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Abstract

Water's unique physical properties, complex economic charactcrlslws. important cultural
features, and essential vole in supporting all fife on earth distinguish it from all other
natural resources. These multifaceted characteristics mean that developing effective
water policies involves economic, ecological, environmental, legal, and poliucal
considerations. In most societies, political considerations dominate water use decisions,

Nonetheless, most water policy options are framed and discussed in economic terms. This
- pupers examines how environmental economics contributes 1o this policymaking
process. The paper outlin.s how economists have responded to the most recent wave of
sustainable development concerns by adapting and expanding the neoclassical framework
in ways that provide a compelling view and a practical basis for addressing water-related
environmental concerns. 1t suppests that, whenever possible, incentive-based, market
approaches to social goals, including environmental protection, offer the best hope for
efficient and sustainable use of waler resources.

Introduction and Overview *

Almost any statement about water requires some kind of qualification. For example,
while we can say that water is one of the most abundant resources on Earth, we know that
less than | percent of the total supply is reliably available for human use. A fixed amount
of annual rainfall implies a limited supply, but water can be stored and recvcled so-
utilization rates can exceed water supply. Water is liquid, mosily, but it can also be a
solid and a vapour. Drinking water is certainly essential for human survival, but water-
related ilinesses arz the most common health threat in the Third World. An estimated 25
000 people die every day because of water-related sicknesses (UNEP, 1991).

Cne statement, however, needs no qualification: the existence of all life forms depends on
water, The geosphere, the atinosphere, and the biosphere are all linked to water. Water
interacts with solar energy to determine climate and transfurms and transports the
physical,and chemical substances necessary for all life on Earth.

First draﬁ of a papcr 10 be prescnted at the AARES 41st Annunl Conference, Goid Coast
20-25, January, 1997.



In recent years, water issues have been the foens of increasing global concemn.!
International, national and local organizations are - 5 ning ever more active in water
policy issues and debates, initiating, coordinating and | articipating in special programmes
focusing on water resources. — The theme highlighted by all these eftorts is that water is
an increasingly scarce and valuable resource. The piinciral concern is our failure to
recognize and accept that water is in finite supply. The consensus is that growing water
searcity and misuse ol freshwater pose serious thieats to sustainable development,

Competition among agriculture, industey and cities for limited water supplies 1s already
constraiing. development efforts in many countries (World Resources Institute, 1994;
Bhatia and Falkemmark, 1992, Homer-Dixon et al, 1993, UNCED 1992),  As
populations expand and economies grow, the competition for limited supplics will
intensity, so will conlict anoag, water users

Even though water shortages are occurming throughout the world, msuse is widespread.
Numerous studies document how siall communities and large cities, agriculture and
industries, developing countries and industrialized economies are all mismanaging water
resources (Repetto, 1986; Warld Bank 1992; Glewck, 1993; Postel, 1993). Surface water
quality is deteriorat-u in key basins from urban and industrial wastes, Groundwater is
being polluted from surface sources and irreversibly damaged by saltwater intrusion.

Overexploited aquifers are losing their capacity to hold water and lands are subsiding.

Cities are unable o provide adequate drinking water supply and sanitation facilities.

- Waterlogging' and salinzation are dimunishing the productivity of irrigated lands.

Decreasing  water  flows are reducing  hydroelectric power generation, pollution
assimilation and fish and wildhife habitat. The very ecosystems responsible for pmducmg
water and maintaining our hydrological cycles are msufhuently monitored and poorly
uudc.rsumd (Dasgupta and Miler, 1995).

For years, national level economic policies and resource management systems inducing
~these long-term trends in water resource use were guided by socioeconomic objectives
that seldom included explicit valuation of the environment, much less the concept of
sustainable development. During the past decade or so, however, growing scarcity and
. heightened environmental concerns have forced govemmems and communities to rethink
the role water plays in the economy, environment and society.

The purpose of this paper is (o review some of the way‘s in which environmental
economics has encouraged and influenced the design and implementation of water
policies. The international community's increasing emphasis on sustainability presents
today's resource policymakers with a set of new oppartunitics but also with some poiicy
challenges. This paper attempts to contribute to the sustainability debate by exammmg
how and under what conditions water policies work or fail,

 The Water Sector and Suamnahle Development

~ Within several years of publication of the Brundtland Report in 1987 (WFCD, 1987),
sustainable development had become a dominant feature of development thinking and
policy dialogue. By the.time delegates met at the United Nations Conference on-
Environment and Development (UNCED) in 1992, sustainable development implicd that



eeonomic development must widen its focus from expanding production and increasing
meomes to jrelude sustainable nanagement of ccologcal processes @and environmental
HLT\'I&Q

UN(“IEI) congluded that searenty and muvse of freshwater pose sesious and growing
threats 1o sustainable development and protection of the environment. emphasizing that
human health and welfare, food security, economic development and ecasystems are all at
rish, unless water resounes are managed mote cilcmwh in the future than they h:wt,
heen in the past (UN( ED, 1997 :

Despite ns message of harmony, however, the concept of sustainability raises tension
between market-driven economic growth strategies, social pressures for a more equitable
distribution  of economic opportunities and the need to maintain environmental
productivity, ecological services and biodiversity to fulfil future social aspirations. It is
in this context that the international community has called for a new approach to the
assessment, development and management of freshwater resources (ICWE, 1992), The
proposed new approach mvolves the management of freshwater as a finite and vuincrable
resource, the integration of fragmented sectoral water policies and programmes within the
framework of national economic and social policy, and the wmgunmm that water has
cconumnie value in atl 1s competing uses :

For many, it is difficult 10 reu,mcm: the concept of water as an economic good with the
more traditional idea of water as a basic necessity and human right.  Because water is
essential to all life, policymakers ofien reject competitive market allocation mechanisms.
Many societies believe that water has special cultural, religious and social values.
Boulding observed that “the sacredess of water as o symbol of ritual purity exempts it
somewhat from the dinty rationality of the market” {Boulding 19803,

The literature sugpests that economists are not of one mind when asked to assess their
preparedness to assist society with this new approach to environmental and sustainability
concerns. - Traditional neoclassical ¢conomists maintain that the economics profession
was ready and waiting for *he sustainability movement with a comprehensive analytical
view of the nature of externalities and related market failures. This group points to a long-
established set of prescriptive policies to deal with poliution (the introduction of surrogate
prices); open access (clarification of property rights); and alternative uses of natural
enviromnents (economic valuation of envumnmcmal resources and scrvnccs) (Lroppqr and
Ontes, 1992},

A second group distanced themselves from mainstream neoclassical economics, arguing
that conventional economic analysis and policy measures are not only incompatibl with
sustainable development, they contribute to the problem (Daly, 1990). This group argues
 that neoclassicak econoinists tend to offer impractical solutions to pressing environmental
problems and dangcreusly misleading assumptions about human-nature interactions.
They point out, for instance, how every eiementary economics textbook contains a
diagram illustrating the circular flow of goods and services across interdependeni
markets, negleclmg to illustrate the flow of ”goods" and "bads" between nature and
humans.
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A third group has responded to the most recent wave of environmental and sustainable
development concerns by adapting and expanding the neoclassical framework in ways
that provide a compelling view and a practical basis for addressing environmental
depradation and intertemporal equity issues (Norgaard, 1988, Pearce and Turner, 1990;
Solow, 1992, Young, 1992, Pantaouon, 1993 and Dasgupta and Miler, 1995). ‘This
group mcludes o wide range of weltare, trade, development, and macroeconomists who
have expanded  preatly  conventional  neoclussical - analytics by - incorporating
environmental perspectives into thew specific fields of tesearch. One example is the
refatively new, but rapidly expanding literature analyzing how macroeconomic policies
and the environment interact (Goldin and Winters, 1995; Gandhi, 1996; Munasinghe and
Cruz, 1995) A second example is the now abundant theoretical and empirical research
on trade and environment interactions (Anderson and Blackhurst, 109 Low, P, 1992,
Giuevara, 1995). :

