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Preface

This publication arose from a perceived gap in the literature on the specific problems of raw
water allocation for agriculture as distinct from other users. The concern is that pressures on
agriculture to reduce its otherwise ‘successful’ capture of raw water will need transparent
methods of negotiation. There is also considerable confusion within the agricultural sector
on the basic economics of natural resource allocation and the implications of water valuation
and the relationship to water ‘pricing’.

The publication is primarily targeted at agriculture policy makers and managers, prompting
them to review the economic basis for agricultural water management and offer an approach
to water resource valuation that can be accepted by competing sectors and environmental
services.

Many books on the subject of water valuation attempt to cover all aspects of water use. This
publication confines itself to a consideration of agricultural use simply because this use will
continue to dominate global water withdrawals.
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Executive summary

The purpose of this report is to produce a review on water resource valuation issues and
techniques specifically for the appraisal and negotiation of raw (as opposed to bulk or retail)
water resource allocation for agricultural development projects. The review considers raw
water in naturally occurring watercourses, lakes, wetlands, soil and aquifers, taking an
ecosystem function perspective at a catchment scale, and takes account of the demands from
irrigated and rainfed agriculture. It is hoped that the review will have particular application to
developing countries where agreed methods for reconciling competing uses are often absent,
but nevertheless takes account of valuation approaches that have been made in post industrial
economies.

The competition for raw water is intensifying and agriculture is often cited as the principal
‘user’ of raw water. The fact that agricultural use involves returns of significant (although often
degraded) volumes of water is sometimes ignored. Nevertheless, national agricultural policies in
developing countries continue to promote irrigated agriculture to minimize perceived risks in
food supply and distribution. In addition, the promotion of agricultural activity is considered
strategic in fixing and developing rural economies and in many cases the existing systems of
water use rights has reinforced the seniority of agriculture user rights. The agricultural sector
therefore needs a transparent system of resource evaluation with which to negotiate and regulate
allocation of the resource, both at the national level and at the international level in the case
of shared river basins, aquifers and catchments.

This review presents a framework and suite of techniques that can be employed to analyse these
issues and make the rationale for agricultural use of water explicit and transparent. It is not a
field manual in the sense of a practical ‘cook book’ but rather an ‘advocacy’ brief which sets
out to bring together economic and ecological evidence and argumentation in support of the
need to challenge and change the fundamentals of the prevailing technocentric water resources
exploitation worldview. A new and more suitable approach to water resources allocation in
the new century is necessary if the world’s population is to be adequately fed, without further
degradation and destruction of the planet’s critical ecosystem services. Water productivity
needs to be greatly enhanced and economic cost-benefit analysis and pricing regimes can play a
significant role in such a process. These economic measures will not, however, be sufficient on
their own and will need to be buttressed by technological innovation and institutional changes
to encourage a more equitable distribution of resources and to mitigate potential international
conflicts across ‘shared” waterbasins.

THE WATER RESOURCES MANAGEMENT PROBLEM

Water resources have been experiencing intense and sustained pressure demand from a range of
direct and indirect socio-economic driving forces. Although globally, freshwater is abundant,
the problem is that it is not available in the right place and at the right time. Arguably the
world has been treating water as an almost free resource, despite the fact that competition for
raw water is intensifying. Although globally the absolute physical scarcity of water is at best a
long term concern, the current management of water resources has been found wanting, with
problems relating to inefficient, inequitable and environmentally damaging.

While agriculture is often cited as the principal ‘user’ of raw water, domestic, municipal and
industrial uses of water are increasing, and there is now more widespread recognition of the



important environmental services provided by water resources. As such, the management of
water is an economic, social and political issue encompassing all sectors of an economy. The
management involves trade-offs between these sectoral users, as well as between additional
economic growth and further water resource depletion, degradation and related environmental
concerns. In spite of these trade-offs, much socio-economic improvement can be secured
without the imposition of excessive costs or loss of environment integrity. Striking a balance
between the complementarity and the trade-off that exists between economic growth and
water resource degradation and depletion defines the context that economic and environmental
policies and investments for water resources.

The key issues can be summarized as comprising the following (Turner and Dubourg,
1993):

» Water is generally non-substitutable (although at the limit there is an almost infinite
supply of seawater, which can be converted into freshwater at a cost of energy and some
pollution);

»  Water faces rising overall demand and use intensification;

» Water has limits to use. There are physical limits, for example, the rate of recharge of
groundwater. However at the aggregate level the notion of an absolute physical limit is less
valid since adjustment mechanisms (recycling, etc.) mean that water (for the foreseeable
future) will be available at affordable prices. There are relative cost limits, in the sense that
as usage of existing supplies intensifies and new supplies are sought, the cost of extraction
and usage will escalate. Finally there are social limits set by the social acceptability of the
effects of certain uses, for example, water quality and flow conditions for recreational
activities.

An international consensus in policy regarding water management has emerged, based on
growing concerns about efficiency in the use of government and donor resources, disappointing
outcomes from past efforts, and greater awareness of environmental issues. This consensus
adopts an integrated approach to water resources and multi-sectoral view of water use an at
least a catchment scale. Water management is considered in relation to key issues of economic
efficiency, environmental protection, sustainability, and the needs of marginalized and poor
people. Despite the consensus on water policy there is considerable debate over the practical
implementation of any reforms. Efficiency is a necessary but not sufficient condition for
sustainability, but just how constraining sustainability standards ought to be remains an
open scientific and policy question. The methods and techniques reviewed in this report can
provide a decision support toolbox to assist in the answering of these composite 'sustainability'
questions and challenges.

AN INTEGRATED FRAMEWORK TO WATER RESOURCE VALUATION, APPRAISAL AND
MANAGEMENT

Given the generic goal of sustainable water resource management, the approach taken is based
on an interdisciplinary, analytical framework in which water is viewed as an 1ntegra1 component
of a catchment-wide ecosystem, a natural resource, and a social and economic good, whose
value is based on the linkage between water resource structures and processes and the goods
and services that they provide at the respective temporal and spatial scale.

The evaluation framework and decision support system proposed in this document is in line
with the sustainable water resource management approach advocated by the World Bank
(World Bank, 1993). This has as its core the adoption of a comprehensive policy framework
and the treatment of water as an economic good, combined with decentralized management and
delivery structures, greater reliance on pricing, environmental protection and fuller participation



Xi

by stakeholders. The adoption of this framework facilitates the consideration of relationships
between the ecosystem and socio-economic activities on an extended geographical scale. It
takes into consideration social, environmental, and economic objectives and the views of all
stakeholders. Water management at this scale needs to be underpinned by coupled hydrological
economic models and information (Rosegrant ez al., 2000). This form of analysis is still in a
fairly rudimentary stage but is evolving quickly.

At the heart of this approach are a number of generic principles that together form a powerful
and comprehensive case for the wider adoption of a decision support system based around
economic analysis, and which provides a thorough and powerful analysis of key issues related
to agricultural use of water:

The principle of economic efficiency and cost-benefit analysis. In an environment of increasing
water scarcity, the allocation of water should be at least informed, if not guided (for political
reasons), by the full economic value of water in its various uses. When determining the efficiency
of water use, as many costs (e.g. destruction of wetlands through over-extraction of water) and
benefits (e.g. purification of water through groundwater recharge by using household waste
water for irrigation) of water use as is feasible need to be considered. The value of water to
a user is the cost of obtaining the water plus the opportunity cost. The latter is given by the
willingness to pay for the water in the next best alternative use (in terms of social welfare). For
goods and services that are marketed, economic value can be determined using market prices.
Methods are available that provide proxy estimates of value for goods and services that are
not marketed, though application of many of these is sometimes problematic in the context
of developing countries. Water pricing remains a complex process with its own ‘political
economy’ arising from the set of legal, institutional and cultural constraints that condition
water resource allocation and management in all countries. Economic efficiency as an objective
will often have to be traded off against other decision criteria, but will gain in significance as
the full social costs of water service provision escalate.

