It shows that
green grass accounts for 84 to 95% of the total green fodder fed to livestock.

Table 3: Average Feed and Fodder Fed to Livestock in Palakkad, Kerala (kg/day/animal)

Average Daily Input (kg) for
Name of Feed and Fodder Buffalo Crossbred | Indigenous

Cow Cow
Green Fodder 16.00 15.59 12.17
Local green grass 13.37 14.05 11.59
Maize 2.64 154 0.58
Dry Fodder 11.75 11.39 10.63
Paddy Straw 11.75 11.39 10.63
Concentrate 3.37 3.34 2.59
Balanced cattle feed 157 173 112
Cotton seed cake 0.38 0.44 0.25
Wheat Bran 0.43 0.66 0.28
RiceBran 0.99 0.51 0.94
Drinking Water (md.) 0.034 0.029 0.023

Source: Rajesh and Tirkey (2005)

This has a big impact on the irrigation water used for green fodder fed to cattle. It was found to bein
the range of 40 - 160 It/day/animal (Table 4). As aresult, the effective water productivity in milk production
(physical) was higher as compared to the semi arid north Gujarat. The study estimated effective irrigation water
productivity in milk production to be 0.501t/m?, 0.741t/m® and 0.51 It/m?, respectively, for buffalo, cross-bred
cow and indigenous cow (Table 4). As Table 4 shows, though the actual irrigation water productivity in milk
production is much lower than these figures, a significant chunk of the water used up in milk production isthe
embedded water in cattle feed. It was 48.7%, 46.2% and 47.1% of the total water used for milk production, for
buffalo, cross bred cow and indigenous cow, respectively (see Table 3). Since local water resources are not
used for their production, and are available from imports, they are not considered while estimating water
productivity.
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Further, the cost of producing fodder was found to be negligible, when compared to that of cattle feed.
It worked out to be 10.6%, 8.9% and 13% of the total input cost, for buffalo, cross-bred cow and indigenous
cow, respectively. The water productivity in economic terms was aso relatively higher when compared to
north Gujarat. The estimated effective irrigation water productivity was Rs. 1.0/m?, Rs. 1.88/m® and Rs. 1.55/
m? or buffalo, cross-bred cow, and indigenous cow, respectively in Kerala (see Table 4) (Rajesh and Tirkey,
2005). Groundwater depletion due to agricultural withdrawal is not a problem in these regions. But, the amount
of land available for dairy farming is a major constraint for increasing dairy production. While per capita land
availability is high in semi arid regions, it is extremely low in humid and sub-humid regions. The data on per
capita gross sown area, per capita pasture land, and per capita wasteland in eight major Indian states are given
in Figure 3. It is clear that the per capita land available in common lands (wasteland and pasture land) and
cultivated areain semi-arid to arid Rgjasthan is 0.454 ha. 1t is0.30 hain Haryanaagainst only 0.094 hain Kerala
(Figure 3).

Table 4: Total Water Use and Water Productivity in Milk Production, Palakkad, Kerala

Kerda
Particulars Buffalo Crossbred | Indigenous

Cow Cow
Green fodder (m®) 0.16 0.10 0.04
Dry Fodder (m®) 4.73 4.59 4.28
Concentrate (md) 4.67 4.06 3.87
Drinking Water (m®) 0.034 0.029 0.023
Total Water used (m?) 9.60 8.77 8.21
Milk Production (Litre/day) 2.46 3.49 2.36
Irrigation Water Productivity (IWP) (litre/m?) 0.26 0.40 0.29
Effective IWPin Milk Production (litre/m?) 0.50 0.74 0.51
IWP in Milk Production (R¥m?®) 0.51 0.90 0.74
Effective IWP in Milk Production (Rs/mq) 1.00 1.88 155

Source: Rakesh and Tirkey (2005)

Figure 3: Per Capita Land Availability under Different Classes in Selected
States of India
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7. SUMMARY OF FINDINGS

Within the sameagro climate, the nature of dairy farming determinesthewater intensity of milk production.
It islow water intensive in regions where cereal production compliments low levels of dairy production, which
minimizes the amount of irrigated green fodder used. The case of Punjab demonstrates this. When dairying is
practiced intensively, production of irrigated green fodder becomes compulsory to sustain such high levels of
inputs required to maintain high level of production. This makes dairy production highly water-intensive as
demonstrated by north Gujarat. In sub-humid regions like Kerala, milk production is highly water-efficient, and
it induces no pressure on local water resources, as it is sustained largely by green grass (which is naturally
available), and residues from crop production.

In semi arid and arid areas with intensive dairy farming, replacement of dairy farming by highly water-
efficient orchards and cash crops would be the way to enhance water productivity in agriculture, and reducing
the stress on groundwater without adverse conseguences for economic prospects of farming. But, concerns of
ensuring stable farm income and cereal security would limit our ability to shift from dairy farming to highly
water-efficient crops. The best way to improve agricultural water productivity without adverse effects on farm
income, food security and resilience of farming would be to make dairy production more water efficient
through efficient irrigation technologies for all fodder crops and crops whose byproducts are used as dairy
inputs.

There are other semi arid and arid regions like Punjab, which produce surplus cereals for food deficit
regions. Rice-wheat system of production is mainly responsible for groundwater over-draft in this region.
Since this region is not amajor contributor to India’s milk bank, decline in milk production in this region won't
pose any major chalenge to the country’s nutritional security. But, any attempt to replace wheat and paddy
should consider crops which have water productivity higher than that in dairying. The reason is dairying, which
cereal production sustains, yields much higher water productivity than cereals alone. Again, the scope for
introducing crops, which are more water-efficient than dairying (like orchards) have constraints of regional
food security and labour absorption in agriculture.

8. CONCLUSIONS

Dairying is emerging as a magjor economic activity in rural areas of India, given the growing demand
for milk and other dairy products, and the ability of farmers to manage the inputs for dairying through feed and
fodder imports in the face of water scarcity. In semi arid and arid areas, the pressure dairying puts on local
groundwater would depend on the levels of water productivity achieved in dairying, the intensity of dairying,
and what portion of the animal feed and fodder are locality produced. Analysis presented in this paper suggests
that the water intensity of dairy farming could be remarkably different between regions of same agro climate,
depending on the intensity of dairying vis-a-vis the number of dairy animals supported by the available
cultivated land.

The most desirable situation is onein which crops compliment dairy farming. Such situation is possible
when number of cattle per unit of cultivated land is relatively low. This ensures greater quantities of dry fodder
available from crop residues. In such situations, overall water productivity of the farming system would be
reasonably higher. There are no easy waysto increase milk production in such regions without making it water-
intensive. But, that would cause further depletion of groundwater reservesin those regions. Again, such options
are applicableto areas that have extraarable land that can be brought under cultivation. Thisisnot applicableto
Punjab, which already has high cropping intensity. Large scale import of dry and green fodder would be
difficult. But, sub-humid and humid regionsin Indiaare not able to produce surplus fodder that can be exported
to these regions.

Intensification of dairy farming is undesirable for semi arid regions, which depend on locally grown
irrigated fodder crops, other than those obtained as by products of crop as this implies water-intensive milk
production. Dairy intensification is an option where the per capita arable land is very low. In such cases, the
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opportunities for improving regional water productivity, which do not adversely affect milk production, need to
be explored. The idea is to conserve groundwater without affecting the socio-economic conditions of the
communities which depend on it. This is in view of the fact that demand for dairy products is increasing
exponentialy in India, and the country cannot afford to allow decline in milk production. The options include:
improving water productivity of crops, included those used in milk production, through the use of micro-
irrigation; and replacement of existing low valued crops by high-valued orchard crops. For achieving these,
promoting drips through subsidies could be one step, particularly for those fodder crops which fetch lower
market value.

While sub-humid and humid regions offer great potential to produce milk without depleting local water
resources, they have limited land availability. Unfortunately, such regionsin India have much less cropped area
(gross sown ared), pasture land and wasteland, which can supply biomass for dairy production. In a nutshell,
intensivedairy farmingislikely to pick up in semi arid and arid areas, which have sufficient arableland. But, this
will not be ecologically sustainable, and would eventually result in depletion of local water resources. In such
regions, efforts should be made to make it more water-efficient through use of micro irrigation systems for the
crops, including water-intensive forage crops. While ecologically sustainable dairy farming is possible in sub-
humid and humid areas, there are magjor constraints to boosting milk production from such regions.
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ECONOMICVALUATION OF A WETLAND IN WEST BENGAL, INDIA

SacchidanandaMukherjee !

Abstract

In the Gangeticflood plain of WestBengal, wetlands are used for multiple purposes, and have significant
role in the livelihoods of the local people. Over the years, these Multiple Use Systems (MUSs) are getting converted
to single use systems due to economic and social pressure from dominant stakeholders, which are higher than that in
single use systems. Economic and ecological functions of MUS changes over time and space. These dynamic aspects
of MUS are often not fully appreciated. Attempts to classify wetlands according to their uses across ecological zones
and to do their economic valuation are very limited.

Based on available secondary information, a wetland was selected in Bardhaman district of West Bengal to
evaluate the economic benefits frommultiple uses namely, wetland cultivation, irrigation, fisheries, jute retting, and
fodder collection. The study shows that the major economic benefits that people living in the surrounding area of
wetland derive are from wetland cultivation; direct irrigation; jute retting; and fisheries. The most important benefit
was fromfisheries, followed by wetland cultivation and jute retting. The irrigation benefits were found to be low due
to larger distance of the land fram the wetland, and the easy access to shallow groundwater in the region. However,
the many ecological functions of the wetlands are not evaluated in the study.

1. INTRODUCTION

Water systems are used for various purposes. However, except for one or two uses, most uses might be
non-consumptive in nature. Supplementary uses, which are consumptive in nature, may compete with the
dominant uses. Hence, decision making with regard to allocating wetlands for various uses might involve trade
offs. Hence, understanding the nature of trade offs is important for better decision making in water management
(Dugan et al., 2006).

In India, wetlands are classified accordingto their location (coastal or inland), water quality (saline or
freshwater), physiognomy (herbaceous or woody), duration of flooding (permanent or seasonal) etc. However,
the uses and their economic aspects are missing from the present classification system (Gopal and Sah, 1995).
The classification of wetlands according to their major and minor uses (both consumptive and non-consump-
tive), and quantifying the benefits from them in economic terms is crucial for identifying conservation interven-
tions and improving their performance. As Renwick (2001) argues, accounting for economicvalue of all uses of
water within a multiple use system is essential for informed decision making for productive, equitable and
sustainable water uses.

But, uses of wetlands are dynamic. The type of use varies with space, i.e., across different ecological
zones. For example, wetlands in the Gangeticfloodplain of West Bengal mostly use for irrigation (e.g., Bardhaman
and Nadia district), whereas costal wetlands are mostly use for shrimp culture because of sea water interface
(e.g., South 24-Parganas and Medinipur district of West Bengal). The wetland uses also change across years
depending on the interest of the dominant stakeholders, and the social pressures. For example, a tank, which is
predominantly used for irrigation in a normal rainfall year, might be used for fisheries purpose as well in a very
wet year when the tank inflowsbecome large. Similarly, in a bad year, the same tank might get used for tank bed
cultivation when the inflows are insignificant. Therefore, in order to have a comprehensive understanding,
evaluation of wetlands should cover different ecological setting and typical years, i.e., wet, dry and normal.