I an assessment of operational and theoretical models used by economists to evaluate the
relationship  between human activity and nature, Colby  (1990) cotegorizes these
- development strategies into five paradigms (see Table 1).  Cach paradigm contains

different assumptions about human behaviour and about the role of nature and the
environment. Fach paradipm asks sep rate questions. emphasizes different evidence,
addresses distinet threats, and relies on different analytical mtd muodeling techniques for
undcrsmndmg how humans and nature interact.

The five paradigms include "frontier economics,” at one extreme, with its emphasis on
progress as infinite economic growth and an economic model characterizing a closed
economic systeny; to "deep ecology” at the other extreme, emphasizing an anti-growth
imperative and an economic model based on conservation of cultural and biolugical
diversity.  The three middle paradigms, “environmental protection,” "resource
management,” and "eco-development,” more fully capture the mainstream approaches of
yesterday's and today's environmental economists and policies. Yet, any one a‘ppmnch
maybe more approptiate to a specific case than the other four. In other cases, a mix
drawn from several approaches maybe required.

In contrast to the cmwemiamnl definition of environmental economics, Cobly's
characterization of environment-economic paradigms is more useful for understanding
“the policy potential of environmental economics. The conventional apprvach to
environmental economics constrains the analyses to two major issues: the valuation of
environmental amenities and the regulation of polluting activities (Fisher and Peterson,
1976, Cmpper and Oates, 1992) '

The conventional approach also distinguishes notural resource economics from
environmental economics, Nawral resource economics applies dynamic control methods
to the intertemporal allocation of renewable (regenerative resources in recent literature)
and nonrenewable resources. Beginning with Hotelling (1931), natural resource
economists have addressed the management of forestry, fisheries, energy and mmml
resources, together with the extinction of species and the jrreversibility of develapmmt

* This paper maintains that practical policy solutions and realistic measures for addressing
complex water resource problems requires a broad view of how economic theory snalyses



“Table 1 Distinctions between five paradigms of environmental managemest

"ﬁ"ﬁ.:» = »Fmﬁéf ;Ecommiis E&viron-mul Resource Management ’sco—oé;»:um m
Dienensi Protection , , o R '
“Domiaant  Progress as finte TradeofY as in ecologs vs vs Sustamability as necessary  Co-developing humans & nature Esowpn mm
. ive | onomic gmmh & economic gmw!h ) constraint f{trfgffm. constrained my
prosperity : growth with nature
Human-sature | Very swong ‘Strong anthropocentric Madified anthropocentric  Ecocentric Biocentric
relationship anthropocentnc ‘ ’ ‘ ' ,
Domisast threats | Hunger, poverty, disease,  Health impacts of Resource degradation Ecological uncenainty Ecosystem Collapse :
' ' " I natural disasters pollution, endangered poverty, population b i
i species growth :
Maia themes Open access free poods. Remedial defensive Giobal Efficiency Generative restructuring, Back 10 nature. (
: legalize ecology as Economuze Ecology ecologize social svstems, biospecies equality
economic externality Interdependence sophisticated symbiosis simple svmbioses
- Property rights Privatizaton . Privatization domunant. Global commons law for  Globaland local commons; Private, plus common
: e : some public parks set conservation of oceans. private propenty for Intralinier - property setaside for
aside atmosphere. climate generational equity & stewardship  preservation
; biodiversiy , ,
Who pays Properny owners, péﬁlxc at '}' AXpasers Polluter pavs :pr‘cducer& Follution prevention ’payg . Avoid costs by ,
| targe especiatly poor consumers} income-index, environmental foregoing development
: taxes ‘ ;
Responsibility ‘ Properts gwners Development Toward integration across  Private’public Institutional Largely decentralized
Decentraiized multipie levels Innovations - butintegrated design
tManagement Centranzed : g
Anaiytic/modeling } Neoclassical, ciused Neuclassical plus Neoclassical plus, nan&ai“ Ecological econommics: Grasstoots, bioregional
: ECONDAHC Sy5iems. enxronmental mmpact capial, income, maxtmize  biophysical-economic. cpen planning. multipie
reversible equitibeia, assessment after design, UN system of national systems dynaniics; socio-technical  cultural systems .
production fnmied bs opumum pollution levels,  accounts, inicreased freer & ecosvstem process design; conservalion of cultural
- human factors, natural equation of wilhngness 1o trade ecosystem & socral  integration of social economic & & biological diversity
| factors not accounted for - pay and compensation health mortoring, ecological critena for technology:
1 net present value, : ' linkages between trade & capital flow regutlation
} maximization, cost-henefit population, poverty and - based on.community goals; land
analysis of 1angible goods environment tenure and income redistribution
and | services -

Source: Adapted from Calby (1990)



the environment.  This hrmd view means incorporating all the interrelated contributions
made by welfare, trade, dev: clnpmmu macro, environmental and ecological econorists.

Water, l"commniw and Public Policy ,
~In early civilizations, water played a relatively simple role. 't was needed for dnnkmg

and it provided a fishing and honting source.  Over time, sedentary agricultural societies

evolved and water use became more important.  Families began settling near springs,
~lakes and rivers to supply livestock and crops with water, gradually developing
technologies to divert water for irrigation and domestic purposes. Bnbyloman, Egyptian,
Hittite, Greek, Etruscan, Roman, Chinese. Mayan, Incan and other empires constructed
water delivery systems, such as long agueducts to carry water to large cities (Yevjevich,
1992). In fact, until the middle of the twentieth century, most societies were able to meet
growing water needs by locating reliable and relatively inexpensive sources,

When water is plentiful relative to demand, water policies, rules and laws tend to be
simple and only casually enforced.  As populations grow and economies expand, water

“sectors evolve from an "expansionary” phase to a "mature” phase (Randall, 1981), At

some point during the expansionary phase, the financial and environmental costs of

developing new water supplies begin to exceed the foregone cconomic benefits in the

Jeast-productive (marginal) uses  Reallocation of existing supplies, rather than capture of
“unclaimed supplies, then becomes the least-cost method to maximize bepefits. ~

Scarcity is one of the most important issues in considering the various socioeconomic
tradeoffs in allocating water among different users.  Allocation policies and decisions
determine who will have access to water, under what conditions, and what impm this
will have on society and the econowy. Human actions bring about water scarcity in three
ways: through population growth, misuse and inequitable access (Homer-Dixon, et. al.
1993). Population growth contributes to scarcity simply because the available water
supply must be divided among more people. Every country has a more or less fixed
amount of internal water resources, defined as the average annual flow of rivers and
aquifers generated from precipitation. Qver time, this internal renewable supply must be
divided among a larger number of people, eventually resulting in water scarcity.