The principle of integrated analysis. The allocation of water has social, cultural, political,
as well as economic impacts on society. For it to be sufficient, assessment of water allocation
options is therefore required to assess these multiple impacts and interactions between them.
This entails a shift away from a more simplistic and narrow sectoral view to a wider perspective
that encompasses relevant economic, social, cultural, and political processes. Such an approach
is provided by the proposed framework for integrated assessment.

The principle of an extended spatial and temporal perspective. The volume and quality of
water supplies and the functions that they provide are determined by the abstraction of water,
recharge of water resources and processes of the hydrological system. The thorough assessment
of options for water allocation entails consideration of these processes and therefore requires
the adoption of an extended geographical perspective. Such a perspective incorporates surface
water processes at the catchment scale, ground water processes at the aquifer scale, interactions
between surface and ground water, and socio-economic drivers in the wider environment
that impact on water resources. Sustainability of water resources also requires a longer i.e.
intergenerational, time scale for planning and management, with due regard for precautionary
motivations.

The principle of functional diversity maintenance. Water resources provide many
environmental goods and services that are of economic benefit to society (e.g. the amenity
and recreational value of wetland sites, maintenance of biodiversity in surface water systems,
purification of water through aquifer recharge). Diversity in the environmental functions that
are provided by water resources contributes to the stability of the associated ecosystems and
to the capacity of the ecosystems to recover from stresses and shocks. Of more importance
to human development, the maintenance of this diversity also allows the continued provision
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of goods and services. Maintenance of functional diversity is, therefore, a key component of
sustainable water resource management. This is fostered through the adoption of a functional
perspective in integrated assessment, which indicates to decision-makers the diversity of
existing environmental water resource functions and potential impacts on these of changes in
water allocation.

The principle of long term planning and precaution. The criterion of sustainable (water use
(in terms of quantity and quality) should supplant short term expediency. In terms of quantity,
sustainability requires that current water abstractions should not impose costs upon future
generations. The quantity of water that is available for use in any particular period is equal to
effective runoff, i.e., the difference between total precipitation and the amount lost through
evapotranspiration, plus the stock of freshwater (water stored on the surface or underground).
The sustainability rule (at least at the national level) is that water demand should be met
out of effective runoff only (Dubourg, 1992). From the quality perspective, sustainability
requires that: water quality is non-declining over time. However, the concept of desirable water
quality is complex, ambiguous and varies between time and place, making this rule difficult to
operationalize. Hence, except in cases where effluent levels exceed critical loads, sustainability
arguments cannot be used categorically as justification for improving water quality.

The principle of inclusion. Interactive, participatory and inclusive approaches involving
decision-makers, experts and other stakeholders help ensure that decisions focus on real
world problems, and that possible solutions are elicited using the combined knowledge and
experiences of decision-makers, experts, interest groups and the lay public. They also assist
in identifying distributional concerns and increase the chance of consensus being reached on
proposed solutions.

In summary, a transparent appraisal of water related projects, programmes or courses of action
require a comprehensive assessment of water resources and supporting ecosystems. Based on
appropriate scales of analysis, the drivers, pressures, states, impacts and resources (DPSIR)
auditing and scoping framework is deployed to highlight the main causal mechanisms that
underlie the pressure that is being placed on water resources. Scenario analysis can play a useful
role in sustainability planning and recognition of policy options. An explicit focus is required on
the distributional consequences of water allocation, together with ‘coping’ strategies for greater
stakeholder inclusion in the decision-making process. At the project, policy or programme
level, economic appraisal, suitability modified by ecological sustainability principles, need to
be applied in a rigorous fashion to assist in the identification of the preferred policy options.
Finally, adequate resources need to be put into monitoring and feedback systems to guide the
evolution of policy/management options.



Chapter 1
The role of water in agricultural
development

Agriculture has, arguably, been very successful at capturing the major share of the world’s
exploitable water resources. However, the environmental and socio-economic rationale for
this capture by the sector is now being questioned. This review presents a framework and a
suite of techniques for analysing these issues and making the rationale explicit and transparent.
It is not a field manual but rather an 'advocacy’ brief. It sets out to bring together economic
and ecological evidence and argumentation in support of the need to challenge and change the
fundamentals of the prevailing technocentric view of water resources exploitation. A new and
more suitable approach to water resources allocation is necessary if the world’s population
is to be adequately fed, without further degradation and destruction of the planet’s critical
ecosystem services. Water productivity needs to be enhanced considerably, and economic
cost-benefit analysis and pricing regimes can play a significant role in such a process. However,
these economic measures will not be sufficient on their own. They will need to be buttressed
by technological innovation and institutional changes in order to encourage a more equitable
distribution of resources and to mitigate potential international conflicts across 'shared' water
basins.

Water has unique characteristics that determine both its allocation and use as a resource
by agrlculture Agrlcultural use of water for irrigation is itself contlngent on land resources.
An overview of economic characteristics of water and their implications is presented below.
The case for improved allocation of water to the agriculture sector and improved allocation
within the agriculture sector is then presented. In a situation of growing water scarcity and
rising demands for non-agricultural (household and industrial) use of water, reassessment of
sectoral allocations of water are inevitable. In developing countries, irrigated agriculture plays
avital role in contributing towards domestic food security and poverty alleviation. Therefore,
achievement of these objectives is dependent on adequate allocations of water to agriculture.
Justification of such allocations requires that irrigated agriculture be a cost-effective means of
achieving stated political or social objectives, such as food security or poverty alleviation, and
that all externalities be taken into account in the pricing mechanism. Improved allocation of
irrigation water is required within the agriculture sectors of developing countries in order to
achieve greater efficiency in the use of irrigation water and existing irrigation infrastructure.
Reallocation is also required in order to reduce waterlogging and salinization of irrigated land,
to decrease the negative environmental impacts and other externalities of irrigation (caused by
overextraction of groundwater and depletion and pollution of surface water). The following
chapters set out the methods and techniques for achieving improved allocation to and within
the agriculture sector. Fundamental to the proposed approach is the adoption of a functional
ecosystem perspective for water resources, which underpins water resource management on
at least a catchment scale. This is presented at the end of this chapter.

ECONOMIC CHARACTERISTICS OF WATER

Water provides goods (e.g. drinking-water, irrigation water) and services (e.g. hydroelectricity
generation, recreation and amenity) that are utilized by agriculture, industry and households.



2 Economic valuation of water resources in agriculture

Provision of many of these goods and services is interrelated, determined by the quantity and
quality of available water. Management and allocation of water entails consideration of its
unique characteristics as a resource. These are discussed in brief below.

Water used for irrigation can be pumped from reserves of groundwater, or abstracted from
rivers or bodies of stored surface water. It is applied to crops by flooding, via channels, as a
spray or drips from nozzles. Crops also obtain water from precipitation. Water infiltrates into
the soil, evaporates, or runs off as surface water. Of the water that infiltrates the soil, some
is taken up by plants (and later lost through transpiration) and some percolates more deeply,
recharging groundwater. This water can be polluted with agrochemicals (fertilizers, herbicides
and pesticides), with salts leached from the soil and with effluent from animal waste. However,
pollution can be attenuated as the water moves through the ground by processes that include
sorption, ion exchange, filtration, precipitation and biodegradation. Aquifers can also be sources
of pollution. Pollutants can be released into groundwater from pockets of contaminants or
natural materials (e.g. sources of fluoride) within the aquifer. When river levels are low and
groundwater levels are high, groundwater can recharge the levels of surface water, which creates
a two-way linkage between resources of surface and groundwater.