1 Senior Scientific Officer, International Water Management Institute ({WMI), C/o, ICRSAT, Patancheru, Andhra Pradesh-502
324, India. Email: sachs.mse@gmail.com
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Further, the existing property right regimes are important for proper management of MUS. As Datta and Roy
Choudhary (1999) argue, ownership pattern of the wetland (e.g., common property resource, private property
- single owner or multiple owner, and public property) greatly influence economic and ecological performance
of the wetland. Therefore, it is also very important to evaluate the performance of the MUS under different
property rights regime

There are some studies available on multiple purposes. For example, Q. Li et al. (2005) carried out a
study for the Lower Bhavani Project canal in Tamil Nadu, Boelee et al. (2007) carried out case studies for
irrigation systems in Africa and South Asia. Gowing et al. (2004) argued that auxiliary storage reservoirs could
improve the efficiency of Mahaweli System in Sri Lanka through improving service delivery and recovering
return flows, it could also provide an opportunity to use the reservoirs as MUS. Meinzen-Dick and Bakker
(1999) argued that accommodation of stakeholders in participatory management of water system is important to
enhance the productivity of the system. Instead of single use system, multiple use systems generate large
benefits to the society and it is accrued to different groups of people. Studies analyzing economic and ecological
value of wetlands exist in India and elsewhere. However, valuation of wetland, which performs as multiple use
systems, is rare.

1.1 Economic Valuation of Wetland as Multiple Use System in India

Economic valuation of wetland has been carried out in different parts of India. Researchers have at-
tempted to capture both use and non-use values of wetlands. Verma (2001) estimated economic value of Bhoj
wetland (having water spread area of 32.29 square kilometer) for mainly direct uses. Das et al. (2002) estimated
the economic value of ten wetlands in the Gangetic flood plain in Bardhaman district of West Bengal. The area of
the wetlands varies from 10ha to 275 ha with an average area of 66 ha. The estimated economic benefit from
fisheries operation varies from Rs. 500 to Rs. 16,000per ha per year; average irrigation benefit is Rs. 3.543 with
a maximum of Rs. 16,000; average benefit of using wetland for jute retting is Rs. 200 per ha per year with a
maximum of Rs. 625 per ha per year. Average benefit from fisheries operation varies from Rs. 2,484 per
household, irrigation benefit — Rs. 1,105 per acre and jute retting Rs. 483 per household per year.

Chattopadhyay et al. (2002) estimated the potential losses due to conversion of 1500ha of East Calcutta
Wetlands in the year of 1999-2000as Rs. 338.90 million. The willingness to pay of the stakeholders to conserve
the East Calcutta Wetland, the amount varies from Rs. 60/per household/year to Rs. 1200/per household/year,
with an average of Rs. 380/per household/year.

2. OBJECTIVES

The maim objective of this study is to assess the economic value of various functions of a multiple use
wet land in West Bengal, excluding those which are ecological in nature.

3. DESCRIPTION OF THE STUDY LOCATION

The present study focused on economic valuation of wetland as MUS in a perennial fresh water wetland
in West Bengal. Though, Bhattacharya et al. (2000) and ISRO, IWMED and NATMO (2003) identified wetlands
in West Bengal, it is difficult to identify the wetlands according to their uses. Based on the ecological condition
and pressure from economic activities, wetlands in different areas are used for different purposes. Therefore it
is difficult to identify wetlands which are used as MUS. The selection of a multiple use water system is based on
the study conducted by Das et al. (2002) among ten wetlands in Bardhaman district of West Bengal. Based on
available information on different functions and uses of wetlands among ten wetlands, we have selected a single
wetland for our case study. Their corresponding returns for a private wetland in West Bengal State of India.

2Beel (or Bheel) is anatural lake, generally an oxbow in Assam and West Bengal (Gopal and Sah, 1995). It is a U-shaped lake water
body formed when awide meander from the mainstream of a river is cut off to create a lake. Source: http://en.wikipedia.org/wiki/
Oxbow-—lake).
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Kalobaur beel is an oxbow lake located in Dainhat municipality of Bardhaman district of West Bengal.2
Mean depth of water of the beel varies from 3.36 meter in pre-monsoon to 8.39 in post-monsoon and the water
spread area of the beel is 32 ha in pre-monsoon and 38 ha in post-monsoon. According to 2001 Population
Census, Dainhat municipality has 4,526 households with a total population of 22,593. However, the beel is
located in Ward No. 2 and 10 of Dainhat municipality. Four habitations viz., Natunpara, Gopalganj, Vhaosingh
para and Char Dainhat surround the beel. It is in the East side of the Dainhat railway station and almost 3
Kilometeraway from the station. The beel is in the right side of the Hoogly River and within one kilometer of the
river. Hydrology of the beel gets influenced by the Hoogly River, and gets water from the river through lateral
seepage.

The area of Kalobaur beel is approximately 40 ha which is currently under the ownership of 45 house-
holds. Our filed visit revealed that the local municipality wanted to procure the Kalobaur beel and the adjacent
land from the owners and farmers to conserve the beel for livelihoods development. However, owners of the
wetland are not willing to hand over the beel to the municipality.

After the constructionof Farakka Barrage, the wetland got a fresh life. Now, most parts of the year beel
gets water. Since the whole area is under the Gangetic flood plain, it gets flooded during rainy season and
remains waterlogged for three to four months (June - July to September — October). After construction of
Farkka barrage, siltation rate in the Hoogly River has gone up which results in recurrent flood in the Gangetic
Flood plain of West Bengal. Deposition of silt during rainy season make the land in the flood plain highly fertile
and farmers could cultivate only two crops instead of tree crops in other parts of West Bengal. Jute is the main
crop cultivated during water logged periods, as it can with withstand standing water and requires standing water
for retting. The Kalobaur beel is a multiple use system, where apart from fisheries (both indigenous and cul-
tured), the wetland bed itself is used for cultivation of boro paddy and jute. The wetland water is also used for
irrigation and jute retting and farmers collect fodder from wetland. The farmerstold that they find cultivation of
paddy in the wetland is remunerativeas they could save money in terms of labour, irrigation and fertilizers costs.

Das et al. (2002) estimated number of beneficiaries and benefits derived from different uses of the
Kalobaur Beel. Culture fishery is the major activity and 200 households derive total benefit of Rs.144000/year.
Next is the irrigation benefit where 100 farm-households derive total benefit of Rs. 70,000/year. Another 60
households derive benefits from jute retting where total benefit is Rs. 20,000/ Year.

4. METHODOLOGY AND DATA SOURCES

4.1 Methodology of Economic Valuation

There are six major direct economic functions of the wetland, viz., use for cultivation; use of wetland
as a source of irrigation; wetland fisheries; use of wetland water for domestic uses; and jute retting and as a
source of fodder. The economic value of wetland cultivation was evaluated by taking the incremental benefit
from wetland cultivation over upland cultivation and the rental value of land used for wetland cultivation. The
economic value of irrigation benefit from wetland was assessed by taking the differential cost/opportunity cost
of irrigation from alternative sources and the total area irrigate from the wetland and the opportunity benefit of
using wetland water.

Economic value of fisheries in the wetland was evaluated by considering the two management patterns:
a) owners operated, i.e., when wetlands owners carry out the fisheries operation; and, b)lease holders operated,
i.e., when fisheries operation is leased out to private operators. Both costs and benefits aspects were considered
for the estimation of economic value of fisheries operation in the wetland. The economic benefit of using
wetland for various domestic uses was evaluated by consideringthe costs of substitution and benefits of conve-
nience approach. Fodder collection benefit from wetland was evaluated by considering the cost of buying
equivalentamount of fodder from the village. However, this is applicable to only those who do not have land, or
do not cultivate crops such as wheat and paddy whose byproducts can be used as fodder.
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4.2 Sampling Procedure

A random sampling procedure was followed to select sample households on the basis of the discussion
of local people and discussion with the local field assistants. Voluntary participations of the respondents were
sought based on their availability of time and interest on the subject of our research. A pre structured question-
naire survey has been administered among 55 farm-households spread across eight habitations surrounding the
wetland. The survey has been conducted during January 2008 with the help of five qualified field assistants and
three local guides. A brief description of the scope and coverage of the study and possible outcomes of the study
was provided before starting face-to-face interviews with the head of the household. Apart from household
questionnaire survey various secondary information were collected from the local people, fertilizer shop and
local political leaders.

4.2.1 Sampling Criteria

Since stratification of the sample households on the basis of their land holding size and dependence on
the Kalobaur beel was difficult due to paucity of secondary level information. We have followed selected sample
households having land in the beel or use the wetland bed to cultivate crops or use wetland water to irrigate
croplands.

4.2.2 Profile of the Respondents

Age of the respondents varies from 15 years to 69 years with an average age of 45 years. Out of 55
respondents, thirteen of the respondents (i.e., 23.6%) were young (£ 35 years), another 30 respondents (54.5%)
were middle aged (36 — 55 years) and 12 respondents (21.8%) were old having age greater than 55 years.
Education level of the respondents varies from zero to 17 years, with an average year of education of 8 years
(Table 1). Family size of the respondents varies from 2 to 15, with an average of 6. Our sample covers a total of
332 population of which 55% male and 45% female, children (below 15 years of age) constitutes 21% of our
sample population. Mean family workforce participation rate for our sample households is 45.5% as compared
to 75% for male. In our sample population 65.5% of adult male population is economically active as compared
t0 39.2% of their female counterpart (in Table 2). Forty seven% of respondents were Schedule Caste, 35%
Other Backward Caste (OBC) and another 18% were open category.

Table 1shows that the sample households hold 44.7 ha of land, of which 18.7ha is under wetland and
26.0 ha is under upland cultivation. Average size of wetland holding is 0.41 ha which varies from 0.04 to 2.31 ha,
and for upland average size of land mean holding is 0.65 ha with a minimum of 0.12 ha and maximum of 3.35 ha.
For all together mean land holding is 1.01 ha which varies from 0.23 to 4.86 ha. Majority of the farmers are
marginal and small farmers having land up to 1 ha. Both number of holdings and area under operation show
similar pattern.

5. RESULTS AND DISCUSSION

5.1 Benefits from Wetland Cultivation

0During monsoon the area surrounding the Kalobaur beel gets water logged and except jute it is difficult
for farmers to cultivate other crops during the monsoon. Jute is the only crop which could withstand the
standing water as a result jute is cultivated both in upland surrounding the wetland and the wetland bed. As water
recedes from the land surrounding the beel, farmers start cultivation by spreading the deposited silt uniformly
through ploughing and taking out extra water from the land. Upland farmers surrounding the beel generally get
two crops per year and farmers having land in the water spread area of the beel gets single crop. Boro paddy is
the major crop cultivated in the water spread area of the beel, where the process of cultivation starts at the end
of November in every year. Farmers found wetland cultivation is remunerative as they could save money in
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terms of fertilizer costs and labour costs in terms of less time spent on irrigation. Apart from the nutrient
enriched silt of the wetland, wetland water has high nutrient value as a result farmers are expected fetch higher
yield for wetland paddy as compared to upland paddy. Farmlands surroundingthe beel are irrigated mostly from
the beel and it helps the farmers to cut down their costs on fertilizers as nutrient of wetland water is higher than
the fresh water from ground and/or river.