‘When annual internal renewable water resources are less than 1 000 cubic meters per
person, water availability is considered a severe constraint on socio-economic
development and environmental protection. Most countries facing chronic water scarcity
problems are in North Africa, the Near East and Sub-Saharan Africa. Countries with less
than 2 000 cubic meters per person face a serious marginal water scarcity situation, with
major problems occurring in drought years. By the end of the 1990s, water availability is
expected to fall below 2 000 cubic meters per person in over 40 countries,

In many countries, while scarcity is less of a problem at a national level, setious water
shortages are causing difficulties in specific regions and watersheds. Nouble examples
include northern Chma, west and south India and parts of Mexico.

Peoplc also cause water scarcity by-polluting and overusing existing ;upplm. Water.
‘pollution is arguably the greatest water-relsted environmental problem in the developing
world today, Nearly one billion peoplc are exposed to conummmd dnnkmg water,



Providing casier access 1o sale drmhm, wilter snwuu.mllw mmmw\ hailth conditions
Pérsonal hygiene increases swhen water availabiling nises abose SO hires per d.i) twhich
bcnu‘ally means that it must be delivered 1o the house or yard).

An estimated 1.7 hili‘mn persons contend with madeguie kazmimunn" facihities (World
Bandk, 1992)  This fack of sewage collection and treatment is a major souree of surfice
cand groundwater pollution  Fhe 1992 World  Development Report estimates that
providing access 1o safe water and adequate samtation comld resalt i two milhon lewer
deaths from duarrthoea among young children and 200 milhon fewer episodes of
diarchocal illnesses each year * Contaminated and polluted water kills, and debilitaies,
reducing physical capacity, lowering  productivity, stunting growth, and inhibiting
fearning. These water-relatad conditions reduce learning capacity, school performance
and school attendance of children; and increases the work days lost 10 sickness, lowers
cornings, and shorten work lives of adults. '

Overusing water supplies 18 regarded as the consumption of the resmxrs:c‘s "caputal”, For
instance, an aguiter represents resource capital, providing what is generally a renewable
souree of water that can be tapped for buman consumption. Sustainable use of the aquifer
leaves the "capital” mtact so that future generations can continuously use the renewable
portion 1 pumping 1s greater than rcch:lrgc the aquifer 1s depleted and the "capital” is
consumed.

In some circumstances, “mining" groundwater may be rational  However, pumping
aquifers faster than the recharge rate increases pumping costs and eventually results in a.
water source oo depleted 1o serve as a supply. Overuse of groundwater has become a

“major problens in the western United States, Indonesia, Thailand, China, India, Mexico,
North Africa, the Near East and in many island countries where seawater intrusion
results.  The land abmcmerpumpcd aquifers may settle or subside, resulting in
widespread structural damage in extreme cases. Bangladesh and Mcxwo City are wcll
known examples. : ,

Finally. a shift in access or d'smbuuon can concentrate water resources among one group ‘
and subject others to extreme ccarcity. In many cities of the developing world, large

numbers of people depend on water vendors, and may pay 106 times as much as public

utilities charge (Bhatia and Falkenmark, 1992). Large numbers of urban poor pay much

higher prices and a much larger share of their income for water than familics with access

10 a cily water system, In some large cities, the poorest familics spend up to 20 percent of
their income on water, When the cost is so high, these families use little water for

washing and bathing, which results in serious health problems.»

Older clementary economic textbooks explain the conceptual puzzle--why diamonds with
so little utility are expensive, while freshwater which is so basic 1o life is cheap. More
recent texts leave water out of these vignettes. Like fresh air, it was once considered a

classic free good; now it is scarce and, while not expensive, it is at least scknowledged to
be valuable,

Often the cbenpness‘ of Waler is' more apparent than real. It is a free good not because
 water provision is costless - obviously this is far from true. Governments have chosen to



chiarge fess than full costy Tor w dlcr services Ior one or more reasons. These subsidies are
now voning under seruting - Most natural resource policymakers now acknowledge that

st fadures to recopmize water's economic value md the real cost of servsu: provision
have led to wastetul and umnmmcnmlly damaging uses.

A witer sector in the "mature” phase is characterized by rising marginal costs of
providing water and mereasing interdependencies among users.  Conflicts over scarcities
and externahities begin to anse.  These confliets eventually become so complex that
elaborate management systems are needed o resolve disputes and allocate water among
dtmrem users and econamie sectors , s

Duelupm), eifective water resource policws to address these issues is troublesome for a
number of reasons  First, water has important cultural features, unique physical
properties, complex economie characteristics, and a unigue role in ecosystems that
distinguish it from all other resources. Throughout the world, water i treated as more
than an "economic” commodity. - In many cultures, goals other than economic efficiency
play an unusually large role i selecting water management institutions.  Suine religions,
such as Islam, even prohibit water allocation by market forces,

Second, swater management is admimistratively complicated. It involves legal,
environmental, technological, economic and political considerations.  Water resource
management depends on society's ability to establish an appropriate legal, regulatory and
 administrative framework  For example, markets depend on a system of enforceable,
secure and transferable property rights, including the right to exclude other users. In most
socigties, political considerations dominate decisions on water resource use. Nonetheless,
most pﬂhcy options are framed and discussed in wmwmic terms.

 Third. water's physical characteristics further complicate effective policy efforts,
especially its weight and mobility. Water is so heavy that the value per unit weight tends
to be relatively low. Unlike petroleum, the costs of transporting and storing water are
generally high relative to its economic value at the point of use. Water is also difficult to
Jidentify and measure because it flows, evaporates, seeps and transpires. This evasive
nature means that exclusive property rights which are the basis of a market cconomy, are
hard to establish and enforce. ,

Fourth, both efficient markets and efficient policy interventicns are necessary to manage
water's diverse benefits and its diverse environmental problems (See Table 2). Water -
provides commodity benefits, waste assnmilalmn benefits, environmental service benefits
and aesthetic and recreational benefits.' Individuals derive commodity benefits from
water by using it for drinking, cooking and sanitation. Farms, businesses and industries
obtain commodity benefits by using water in productive activities. Assimilation benefits
are derived from water's capacity to process, dilute and carry away wastes,

Water also provides ecological and environmental services, Water's ecological rvices
may be divided into products (that can be used or sold) and functions (that contribute to
ecosysiem rnaintenance). Wetland products include food, fuel, building materials,
tourism, transportation networks, biodivesity and genetic stock, to name & fev:. Wetland -



functions include purifying, filtering and rc;,uIalm;, water supplies, prommng, cpasts, and
provi iding a habitat for wildhiie.

Commodity benefits represent prvate good uses of water that are ofien exclusive and
rival in consumption  Water's environmental benefits, waste assimilation and aesthetic
values are closer to hmn;, puhhc goods (non-rival in consumplion and non-exclusive)
than private goods”  Table 3 illustrares the range water's private 1o public goods -

climracteristics : : : ~

I water as a commodity, or the economic system in which water is used, meet the
preconditions for a market system, government interventions emphasize "incentive
structures” and "rules.”  The most important rules are the laws governing the
establishment of property rights to water and the enforcement of contracts. On the other
hand, public policy interventions are required to satisfy social goals such as ameliorating
meome inequalities, promoting development in disadvantaged regions, regulating private
“petivities that ham the environment, and contralling undesirable effects of a private
profit-oriented monopoly. : ‘

Table 2 Water-related Environmental Issues

~ Watcr-related Environmental Iysues | Productivity - Health  Amenity Existence
Loss of wetlands .
Functions X X X X
Products x
Groundwater depletion/contamination | » X
Surface waier pollution 3 x X X
~ Wildlife % , X X
Salimwmnlwmﬂogging % X
“Global warming X x X X
Biodiversity - o ; X
Watererosion X x XX

The misuse and overuse of water resources are related to distorted, malfunctioning, and
missing markets. Water markets are incomplete or missing due to extemalities, public
goods characteristics, policy distortions, transactions costs, unceﬂmnly* laﬁk of
knowledge, insecure property rights, and irreversibility.