Itis not easy to control or prevent water use. Many uses of water involve the withdrawal of
water from the hydrological system (known as 'extractive' or 'off-stream' use). Typically, only
asmall proportion of the water withdrawn is consumed. Water consumption is exclusive in its
use. Consumed water is retained in plants, animals, or industrial products, so it is not available
for other uses. However, most of the water withdrawn is not consumed and it returns to the
water system for reuse at a later time and a different location. Water in return flows can re-
enter the surface water system further downstream, can percolate into aquifers, or evaporate,
returning to the hydrological system in gaseous form. Therefore, water withdrawals are not
exclusive within a broad perspective on water use, but only within a narrow location- and
time-specific context. Water can also be used in-stream without removal from the hydrological
system (e.g. in hydroelectric power generation or boating). Such uses generally entail little or
no consumption of water but do affect the location and time at which water is available for
consumption by other uses (Young, 1996).

Water is a 'bulky' resource. This means that its economic value per unit weight or volume
tends to be relatively low. Therefore, its conveyance entails a high cost per unit of volume
and is often not economically viable over long distances unless a high marginal value can be
obtained. The costs of abstraction, storage and any conveyance tend to be high relative to the
low economic value that is placed on the use of an additional unit of water. This can create
values for water that are location specific (Young, 1996). A further characteristic of water is
that the quantity of supply cannot be readily specified; it is determined by various processes:
the flow of water; evaporation from the surface; and percolation into the ground. In the case of
surface water, supply is determined largely by the climate. Consequently, the quantity supplied
is variable and can be unreliable. This can preclude certain uses of water (e.g. the development
of water-dependent industries) and affect the value of water in some uses (e.g. irrigation). The
quality of water (i.e. the nature and concentrations of pollutants) can exclude certain uses (e.g.
drinking-water for household use), but have no impact on others (e.g. hydroelectric power
generation).

Characteristics of demand for water for irrigation relate to quantity, location, timing and
quality. Irrigation generally requires large volumes of water, which can be low in quality. This
is in contrast to household use of water, for example, which requires low quantities of water of
high quality. The large volumes of water required for irrigation usually have to be transported
over some distance to the field. For surface water, canals and pipes can enable conveyance;
in the case of groundwater, extraction is provided via tubewells. In terms of timing, demand
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for irrigation water can extend through the growing season and, where adequate supplies are
available, extend into the dry season for multiple cropping. Peak demand for irrigation water
does not usually coincide with peak flows of surface water. This creates the need for storage
capacity, which naturally occurring waterbodies (lakes, wetlands and aquifers) or specially
constructed dams may provide. Although the quality of water required for irrigation is low,
high levels of salinity preclude its use for irrigation, and contaminated supplies can reduce the
quality of produce (e.g. contamination of horticultural produce with pathogens in polluted
water supplies). Agriculture is implicated in issues that concern water quality. Leaching of
effluent from animal wastes, especially from intensive livestock production, can pose a serious
water pollution risk. Both return flows of irrigation water and precipitation runoff from arable
land can pollute surface water with nutrients, herbicides, pesticides, salts leached from the
soil, and sediment.

THE DOMINANCE OF AGRICULTURAL WATER USE

Irrigation is a vital component of agricultural production in many developing countries. In
1997-99, irrigated land provided two-fifths of crop production in developing countries, and
accounted for about one-fifth of the cultivated area. The divergence in these statistics reflects
the high crop yields and multiple cropping that are achieved through irrigation (FAO, 2002a).
Developing countries are particularly dependent on irrigation: in 1997-99, 59 percent of
cereal production in developing countries was irrigated (Bruinsma, 2003). Food production
in developing countries is increasing in response to the demands of an expanding population
and rising prosperity. Some of this demand will be met by increased productivity of rainfed
agriculture, some by increased imports, but irrigated agriculture will be a major contributor.

» Agriculture is the largest user of water in all regions of the world except Europe and North
America (FAO, 2002b). In 2000, agriculture accounted for 70 percent of water withdrawals
and 93 percent of water consumption worldwide, where consumption refers to withdrawals
net of returns flows and evaporation (Figure 1). This is in contrast to industry, which
accounted for 20 percent of withdrawals and 4 percent of consumption worldwide in
2000, and household use, which accounted for 10 percent of withdrawals and 3 percent of
consumption (FAO 2004 (AQUASTAT-database) FAO, 2002b). The water requirements

FIGURE 1
Water withdrawals and consumption
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Municipal 3% Indtéstry
Industry
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4 Economic valuation of water resources in agriculture

of agriculture are large relative to water requirements for other human needs. The human
body needs about 3 litres of water per day;

» For domestic uses people use approximately 30 — 300 litres of water per person per day;

» To grow their daily food needs people require 3000 litres of water per person per day. (FAO
2003)

However, the agriculture sector is often criticized for high wastage and inefficient use of
water at the point of consumption (i.e. at farm level) encouraged by subsidized low charges
for water use or low energy tariffs for pumping.

It is often claimed that the charges made for irrigation water, fail to signal the scarcity of
the resource to farmers. This situation may persist because of entrenched interests, political
problems associated with price reform, practical difficulties in measuring and monitoring
water use, and social norms, e.g. perception of water as a free good and access to water as a
basic right (Rosegrant, Cai and Cline, 2002). These low charges can have an adverse impact
on the effectiveness of irrigation systems and water use. They result in poor maintenance
and consequent inefficient operation of existing irrigation systems, limited capacity for
improvements or investment in new infrastructure, and waste of water at the farm level.
Furthermore it is claimed that the subsidies provided for irrigation water tend to favour the
wealthy and thereby exacerbate inequalities in resource access and wealth distribution in rural
areas (De Moor and Calamai, 1997).

Water used for irrigation comes from surface water or groundwater. The use of groundwater
for irrigation enables the extension of irrigated area beyond that which surface water alone can
support. In addition, it assists with drainage of the soil (by lowering the groundwater table and
providing drainage of soil water into tubewells). Groundwater can supplement surface water
during periods of low flow, making surface water available for alternative uses. It is also used
as a sole source of irrigation water. For example, in India, more than half of irrigated land is
supplied with groundwater, providing one-third of the country’s food production (Roy and
Shah, 2003). Groundwater has various advantages over surface water: it can be stored in aquifers
for years with little or no evaporative loss; the percolation of aquifer recharge water through
the ground attenuates pollution levels (making groundwater particularly suitable as a source
of drinking-water, especially in areas with no water treatment facilities); groundwater can be
withdrawn near the point of use; and it is available immediately on demand, which enables
more timely applications of irrigation water. However, groundwater contains dissolved salts
that can be toxic to plants and result in soil salinization. Groundwater can be combined with
surface water to dilute salt concentrations to levels suitable for use in irrigation.

Surface water for irrigation is stored either in natural storage capacity (lakes and wetlands)
or artificial capacity created through the construction of dams. Dams are usually constructed
for the purposes of water storage for irrigation, hydroelectric power generation, flood control,
or any combination of these. However, in the case of dual-purpose dams designed to store
water for irrigation and hydroelectric power generation, conflicts can arise because increases in
demand for irrigation water in the dry season exceed demand for power. This creates difficulties
in the specification of the required storage capacity and the timing of water releases. The
situation is yet more complex for dams also designed to provide flood protection. Effective
provision of flood control requires storage capacity that is empty, but effective storage of
water for hydroelectric power generation and irrigation requires storage capacity that is kept
as full as possible (though seasonal flooding and flood prediction can limit these conflicts).
Despite potential for conflict, provision of storage capacity for irrigation combined with other
uses can have advantages. The combined value of storage capacity for multiple purposes may
be required in order to make large dam developments economically viable. Moreover, the
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provision of storage capacity for non-agricultural uses can provide contingency against failure
of irrigation schemes to meet predicted uptake and economic returns, e.g. through potential
to develop further power generating capacity.