During summer season when wetland bed dries up, wetland cultivation is a common practice carried
out by the farmers having land in wetland bed and/or in the low lying area. According to our sample survey total
area under wetland cultivation is 30 acre. Paddy and jute are the major crops cultivated in the wetland bed. 55%
of our sample households cultivate wetland paddy with an average size of land holding is 0.6 acre and another
18% of our sample households cultivate jute in the wetland bed with an average size of land holding is 0.9 acre.
Total area under wetland paddy cultivation is 18 acre and jute is 9 acre. According to discussion with the
stakeholders, 70 households practice wetland cultivation. If the wetland cultivators cultivate the wetland for
paddy and jute only, then total area under wetland paddy cultivation is estimated to be 25 acre and jute cultivation
is 13acre. The benefits from an acre of cultivation of paddy and jute are provided in the Table 3. The estimated
benefit from wetland cultivation is Rs. 3.59 lac per year.

Table 1:Land Holding Pattern of the Sample Households

Wetland and Upland

Wetland Holding Upland Holding Holding

Land ;(:elgic;g/ Number (ﬁrﬁg) Number (ﬁrﬁz) Number (ﬁrﬁz)
Sub-marginal (<05ha) | 42 (76) | 61 (33) | 36 (65| 63 (24) | 23 (42 7 (16)
Marginal (05-10ha) | 8 (5 | 52 (28) | 11 (200 7.7 (30) 14 (25)| 95 (21)
Small (1.0-20ha) | 4 (1) | 51 (@7 7 (13)| 87 () 16 (29) | 21 (47)
Semi-medium (2.0 - 4.0 ha) 1 | 23 (12 1 @] 34 13 1 @ 23
Medium (40-100ha) | - - - - 1 (] 49
Total 55 (100) | 18.7 (100) | 55 (100) | 260 (100) | 55 (100) | 44.7 (100)

Note: Figure in the parenthesis shows the percentage of total number of observationand total land holding of the
sample households.
Source: Primary Survey

5.2 Benefits from Using Wetland as a Source of Irrigation

Cost of irrigation from wetland is cheaper for upland paddy cultivation as compared to irrigation from
wetland. The cost of irrigation from wetland mostly depends on the distance between wetland and farmland,
which varies across farmlands from minimum 200 feet to maximum 6,562 feet with an average distance of
2,436 feet. However, costs of irrigation for farmers using both groundwater and wetland water is compa3ratively
lower. Since the pricing of canal and river water is not volumetric basis, the cost of irrigation is cheaper.” In the
Gangetic flood plain groundwater depth is low and it varies from 50 to 200 feet across our sample farmlands
with an average of 137 feet. A different picture emerges for upland jute cultivation. The cost of irrigation from
wetland is higher as compared to groundwater. Average depth of groundwater is lower for farmlands where jute
is cultivated i.e., 75 feet. For jute nutrient benefit of using wetland water for irrigation is distinct as compared to
paddy cultivation.

3 Cost of using canal and river water for irrigation is Rs. 800/bigha/year. Farmlands in this area mostly cultivated twice, therefore
cost of irrigation from canal or river water is Rs. 400/bigha/ season.
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Table 2: Number of Beneficiariesaccording to Use of Wetland

Different Uses of Wetland Beneficiaries
(No of Households.)
a) Wetland cultivation (No. of Hhs.): 70
b) Wetland fisheries (No. of Hhs.): 66
c) Imgation from Wetland (No. of Hhs.): 50
d) Jute retting (No. of Hhs.): 250
e) Duck keeping (No. of Hhs.): 25
f) Fodder collection (No. of Hhs.): 150
g) Cattle grazing cattle (No. of Hhs.): 150
i) Collection of small fishes, snails (Samuk, Googli etc.) 30
and amaranthus (Kalmi, Hincha, Saluk etc.) (No. of Hhs.):
j) Domestic uses for bathing washing (No. of Hhs.): 250

Apart from wetland cultivation, according to our sample survey 36.6 acre (Kharif 19 acre; Rabi: 16.5
acre and Boro: 1.1acre) of upland is irrigated from the Kalobaur beel. The farmers irrigating farmlands from
wetland do not have to pay any fees or royalty to the owners of the wetland. Pumping groundwater from
shallow bore wells fitted with pump set having capacity of 5 Horsepower is also common during dry season.
The cost of pumping water from the wetland depends on the distance between wetland and the farmland. Mostly
diesel pump set having capacity of 5 horsepower is used to pump water from wetland to irrigate upland sur-
rounding the beel. Farms adjacent to the beel also use manual lifting devices. Average cost of pumping water
from the wetland is estimated based on the number of times a farmland is irrigated and average hour of irrigation.
Average cost of taking a pump set in rent is Rs. 50/hour and average diesel consumption is Llitre per hour. There
at Rs. 35/litre of diesel price, the cost of pumping water per hour is Rs. 85. Apart from paddy and jute, cucum-
ber, mustard seeds, wheat, and other vegetables are cultivated in the wetland bed and also in peripheral areas of
the wetland. Farmers told that they find irrigation from wetland is remunerative as they could save money in
terms of fertilizers costs.

To estimate the nutrient benefit of using wetland water for irrigation, we estimated fertilizer cost asso-
ciated source(s) of irrigation. The difference in the costs is taken as benefit of using wetland water for irrigation.
Average benefit of using wetland water over groundwater for upland paddy cultivation is Rs.555/acre/season

Table 3: Economic Benefit of Wetland Cultivation

Sources of Benefits and Costs Paddy Jute
Average Net Benefit from Wetland Cultivation (in Rs./acre/season) 12,834 40,812
Average Net Benefit from Upland Cultivation (in Rs./acre/season) 7,143 37,068
Incremental Benefit from Wetland Cultivation (in Rs./acre/season) 5,691 3,744
Cost of Hiring Upland (in Rs./acre/season)* 4,375 4,375
Total Benefit of Wetland Cultivation (in Rs./acre/season) 10,066 8,119
| Area under Wetland Cultivation (in acre) 25 13 |
| Net benefit from Wetland Cultivation (in Rs./acre/season) | 251650 | 105547 |

Note: *-prevailingland rent payable to lease in upland is Rs. 2500/bigha/year and wetland is Rs. 1000/bigha/
year. In case of upland it is used for two crops and wetland it is for single crop (3.5 bigha = 1acre)
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Table 4: Benefit of Wetland Paddy Cultivation

Wetland Paddy Cultivation

Upland Paddy Cultivation

Mean Minimum Maximum Mean Minimum | Maximum
Seed Cost (in Rs./acre) 839 (10) 350 (9 1960 (13 614 (4} 368 (8 980 (3)
Labour Charges (in Rs./acre) 4950 (59) 2800 (71) | 7700 (51)| 4,325 (30)| 1,750 (39)| 10,500 (29)
Cost of Irrigation (in Rs./acre)? 6,157 (43)| 1,400 (31)| 17,850 (49)
Cost of Hiring / Using Farm
Machineries Cost (in Rs./acre); 1519 (18) 560 (14)| 2450 (16)| 1,594 (11)| 735 (16){ 3,500 (10)
Fertilizer & Pesticide Cost
(in Rs./acre) 1075 (13) 224 (6)| 3136 (21| 1,545 (11)| 263 (6)| 3,500 (10)
Total Cost (Rs.lacre) 8,383 3,934 15,246 14,235 4,515 36,330
Yield (in Quintal/acre) 29.3 224 350 285 19.6 420
Market Price (Rs./quintal) 724 500 1000 751 583 1,250
Gross Revenue (Rs./acre) 21,216 11,200 35,000 21,377 11,433 52,500
Net Revenue (Rs./acre) 12,834 7266 | 19,754 7,143 6,918 16,170

Note: Figure in the parenthesis shows the percentage of total cost
*-implies that for wetland paddy cultivation cot of irrigation is included in labour charges and machinery

hiring/using costs.
Source: Primary Survey

Table 5: Benefit from Wetland Jute Cultivation

I Wetland Jute Cultivation

Upland Jute Cultivation

| Mean Minimum Maximum Mean Minimum | Maximum
Seed Cost (in Rs./acre) 247 (3) 105 (2) 350 (3) 198 (2 105 (3) 300 (2)
Labour Charges (in Rs./acre) 3981 (44) [ 2,800 (50)| 5950 (45)| 4,788 (47)| 1,703 (48) | 8,225 (42)
Cost of irrigation (in Rs./acre) 2532 (28) | 1,260 (23)| 3,360 (25)| 2,863 (28)| 893 (25)| 4,970 (25)
Fertilizer & Pesticide Cost
(in Rs./bigha) 1,042 (11 723 (13)| 1,750 (13)| 1,113 (11)| 525 (15) | 3.342 (17
Machine Hiring / Using Cost
(in Rs./acre) 1,305 (14) 700 (13)| 1,890 (14)| 1,322 (13)| 350 (10) [ 2,800 (14)
Yield (in Quintal/acre) 14 14 14 13 7 19
Market Price (Rs./Quintal) 3,566 3,150 4,375 3,721 2,800 5,250
Total Cost (Rs./acre) 9,107 5,588 13,300 10,283 3,575 19,637
Total Revenue (Rs./acre) 49.919 44.100 161.250 47.351 119600 101.063
Profit (Rs./acre) | 40,812 | 38512 47,950 37,068 16,025 81,425

Note: Figure in the parenthesis shows the percentage of total cost

Source: Primary Survey

and for jute it is Rs. 184/acre/season. If the entire wetland irrigated area is cultivated with paddy, the annual
benefit of wetland irrigation is estimated to be Rs. 20,313/year. And if the entire is cultivated with jute the benefit
of using wetland water for irrigation is estimated to be Rs. 6,734/year.
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5.3 Benefits from Fisheries Operation

Previously owners used to lease out the wetland for fisheries operation for the period - June-July to
October-November. Mostly local people individually or collectively used to bid for the wetland. The last time it
was leased out for three years at an amount of Rs. 5 lac. The owners used to make benefit by leasing out the
wetland, however during those years they used to deprive of getting fish for their own consumption. After the
commercial fisheries, the owners used to cultivate boro paddy in the same wetland bed (November-December to
May-June) and farmers from surrounding farmlands used to lift water from wetland for irrigation. The prepara-
tion of nursery bed and land used to start during November and transplantation work used to start during
December. However, due to construction of Farakka Barrage, the beel gets water for more months and as a
result the process gets delayed. Over the years the siltation in the Hoogly River bed has also reduced its water
holding and carrying capacity. AS a result frequent flood and land subsidence is occurred in the Gangetic flood
plain of West Bengal (Prof. Kalyan Rudra, Personal Communication). However, currently the owners them-
selves are operating the fisheries through the formation of a committee. The committee consisting of 15 mem-
bers from owners households, of which 5 members are directly involved with the fishing and various operational
aspects of the wetland, and another 10member is involved with security of the beel, as there is continuousthreat
of fish lifting from wetland by non owners community. The people involved in the protection, fisheries operation
and management are paid from the committee depending on their time of involvement.