Even in the event of market failurcs. nonmarket approaches may not necessarily yield a
better solution In many cases, nonmarket responses to market failures lead to less than
opumal outcomes. In particular, some government agency performance incentives result
“in a divergence from socially preferable outcomes both in terms of allocative efficiency
~and distributional equuy criteria® The problem areas relevant 1o water sector services
are:



(1Y "Water products” that are hard 1o define. The mupms of non-market activities are
diflicult to define in practice ¢ and o measure independently of the inputs that produced

them. Flood control or amenity henetits of water storage reservoirs are examples of water

system outputs that are hard 1o mensure.

(2) Private goals of public agents.  Internal goals of a public waler agency, or
"internalities,” and the agency's public purposes provide the motivations, rewards and
penalties tor individual performance.  Examples of counterproductive internal goals
include  budpet maxinvzation, expensive and uwppmprmu high-tech solutions and
outright non-performance of dities i addition, agencies may adopt high-tech solwtions
or "technical quality” as goals in themselves.  For example, they may recommend
sprinkler or drip irngation systems when other less expensive but reliable methods are
more economical  Finally, imgation ageney personnel may be persuaded, by gifts or
other inducements, to violate operating rufes for o favoured lew (Wadc, 1982).

(3 hpmovm from public action. For example, public sector irrigation projects can also
be a major source of externaliies.  Salinity and \snterlnkgmg of downslnpe lands can

accur just as easily from inappropriately mam&,ed public iriigation projects as (‘rom
private irrigators

4 hmqmtable dwlrtbutmn of power. I’uhhc sector responsibilities, however noble their

intent, may not be scrupulously or competently exercised. Yet the monopoly control of
water supplics by public agencies provides certain groups or individuals with so much
power over the economic welfare of water usets that pmc:cdums to protect those of
limited influence zhould be of nnme importance,

Fifth, many water management problems are site specific and so elude uniform policy

treatment, ~ While water consumption and quality requirements depend on local

populations and development levels, local water availability usvally changes throughout
the year with climatic variations and over longer cyclical swings. These supplies may be
highly variable and unpredictable in time, space and quality. Water projects that attempt
to compensate for extreme seasonal variations such as floods and droughts frequently
require enormous investments. The economies of size are so large in these cases that unit
costs continue to fall over the range of existing demands; a classical natural monopoly,

On the other hand, most economies of size for pumping groundwater are achieved at
relatively small outputs, so competitive markets can operate efficiently. Aquifer
management is often complicated, however, by the nggregate impact of the actions of
many individuals, Even though each individual may have a negligible impact when taken
alone, the sum total can be of major importance. One example is the rapid spread of
tubewell irrigation in south Asia. One tubewell has little effect on the total water supply,
but thousands of tubewells can quickly deplete an aquifer. Establishing effective policies
to regulate these many small, scattered dcmsion-makm has proved to be exceedingly
difTicult, .

‘Moreover, aquifers are usually hydrautically linked with rivers of streams--pant nf ]
rize's volume may come from underground flows, and rivers may replenish groundwater

10
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stocks. This hydmuhc lmkagc is affecied when an aquifer is hcavsly pumped. A lowemd
groundwater table may dr;m water from a connected stream, reducing its flow to surfrce
water users,

in the late 19505, I\ncuse ;md Bower (1968) were among the first environmental

cconomists who argued that water cannot be analyzed in isolabon, nor can it be addressed

with policy proposats that il 1o consider how a region's waler resources are

interconnected  Today, it is at least widely recognized (if not always practiced) that water
sector polices require an integrated and broad approach because of water's special nature
~asseumtary resource: rain, rivers, lakes, croundwater and polluted water are all part of the

same resource, making global, national, regional nnd local actions haghl) mwrdepcndent
(Rogers, 1992). ,

Water use in one part of the system alters the resource base and affects water users in

other parts.  Dams built in one country frequently reduce river flows 1o downstream

countries for years, affecting hydroclectric and irrigation capacity.  When a city
overpumps o groundwater supply, stream flons may be reduced in surrounding areas;
when it contaminates is surface water, it can poilute groundwater supplies as well,

Water policies, laws, projects, regulations and administrative actions ofien overlook these
linkages.  Governments generally organize and administer water sector activilies
s;pamlcly one department is i eharge of irrigation; another oversees water supply and
sanitation; a third manages hydropower activities; o fourth supervises transportation; a
fifih controls water quality; a sixth dircets environmental policy and so forth.

These fraginented burmucrmies make uncoordinated decisions, reflecting individual

agency responsibilities that are independent of each other.  T'oo ofien, government
planners have developed the same water source within an interdependent system for
different and competing uses.  This project-by-project depariment-by-departiment and
region-by-region approach is no longer adequate for addressing water issues. Water
managers are increasingly being called upon to review conditions, problems and progress
m the overall water sector.

In the mid-1950s, Libsey and Lancaster (1956) itlustrated how ll;e correction of a smglc' -

market distortion without correcting other sources of market failure can produce a pareto-
“inferior resource allocation.  An important development in the use of environmental
econonics over the past five years has been research focused on how the overall water
sector is linked to the national economy. These research efforts arc I\elpm[, us 10 better

understand the welfare implications of independent, corrective actions.  Equally

important has been an incrcased understanding of interactions between water, secioral and
environimental policies and how these policies collectively influence water use across
dilferent sectors; between local, regional and national ICVeIS‘ and among houscholds,
farms and firms (Weinberg and Kling, 1996).

Linking the Water Sector with the National Economy

In Hirschman's classic analysis of public investment decisions, hc dcmibcs the
"centrality of side-effects”, noting that many investment decisions would never have been
undertaken if the decision-makers had fully visualized all of its consequences”
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(Hirschman, 1967). This statement also applies to water policies. Poiicymakers oo often
confront water policy issues one at a time, stating policy objectives in single dimensional
terms. This approach presents difficulties because a policy aimed at achieving a single
ohjective usually has unintended and unrecognized consequences.  During the past
decade, economists have made inereasing use of CGE models to simulate economic and
environmental interactions, helping us to hater understand intersectoral lmlmws and
'wmd potentially costly and damaging policies.”