The design and implementation of irrigation projects has traditionally been the domain of
engineers and agronomists. In response to a commitment to a more developed approach to
water management, a broader multidisciplinary perspective on irrigation is evolving (FAO,
2003b). This approach incorporates social, cultural, environmental and wider economic impacts
of irrigation projects. Nevertheless, 1mplementat10n of this perspective on the ground in the
development and management of irrigation projects and programmes remains a persistent
challenge. However, this challenge can begin to be addressed by the appropriate deployment
of the functional approach to water management advocated here.

Pressures on the supply of water for irrigation

Supply of bulk water for irrigation is under pressure from the demands of other water-using
sectors, constraints on further water resource development and is compounded by poor
maintenance of existing irrigation infrastructure.

Demand for water for non-agricultural uses is increasing in response to economic growth,
rising populations and increased urbanization. Rising urban demands for water (for household
and industrial use) pose a particular threat to agriculture because urban demands take priority
over rural demands in situations of potential conflict. This is because existing urban supplies
are usually polluted, they can be associated with high health risks (such as the risks of epidemic
diseases), new urban supplies have to come from increasingly distant sources (owing to scarcity
in supplies), and the economic benefits of urban water supplies exceed those of rural supplies.
Worldwide, withdrawals of water for household and industrial use quadrupled between 1950
and 1995, while withdrawals for irrigation only doubled in the same period (FAO, 2003c). In
terms of future demand in developing countries, non-agricultural demand for water is forecast
to increase by 100 percent between 1995 and 2025 and agricultural demand to rise by only
12 percent (given prevailing trends). Rosegrant, Cai and Cline (2002) observe that this is the
“first time in world history” that absolute growth in non-agricultural demand for water will
exceed growth in agricultural demand. It will result in a fall in agriculture’s share of total water
consumption in developing countries from 86 percent in 1995 to 76 percent in 2025.

Increases in non-agricultural demands for water are coinciding with constraints on further
development of new water sources. In combination, these two factors are creating increased
water scarcity and they will result inevitably in the transfer of water from agricultural use to
higher value household and industrial uses. Urban areas can and do appropriate water supplies
from rural areas, resulting in depletion and pollution of surface water resources used by farmers
and rural households. In areas of India and the Philippines, water supplies have been diverted
from large irrigated areas, seasonally or permanently, to meet urban demand, without any
payment of compensation to farmers for resultant losses in crop production (IWMI, 2000).
Increases in household and industrial demand for water are expected to result in increases in
the scarcity of water for irrigation

IRRIGATION AND AGRICULTURAL DEVELOPMENT OBJECTIVES

Governments and donors have traditionally justified allocation of water to agriculture on
grounds of food security and rural development. These are examined below, followed by a
brief overview of relevant aspects of the international consensus that has emerged in water
management policy.



6 Economic valuation of water resources in agriculture

Food security

Irrigation enables greater agricultural production than is achieved with rainfed agriculture. The
additional food production obtained with irrigation is essential for food security on a global
level, and on a national level for some countries. National food security is attained either through
the pursuit of self-sufficiency in food (i.e. meeting demand through domestic production) or
through a combination of domestic production and imports. Food self-sufficiency was once a
widespread objective and some nations still aspire to it. It creates savings in foreign exchange,
protects domestic producers and consumers from the fluctuations of world markets, ensures
rural food supplies and contributes to a political sense of national security. However, it has
disadvantages. In arid countries, a self-sufficiency policy can increase allocations of water to
agriculture at the expense of industrial and household water use, and can contribute to the
overextraction of groundwater resources. Moreover, food supplies are vulnerable to extreme
weather events, and shortfalls in supply then have to be met through imports, which eat into
limited resources of foreign exchange. In response to various factors, which include increased
water scarcity, reduced availability of agricultural land, and industrial growth, many countries
have moved towards an objective of food security partly enabled by imports (FAO, 2002a).
However, successful pursuit of such an objective is reliant on adequate regulation of world
trade in foodstuffs, to provide assured imports under fair terms of trade.

Global demand for food is increasing as the population continues to grow and increase
in prosperity. Demand pressure is concentrated in developing countries, where demand for
agricultural products is forecast to increase at an average rate of 2 percent per year from 1999
to 2030 (FAO, 2002b). Food demand is also affected by a shift in diets, which is occurring in
developing countries as a result of increased prosperity, urbanization and changing preferences.
Populations in developing countries are tending to consume more livestock products, more
fruit and vegetables, and fewer cereals than in the past. Meat consumption in developing
countries is projected to increase by 44 percent per capita from 1997/99 to 2030 (Bruinsma,
2003). Combined with a general shift in animal production from extensive (i.e. grazing) to
intensive (L.e. cereal-fed) systems and the low efficiency of meat production, this is creating
increased demand for cereals (such as maize) for animal feed. Cereals for animal feed account for
half of the projected 70-percent increase in demand for cereals forecast to occur in developing
countries between 1997/99 and 2030. Irrigation is used particularly important to produce
cereals. For example, almost 60 percent of the cereal production in developing countries in
1997/99 comes from irrigated land (FAO, 2003¢). However, it also contributes to meeting
increased demand for other foods.

Increased demand for food in developing countries will be offset at a national level, to various
extents, by increased agricultural production. A 61-percent increase in annual cereal production
is expected to occur in the period 1997/99-2030 (Bruinsma, 2003). With the exceptions of
sub-Saharan Africa and Latin America (where rainfed agriculture has greater significance),
irrigated agriculture will provide much of this increase. In developing countries collectively,
irrigated agriculture will provide 57 percent of the additional 256 million tonnes of cereals
that will be produced in 2025 relative to 1995. Irrigation increases agricultural production
through both the expansion of cultivable area beyond that possible under rainfed agriculture
and higher crop yields. FAO (2002b) predicts that 70 percent of the increase in agricultural
production that is forecast to occur in developing countries from 2000 to 2030 will come through
increased yields, 20 percent through expansion of crop area and 10 percent through increased
cropping intensity (multiple cropping and reduced fallow). Irrigation increases yields not
only through reduction or prevention of crop water stress, but also through complementary
benefits of combined use of irrigation with high yielding varieties, fertilizers and pesticides
(‘green revolution' technology). Yields for cereals produced with irrigation exceeded rainfed
yields by 115 percent in developing countries collectively and by 150 percent in sub-Saharan
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Africa and West Asia/North Africa in 1995. Although yields for irrigated cereal production
in developing countries are increasing by 1.2 percent per year, it is at a reduced rate relative to
1982-1995 (1.9 percent per year).

Increases in yields for irrigated cereals in developing countries are expected to be of a
similar proportion to increases in yields for rainfed cereals in the period 1997/99-2030 (annual
increases of 0.9 and 0.8 percent, respectively). However, higher initial yields for irrigated cereals
will result in greater absolute increases over this period. For developing countries collectively,
average weighted yields for irrigated cereal production are expected to increase by 1.4 tonnes/
ha, compared with an increase of 0.5 tonnes/ha for rainfed cereals between 1997/99 and 2030
(Bruinsma, 2003). Irrigated agriculture is thereby forecast to contribute significantly to increased
future food production through both high and increasing crop yields.