Economic value of fisheries operation in the wetland is evaluated by considering the two management
patterns - a) owners operated - when wetland owners carry out fisheries operation by themselves, and b) lease
holders operated - when wetland owners lease out the wetland to private operators for an amount decided by
open bidding process. Under owners operated system, the wetland fisheries is managed by the formation of a
committee where the costs of the fisheries operation is borne by the committee from previous year's income
after paying the land revenue of Rs. 16,000/annum payable to the Dainhat Municipality. The owners get the
monetary benefit according to their land holding in the wetland. On an average from each acre of wetland
holding, owners get Rs. 4200/year from fishing alone. The total area under wetland fisheries is 80 acre. There-
fore, total distribution of income from wetland is estimated to be Rs. 3,36,000/annum. The owner households
involved with the protection, fisheries operation and management are also paid accordingto their contribution in
terms of time spent. 22% of our sample farmers are involved with the various aspects of management of
wetland, and average payment for their service is Rs. 2250/year. Therefore total payment is estimated to be Rs.
32,400/year. Apart from the monetary benefits, owners also get fishes for their own consumption. On an

Upland Paddy Cultivation Upland Jute Cultivation
Cost of Irrigation Cost of Fertilization | Cost of Irrigation | Cost of Fertilization
(in Rs./acre/season) (in Rs./acre/season) | (in Rs./acre/season) | (in Rs./acre/season)
Source(s) of Irrigation Mean Mean Mean Mean
Wetland (Kalobaur Beel) [ 8,553 (2,975-13,388) | 466 (1,358-2,100) | 3,151 (1,190-4,970) 916 (630-2,333)
Beel (infeet) 2,436  (200-6,562) 1,376  (50-9,842)
Groundwater 9,202 (5,950-17,850) [ 372 (263-3,101) | 2,985 (893-4,760) | 1,266 (525-2,800)
Depth of Groundwater ¥
(infeet) 137 (50-200) &) (14-200)
Wetland & Groundwater | 4,958 (4,958-4,958) [ 100 (350-350) | 2,797 (2,083-3,570)( 1,326 (560-3,342)
Canal and River Water 1,400 (1,400-1,400) | 522 (525-3,500) | 1,400 (1,400-1,400)( 799 (630-1,050)

Note: Figures in the parenthesis show the range for the corresponding mean value
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average 53% of our sample get fish for their own consumption. It would have been cost of Rs. 375/household/
month to purchase the same amount of fish from the market. On an average 47% of our sample households
collect small fishes and shellfishesfrom the wetland and the market price of their collectionwould have fetched
Rs. 153/household/month.

5.3.1Non- owners' Benefits fram Collection of Small Fishes and Shellfishes

Collection of small fishes and shellfishesare not restricted to the owners only. A large number of people
surrounding the wetland collect small fishes and shellfishes from the wetland. On an average 44% of sample
households collect small fishes and shellfishes from Kalobaur beel during rainy season. Yearly on an average 6
months (on an average) households collect those items which save on an average a cost of Rs. 317 per month
per household and it varies from Rs. 120to Rs. 900. In some instances, respondents revealed that people from
lower strata of the society collects various shellfishand sell in local market at a remunerative price. Households
were asked to reveal the amount that they have to pay to purchase those items that they collect from the wetland.
The well defined market price made it easier for them to reveal the amount they save in each month through
collection of various small fishes and shellfishes from wetland.

The total benefit from wetland fisheries is estimated to be Rs. 5,51,856 per annum. However, this is a
conservative estimate as we do not take into account the costs of seeds, feeds etc. which is spent from previous
year's savings. The estimation of beneficiaries of wetland is not exact. Therefore the estimate is in the lower
side.

In 2002, the wetland was last leased out for an amount of Rs. 5 lac for 3 years. The lease holders
fetched a profit of Rs. 3 lac. So, total income generation from wetland fisheries was Rs. 8 lac. Under lease
holders operation, each of the 45 owner households could earn amount of Rs. 3703/year. However, the owners
did not used to get any fish for their own consumption and even collection of small fishes was restricted. Due to
costs involved to restrict the non-ownersto access the wetland during night time is very high, stealing of fish by
local people is a major cause of getting less benefit during owners operated regime. However, under owners
operated system the owners meet their own consumption demand and the number of beneficiaries are large.

5.4 Benefits from Jute Retting

Jute (White Jute - Corchours capsularis and Tossa Jute - Corchorus olitorius) is the major commercial
crop in the Gangetic flood plain of West Bengal. Availability of water bodies is an added advantage, which helps
farmers in jute retting. During monsoon, the Kalobaur beel is used for Jute retting by large number of farmers
from surrounding habitations. Jute is a commercial crop, and jute sticks (pat kathi) mostly used for house
walling, as bio-fuel, and for various religious purposes.

There are several methods of jute retting, e.g., chemical, biological, etc. however biological jute retting
in water bodies mostly practiced due to cost efficiency. The study estimates the benefit of using wetland for jute
retting. Traditionally farmers from the surrounding habitations are using the Kalobaur beel for jute retting and
they do not have to make payment to the wetland owners for the wetland service. However, owners complained
that jute retting is one of the main reasons for reducing Dissolved Oxygen in the water body which cause fish
death. In the Gangetic flood plain of West Bengal due to availability of large number of water-bodies helps jute
cultivation and jute is cultivated in a substantial part of area. There are several reasons for that - a) during rainy
season the whole area get flooded with water from the Hoogly River and other than jute other crops cannot
withstand the high water logged area. During flood the huge amount of silt is also deposited in agricultural land
which acts as natural fertilizer for subsequent crops. Availability of large number of water-bodies is the major
advantage for the farmersto go for jute cultivation. However, some farmers prefer to use their own pond (Doba)
for jute retting. The diesel cost associated with the filling up of the private pond (Doba) is considered as the
shadow cost of jute retting. It has been found that 25 litre of diesel is required to pump the water from wetland
to fill the pond which could accommodate jute from 1bigha of land. The cost associated with 25 litre of diesel
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Table 7: Benefits from Fisheries Operation in the Wetland

Sources of Benefit and Cost of Wetland Fisheries Amount (Rs./Year)
Water Tax payable to Dainhat Municipality 16,000
Payment for protection, fisheries operation and management 32,400
Benefit distributed among wetland holders 3,36,000
Cost saved in terms of expenditure on fish consumption 1,46,534
Non-owners benefit from collection of small fishes and shellfishes etc. 20,922
| Total benefits from wetland fisheries | 5,51,856 |

Source: Primary Survey

in West Bengal comes out to be Rs. 875 (@Rs. 35/litre of diesel). Farmers' were also asked to reveal their
willingness to pay for jute retting (in Rs. Per bigha of jute produce), which varies from Rs. 50 to Rs. 500 with
an average of Rs. 267.

Approximately 150 households from habitations surrounding the Kalobaur beel use the wetland water
for jute retting. According to our sample survey among 55 farm households, 64% cultivate jute during Kharif
season in the upland area and another 18%oof the households practice wetland jute cultivation. Average size of
upland under jute cultivationis 1.1acre and 0.9 acre under wetland cultivation. Therefore total area under jute
cultivationis estimated to be 133acre. Average benefit of using the beel for jute retting is Rs. 935 per acre of jute
cultivation. Therefore total benefit of jute retting is Rs. 1.24lac per year.

5.5 Benefits from Domestic Uses

To estimate the benefits of using wetland for various domestic uses (e.g., bathing and washing), we
have taken into consideraticn the cost of installing tube well either individually or collectively. The cost of
installation varies with respect to the desired depth of the tube well. However, having a tube well or house
connection of water supply considerably reduces the time required to commute to the wetland. The convenience
of having house connection or tubewell has been captured through the opportunity cost of time spent on com-
muting wetland. Average yearly benefit from wetland has been estimated. The opportunity cost of time spent
could be justified only of the cost saving of having tube well individually or collectively or having house connec-
tion is much higher.These costs could be shared by individually or collectively. In case of collective utilization,
the costs could be shared among the beneficiaries.

Table 7 shows that the cost saving through the use of wetland for domestic uses is much lower than the
opportunity cost of the time spent in accessing the wetlands. Perhaps, this is the reason why the local commu-
nities do not depend on these wetlands alone for domestic water needs, and instead try to have their own private
hand pumps, or common hand pump provided by the local municipality.

5.6 Benefits derived for Animal Husbandry
5.6.1 Fodder Collection .

On an average 29.1% of our sample households collect fodder from the wetland. Farmers collect water
hyacinth (Eichornia crassipes) and various water borne vegetations and supplement fodder to reduce cost of
feeding the cattle population. On an average four months in a year sample households collect fodder from the
wetland. Farmers without having agricultural land and/or do not cultivate paddy/wheat mostly collect fodder
from the beel throughout the year. We estimate the benefits of collection fodder from wetland by using the cost

4 Jute retting is the process which softens the tissues and breaks the hard pectin bond between the bast & Jute hurd (inner woody fiber
stick) and the process permits the fibres to be separated (source: http://en.wikipedia.org/wiki/Jute_cultivation)
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saved in terms less requirement of straw (paddy/wheat) and mustard cake.” In our household questionnaire
survey it has been revealed that on an average each household could save Rs. 372/month, which varies from Rs.
20 to 600/month depending on the size of the herd size and family's dependence on wetland fodder. Since, the
collection also involves labour time, households having own source of fodder mostly avoids collection from
wetland. The total number of households benefit from fodder collection is 150, and the rate of benefit is Rs.
1488/year, therefore total benefit from fodder collection is Rs. 2.23 lac.

5.6.2 Benefits from Grazing

Grazing on wetland and surroundingareas of the beel is limited to one to two months in a year. Having
steep slope in the edge of the wetland and depth of water is quite high, it becomes difficult for cattle population
to access vegetation in the wetland. The depth of water level in the beel remain high for a large part of the year
and having little space surroundingthe beel the grazing on wetland is limited. During summer as water recedes,
households allow their cattle to graze on wetland bed. Cost saving in terms of grazing in wetland has been
estimated to to be Rs. 313 per household per month. The benefits vary across households, from minimum Rs.
120/month to Rs. 700/month depending on their herd size. 150 households surrounding the beel benefit from
wetland grazing and their monthly benefit is estimated to be Rs. 313. Therefore, total benefit from wetland
grazing is estimated to be Rs. 46,950/year.

Table 8: Average Costs and Benefits of Using Wetland for Domestic Purposes

Descriptions Mean
Cost of installing a hand pump fitted with tube well (in Rs.) 5.487
Annualized cost of canital (Rs./Year)* 582
Annual O&M cost of hand pump (Rs./Year) 50
Annualised capital and O&M cost of hand pump (in Rs./Year) 632
Time spent to access wetland (in hour/day) 0.74
Opportunity Cost of Time (in Rs./day) ** 4.6
Yearly Opportunity Cost of Time (in Rs./Year) 1,692
Number of families could share a single hand pump comfortably for domestic purposes (in No.) 3.3

Note: *- implies annualized cost capital has been estimated using 10 % real rate of interest and 30 years in the
amortization process

**_impliesdaily wage rate for agricultural labour (i.e., Rs. 50/head/8 hour) is used to calculate the opportunity
cost of time.

5.7 Benefits from Collection of Amaranthus

Apart from smallfishesand variousshellfishes,42% of the samplehouseholds collectvarious amaranthus
(Kalmi - Ipomoea aquatica; Hincha, Sushni, etc.) from wetlands. The economic benefit varies from Rs. 10to
Rs. 100/household/month, with an average of Rs. 39. Our discussions with the local people revealed that 30
households surrounding the beel collect various leaf vegetables (amaranthus) through out the year and the
estimated benefit is Rs. 5,897.