Macroeconomic policies and sectoral policies not aimed specifically at the water sector
can have a strategic impact on resource allocation and aggregate demand in the economy
(Girma, 1992, Munasinghe, and Cruz, 1995; Panayotou and llupc, 1995; Gandhi, 1996),
A country's overall development strategy and use of macroeconomic policies - including
fiscal, monetary and credit market reforms; trade liberalization; public sector reforms;
exchange rate adjustments; and tax, price controls and subsidy reforms-- durcctly and

indirectly affm demand and investment in water-related activities, ‘

An obvious example is government upcndnlur s on irrigation, flood control or dams. A
less apparent example is trade and exchange rate policy aimed at promoting exports and
earning more foreign exchange. For example, as a result of curtency depreciation, prices
in domestic currency of a country's high-value, water-consuming export crops may
increase. I additional policy changes reduce export taxes, farmers are provided with an
even greater incemivc to invest in export crops, including investments in irrigation,

National dwdopmem strategies can influence water allocation and use in other direct
ways. In the case of a food self-sufliciency strategy, the government may subsidize

water-intensive inputs to encourage farmers 1o produce more rice, By providing financial
incentives 1o rice producers, the government is influencing the demand for water and

private irtigation investment through price policies.

Apart from the direct effects on water use resulting from such price policies, the increased
demand for irrigation water also has intersectoral, intrasectoral, distributional and
environmental implications.  The agriculture sector is provided with an economic
advantage in access (0 water vis-a-vis the industrial sector (intersectoral); water used for
rice gains an economic advantage over waler used for other crops (imrasécloral); rice
producers with more Jand and access to water gain over those with less land and water
(distributional); and increased pesticide and fertilizer use are likely to affect water quality
(environmental), :

Seetoral policies affect water use and allocation in other sectors in a variety of ways. For
exumple, in the western United Staes, 70 to 80 percent of the region's water yield resulls
from snowmelt from the high elevation forests, much of which is under public
jurisdictio s, Water yields are significantly affected by timber harvest policies on these
fands.  Rangelund munagement policies on lower elevations ulso alter vegetation
conditions and thus affect the rate ol evapotranspiration, affecting streamflow and
groundwater recharge (Saliba, ctal., 1987). In such cases, it is important for downstream
city swater managers 10 recognize, understand and become involved in the decisions of
other sectors such as I;Veslmk and l‘or:slfy :




- With the continuing importance of structural ':d)u stment and stabilization prog,rammc.,.
many developing countrics are implementing furndamental changes in macroeconomic
and sectoral polices.  Typical adjustment programmes call for a greater reliance on
markets, more open trade. fiscal pusterity, and o phase out of producer and consumer
subsidies (input and product markets).

- Budget-reducing measures imply increased competition  between and within sectors for
funding new water projects  In this stuation, the overall economic, social and
environmental implications of choiees must be carefully addressed. For example, when
the government must choose between financing either an irmgation project or a
hydroelectnie power praject, there is an additional social opportunity cost of the irrigation
water in countries dependent on imported enerizy sources. At the same time, when water
scarcity keeps some farmers on uneconomic lands such as steep watersheds, the country
suffers twice. Onee in terms of reduced production over that possible with imrigation; and
agaii, in terms of erosion and resource depletion, with the erosion possibly shortening the
hie of existing water works (Bromiley, etal, 1980) ‘

In mast countries, pressures have increased not only to modify invesiment allocations but
alsa to recognize and accommodate new demands for water.  The direct implications for
water managers include fewer capital mvestments in new water projects, the elimination

ol jrrigation subsidics, increased efforts at cost recovery, and more emphasis on demand
management 1o xmpmve the efficiency of existing supphea

Environmental Policy aml Water lsae :
To help select the most appropriate environmental policy option or programme
aliernative, economists tend to divide the water sector into supply-side and demand-side
components.  The supply-side approach is structure-oriented-- investments in water
projects are combined with engineering and technical expertise 1o make systems operate
effectively.  For most of the twentieth century, policymakers focused their attention on
the supply side. Economists evaluated these water pmjecls and policy options through
cost-benefit :malySls (CBA).

In the past two decades, economic theory has made significant advances in our capacity

to value environmental assets, including use values (direct and indirect) and non-use

values (options values, bequest values and existence values).* 1n their 1976 survey of

environmental cconomics, Fisher and Peterson lament the inability of economists to
provide reliable valuations despite diligent efforts.  Some fiftes years later, in their

survey of environmental economics, Cropper and Oates (:997) note considerable

~ progress in two fronts: (1) the development of indirect market methods to evaluate the
relationships betweer. environmental quality and marketed goods; and (2) the direct

questioning of individu3ls about their valuation of environmental goods--the ccmung,cnl

- valuation approach. :

Today, policymakers have a practical set of options available for pricing and valuing
environmental assets and determining alternative uses of water's competing uses, These
improved environmental pricing techniques provide policymakers with more accurate
information: for ~etting environmental taxes and subsidies; making decisions based on
environmental . accounts of national income; producing natural resource damape



assessments; and carrying out CBAs of water policies, projects and rcgulalioi\s (OECD,
1995).

Aided by lhls increased ability 1o pme water's environmental benetits, polncymakets are
also emphamznm. fon-structural approaches to water management, .~ A non-structural
policy approach encompasses demand management, scientific research, education and
petsuasion o coordinate human behaviour.  These demand-side policies attempt to
address water problems such as water quality degradation, overexploitation of aquifers
and the decreasing availability of water flows to meet non- cons.umpuve water uses
(hydmelutm. power, poliution assimilation and fish and wildlife habitat)."

'I)emand*sidc water policies attempt to cuordinaic human  activities and control
environmental degradation through non-market institutions like property rights and
incentive structures.  Altering the institutional system of permissions, reslncuons,
incentives and penalties can compel consumers to do what they otherwise might not do.'!
Non-market institutions play an important role in demand management by defining the
incentives, disincentives, rules, rights and duties (including informal customs and formal
legal systems) that guide human activities and encourage conforming behaviour
(Bromley, 1989). Thus property rights are part of an institutional arrangement goveming
ewnomu, activities of water use.

Two factors influence significantly the form of waer institutions in a society: the relative
scarcity of water and the transactions costs required to establish and enforce water rights.
While scarcity is both supply and demand-dependent, the relative human pressures on the
demand side are probably the most important.  Transactions costs are the resources
required to obtain information, negotinte agreements on propenty rights and police these
agreements. Water supply and demand characteristics make transactions costs relatively
high snd the value of water relmively low compared (o oxhe’r resources or commoditics.

Many economists are trying to find way to improve institutional peribrmnncc, Research
to date suggests that institutions respond to the same types of incentives as do innovators
of technological change (Rutan, 1978; Runge, 1987). When water is plentiful relative to
- demand, laws governing water use tend to be simple and enforced only casually. Where
water is scarce, more slaborate institutional systems evolve. Higher population and
income levels and technological advances have only recently prompted societies to
establish formal water use and quality management systems.

tsmbiishim, an institutional structure for allocating water is a fundamental role of social
policy. The choice of structure is ultimately a compromise between the physical nature of
the resource, human reactions to polluc:, and competing social objectives. Not
surpnisingly, different cultures raake tradeoffs based on the relative imporiance of their
particulur objectives. Many countries (ry to balance economic efficiency (obtaining the
most value of output from a given resource base) and fairness (assuring equal treatment).
Individual freedom, equity, popular participation, local control and orderly conflict
resolution are other miportnm objectives which socicties must juggle when choosmg a
strucu.rc for water allocation,”

I the "’dcni" warket- bascd waler nllocauon system. enhilements (water nghcs) are wel!- ‘
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defined, cnl‘omcd |ransfcnhlc and confrom users with the full social cost of their actions.
“This type of market-dependent institutional arrangement requires security, flexibility and
certainty. Security refers to protection against legal, phymcal and {enure uncenainties. A
system is flexible if allocations between users, uses, regions and sectors can be changed
at low cost  Flexibility implies that changes in demand are accommodated easily by
reatlocating water to higher-valued uses as they emerge.  Certainty is also necessary:
water ugs rules muost be mmy to discover and to understand.