In addition to increasing productivity, irrigation also enables expansion of the area under
cultivation. In 1997/99, irrigation was used on 21 percent of arable land in developing countries
collectively, though this was subject to considerable regional variation. In South and East Asia,
irrigation was used on 39 and 31 percent of arable land, in the Near East and North Africa,
30 percent of arable land was irrigated, and in sub-Saharan Africa and Latin America (including
the Caribbean), irrigation was used on only 2 and 9 percent of the arable area, respectively
(Bruinsma, 2003). Expansion of the area under irrigation is expected to be concentrated in
developing countries. Absolute increases in irrigated arable area for the period 1997/99-2030
are forecast to be greatest in Asia (an increase of 14 million ha in each of South and East Asia).
In sub-Saharan Africa and Latin America, expansion of the irrigated arable area is expected to
be low in absolute terms (an additional 2 and 4 million ha, respectively), though these represent
large proportionate increases (of 40 and 22 percent) (FAO, 2003c¢). In the period 1962-1998,
the area under irrigation in developing countries increased at an average rate of 2 percent per
year, adding a total of 100 million ha to the area under cultivation (FAO, 2002a). However,
the net increase in irrigated area in developing countries from 2000 to 2030 is expected to be
60 percent less than the net increase achieved for the period 1960-2000 (FAO, 2003c). The
forecast growth rate in irrigated area (0.6 percent per year) is one-third of that achieved in the
period 1960-2000. In developing countries collectively, the slowdown in the development of
irrigated arable land will be countered to some extent by expansion in the arable area under
rainfed crop production. Consequently, the share of total cereal area under irrigation in 2030
will remain relatively unchanged from 1997/99. In developing countries collectively, 22 percent
of the arable area will be irrigated (FAO, 2003c¢).

Climate change is expected to affect agricultural production in developing countries,
particularly through increases in temperature in arid regions (which will reduce the potential
for crop production) and greater variability in the climate (which will cause increases in the
frequency and duration of crop water stress). It will tend to increase local fluctuations in crop
production and food supplies, particularly affecting food supplies and the incomes of poor
people, and to increase national Vulnerablhty to food insecurity (FAO, 2003c). In certain
regions, the effects could be significant even in the next few decades. For example, climate
change could cause a 2-3-percent decline in cereal production in Africa by 2020 or 2030.
Assuming that other factors remain constant, this would increase the number of people at risk
of hunger by 10 million (FAO, 2003c).

Demand for food is not met solely by domestic production in many developing countries;
imports of food are required to varying extents. In 1997/99, cereal production represented
91 percent of demand for cereals (a total of 1 026 million tonnes) in developing countries (FAO,
2003¢). However, this aggregation hides regional extremes. In the Near East and North Africa,
domestic cereal production represented 63 percent of demand. In sub-Saharan Africa and Latin
America (including the Caribbean), it represented 82 and 88 percent of demand, respectively,
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and in East and South Asia, production met 95 and 102 percent of demand. Reliance on
imports is forecast to increase. In 1997/99, cereal imports accounted for 9 percent of demand
in developing countries collectively and they are predicted to grow to 14 percent of demand
by 2030 (Bruinsma, 2003).

Poverty alleviation

In an appropriate environment and with suitable planning (e.g. provision of training and credit),
investment in irrigation schemes can alleviate poverty both directly and indirectly through
stimulation of the rural economy. Indeed, the purpose of many large scale schemes associated
with the Green Revolution in Asia was more to do with addressing food security and poverty
targets rather than direct commercial returns. (Plusquellec, 2002). This nootion and practice
persists. The IFAD “Report on Rural Poverty 2001” is clear in stating that irrigation schemes
have direct benefits for poor people, given the required policy and institutional environment
(IFAD, 2001). Even if irrigation is not specifically targeted at poor beneficiaries, irrigation
stimulates the agriculture sector of the rural economy indirectly through increased demand for
agricultural i inputs (including agricultural labour, services of local artisans who manufacture
tools and equipment, seed and fertilizer) and the marketing of additional produce. Increased
incomes in farming communities can create demand for non-agricultural goods and services
(e.g. meat, processed foods, clothes, and repair of bicycles), many of which are marketed only
locally and can be supplied by resource-poor individuals. The resultant stimulation of non-
farm incomes can help to reduce absolute poverty in rural areas in the long term (Bruinsma,
2003), and it can reduce relative poverty as long as the prevailing asset distribution is not too
skewed.

Increased food production from irrigated agriculture can confer nutritional benefits for
farmers, their families and the local population (through increased food supplies). Irrigation can
enable multiple cropping, which can smooth seasonal shortfalls in food supply and encourage
the production of crops that contribute towards a more varied and nutritious diet. Improved
nutrition can enhance quality of life, reduce illness, increase labour productivity, and improve
the performance of children at school (FAO, 2003c¢). Irrigated agriculture can also benefit the
urban poor by keeping food prices low despite growing demand from increasing populations
(IWMI, 2000). Indeed, continuation of the current decline in irrigation investment could
eventually cause an increase in world cereal prices food prices, which would affect the poor
in particular as a large proportion of their income goes on food.

However, irrigation can have a negative impact on the health of rural households through
exposure to parasitic infections and to diseases transmitted by water-related vectors such as
malaria (associated particularly with canal distribution systems and flood irrigation). Moreover,
in an inappropriate environment, e.g. where land is not evenly distributed, economic benefits
of irrigation may be received predominantly by wealthy farmers and reinforce inequalities in
the distribution of resources and wealth. The policy and institutional environments play critical
roles in determining whether irrigation has positive impacts for poor people (FAO, 2003).

International consensus in water policy: water as an economic good

An international consensus in water management has emerged, based on growing concerns
about efficiency in the use of government and donor resources, disappointing outcomes from
past efforts, and greater awareness of environmental issues (European Commission, 1998).
These concerns are manifest in for example, the water policy of the European Community
(or the so-called Water Framework Directive), which promotes the use of water pricing and
charging as a means of enhancing the sustainability of water resources, and on integrating
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economics into planning and decision-making. The policy consensus has also been shaped by
a reorientation of the development cooperation agenda that has resulted, among other issues,
in greater focus on institutional reform, participation, and involvement of civil society and
the private sector.

Three agreements lie at the core of the consensus concerning water policy: (i) a set of key
recommendations (known as the “Dublin Principles”) agreed at the International Conference on
Water and the Environment (1992); (ii) Chapter 18 (on freshwater resources) of Agenda 21, the
action plan agreed upon at the United Nations Conference on Environment and Development
(UN, 1992) held in Rio de Janeiro in 1992 and incorporating adoption of the Dublin Principles
for water resources management in rural contexts; and (ii1) the World Summit on Sustainable
Development (UN, 2002) held in Johannesburg in 2002, which reaffirmed the 1992 “Dublin
Principles” and highlighted water availability as a key concern and objective.

The consensus adopts an integrated approach to water resources and a multisectoral view of
water use on at least a catchment scale. Water management is considered in relation to issues of
economic efficiency, environmental protection, sustainability, and the needs of marginalized and
poor people. Decision-making should involve the participation of users, particularly women,
and should be driven by the needs of the community. Investments in the water sector are
required to be economically efficient, socially acceptable and financially sustainable.

Despite the consensus on water policy, there is considerable debate on the practical
implementation of any reforms. For example, while reforms in economic pricing of irrigation
water have been proposed, the political economy of pricing policy reforms suggests a rather
complex process in evidence (see Chapter 3). Itis recognized that the main management challenge
is not a vision of integrated water resources management but a “pragmatic but principled”
approach that respects principles of efficiency, equity and sustainability, but recognizes that
water resources management is intensely political, and that reform requires the articulation of
prioritized, sequenced, practical and patient interventions (World Bank, 2003).

As indicated above, sustainability is a key aspect of water management decisions. However,
the term sustainability is open to different interpretations, and these affect how it may be
operationalized. The differences arise through use of a flexible or stringent interpretation of
sustainability, described as weak and strong sustainability, respectively (Turner, 1993).

Sustainability requires that the stock of capital that is available for future generations
be equivalent to that available at present. Here, the term capital refers to the overall stock
of materials and information that generates goods and services that enhance social welfare.
Capital can be subdivided according to whether it is depleted by the production of goods and
services, as follows:

* Capital caused by human activities (e.g. factories, roads and houses). This can be increased
or decreased at discretion.