5.8 Benefits from Duck Keeping

Duck keeping is not a regular practice for habitations surroundingthe beel and only 11% of our sample
households have ducks with an average number of 4.5 birds (minimum 1to maximum 7). Since ducks are not
fed on commercial feed, it becomes difficult for households reveal their costs saving of using wetland to feed
their ducks.

5 Straw and mustard cake are the main commercial items fed to cattle population in rural areas.
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6. CONCLUSIONSAND AREAS FOR FUTURE RESEARCH

In the Gangetic flood plain of West Bengal wetlands are used as multiple system and have significant
impactson livelihoodsof the local people. Over the years Multiple Use Systems (MUSs) are getting converted to
single use systems due to economic and social pressure from dominant stakeholders, which are larger than that
of single use systems. Economic and ecological functions of MUS changes over time and space. These dynamic
aspects of MUS are often not fully appreciated. Attempts to classify wetlands according to their uses across
ecological zones and to do their economic valuation are very limited.

We have undertaken study of one such wetland in the lower Gangetic basin in West Bengal. The study
shows that the major economic benefits that people living in the surrounding area of wetland are from wetland
cultivation;direct irrigation;jute retting; and fisheries. The most importantbenefit is from fisheries, followed by
wetland cultivation and jute retting. The irrigation benefits were found to low due to larger distance of the land
from the wetland, and the easy access to shallow groundwater in the region.

Besides the direct economic functions, there are many ecological functions that a wetland performs.
They are: nutrient trapping and recycling; spawning and breeding ground for indigenous fish species; groundwa-
ter recharge and impacts on hydrology; runoff and soil erosion control, and flood mitigation; regulating micro-
climate on the area surrounding the wetland. They also have economicvalues. However, they are not evaluated
in the present study. This could be taken up for future research. Further, such an evaluation needs to be under-
taken at the level of river
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HOW SERIOUSARE GROUNDWATER OVER-EXPLOITATION PROBLEMSIN
INDIA?AFRESH INVESTIGATION INTOAN OLD ISSUE

M. Dinesh Kumar! and OP Singh?

Abstract

In this paper, first we deal with the definition of aquifer over exploitation. Then a review of the various
definitions and criteria for assessing over exploitation is provided. Subsequently, the existing methodologies in India
for assessment of groundwater resources are reviewed to examine: the robustness of the criteria used; and the
scientific accuracy of the methodologies and procedures suggested. Finally, the current estimates of groundwater
over development for India are reviewed from the perspective of detailed water balance, geology, hydrodynamics,
and negative social, economic, ecological and ethical consequences.

The paper argues that there are several conceptual issues involved in the assessment of aquifer
over exploitation. Over-exploitation is linked to various “ undesirable consequences’ of groundwater use that are
physical, social, economic, ecological, environmental, and ethical in nature. Further, there are differences in the way
undesirable consequences are perceived by different stakeholders. The principle of inter-generational equity used in
the concept of sustainability, is built in the standard definitions of aquifer over exploitation. But, defining and
assessing over exploitation is both difficult and complex, and not amenable to simple formulations.

The criteria used for assessing groundwater development by groundwater estimation committee (GEC)
1984 are only physical, involving variables such as gross groundwater recharge and net abstraction. The criterion
adopted by GEC-97 is more rigorous. It involves net groundwater recharge and gross draft. It takes into account
some of the complex variables determining net recharge, such as base flow and lateral flows. But, both fail to
integrate complex hydrological, geological, hydro-dynamic, social, economic and ethical factors that capture the
physical, social, and economic impacts of groundwater overuse. This apart, there are issues of reliability in estimation
of net groundwater recharge and draft, due to lack of robustness in the methodologies, owing to the absence of
reliable data required for estimation. The official statistics therefore provide a not-so-bad scenario of groundwater
in the country. The paper demonstrates through selected illustrative cases how integrating data on complex hydrology,
geology, hydro-dynamics, and socio-economic, ecological and ethical aspects of groundwater use, with the official
statistics could change India’s groundwater scenario altogether. Some of them are: break up of groundwater balance
into natural recharge, recharge from imported water, and consumptive water use; specific yield of aquifer; long term
and seasonal trends in groundwater levels; economic cost of groundwater abstraction; incidence of well failures and
change in well yields;, and drinking water scarcity.

1. INTRODUCTION

In India, groundwater resources play a major role in India’s irrigation economy, and are crucial for
meeting water supply needs of both rural and urban areas (Kumar, 2007). India's ability to manage its future
water needs would depend so much on proper understanding of the availability of groundwater, and the nature
and magnitude of groundwater problems. There are ever-increasing evidences of aquifer over exploitation in
many localities, which cause negative consequences such as drinking water shortage, enormous increase in cost
of water abstraction from wells, frequent well failures, reducing command area of wells, increasing inequity in
access to well water for irrigation, and ecological degradation such as reduced groundwater table and soil
salinity (Kumar, 2007). While concerns over the future of groundwater use in India are growing (Gol, 2007),
official statistics continue to paint arosier picture of groundwater statusin the country (Gol, 2005). At the root
of the public concern is the need to arrive at a working definition and comprehensive criteria for assessing

! Researcher and ITP Leader, International Water Management Institute, South Asia Sub-regional Office, ICRISAT Campus.
2 Agricultural Economist, Dept. of Agricultural Economics, Banaras Hindu University, Banaras, UP.
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aquifer over exploitation that integrates various concerns such as shortage of water for basic survival needs,
poor economics of groundwater use for irrigation, growing inequity in access to water, eco-system and
environmental degradation, and unethical water use practices.

Aquifer over exploitation mainly dealswith negative aspects of groundwater development (ITGE, 1991,
Custodio, 1992 & 2000; Delgado, 1992; Margat, 19922 ). Scholars have argued that the concept of groundwater
over development or agquifer over exploitationisnot simple, merely linked to recharge and extraction balance, but
is rather complex linked to various undesirable consequences, which are physical, social, economic,
ecological, environmental, and ethical in nature. Again, these undesirable consequences also change with
perceptions (Custodio, 2000). Hence, defining and assessing groundwater over development is both difficult and
complex and not amenable to simple formulations.

Still, the perceptions of official agencies concerned with groundwater development and management,
are characterized by aggregate views based on simple hydrological considerations of recharge and abstraction
(Kumar and Singh, 2001). Nevertheless, there have been some recent changes in the official perceptions about
groundwater over development, as a result of the recognition of the need to integrate economic and social
considerations in assessing degree of exploitation. Thisis also reflected in the methodology proposed by Ground
Water Estimation Committee of 1997 (NABARD, 2006). But, how far such concerns are integrated in actua
assessment is however, open to question.

2. PURPOSE OF THE PAPER

The paper first discusses some of the conceptual issues in defining groundwater over exploitation; and
presents some of the accepted definitions of aquifer over exploitations. It then critiques some of the methodolo-
gies used in India for assessing groundwater resources and stages of groundwater development. Finally, the
paper demonstrates through illustrative cases in India how integrating some of the complex considerations such
as detailed water balance, geology, hydro-dynamics, and negative socio-economic, ecological and ethical conse-
guences of over exploitation, with the official methodol ogies can yield an altogether different scenario of ground-
water, than what the officia statistics provide.

3. ASSESSMENT OF GROUNDWATER OVER-EXPLOITATION

In this section, we shall deal with the conceptual issuesinvolved in defining groundwater over develop-
ment. The discussion will not touch upon the methodological issues involved in assessing groundwater recharge
and extraction, but will identify the complex considerations involved in assessing the degree of groundwater
over development or aquifer over exploitation. It will then present some of the most common definitions of
groundwater over development that use some of these considerations, so as to provide a comprehensive frame-
work for assessing the same.

3.1 Conceptual Issues in Defining Over-exploitation

Terms such as groundwater over exploitation, over draft, over development, overuse and unsustainable
use are commonly used in discussions on hydro-geology and groundwater resources since 1970's (Custodio,
2000). Such phenomena are predominantly applied in arid and semi-arid regions where large volumes of
groundwater are abstracted to irrigate extensive areas, under situations where the natural recharge to aquifersis
limited due to several reasons such as low rainfalls, unfavourable topographic and geo-hydrological
environments. They are applied to aquifer conditions in other regions when exploitation leads to undesirable
conseguences.

The concept of groundwater over exploitation predominantly deals with negative aspects of
groundwater development (ITGE, 1991; Custodio, 1992 & 2000; Delgado, 1992; Margat, 1992). Such
consequences may include: [i] large and continuous drops in groundwater levels over long time periods; [ii] large

2 Such consequence may include: large and continuous drops in groundwater levels over long time periods; large seasonal dropsin
water levelsin wells and the drying up of wellsin summer season; and increase in salinity of seawater; land subsidence; enormous
increasein cost of groundwater extraction; and reduction of groundwater dependent vegetation and springs and seepage.
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seasonal dropsin water levelsin wells and the drying up of wellsin summer season; and [iii] increasein salinity
of groundwater; [iv] land subsidence; [v] enormous increase in cost of groundwater extraction; and [vi]
reduction of groundwater dependent vegetation and springs and seepage.

Custodio (2000), however, argues that though undesirable consequences appear when abstraction
exceeds recharge, often there is no clear proof of the same being the cause of these undesirable consequences.
This is true in case of Gujarat and West Bengal. In case of Gujarat, increasing incidence of fluoride in
groundwater is a major problem whose causes are not clearly known. Fluoride content in groundwater can
increase due to leaching of fluoride containing minerals present in geologica formations with groundwater -
a phenomenon not directly linked to over extraction of groundwater. Similarly, in West Bengal, there were
widespread incidences of high levels of arsenic in groundwater threatening drinking water supplies and public
health (Mc Arthur et al., 2001). Though there are many competing theories®, it is seldom attributed to over
exploitation.

Thus, the concept of groundwater over development or aquifer over exploitation does not appear to be
simple, merely linked to recharge and extraction balance, but is rather complex linked to various undesirable
consequences. Therefore, an assessment of groundwater over development involves complex considerations
such as fundamental rights, basic survival needs, health, and economic, ecological and ethical issues and hence
it is not possible to capture its essence with simple definitions.

It is nevertheless important to mention here that there are fundamental differences in the way these
undesirable consequences are perceived by various scholars. For instance, according to Custodio (2000), it is
predominantly the point of view of over concerned conservationists, and people suffering from real or assumed
damage, and not always of well-informed people. Collin and Margat (1992) have argued that this is an
unconscious or incited over reaction to a given situation, while Custodio and Llamas (1997) and Llamas (1992a)
assert that thisis the result of deeply entrenched “ hydromyths’. Custodio (2000) further opines that the ground-
water developers take the opposite position, which focus on beneficial use and use the concepts of safe yield, or
rational exploitation and the economics side of sustainable development to present their viewpoints.

Such a logical framework for analyzing the various viewpoints does not hold in several
situations, including ours. First of all, the framework assumes that there are conservationists and those who are
suffering from the damage, which is real or assumed, are different from the developers. This is not true. In
many situations including the one under consideration both are the same. It is the rural communities especially
the farmers who are mostly engaged in groundwater development for irrigation, and the consequences or the
damage are also primarily borne by them in terms of increased extraction costs, reduced well yields, and quality
deterioration. Therefore, the argument that the concerns about over exploitation are an unconscious over
reaction to a given situation or are the result of deeply entrenched hydromyths itself is questionable.