Prices and Water Alloctlmn

In practice, market forces rarcly establish prices for water. lnstcad‘ prices are set by
publicly-owned supply agencies or regulated private utilities.  Water prices impact on
efficiency, equity and environmental services, Countries are increasingly adopting the
full cost principle, which employs market and nonmarket incentives to encourage all
users of resources to pay for the full cost of their use.  This principle is based on the
presumiption that all humanity has a right to a reasonable safe and healthy enviroiment.
This section reviews the common pricing schemes applu,d to water in light of the full cost
prmctple

an,sening can be evaluated within a multiple obyective framework, in which allocative
cfficiency, equity of income distribution and faimess in apportioning costs, and
cnvironmental degradaiion cach play a role in evaluating pricing policies. Secondary
criteria of simplicity, administrative feasibility and stability are also taken into account,

The most commonly employed pricing policy for water is a flat rate charge, designed
- primarily to recover costs. Flat rates are not set according to the volume received,
‘although some proxy for volume usually provides the basis for the charge. In agriculture,
the most frequent basis for a water charge is the area irrigated. For residential use in the
industrialized world, flat rate charges have been based on the number of residents, the
number of rooms, the number and type of walcr» ising fixtures or on measures of property
value.

Economists criticize flat rates because they do not include incentives for rationing * der
in line with willingness to pay and the full cost principle. Such schemes zre, however,
simple to administer and assure the supplier adequatc revenue. The high cost of installing
and monitoring meters is suggcsted as the main reason for staying with the flat rate
approach. This argument is convincing in cases where water is plentiful, supply costs are
low and managers doubt the rationing effects of volumetnc pricing.  In other cases,
walter managers are tuming to volumetric pricing to address water scarcity and
environmental problems and the hngh costs of developing new supplies.

- Societies interested pnm:mly in allocative eﬂ‘scacncy (maximizing net sﬁcial product) as
the goal for a pricing scheme advocate marginai cost pricing. When prices are set at
marginal cost, rational consumers demand water as long as willingness to pay (demand)
exceeds the incremental costs. But application of marginal cost pricing encounters a
number of obstacles, One problem is the variety of definitions of the appropriate
marginal cost concept, particularly whether to use a short-run (variable cost) concept, or a
long-run full-cost approach. A long debate ensued over the "short nin narginal cost”
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pricing propasal stemming from welfare economists' work i in the 1930s. For example,
Coase (1971 strongly objected to setting utility prices at short run marginal costs,
especially where marginal costs are below average cost (thereby incurring a deficit and
requiring public subsidy). Coase also enticized the absence of a imarket test to determine
whether tsers were willing to pay full cost of supplying the commaodity; the redistribution
of income in favour of users of decreasing cost industry products; and the iimpetus mward
centratization of the economy."’ ,

The ability to pay principle rests heavily on the equity criterion. Water charges are
dependent on income or wealth, rather than costs. This principle is the most common
basis for setting irrigation rates throughout the world, and is also regularly applied to
village water supplies in developing countries. The ability to pay approach bears litile
relation ta costs, since no allocative test of willingness to nay is provided. This ability to
pay cencept is inherently subjective, and political pressures frequently arise to set thc
formula 1 ways that distribute wealth from taxpayers to water users,

In many places throughout the world, water is only now becoming scarce enough to
justify the tangible and intangible costs of establishing formal pricing systems. Flat rates

could satisfy repayment requirements in the absence of serious shortages. However, when

the signals of waler scarcity are absent, pressures arise for slmctuml solutions to satisfy
mcorreuh perceived water "needs”.

The inevitability of scarce water supplies suggests the ever:tual adoption of multipart rate
schemes which reflect the opportunity costs of water and other resources. The literature
describing the most desirable form for water markets and the literature dealing with water
pricing have converged on the notion of a pricing system v hich reflects the opportunity
cost of water via the mechanism of transferable water entitlements (Randall, 1981,
Boggess, et. al., 1993; Rosegrant, 1993, Rosegrant and Binswanger, 1993). At present,
Chile is the only country with a comprehensive wter allocauon system that establishes
lradcable property rights (Rosegrant nnd Bisnwanger, 1993).

Becauezr: it deals with the complex interaction between human society and the physical
environment, aquifer management presents an extremely difficult problem of policy
design. Collective policy decisions of two types must be addressed in the management or
regulation of overexploited aquifers. For one type, termed "managing the water,"
decisions must be made on (1) the appropriate annual rate of pumping; (2) the geographic
distribution of pumping; and (3) whether to augment water supplies and/or whether to
- antificially recharge the aquifer. The other imporumt type of policy decision is
"coordinating the pumpers” to determine (1) the institutions and policies that divide the
extraction rate among potential individual users and user classes and influence pumper
behaviour; and (2) how rules for limiting pumping are monitored and enforced.

Three broad types of institutional arrangements have been proposed for managing
aquifers: prices and charges, quantity-based controls and exchangeahle permits.

(1) Prices and charges to control pumping: Chawing pumpess is one potential method of -
achieving economically efficient extraction rates.  An appropristely scaled charge
~ confronts pumpm with both the foregone user cost and the external cost (l‘rom, mmsed



pumping costs) imposed on neighbouring pumpers.  This type of water charge
internalizes user costs and external costs and achieves an optimal extraction rate.

In the case of aquifer management, this approach faces one nnpon:mt dnl’ﬁcuhy--pumpus
are imposing costs on themselves, (that is, they are recipiocal). The reduction in use
would be at the expense of redistributing rents 1o the taxing authority. 1t would dissipate
net income to the aquifer exploiters as quickly as an open access regime, although the
total et rents would be increased

(2} Quantiy-based approaches: Quantity-based control mechanisms range from simple
well permuts to exchangeable pumping entitiements.  Well and pump permits gramt the
right to install and operate a well of a particular capacity. lrrigation permits frequently
identify the lands on which well water could be used, restricting transport of water to
other sites. They are relatively casy to monitor and are reasonably palatable to pumpers
who strongly reject more stringent regulatory devices.  On the other hand, permits are
mast effective before problems have become severe and complex: when preventing new
wells and pumps solves the problem, or when pumped water is not exported away from
the area overlyving the aquifer. In more serious cases, where all existing users must.
reduce annual extractions, regulating rates of withdrawals must be considered.

A pumping “quota”™ is a precise quantity control mechanism. The quota specifies a fixed
annual rate of extraction to each water user. ‘The initial quantity might be assigned in
proportion to use in a base period, (which could set off a pumping race to establish initial
rights), or be based on the proportion of land owned overlying the aquifer. The
technology for metering withdrawals is neither complex nor expensive, so if the pumpers
are willing to be metered, regulatory menitoring and enforcement need not be ditficult.
In principle, pumping quotas ¢ no different than conventional surface water rights,
which entitle owners to fixed shi 5 uf cach year's available flows.