* Critical natural capital (e.g. ozone layer, biodiversity and water). This is essential to human
life and cannot be replaced by or substituted for with human-induced capital.

» Non-critical natural capital, which includes some renewable natural resources and some
finite mineral resources. This can be wholly or partly replaced or substituted by human-
induced capital.

Weak sustainability requires that the total stock of capital, human-induced and natural,
be maintained, and it assumes substitutability between the two types of capital. As a natural
resource becomes depleted, the price increases; this encourages more efficient resource use,
substitution with other goods, and technological advancement. However, complete substitution
is not necessarily practicable or possible, for example, because of the absence of substitutes
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for some forms of capital (e.g. critical natural capital), and inadequacy of substitutes (e.g. for
complex ecosystems).

Strong sustainability requires that the total stock of natural capital not be depleted. Natural
and human-induced capital are regarded as complements not substitutes (Daly, 1995) and
stocks of both must be maintained. Consequently, activities are required to conserve the natural
environment, or to ensure that any losses incurred are replaced or compensated for fully in
physical terms through 'shadow projects' (Barbier, Markandya and Pearce, 1990). The use of
a criterion of strong sustainability is likely to result in the wholesale rejection of development
projects as most of these impinge to some degree on the environment. However, this rejection
can be overcome by employing suites of projects that are designed to have elements that
generate net environmental benefits (Pearce, Markandya and Barbier, 1989). Adoption of
such an approach enables market-oriented decision-making to persist even under stringent
sustainability requirements. The wetland mitigation policy of the United States of America
provides an example of a strong sustainability requirement (Marsh, Porter and Salvesen,
1996). The policy requires that any loss of wetland be compensated for by an alternative
wetland of equal physical quality. However, a number of problems have been encountered
in implementing the policy. These include the definition of a suitable measure of the physical
quality of wetlands (McCrain, 1992), and issues that relate to the locality and interactions with
the landscape (Ledoux et al., 2000).

The emerging approach to water governance is seeking to adopt a stronger sustainability
approach, one guided by principles of stewardship, equity and accountability. The result will
be to constrain the mindset and market mechanisms that treat water as a commodity in its
various functions and seek to establish an efficient allocation of water among competing end
uses. Efficiency is a necessary but not sufficient condition for sustainability, but exactly how
constraining sustainability standards ought to be remains an open scientific and policy question.
The methods and techniques reviewed in this report can provide a decision-support toolbox
to assist in the answering of the composite sustainability questions and challenges.
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Chapter 2

A framework for interdisciplinary
analysis of water resources:

a functional perspective

The interdisciplinary analytical framework proposed in this report examines the value of
water resources based on the linkage between water resource structures and processes and
the goods and services that they provide at the necessary temporal and spatial scale. After a
discussion of the general nature and problem of environmental valuation, there follows a brief
review of studies that have attempted to provide a valuation framework for water resources.
The proposed functional perspective is then presented, followed by an overview of functions
provided by water resources. This framework and perspective are in line with the general
principles of sustainability discussed in Chapter 1.

THE NATURE AND PROBLEM OF ENVIRONMENTAL VALUATION

Although water resources perform many functions and are potentially very valuable, these
values have often been ignored, with the result that depletion and degradation of the resource
occur. The debate over what the value of water is, or of the environment and nature more
generally, has highlighted the fact that the core concept is complex and multidimensional. An
economic perspective on water portrays it as a natural asset providing a flow of goods and
services, physical as well as aesthetic, intrinsic and moral. The main problem when including
the full range of environmental services in economic choices is that many of these water-
related services are not valued on markets. There is a gap between market valuation and the
economic value of many water functions. The non-marketed gaps must first be identified and
then monetized where possible. In the case of many of the functions, the identification of
economically relevant services is of special importance as over time those services not allocated
by the market have gained continuously in importance.

In considering environmental values, economists have generally settled for a taxonomy,
the components of which add up to total economic value (TEV). The key distinction made is
between use values and a remainder called non-use value. The latter component reflects value
in addition to that which arises from usage. Thus, individuals may have little or no use for a
given environmental asset or attribute but would nevertheless feel a 'loss' if such things were to
disappear. However, the boundaries of the non-use category are not clear cut and some human
motivations that may underlie the position that the asset should be conserved 'in its own right’,
and labelled existence value, are arguably outside the scope of conventional economic thought.
In practice, the issue is whether it is meaningful to say that individuals can assign a quantified
value to the environmental asset, reflecting what they consider to be intrinsic value.

Economic valuation, as discussed in Chapter 4, can be combined with an ecosystem function
(and related goods and service outputs) approach to water valuation. What is therefore being
valued is not the water ecosystem per se, but rather independent elements of ecological services
provided by water. The aggregation of the main function-based values provided by a given
water ecosystem has been labelled TEV. However, the aggregate TEV of the functions of a
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given ecosystem, or combinations of such systems at the landscape level, may not be equivalent
to the total system value. The ability to value water ecosystem services is constrained by the
complexity of the water ecosystem itself. The “production function” of water ecosystems is
so complex, and little understood in many instances, that reliable estimates of all services are
not possible. An aspect of this complexity is that joint products are inherent in most water
ecosystem processes. Accounting for value must recognize all of these joint product values.

Previous studies

Young and Gray (1972) made an early attempt to provide a framework for understanding
and analysing values of water in different uses. Gibbons (1986) later extended and updated
their work. These studies aimed to provide understanding of the multiple uses that constitute
water demand, determinants of that demand, and methods for estimating the value of water
empirically. Gibbons (1986) examined water use in a number of sectors (municipal, agricultural,
industrial, waste assimilation, navigation, hydropower, recreation and aesthetics), using a variety
of techniques to estimate values for water use in each sector. The results, which were inexact,
were intended to illustrate use of the valuation techniques and indicate possible ranges in
values. However, sector-by-sector comparison of results was not possible owing to differences
in the definitions, time frames and procedures employed in the analysis. The framework did
not integrate the physical and economic aspects of water use, and external impacts between
sectors were not considered fully.

The hydrological, physical and economic aspects of water resources were integrated in
a more recent framework developed for economic evaluations of groundwater use. This
framework is detailed in Bergstrom ez al. (1996) and National Research Council (1997). The
framework links changes in groundwater quality and quantity to changes in the services
provided and, thereby, to the value placed by society on resultant changes in groundwater
use. The framework describes the value of services provided by groundwater as the outcome
of three sets of functional relationships between:

e human interventions and groundwater quantity/quality;
e groundwater quantity/quality and the stream of services provided by groundwater;

e the stream of services provided by groundwater and its economic value.

The value of groundwater is given by the present value of the stream of services that
it provides. The framework is interdisciplinary. It requires information on a variety of
hydrological, physical, biological and economic processes, and cooperation between disciplines
is needed to establish the various linkages necessary for valuation. Although interactions
between groundwater and surface water are recognized, the framework focuses only on the
services provided by groundwater. Therefore, it stops short of the appropriately scaled and
comprehensive analysis of both surface and groundwater that is required for thorough analysis
of irrigation water use.

THE FUNCTIONAL PERSPECTIVE AT A CATCHMENT SCALE

As previously proposed (e.g. Young, 1996), economic valuation at the catchment scale can be
used to enhance welfare through investments that capture, store, deliver and treat new water
supplies, and through reallocation of water supplies among water-using sectors. However, the
functional perspective enables more effective consideration of water not just in terms of water
supply but also with regard to other dimensions, including water quality and supply reliability.
Furthermore, the use of this approach within the context of the catchment system allows better



Chapter 2 — A framework for interdisciplinary analysis of water resources 13

evaluation of in-stream versus extractive uses, in particular with respect to return flows, and
the implications of withdrawals or depletion in considering values of water resources.