On the contrary, more systematic debates about groundwater over development mainly initiated by the
researchers and scholars, including those from official agencies and NGOs, were driven by concerns of
maintaining sustainable water use in drinking water sector and agriculture. Official agencies mainly looked at
farmers as the main culprits behind uncontrolled exploitation of groundwater while researchers and scholars
from devel opment circles blamed the government policies and institutional framework. Several researchersfrom
India have pointed to the need to integrate the concerns of intra-generational equity (Saleth, 1994), social
development, fundamental rights and economic efficiency (Moench, 1995) and economics of well irrigation
(Kumar et al., 2001) in assessing over development of groundwater.

In India, the official versions of over development were primarily based on estimates of recharge and
extraction. Therefore, they continued to treat areas with recharge exceeding the extraction as areas suitable for
further exploitation without worrying much about the consequent effects. Those areas, where the average
annual extraction figures exceeded the annual recharge figures, were treated as over exploited areas without

3 Three mechanismswere used to explain therelease of arsenic to groundwater and are asfollows: 1] reductive dissol ution of FeOOH
and release of sorbed arsenic; 2] oxidation of arsenic pyrite; and, 3] anion exchange of sorbed arsenic with phosphate from fertilizer.
However, Mc Arthur and others (2001) postul ated another hypothesis, which challenged the oxidation and anion exchange theories,
that distribution of arsenic pollutionis controlled by microbial degradation of buried peat deposits, rather than distribution of arsenic
in aquifer formations, and the former drives reduction of FeOOH.
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giving due considerations to factors such as absence or presence of static groundwater storage. Nevertheless,
there have been some recent changesin the official perceptions about groundwater over development, as aresult
of the recognition of the need to integrate economic and social considerationsin assessing degree of exploitation.
This has come out of observation of field redlities. For instance, in certain cases, regions which are declared as
safe are facing acute drinking water scarcity. Similarly, in certain other cases, such regions are facing long term
decline in water levels (Gol, 2006). This new recognition is also reflected in the methodology proposed by
Ground Water Estimation Committee of 1997. But, how far such concerns are integrated in actual assessment is
not clear. We would take up this issue for further discussions in the subsequent section.

Though groundwater scientists had emphasised the need for maintaining safe yields and sustainable
levels of extraction to promote development with minimum negative ecological, economic and social conse-
guences, the manifestations of over development appear much earlier in certain areas. Thus, such concepts have
really not found any place in practical and policy debates. Part of the reason is the realization that ownership
rightsin groundwater are not well-defined and well development is highly decentralized under private initiatives
and government does not have any control over the amount of groundwater that farmers pump. In sum, both the
estimates based on field manifestations and official data (of recharge and extraction) are static and short-term
interpretations of the situation. They do not capture the complex physical characteristics and behaviour of
agquifer systems, including large static groundwater storage, long-term effects, salinity and water quality issues,
leakage from aquitards, the system recharge and discharge changes and the uncertainty.

3.2 Definition and Assessment of Groundwater Over-exploitation

Several researchers have tried to define groundwater over exploitation and evolve criteria for assessing
degrees of over development, which integrate some of the concerns or considerations discussed early. The 1986
Regulations of the Public Water Domain of the Spanish Water Act (1985), define overexploitation by its effects:
an aquifer is considered over exploited or in the risk of exploitation, when the sustainability of existing usesis
threatened as a consequence of abstraction being greater than one, or close to, the annual mean volume of
renewabl e resources, or when they may produce a serious water quality deterioration problem (Custodio 2000).
Young (1992) defined over exploitation from an economic point of view, de-linking pumping rates from mean
recharge values, as the non-optimal exploitation.

Llamas (1992b) introduced the notion of strict over exploitation — leaving room for definitions with
broader scope as groundwater abstraction producing effects whose final balance is negative for present and
future generations, taking into account physical, chemical, economic, ecological and social aspects.

The concept of sustainahility used in the context of natural resource development by the Bruntland
commission (Bruntland et al., 1987) based on the principle of inter-generational equity is also used to define
groundwater over exploitation* (Custodio 2000). However, Georgescu-Reogen (1971) and Custodio (2000)
have argued that the concept is too broad and cannot be applied to local specific situations, as it does not take
into account the impossibility of complete recycling of matter. Another point of contention of Custodio (2000) is
that if one strictly follows the principle of sustainable development, as proposed by the Commission, the
non-renewable resources like the large and deep confined aquifers of arid regions yield no benefit to anyone.
Thus, there is need for improving or extending the definition of sustainable development, for it to be applicable
to aquifers.

Finally, the way over exploitation is perceived depends on points of views of different stake-holders
involved such as farmers, water devel opment administrators, ecologists, conservationists, mass media, naturists,
and citizens and professionals such as engineers, scientists, economists, management specialists,
environmentalists, lawyers, sociologists and politicians (Custodio 2000).

4The two major principles of sustainable development are: [a] the rate at which renewable natural resources are exploited should be
less than the rate of regeneration; and [b] the waste flow into the natural environment should be kept less than its assimilative

capacity.
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For instance, one of the dominant perceptions of the farmers about the consequences of over
development - falling water levels, drying up of wells etc. - isthat it happens due to frequent failure of monsoons
and the long term sharp declines in annual rainfalls, sharply affecting natural recharge rates. In fact, declining
rainfallsis ahydromyth existing among millions of farmersin the region® . Nevertheless, the farmers seem not to
see well proliferation and increased groundwater draft as major factors leading to over development. On the
contrary, they see droughts as a major cause of depletion. Farmers fail to recognize that droughts are not a
recent phenomenon, but a cyclic phenomenon.
On the other hand, the official agencies claim with the support of their data of recharge and extraction
that there are no reductions in the quantum of recharge over time®. However, here we do not rule out the
chances of bias in the estimates as they are often influenced by strong political interests. The direction of such
a bias could change depending on the kind of vested interest. If the vested interests are for drilling more wells,
the attempt will be to show lower rates of groundwater level drops and over estimate the recharge figures. If the
vested interest isin large surface irrigation project in an area, which has considerable well irrigation, the attempt
made would be to overplay the signs of over development and unsustainable nature of present use of groundwa-
ter. Custodio (2000) has also mentioned about this bias and manipulation as an important factor influencing the
perception of over exploitation
The official perceptions of over development are driven by aggregate views. They tend to compare
figures of recharge and extraction rates for administrative boundaries or natural boundaries of aquifers. In the
process, they miss out several hidden phenomena such as excessive draw-downs in water levels due to large
well-fields, groundwater pollution, and excessive rise in water levels causing water logging, which are often
localized. Economists' perception of over exploitation is often based on consideration of the cost of abstraction
of groundwater, including investment for hitting groundwater and the number of attempts farmers have to make
to hit water table. Whereas, the paliticians perceive scarcity of groundwater for meeting basic water needs of the
communities as signs of over exploitation, and this does not have much to do with the level of groundwater draft
against recharge.
In sum, defining and assessing groundwater over development are both difficult and complex and not
amenable to simple formulations (Custodio, 2000). According to Custodio, the reasons for this are as follows:
e Varying perceptions of people concerned-for instance, in Gujarat, often, ordinary people and the media
refer to problems related to physical availability of groundwater, availability of economically accessible
groundwater resources, groundwater quality problems, and seasonal

e« Thearguments about long term declining trendsin rainfall are also contested in the case of Gujarat (Bhatia
1992). However, the detail ed analysi s of the time series data on magnitude and pattern of rainfalls-including
the number of rainy days, duration and intensity-are absent making it difficult to evaluate the impact of
rainfall on groundwater recharge

e« Infact, the official data for Sabarmati Basin shows that the recharge had gone up during 1992-97 as
compared to the period 1987-91 (GoG 1992 and 1999)

. Drops in water levels as a groundwater over development problem. It is only in hydrology and

geo-hydrology circles that such distinctions are ever made

The terms used to define over exploitation vary with space and time

Persistent draw down trend is not a clear indicator-groundwater behaviour being very complex in

multi-aquifer systems-with several variables contributing to inflows and outflows - groundwater level

trends are not always clear indications of over development and under-devel opment

Difficulty in calculating aquifer recharge and integrating water quality with quantity

Difficulty in assessing long term trends in recharge rate that are very important

Importance of localized effects in the overall picture

Changing socia perceptions and priorities

5The arguments about long term declining trends in rainfall are also contested in the case of Gujarat (Bhatia 1992). However, the
detailed analysis of the time series data on magnitude and pattern of rainfalls —including the number of rainy days, duration and
intensity—are absent making it difficult to evaluate the impact of rainfall on groundwater recharge.
8Infact, the official datafor Sabarmati Basin showsthat the recharge had gone up during 1992 1997 as compared to the period 1987-
91 (GOG 1992 and 1999).
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Improvements in water use technology

The need to consider the net socio-economic benefits

Complex nature of cost-benefit calculations and

Use of scarce, poor, and inappropriate data to define over development

Therefore, in this paper, we take some illustrative cases to demonstrate that the magnitude of ground-
water resource problems in India is much different than what the officia figures project if we try to integrate
some of the complex considerations that determine the degree of over exploitation, in our assessment. They
include long-term water level trends, detailed groundwater balance, seasona water level trends, and negative
social, economic, ecological and ethical consequences.

4. EXISTING METHODOLOGIES FOR GROUNDWATER RESOURCE ASSESSMENT:
STRENGTHS AND WEAKNESSES

During the past nearly three decades, 4 committees were constituted to propose scientific methodolo-
gies for assessment of groundwater development by the Central Ground Water Board of the Ministry of Water
Resources. The first committee was in 1979, named Groundwater Over-exploitation Committee (1979). The
second committee was constituted in 1984 named the Ground Water Estimation Committee (GEC-84), and the
third one was in 1997 named Ground Water Resource Estimation Committee 1997. For our discussions, we
would consider the last 2 methodologies only.

4.1 GEC-1984 Criteria and Methodology for Assessing Groundwater Development

GEC 1984 proposed a simple criterion for assessing groundwater development, which is based on net
groundwater draft against the gross groundwater recharge. It proposed 2 methodologies for assessing
groundwater resources, for administrative units such as blocks and districts. The first is water level fluctuation
approach. This is suggested when sufficient numbers of observation wells for monitoring water levels are
available within agiven administrative unit in question. In this approach, the average annual recharge ( R, )from
precipitation is calculated by the following eguation.

R, =(4, W, *S)+D, o (2)

Here“ S isthe specific yield of the aquifer, W, the average water level fluctuation during monsoon,
A the area of the aquifer, and D, the pumping during monsoon.

The 5 year average of the annual fluctuations in groundwater levels between pre- and post-monsoon
time, multiplied by the specific yield values and the geographical area of the aquifer gives the total recharge.

A mgjor limitation of the GEC-1984 is in the criterion used for assessing groundwater development. At
best, it works for simple aguifer units, and cannot capture the groundwater dynamics in complex aquifer
systems. Water level fluctuation is the net result of recharge, discharge, return-flows, leakage from across the
system, lateral inflows and outflows. But, the water level fluctuation approach to estimating recharge - which
often uses values of fluctuations in water levels within one or two layers of the aquifer system - does not allow
any discounting for the contribution from the existing storage from other layers of the aquifer, which could be
very significant in the cases of deep aluvial aquifer systems with several layers.