(3) Transferable pumping emil(emems: When a fixed quota is 0o inflexible in the face of
changing water stocks and demand conditions, transferable pumping entitlements are an
alternative, The pumping entitlement can be divided into two parts: one component
providing a claim to the stock of water, and the other to the annual recharge. Both claims
may vary from year-to-year, with allotments set by the groundwater authority. Annual
rights to the basic stock would vary according to current and anticipated economic and
hydrologlc conditions (including energy and commodity prices, interest rates and the
~ remaining stock of groundwater). Ru,hts to the natural recharge and retum flows from
human uses could be set to reflect a moving average of estimated recharge in recent years.

Preserving Water Quality v V
Pollution is an inevitable and pervaswe phenomenon in the modern world. Human
production and consumption activities generate residuals by extracting and processing
raw materials into consumer goods, The materials balance principle, derived from basic
inws of physics regarding the conservation of matter, asserts that over the long run, the
mass of residuals discharged to the environment equal the mass of materials originally
extiacted from the environment to make consumption goods. The environment's
impcrtance as an assimilator ol‘ residuals is equal to its importance as a source of
materials."® ‘
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Kneese (1962 appears to be the first economist afier Pigou to treat pollwior. extervalities
analytically and express serious concesn about water pollution. Kneese's study on water
quality managemeat incorporated the Pigouvian extemality framework and a rcu)gmuon

ofthe rag,u of management alternatives,

4 mzlrm’ of pomt sonrce water pollution ;
The most frequently used approach 1o point source pollution control is government-

Amposed standards or targets for ambient water quality. Standards are implemented by

setting discharge levels for each type of pollutant, for each polluter or for each poliuter
class  The environmental agency monitors compliance, . ad often is empowered to
impose penalties on violators Several difterent approaches to specifying target discharge
levels have been tried: (a) limits on maximum rates of discharge from a pollution source;

{b) specifiecd percentage removal of pollutants trom emissions; (c) requirements to

implement some technalogy package ("best available technology”).

Many believe that the regulatory approach has proven to be an effective and equitable
means for reducing pollution discharges and raising environmental quality. The
bargaining process that precedes the selection of exact control packages has provided
flexibility and encourages voluntary compliance by polluters. Most regulatory agencies
and legislatures are comfortable with the approach.

Envnronmu\lal economists lmve Iong ohjected o the standards for most situations. Direct
regulations appear to provide solutions to pollition control that are more costly to society
than other means. In particular, an incentive-based approach is more likely to find the
pollution discharge rate that minimizes the total cost to society. More general objections
arise from government failure: regulations may be poorly t.onccwed and arbnrary or
mnmpulatud for purposes unirelated to their original intent.

An alternative approach to pollution control regulauons are decentralized incentives and
disincentives. A key assumption of the incentives approach is that social policy regarding
pollution control should encourage the selection of the least-cost set of pollution control
options, where pollutlon damage costs as well as residuals treatment costs are both

,consudcred

An environmental tax based on the "polluter pays" principle, is one incentive option

adopted and endorsed by the OECD in the 1980s. The regulatory aulhorily imposes a fee
or tax on each unit of the contaminant discharged. The charge is set to represcm the
economic value of the damaes caused by the pollutant. The effluent charge rises with
increased levels of discharges. Polluters are, under the emissions tax approach, free to
respand 10 the charge as they choose. Al firms would find it in their interest to seek
changes in technologies and/or in treatment of discharges which reduce the social costs of
coping with the problems of residuals disposal, In effect, the polluter is faceG with an
incentive to m.onmmzc on the use of scarce environmental assimilative capacity.

Even after sevml decades of ndvocacy by economists, effluent taxes are seldom nlacled

as poliution control policy instruments,” The -principal objections come from polluting-
industries themselves, who object to a charge for environmental services previously

s
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received fm. and poant 1o advmc profit and employment impatts  Their concemns are”
ulso based on a fear that taxes might go beyond the stage of taxing 10 aftain the optimal

degree of discharges, to pumtive taxation for pollution atselt In addinon, the s may

raise the cost of firms, not mily by the amount of the x, hm alsa by the costs of

treatment to avoid part of the tax :

Another disadvantage 15 the difficulty in the authory's abibity 10 measure the value of
external costs or damages (the “damage function™)  More philosophical objections arise
on essenhally ethical grounds  One view 1s that paliution control policy should focus on
mmimizing damages o third parties, and ignore the economic model (which balances
incremental gams (o sufferers agamst aincremental trestment costs A more subtle
abjechion is based on the fear that & tax, by putting a “price” on the environment, sends
the message 1o polluters that the environment is merely nnmhcr economic cnmmodny o
be bought and sold .

The concept of marketable effluent permits, was first introduced by Dales (1968) address
water issues  Marketable permist dre 2 variauon on the decentralized, incentive-based
approach A central authorsty, perhaps for a specific river basin, decides on the total
j-ermissible pollution discharges  Permits equivalent to that total would be issued, subject
-1+ the requirement that no discharges are allowed without a permit. The ininial issue of
permits might be based on istorical discharges (or a fraction) or via an auction to the
highest bidder. Once issued, the permits would be marketable and the opportunity costs
- of discharpe versus treatment would influence behaviour. The authority could fine-tune
water quality by withdrawing permits or by issuing more.

~ The permit system creates the same incentives o reduce enissions and find low-cost
abatement technofogies as the effluent tax.  Polluters whose cost of emission reduction is
relatively expensive would buy additional permits. Those with less costly opportunities
for reducing discharges could adopt new techniques and profit by selling some permits.
Potential new polluting industries must enter the permit market, buying permits and
replacing other dischargers. The price of permits also provides a signal to new entrants
“about the scarcity of environmental quamy rclauve to other basins and to !cchnologucal
abalemem opportunities.

In addition to the economic efficiency (cost-éffectiveness) argument, a principal
advantage of the tradeable permit appmach is that it represents a natural extension to the
pollution permit system already existing in many nations. Oh;ectmns are similar to those
concerning effluent taxcs. Critics worry about one firm comering the permit market to
reduce competition for its products. Once again polluters resist having to pay for services
previously obtained free. Environmental interests are dubious about a polucy which
grants rights to what they regard as a reprehensible activity.

Nonpoint Pollution Control Options
~ Policy options to control non-point poliution present specul dimcultics because of the
great variety of sources and pollutants. The-primary source of nonpoint pollutants is the
~ sgricultural sector. Urban storm drainage, leakage from buried fuel tanks, and subsurface
~and surface mining are other contributors. Non-point source poliution is also
 characterized by its episodic nature. Occasional heavy rainfull or snowmelt typically is
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(ht. trigger, in contrast 1o the more even ﬂuw't of dmhnrgcs by point sources, These
charactenisties of source type and timmg imply that a \mm:ty uf control technologies may
be required for etfective abatement.

Another wmplc aspeet of nonpomt pollution control arises from the nature of human
activities  For example, the pollution arising from a farmer's land depends not only on
the ranfall patteens and the Tand characteristics (lope and soil texture), but on numerous
prior Yand use and production decisions, including choree of crops, tillage practices, and
pesticide and ferihizer wa. The farmers' production choices are, in tumn, influenced by
market prices for mputs and products, as well as by government price and income support
programs. In fact, one source of agriculture pollution 1s government policies which make
certain crops overly attractive. Successtul policy interventions must change those aspects

of farmers' decisions which are the source of pothutants. ‘

Policy options for nonpoint pollution control are classed as cognitive, regulatory or
incentive-based.  Cogmitive (voluntary) approaches, using education, moral persuasion
and technical assistance, have been tried in some countries, but progress appears elusive.
Cognitive approaches are attractive because of low economic and political costs. Several
factors account for their limited success.  Private costs necessary to change land use

- practices are not trivial, while private gains may not be obvious. Because of the uncertain

linkage between changing production decisions and improving water quality (often at
distant !matmm)‘ mdmdmlx are littke inclined (o try new approaches (llnmnglon et al,
1985).