Figure 2 depicts an overall framework for the water valuation problem. It can be used to
increase transparency and hence the legitimacy in the monetary estimation of water values and
their use in appraisal. Human activities exert pressure on groundwater resources, affecting the
quantity and quality of the water and thereby changing the stream of services it can provide. This
affects human welfare through its influence on stakeholders. Not all effects can be translated
meaningfully and reliably into economic value because of limited knowledge and information.
The shaded areas in Figure 2 represent this limitation, the darker shading indicates increased
difficulty in application of valuation techniques.

Water resources are components of a more extensive set of interrelated systems encompassed
within catchment (or wider) boundaries. More efficient management of water and related
measures that protect the supporting ecosystems are all vital components of sustainable
development. Given the latter generic policy goal, management agencies should seek to maintain
the resilience of systems in terms of their ability to cope with stress and shock.

Maintenance and enhancement of system resilience is linked to the ecological concept of
functional diversity and the social science analogue, functional value diversity. Therefore,
management of water resources at the catchment scale is connected intimately with an
appreciation of the full functioning of the hydrological, ecological and other systems and the
total range of structures and processes and functional outputs of goods and services provided.
Therefore, water management and pricing must be based on a relatively wide (at least catchment
scale) appreciation of the Iandscape ecological processes present, together with the relevant
environmental and socio-economic driving forces. Such a management strategy needs to be
underpmned by a scientifically credible but also pragmatic environmental decision-support
system, i.e. a toolbox of evaluation methods and techniques, which is complemented by a set
of environmental change indicators and an enabling analytical framework.

The decision-support system used requires a number of steps or 'decision rules' in order
to operationalize the analytical framework in a given catchment. The main steps are:

* scoping and auditing — this stage determines the nature, scope and scale of the problem and
the relevant causes and consequences;

e identification, selection and coupling of analytical methods and techniques — such as a
geographical information system (GIS), natural science models, and economic analysis;

¢ data collection and monitoring via indicators of change;

* evaluation of project, policy or programme options — using methods such as stakeholder
analysis, cost effectiveness, cost-benefit analysis, and multicriteria analysis.

THE NEED FOR ANALYSIS AT THE CATCHMENT SCALE

Groundwater and surface water systems are of major socio-economic and biophysical
importance. Much of their development and management has been piecemeal, often without
regard for the natural processes that occur in the system as a whole, and in ignorance of
the long-term effects of human activities on the system. This situation has arisen partly as
a result of the differing interests of users and local, regional and national administrative and
institutional bodies.

Policy-makers have recognized the importance of and need to protect water resources and
to approach human activity and water resources in an integrated manner, for example, at the
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European level as laid down in the recent Framework Directive in the field of water policy
(Directive 2000/60/EC). The “ecological principle” articulated in the Dublin Statement (Dublin
Statement, 1992) also contains a requirement for the holistic management of water. Mitchell
(1990) has argued that efforts towards a more integrated water resources management regime
should seek to combine three related dimensions:

* in systems ecology terms, i.e. how each component of the water system (at the catchment
scale) influences other components;

 inwider hydrological, biogeochemical and physical systems terms, i.e. the interactions that
occur between water and other natural systems;

* insocio-economic, socio-cultural and political terms, i.e. the linkage of water management
to relevant policy networks and economic and social systems (with attendant culture and
history) so that chances of achieving a cooperative solution or mitigation strategy are
maximized.

A critical requirement of integrated water catchment management is the introduction of
water planning and management mechanisms that fit the catchment scale at least. A management
strategy based on the principle of sustainable water resource utilization should have at its core
the objective of catchment ecosystem integrity maintenance, i.e. the maintenance of ecosystem
components, interactions among them and the resultant behaviour or dynamic of the system.
Integrity is best protected when efforts are made to secure a diverse range of water system
functions and their asset values, i.e. functional value diversity. This encompasses the variety
of spatial and temporal scales on which organisms react to each other and to the environment
(Steele, 1991). The onus is on analysts and managers to take a wider perspective and examine
changes in large-scale hydrological and ecological processes, together with the relevant
environmental and socio-economic driving forces. Groundwater and surface water resources
are viewed as integral and management is considered from a wider ecosystem perspective rather
than a more narrowly focused sectoral view. Protection of as diverse a range of functions as
is practicable contributes to overall system resilience and the capacity to cope with stress and
shock, allowing adaptation to both physical and social vulnerability (Adger, 1999). A policy
objective of maximum diversity maintenance also serves to ensure the maximum amount of
functional value in terms of goods and services provision. Such a management strategy requires
the practical coupling of economic, hydrological and ecological models.

In order to manage water catchments holistically, one of the primary issues is whether the
scale of administrative structures and appropriately refined scientific support equate with the
scale of catchment processes. Management of water systems is too often focused on a sectoral
basis, and constrained by political and institutional considerations. The proprietorial interests
shown by communities towards their localities in catchments are extremely powerful forces,
which democratic systems often find difficult to accommodate. However, water systems are
driven by hydrological and ecological processes that transcend the local scale and the short
term. These linked hydrological-ecological systems provide a wide range of benefits and
services that are often ignored or undervalued in water use planning, leading to their long-
term loss. Under a catchmentwide perspective, interrelationships, e.g. between upstream and
downstream water use, are made explicit. They then provide an important basis for decision-
making involving multiple water users, including agriculture. For example, water abstraction
or water pollution upstream may have severe consequences downstream. The important issue
of the distribution of costs and benefits of (changes in) water use only becomes visible if
considered at their appropriate scale in time and space. For water systems, this is the catchment
level, without which, it will be difficult to trace the impact of any upstream user’s decision
on the downstream beneficiaries of the service. Thus, it is difficult to allocate the value of the
service and include it in the decision-making process. As they rely heavily for their productive
capacity upon the water system (water being an essential input in agriculture), for agriculture
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to be sustainable from an economic, environmental and social perspective, this also has to
be evaluated from a catchmentwide perspective. This is because farmers’ practices and other
socio-economic water use, either in the same subcatchment or dispersed throughout the whole
catchment, will eventually, directly or indirectly, affect the aggregate viability of farming
businesses throughout the whole catchment in which they reside. Furthermore, many water
values are only attainable if a minimum of upstream users take the catchment perspective into
account in their decision. For example, in a given area, a minimum amount of land users may
have to agree to maintain riparian buffer strips in order to guarantee a certain water quality
for domestic use for a downstream city, which makes negotiations complex. In cases where
land uses have a noticeable impact on downstream water values, it will be just as important to
take the land property rights into account in valuation exercises as the water property rights.
Moreover, human intervention in these complex and large-scale systems can have results that
are not understood fully at present (Turner, 2000).

ECOSYSTEM FUNCTIONING AND THE FUNCTIONS OF WATER RESOURCES

Ecologists refer to ecosystem functioning as the habitat, biological or system properties or
processes of ecosystems. A variety of system processes are critical to the sustained functioning
of natural ecosystems, such as the flux and transfer of water. Demand for the goods and
services provided by catchments forms the link between catchment ecosystem functioning
and the functional value of the catchment. This demand comprises use and non-use values for
goods and services, both of which are dependent on the essential structure of the catchment
ecosystems and the functions they perform. The term “function” is used, in socio-economic
terms, to refer to the provision of goods and services that satisfy human needs and wants. It
provides the link between water resource structures and processes and the provision of goods
and services that are of value to society. Thereby, it creates an interdependent perspective of
the ecological and economic systems. The economic value of water resources (regardless of
the typology adopted) is contingent on the structures and processes performing functions that
society perceives as valuable. Therefore, ecosystem structures and processes in themselves are
not necessarily of economic value; such values derive from the satisfaction of human needs and
wants by the goods and services they provide. Thus, it is important to identify the potential
demand for these goods and services, rather than simply the degree to which they are provided.
A number of these can be valued in economic terms, while others cannot because of uncertainty
and complexity conditions.