Also, in many basins, groundwater contribution to stream-flows in the form of base flow is significant,
and constitutes the lean season flows of the rivers (Sohiquilo and Llamas, 1984). For instance, Kumar et al.
(2006) found in the case of Narmadariver basin that in spite of increase in groundwater draft, the annual rate of
decline in groundwater levels had decreased over time. This could be explained by significant reduction in
groundwater outflows into surface streams, resulting from lowering of water levels. Outflows are losses from
the aquifer, and reduce the effective annual replenishable groundwater. But, GEC-1984 neither included base
flow as a determining factor, nor suggested procedure for estimating it. These omissions can lead to an over
estimation of the utilizable groundwater, implying negative consequences for stream flows.

Further, the criterion used in GEC-84 for assessing groundwater development use aggregate figures of

recharge and extraction. But, recharge is often confined to certain layers within the aquifer system — most
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commonly the upper shallow aquifer. So far as abstraction is concerned, there could be layers of the aquifer
system, which are tapped but do not get natural replenishment either from rainfall or from leakage. As aresult,
different layers of the aquifer can undergo different degrees of exploitation. It would be different from what the
aggregate figures of recharge and abstraction show, and would be actually reflected in the water level fluctua-
tions in the respective aquifer layer. Since the existing methodology treats the entire aquifer system as a single
aquifer, it fails to assess the degree of exploitation in different aquifers under consideration.

Further, a simplified criterion can lead to large errors in estimation of groundwater recharge. For in-
stance, the approach of estimating recharge also considers the abstraction during the monsoon period (see
Equation 1). Though the abstraction could come from more than one layer, the entire amount is attributed to a
single recharged aquifer whose water level fluctuation data are available. The error in the estimation of recharge
will be inversely proportional to the contribution of the recharged aquifer in the total abstraction during the
monsoon period.

One of the outcomes of using such simplistic criterion is that recharge-abstraction balance of the
aquifer does not often correlate with water level trends, a variable which groundwater managers and users are
equally concerned with. Maintaining abstraction levels far below annual recharge does not mean that draft is
within safe limits. There could be continuous outflow of water into natural drainage systems due to which water
levels can decline. On the other hand, a steady recharge-abstraction imbalance does not mean decline in water
levels in the agquifer. The aquifer under study might receive the entire recharge from lateral inflows, as well as
from top, while several overlying aquifers might be contributing to the abstraction from the system. But, the
criteriaused in GEC-1984 are too simplistic to capture the complex hydrological considerations, and thereforeis
not realistic.

In the second approach of GEC-1984, use of ad hoc norms is suggested for the following: a recharge
from rainfal; b] recharge due to seepage from unlined canals; c] return flow from irrigated fields; d] seepage
from tanks; and, €] influent seepage from rivers and streams. Separate norms are used for estimating rainfall
recharge for different types of geological formations, such as alluvium, semi-consolidated rocks, and hard rocks
(see Table 1).

Table 1: GEC-84 Norms for Estimating Recharge from Annual Rainfall

9. No Nature of Geological Formation Recharge Rate as a
percentage of Rainfall
1. Alluvia formations
I Alluvial sandy areas 20-25
[1] Alluvium with clay content 10-20
2. Semi consolidated rocks 10-15
3. Hard rocks 4-10
4, Limestone and sandstone 3-10

Source: NABARD, 2006

Return flow from irrigated fields are estimated using the norm of 35% of the irrigation dosage for
surface water, 40% for paddy fields irrigated by surface water; 30% of the water delivered at the outlet for well
irrigation, except for paddy; and 35% for paddy fieldsirrigated by well water (NABARD, 2006). Use of such ad
hoc norms can invite many sources of errors. For example recharge from rainfall is a function of not only the
formation geology, but also rainfall pattern, soil type, vegetation cover, geo-hydrological environment and the
hydraulic conductivity of the soil in the root zone and below. Again, many regionsin Indiaface extreme variabil-
ity inrainfall and rainy days, and recharge from rainfall is not alinear function of rainfall magnitude. Asaresult,
using normal values of rainfall for recharge estimation can lead to significant errors. Further, for a given crop,
return flow from irrigations is a complex function of total quantum of irrigation water dosage; the irrigation
schedule; and agro-hydrological variables that actually determine the return flows from irrigated fields, which
are determined by soil hydraulic properties; drainage conditions; agro-meteorology; and crop characteristics
(Jos van Dam, 2006).
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4.2 GEC-1997 Criteria and Methodology for Assessing Groundwater Development

The GEC-1997's criterion for assessing groundwater development is far more realistic, and has a better
scientific basis than that of GEC 1984. First of al, it proposes assessment of recharge for monsoon and
non-monsoon periods separately. Also, the methodology proposes analytical approach for estimating specific
yield using groundwater balance for non-monsoon period. It aso proposes detailed analytical approach for
estimating recharge during monsoon using water level fluctuation approach involving various components of
groundwater balance such as storage change, the return flows from irrigation to groundwater, base flows from
groundwater into streams and recharge from streams into groundwater, net lateral groundwater inflow into the
area and groundwater draft.

The methodology for estimating base flow and lateral flows for administrative units, proposed by
GEC-1997, however, is not robust. As one would expect, arriving at reasonably accurate figures of these two
variables is essential to deduce figures of monsoon recharge. The reason is pre-post monsoon water level
fluctuation, which the methodology banks on for estimating monsoon recharge, is aresult of the storage change
occurring in the groundwater system due to many inflows and outflows. They include rainfall recharge, net
lateral inflows, contribution of stream-flows into groundwater system, return flows from irrigation,
groundwater draft, and base flow into streams.

If the assessment unit is a watershed, a stream gauge station can provide data for calculation of base
flows, and hence the challenges are less. But, only afew states are taking watershed as the unit for groundwater
assessment, and even in these cases, reliable data on stream-flows are not available, as many lower order
streams are not gauged.

While base flow during lean season for administrative units is estimated on the basis of groundwater
draft during the season, and the water level fluctuation and the specific yield values, itsreliability would depend
heavily on the accuracy of estimation of groundwater draft figures. But, these figures are normally estimated
using certain ad hoc norms. We would deal with the issues associated with groundwater draft in section 4.3. If
data on specific yield are not readily available, it can be estimated using groundwater balance by taking
watershed as the unit which would again involve the use of groundwater draft estimates for the watershed. In
nutshell, estimation of base flow would involve a lot of errors. This is evident from the groundwater resource
assessment for Madhya Pradesh provided by Central Ground Water Board (Gol, 2005) for the year 2005. It
shows that the total groundwater outflow during lean season isonly 1860 MCM. Thisis a sheer underestimation,
when we look at the total amount of lean season flow (from December to May) in just one of the many river
basins of Madhya Pradesh, i.e., Narmada alone is 1653.22 MCM (Gol, 2005), and that many perennial rivers are
originating from the region.

Again, the figures of recharge so obtained include recharge from irrigation, water harvesting structures,
and return flows as well. Here again, no scientific methodology is employed for estimating recharge from
irrigation return flows. Instead some modified versions of the earlier norms of 1984 are used. The norm of
return flow as a percentage of irrigation dosage, changes according to the depth to groundwater table. For areas
with water table higher than 25 m, the norm is 5% of irrigation dosage; for water table depth between
10-25 m, the normis 10% of irrigation dosage, and for depth to water table less than 5m, is taken as the recharge
from irrigation return flows, against 40% and 35% considered in the earlier methodology (NABARD, 2006). In
intensively canal irrigated areas of Punjab, Haryana, UP, Andhra Pradesh and Maharashtra, use of such
methodologies can lead to highly erroneous estimates of not only return flows but also net natural recharge.

For estimating recharge from water harvesting structures, a uniform rate of 1.4 mm/day is assumed for
tanks and ponds based on the average area of the pond (NABARD, 2006). But, in hard rock areas of Peninsular
Indiawith large number of tanks and ponds, such assumptions can be unrealistic, and can lead to over estimation
of recharge from recharge structures. The reason is sustainability of recharge from tanks and ponds depends on
the hydraulic diffusivity of the aquifers, which is very poor in hard rock areas. The creation of recharge mount
in the aguifer underlying the recharge structure can prevent further percolation of water (Muralidharan and
Athawale, 1998).
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The criterion suggested by GEC-1997 for assessing the stage of groundwater development involves
gross groundwater draft against net recharge. The net groundwater recharge takes into account the losses from
groundwater system, and net gains from lateral flows. Thisisamajor departure from the earlier methodology as
that considered net draft against the gross recharge. As Kumar and Singh (2001) note, such an approach had led
to over estimation of recharge and under-estimation of draft, as recharge from irrigation return flows is double
counted. Hence, the new methodology had reduced the anomalies due to this. But, when it comes to estimating
the net groundwater recharge, neither the state groundwater departments nor the Central Ground Water Board
consider the groundwater losses while estimating the net recharge in lieu of the fact that these hydrological
variables are difficult to quantify. Thisiswell acknowledged in arecent review of the existing methodol ogies for
groundwater assessment carried out by NABARD (NABARD, 2006). Nevertheless, it is not complex enough to
reaistically assess groundwater development in multi-aquifer systems, where aquifers which get replenished
and aquifers which are subject to hydrological stresses could be different.

GEC-1997, however, recommended that hydrological data of recharge and abstraction estimated for the
administrative units should be integrated with data on mid-term and long-term trendsin water levelsto make the
final assessment about the stage of groundwater development in areas, which are showing continuous declinein
groundwater levels. But, thisis hardly done in actual practice by central and state agencies.

4.3 COMMON INADEQUACIES IN GEC-84 AND GEC-97

The biggest challenge posed by the methodologies proposed under both GEC-84 and GEC-97 is in
estimating the specific yield values of aguifers to which the recharge estimates are highly sensitive. Theissueis
very crucial for hard rock areas, as specific yield values could vary widely within small geographical areas
(NABARD, 2006). While groundwater balance during non-monsoon period can be used to estimate specific
yield, this would require realistic estimates of groundwater draft during the season. Lack of reliable data on
groundwater draft is a major factor affecting the reliability of the entire exercise of assessing the stage of
groundwater development, as the inaccuracy in estimation of this parameter increases the inaccuracy in estima-
tion of both denominator and numerator.

Both the committees proposed estimation of groundwater draft by three different methods: 1] using the
well census and the norm of annual draft for different types of wells; 2] using electric power consumption, and
the estimate of quantity of water pumped per unit power consumed; and, 3] using groundwater — irrigated area
under different crops and the water requirement for each one. All these three approaches suffer from inadequa-
cies. Asregards the first one, it is hard to get the exact number of operational wellsin aregion at a given point
of time, especialy in hard rock regions, due to increasing incidence of well failures and farmers owning many
wells at atime. Further, when it comes to quantifying the amount of water abstracted, wide variations in well
outputs are seen within regions, and over the seasons. In case of the second method, it does not take into
account the water abstraction by diesel wellsthat are in operation in many shallow groundwater areasin Orissa,
Uttar Pradesh, Bihar, Assam, West Bengal, Madhyra Pradesh and some parts of Gujarat, Kerala and Andhra
Pradesh. Asregardsthe third one, the challengeisin getting reliable data on the groundwater-irrigated area under
different crops, as data on source wise gross irrigated area are not compiled by most state governments.