‘ Regulamry policies call for specific actions or prohibitions on those causing water quatity -

degradation.  One approach is to use "design standards,” which specify actions to be
~ taken, (such as a management plan for sediment control) or actions prohibited (such as
avoiding certain cropping practices on highly erodible lands). “Performance standards”, in
contrast, place limits on the rate of pollution discharge to the water body. In this case,
interference with land use practices would be only in response to observed violations
{Anderson and B|shop, 1985) ~

Neither technique is withcut limitations. Design standard regulations are easier to
enforce. However, they may be unnecessarily costly because their general application
may impose costs-on some who contribute little to the problem. Performance standards,
in principle at least, focus more directly on the pollutant source, but are difficult to
enforce, Because accurate measurément of discharges (particularly from small farms) are
nearly impossible, disputes over actual sources of pollutants are unending.

The major alternative to regulatory policies are various incentive methods. Incentive
policies include several specific mechanisms, including taxes, subsidies and trading
policies (Segerson, 1990). Taxes or fees could be levied on either inpurs or pollution
outputs. For example, extra charges have heen imposed on agricultural fertilizers in
Sweden, with proceeds used to fund water quality monitoring. Higher costs are expected
“to reduce fertilizer application rates and therefore water pollution, Taxes are unlikely to
- be sethigh enough to significantly, affect land use, because of the adverse income effects. |
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Alumatwelyi charges might be levied on pollution by imposing an "effluent charge”.
The technical and administrative complexity of seting fees to numerous farmers precisely
linked to the damages caused by their effluent s mind-boggling  No succcssﬁll example
of this type nl‘ mxatmn is prcscmcd in the literature.

Finally, outright purchases of water rights and/or land use rights provides another
approach. For instance, acquinng rights to part or all of the polluting lands and managing
it to assurc water quality.  Purchase of tropical forest lands by either public or private
agencies has been undertahen 1o preserve first-growth forests, with water quality
improvements as a side-benefit.  Apain, costs are bome primarily by beneficiaries, rather
than by the land users whose practices are actually responsible for pollution.

Conclusions :

Water's unique physieal propenties, complex economic characteristics, important cultural
features, and essential role i supporting 2l Tife on earth distinguish it from all other
patural resources. These multifaceted characteristics mean that developing effective water
policies involves economig, ecological, environmental, legal, and political considerations.
In most societies, political considerations dominate water use decisions. Noneahclcss
most water policy options are framed and dxr.uumd in economic lerms

Water resources have moved to the i’orefmm; of iniernational and national mlic‘y’ debates
about how to reform policies to meet sustainability objectives. But, society's shifting and

~sometimes conflicting expectations crea  difficult pohc.) challenges r:lated to the use of

waler resources. Water's multiple benefits and services are valued dift wrently by different

people and change dramatically over ime. These multiple benefits and changing roles
are challenging traditional concepts and institutions.  Today, economic gmwth and
development stramgucs require ralicics that integrate water into national econemies and
balance economic and environmental needs among national, local and intemational
interests.

Sustainable development depends on sustainable water use. This search for sustainable
economic development require, in part, both economy-wide and sector specific policy
reforms. Economy-wide policies (o create a favourable macroeconomic environment and
water sector institutions and incentive structures (0, encourage resource efficiency among
competing needs. The implications are that the era of Jarge direct an indirect subsidies
must end; that the full cost principle must be recognised, and that innovative approaches
to demand management are required to address the human causes of water problems
~ including water quality, degradation and overexploitation.

Environmental economics is contributing to this policymaking process as economists -
~ have responded 10 the most recent wave of sustainable development concemns by adapting
“and expanding the neoclassical framework in ways that provide a compelling view and &
practical basis for addressing watcr-related environmental concems. This theoretical and
empirical work suggests that, whenever possible, incentive-based, market approaches 1o
social goals, including environmental protection, offer the best hope for efficient md
sustamabie use of water resources.
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! For example, 1 January 1992, the UN System sponsored the "International Conference on
Water and the Environment” (ICWE) in Dublin. The ICWE called for innovative approaches
(o the nssessiment, development and management of freshwater resources, o addition, the

~1CWE provided policy guidance for the "UN Conference on Environment and Development”

(UNCED) in Rio de Janewn in June 1992, UNCEL highlighted the need for water sector

refornis throughout the world. tn 1993, the World Bank issued a comprehensive poiicy paper

~ defining its new abjectives lor the water sector. FAQ recently established an Interational

Action Programme on Water and Sustainable Agricultural Development. Likewise, UNDP,

WHO, UNICEF, WMO., UNESCO and UNEP the regional development banks have
developed water sect « strategies papers.  The 1990 Montreal meeting, "NGOs Working

Together," focused mitention on drinking water supply and sanitation. The Canadian
International Development Agency, the French Ministry of Cooperation, the German Agency

of Technical Cooperation, the Overseas Development Administration (UK) and the U.S,
Agency for Inteenational Development recently have developed water resources stratcgies for
foreign assistance. - :

? In this context, resource economics uses populatiuu ecology to describe the natural
environment and environmental processes are exogenous.  Environmental economics uses
acosystem ecology, focusing on the various function that are performed by ecosystems(
‘Dasgupta and Maler, 1995) :

) Heal’th :)fﬁcin’ls identify five categories of disease related to water: (1) water-borne
diseases (typhoid, cholera, dysentery, gastroenteritis and infectious hepatitis); (2) water-
washed mfections of the skin and eyes (trachoma, scabies, yaws, leprosy, conjunctivitis and
ulcers); (3) water-based diseases (schistosomiasis and guinea-worm); (4) diseases from
~water-related insect vectors such as mosquitoes and blackflies; and (5) infections that are
caused by defective sanita.on (hook worm)

*"This section draws on Stringsr, Young snd Carruthers, 1993,

* Non-rival goods require large amounts of resources to exclude unentitled consumers from using
the good. And exclusion costs are frequently very high for water services such as flood contro)
and navigation systems. Goods and services that are non-rival in consumption are nnemally
better-suited to public sector interventions, inchlding ownership, provision and regulation,

* Charles Wolf and others have cntalOgucd in ¢omsd¢rable detail the advantages and disadvantages
of gavernment hierarchies for allocation of resources (s»c Cullis and Jones, 1987).

* See Gandhi (1995) for examples.

' See Cropper and Oats (1992) for a survey of recent (hcmencat and applied techmques in
environmental valuation.

" The three main choices are: (1) market vajuation of physical effects--dose response, demage
fusictions, production functions and replacement costs; (2) stated preference-- cantingent
valuation method, and (3) revealed preferences--travel costs, avertive behaviour and hedonic
pricing. 'The choice of technique depends on the type of environmentai impact, the
nmlabolny of informaticn and the time and money available for evaluation.

" This user-focused approach involves mmgin. peoplc through organizations and in titutions.

Voluntary associations, government bureaucracies and - private businesses. are examples of-
organizations that operate on both the demand (user) side snd the supply (delivery) side of water

R
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