In nutshell, both GEC-84 and GEC-97 suffer from problems in the criteria used for assessing the stage
of groundwater development. The criteriaused in GEC-1984 are only physical, involving only simple hydrologi-
cal variables such as groundwater recharge and abstraction. Whereas in GEC-1997, the criteria used are alittle
more complex with the inclusion of base flows and lateral flows, and replacement of gross recharge by net
recharge and net draft by gross draft. However, none of them involve complex hydro-dynamic, economic,
social and ecological variables that help determine the negative consequences of groundwater over exploitation.
Some of them are long-term trends in water levels, depth to water table, cost of abstraction of groundwater, and
availability of water in wells during lean season. This apart there areissues of reliability in estimation of ground-
water recharge and draft.
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5. HOW SERIOUS ARE GROUNDWATER OVER-EXPLOITATION PROBLEMS IN INDIA?

Thefirst set of alarms about groundwater over exploitation were raised amost three decades ago based
on observations for a selected locations in India, including Mehsana in north Gujarat, coastal Saurashtra and
Kachchh, Coimbatorein Tamil Nadu, Kolar in Karnataka, and Jai pur in Rajasthan. Several scholars had looked at
the problem of groundwater depletion from many disciplinary angles (see Dhawan, 1997; Janakarajan, 1994;
Moench, 1995; Phadtare, 1988).

Figure 1. Net Renewable Recharge Vs Stage of Groundwater Devel opment
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Dewas district located in Narmada valley in Madhya Pradesh was ancther region, about which alot had
been written (see for instance, Shah et al., 1998). Over the years, several new regions have been classified as
falling under over exploited category. Punjab is one such region where many blocks were shown as experiencing
falling water table conditions. There has been alot of whistle blowing about the impending groundwater crisisin
many arid and semi-arid regions based on anecdotal evidences from some of these regions on groundwater level
trends.

But, if one goes by the officia estimates of groundwater development in 2005 from CGWB, only 23.1
Million hecter meter out of the 43.2 Million hecter meter of renewable groundwater in the country is currently
utilized (Gol, 2005). Again, if one goes by the most recent disaggregated data, only 15% of the groundwater
basins in the country are over exploited; 7% critically exploited. Nearly 62% of the groundwater basins are still
“safe” for further exploitation (Gol, 2005). Interestingly, as per the official statistics, it is Punjab is one of the
states where over exploitation is most serious, next only to Rajasthan and is followed by Delhi and Gujarat. The
number of over exploited districts in the hard rock areas of Andhra Pradesh, Tamil Nadu and Saurashtra in
Gujarat, where high incidence of well failures is reported, is very low (see Figure 1).

Therefore, such “doomsday prophecies’ " have not been based on rational view of the scenario using
data on hydrological changes and hydrodynamics. Thisis not to say that groundwater over exploitation is not a
cause for concern in India. In the subsequent section, we would examine how far these doomsday prophecies
are correct.

’Coallin and Margat (1992) have argued that thisis an unconscious or incited over reaction to a given situation, while Custodio and
Llamas (1997) and Llamas (1992a) assert that thisis the result of deeply entrenched hydromyths. Custodio (2000) further opines
that groundwater devel opers take the opposite position, which focus on beneficial use and use the concepts of safeyield, or rational
exploitation and the economics side of sustainable devel opment to present their viewpoints.
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5.1 What Do Water Level Trends Really Mean?

Groundwater level trends are a net effect of several changes taking place in the resource conditions
owing to recharge from precipitation, return flows from irrigated fields, seepage from water carriers (canas,
channels etc.), abstraction or groundwater draft, lateral flows (either inflow or outflow) or outflows into the
natural streams (Todd, 2003). In aregion, where long term levels of groundwater pumping are less than the
average annual recharge, the groundwater levels can experience short term declining trends as aresult of drastic
increase in groundwater pumping owing to monsoon failure. But, such a phenomenon does not represent the
long term trends. It is important to note here that semi-arid regions in our country also experience significant
inter-annual variability inrainfall (source: based on Pisharoty, 1990; Kumar et al., 2006). Further, it is not correct
to attribute all changes in groundwater conditions to hydrological stressed induced by human action.

In aregion where groundwater outflows into the surface streams are quite large due to the peculiar geo-
hydrological environment, even if the net annual groundwater draft isfar less than the net recharge, water levels
can decline on an annual basis, as illustrated through a study of surface water groundwater interactions in
Narmadariver basin in India. Thisis because of the heavy outflows of groundwater into the surface streams. In
such situations, increasing draft over time can actually reduce the rate of decline in water levels on along time
horizon (Kumar et a., 2005). In fact, thisisthe situation prevailing in many river basins of Central India, such as
Mahi, Tapi, Krishna, Mahanadi and Godavari. Such situations also prevail in the western Ghats and north eastern
hilly regions. This meansin such areas, integrating environmental considerations such as maintaining lean season
flowsin rivers would limit the safe abstraction rates, to levels much lower than what is permissible on the basis
of renewable recharge. Hence, in such regions, estimating the base flows would be very crucia in arriving at the
net utilizable recharge, and therefore the actual stage of development of groundwater. We have already seen that
the groundwater outflows are not properly accounted for in the estimates of the net recharge. Due to this reason,
the estimates show a much lower stage of development than what the region is experiencing.

5.2 Can We Look at Groundwater Balance for Assessing Over-draft?

Figure 2: Groundwater over exploited regionsin India Ideally, in aregion where lateral flows and
outflows from groundwater systems are insignifi-

cant, groundwater over draft can take place if the
) total evapo-transpirative demand for water (ET) per

unit area is more than the total effective rainfal,
B "*'5 i.e., theportion of therainfall remaining in situ after
runoff losses, and the amount of water imported
from outside for unit area. In many semi-arid to
arid regions of India, cropping isintensive demand-
ing irrigation water during winter and summer
months. The ET demands for crop are much higher
in comparison to the effective rainfall. The deficit
has to be met either from local or imported surface
water or groundwater pumping. Hence, the change
in groundwater storage would be the imbalance be-
tween the total of recharge from rainfall and return

-l flows from irrigation, and groundwater draft. In

.‘ semi-arid and arid regions, natural recharge from

- precipitation is generaly very low. In an area with

[ w0 intensive surface irrigation, a negative balance in

*‘ 5:“ groundwater indicates high levels of over draft or

Lo . deficitin effectiverainfall in meeting the ET require-
.n... T cpkiied ments.
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Punjabisaclassica example. Theregionisintensively cultivated and irrigated. Most of Punjabisfalling
in semi-arid to arid climate. Both these factors make ET per unit area very high. Again effective rainfall islow.
The water levels are falling throughout Punjab at arate of 0.3m/annum (Hira and Khera, 2000). L et us examine

the groundwater balance in an ideal situation like in Punjab. The change in groundwater storage ( As) could be
written as:

R., +RF, —NGD

But, NGD = ET +A,,, — (S, +P, - RF,)

A =R +S +P.—ET -4y,

A;=Rey +RA {ET+Ap, —[S +R -RF ]}

Here, R, israinfall recharge; RF isirrigation return flow; NGD isthe net groundwater draft; A,
isthetotal of water depleted from the soil during the fallow period and the water stored in the soil profile below

the root zone; is the surface irrigation water applied; and P, is effective rainfall.

Going by the above groundwater balance equation, if is removed, then the change in groundwater
storage would become negative if the entire land is cultivated, which is the condition in amost throughout
Punjab. This is because rainfall (P) is less than ET requirement, and as a result, P_+Recharge also, as P+
Recharge would always be less than the total rainfall (P). Hence, surface irrigation’s role in maintaining ground-
water balance is more than that of the return flows from it, and equals the actual amount of surface water
applied. Thisalso meansthat if water levelsarefalling even with canal irrigation inputs, then the storage depletion
and drop in water levels without exogenous water inputs would be much larger.

S
5.3 How Do Geological Conditions Matter?

Under what geological conditions drops in water Figure 3: Mgor Aquifer Systemsin India

levels occur is also important in assessing the extent of

groundwater over draft conditions. Many semi-arid and .
arid areas in the country fall under hard rock conditions. \
Examples are Peninsular India except the western Ghat X w

region, Saurashtra in Gujarat, western parts of Madhya
Pradesh, almost the entire Maharashtra and most parts of
Orissa (see Figure 3). In these regions, the specific yield
of aquifersis very small, 0.01-0.03. Large seasona drops
in water levels are a widespread phenomenon in these ar-
eas. During monsoon, sharp rise in water levels is
observed and after the monsoon rains, water levels start
receding. Many open wells get dried up during summer.
Often the drop in water levels between pre and post
monsoon is in the range of 5-6 m. So, one should make a
clear distinction between seasonal depletion and annual
depletion. Further, in hard rock areas, a unit volume of
groundwater pumped from the aquifer results in up to
12-13 times the annua drawdown that occurs in aluvia
areas for the same amount of over draft. A fall in water '
level of 1min aluvia Punjab should be a cause for much greater concern than a 1m fall in water levelsin hard
rock areas of Tamil Nadu, or Saurashtra or Karnataka given the fact that the specific yield of alluvium in Punjab
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is in the range of 0.13-0.2. This will be evident from the data on recharge-abstraction balance for 2 distinct
regions. Thisis not to say that magnitude of water level drop is not important. In fact, asharp fall in water level
would also have serious implications for the investment required for pumping groundwater, and also efficiency
with which groundwater could be abstracted. Hence, what is more important is at what rate water levels fall on
along term basis.

5.4 Integrating Negative Consequences of Over-exploitation in Assessing Groundwater Development

As Custodio (2000) notes, there are many complex considerations involved in assessing groundwater
over exploitation in terms of various undesirable consequences. They are hydrological, hydro-dynamic,
economic, social and ethical in nature. However, some of the most important ones are: groundwater stock
availablein aregion; water level trends; net groundwater outflows against inflows; the economics of groundwa-
ter intensive use, particularly irrigation which takes lion’s share of the groundwater in most semi-arid and arid
areas, the criticality of groundwater in the regional hydro-ecological regime; ethical aspects and social impacts
of groundwater use. Let us examine how the use of these complex considerations in assessing groundwater over
draft would change the groundwater scenario in India.

First of al, as regards the groundwater stock, a region with huge amount of static groundwater
resources may experience over draft conditions, with resultant steady decline in water levels. The region which
can be cited is alluvial plains of the Ganges, whose groundwater stock is many times more than the average
annua replenishment (source: based on Gol, 1999). In such regions assessing over draft conditions purely in
terms of average annual pumping and recharge may not make sense. In such regions, the long term sustainability
goal in groundwater use can be realized even if one decides to deplete certain portion of the static groundwater
resources along with the renewable portion, annually (Custodio, 2000). Limiting groundwater use to renewable
resources, with the aim of benefiting future generations, can mean foregoing large present benefits.

As regards the influence of water level trends, a region may not experience over draft when pumping is
compared against recharge. But, partial well failures could be an area of concern due to the seasonal dropsin
water levels. Such steep seasonal drops in water levels are characteristic of hard rock areas. For instance,
historical data of water levels in 11 watersheds faling in Mulla-Mutha-Pawana shows levels of groundwater
development below 20% in 8 watersheds. But fluctuations in water levels between post and pre monsoon were
very