Water resource ecosystems provide a wide range of goods and services of significant value
to society, such as pollution attenuation, flood alleviation, recreation and aesthetic services.
"Valuing' the ecosystem consists of valuing the characteristics of the system, and capturing
these values in an economic value framework. However, because the component parts of a
system are contingent on the existence and continued proper functioning of the whole, it is
quite a complicated matter to place an aggregate value on ecosystems.

The use of a functional approach has various benefits (adapted from Maltby, 1999):

e It should allow more efficient use of scarce resources by determining such relationships
as the compatibility of water use activities with water resource structures and processes,
the capacity of water resources to tolerate impacts, and their resilience to human
disturbance.

e The approach recognizes a wide range of environmental interactions and is not restricted
to a narrow view of conservation of assets.
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* The dynamics of water resources can be translated more easily into economic terms, which
are usually more understandable than ethical and scientific arguments to the public and
politicians.

e A functional approach encompasses improvements in water use, environmental quality,
human health and social welfare, which makes it more suited to the political agenda.

e Itallows scope for policy innovation.

e It makes it possible to target more precisely the systems responsible for particular benefits,
which should lead to more effective environmental protection. Effectiveness is increased
through improved use of limited financial resources and better identification of priority
areas for protection, rehabilitation and restoration.

MAINTENANCE OF FUNCTIONAL DIVERSITY

In order to manage water resources in a sustainable way, management strategies should aim
to maintain catchment ecosystem integrity. This is best protected when a diverse range of
environmental functions and their asset values are secured. From an ecological stance, functional
diversity creates variety in responses to environmental change, in particular, variety in the spatial
and temporal scales over which organisms react to each other and to the environment. From
a social science perspective, a policy objective of maximum diversity maintenance serves to
ensure maximum functional capacity and associated functional value in terms of the provision
of goods and services. Implementation of this objective requires the practical coupling of
economic, hydrological and ecological models. The first step is to compile a complete list of
all the relevant boundary conditions for a catchment. These are the characteristic properties
that describe the area in the simplest and most objective terms possible. Examples of such
characteristics include hydrological, biological, chemical and physical features that describe a
catchment, e.g. size, shape, depth climate and other natural processes. These characteristics,
singly or in combination, give rise via processes to benefits, which may be realized currently
or be latent.

The economic worth of catchment ecosystem structure (the plants, animals, soil, air and
water stocks and flows of which it is composed) is generally appreciated more easily than that
of ecosystem processes. Evaluating processes such as nitrogen fixation, nutrient retention,
pollution absorption and others for any given segment of catchment pushes scientific knowledge
to its limits. Therefore, a precautionary approach is required in any catchment management
strategy. It is also evident that there are strong linkages between the types of benefits. For
example, the sound functioning of the catchment ecosystem through efficient nutrient, sediment
and contaminant removal is necessary to ensure clean water. Although each of these benefits
provides a distinct positive value within the overall system, the need to avoid double counting
cannot be overstated.

The diversity of the functions provided by water resources is dependent on the complexity
and diversity of their structures and processes. These provide stability, resistance and recovery
from disturbance and change. Functional diversity provides capacity for environmental-
economic systems to maintain functions under stresses and shocks, building on concepts of
ecosystem integrity and resilience. In this context, integrity can be defined as the maintenance
of system components, the interactions between them, and the resultant behaviour of the
system (King, 1993). Resilience is the capability of the system to maintain stability in the
presence of disturbances (often human-induced), determined by its stability and adaptability.
The maintenance of functional diversity secures a range of water resource structures and
processes, which offers the best protection of the integrity of the water resources and is
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therefore consistent with sustainable management. The diversity concept also encourages
analysts to adopt an extended geographical perspective in the valuation of water resources:
to encompass changes in large-scale processes (hydrological processes of both surface and
groundwater, ecological processes, etc.) together with the socio-economic driving forces that
cause or ameliorate environmental degradation.

The use of the concept of functional diversity highlights the importance of the deterministic
relationship between the structures and processes of a water resource and the functions that
it provides. The structures and processes of water resources can be divided into categories
to enable analysis of the functions provided. According to de Groot (1992), the following
environmental characteristics are relevant:

* bedrock characteristics and geological processes;

* atmospheric properties and climatological processes;

e geomorphological processes and properties;

e hydrological processes and properties;

 soil processes and properties;

* vegetation and habitat characteristics;

e species properties and population dynamics;

e life-community properties and food-chain interactions;

* integrated ecosystem characteristics.

The functions provided by water resources can also be categorized. De Groot (1992)
describes them as follows:

e Regulation functions: the capacity of water resources to regulate ecological processes and
life support systems. These contribute to the maintenance of a healthy environment.

e Carrier functions: provision of space and a suitable substrate or medium for human activities
such as fisheries and recreation.

* Production functions: provision of resources, such as water, food, industrial raw materials,
energy and genetic material.

e Information functions: the contribution to maintenance of mental health through the
provision of opportunities for reflection, spiritual enrichment, cognitive development and
aesthetic experience. In addition, there are unknown functions that are not yet recognized
but may have considerable (potential) benefits to human society.

The quantity and quality of the surface water and groundwater available affect the functions
provided by water resources. The volume of available surface water and groundwater determines
the quantity of water available in the short term. In the long term, it is also influenced by rates
of surface and groundwater recharge and discharge and rates of abstraction. Water quality is
determined in the short term by pollution with natural and artificial contaminants. In the long
term, it is also influenced by environmental processes (such as the attenuation of pollutants
by groundwater processes).

In determining the value of water resource functions there are several issues to consider.

These include:

e The spatial and temporal scale. Water resource processes operate over a range of spatial and
temporal scales; the scales that are appropriate to study the management of one process
may not be suitable for other processes.

e The persistence of the functions of a water resource is dependent on the complexity and
diversity of its structures and processes. The diversity provides resistance and recovery from
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disturbances and capacity for long-term adaptation, as well as being a sensitive indicator
of environmental change.

e Water resources are dynamic in space and time. Change is the normal course of events.
Natural or human-induced disturbances create an interrelated mosaic of change. This
influences water resource processes at large spatial scales.

* Uncertainty and surprise are inevitable. There is much that is not understood about water
resources. Progress will yield some new knowledge, but the complexity and interactions of
non-linear processes means that certain elements of water resources will always be difficult
to predict and that surprise outcomes are inevitable.

The valuation of the functions of water resources implies full knowledge of the goods
and services provided and their worth to society. Table 1 presents a list of goods and services
provided by surface and groundwater, though this is by no means comprehensive. These
are divided into 77 situ and extractive uses of water, following the classification used by the
National Research Council (1997). Some uses are attributed directly to either surface water
(e.g. transport, recreation) or groundwater (e.g. attenuation of pollutants). However, many of
the uses, such as irrigation and drinking-water, are common to both surface and groundwater
owing to discharge/recharge interactions between the two.

As highlighted earlier, the value of water resource structures is generally appreciated more
easily than that of the processes, but even the structures are incompletely known. Valuation of
the species in a catchment, when many of these species have never been described taxonomically,

TABLE 1
A selection of goods and services provided by surface and groundwater
Surface water Groundwater
In-situ uses:
Flood and flow control
Water quality maintenance
Water storage
Medium for wastes and other by-products of human economic activity
Non-use services (e.g. existence or bequest motivation)

On-site observation or study of wildlife and plants for leisure, Prevention of land subsidence

educational and scientific purposes

Recreational swimming, boating, canoeing, fishing, hunting, Mitigation of saltwater intrusion

trapping, and plant gathering
Informal recreation (non-contact activities along a river corridor)
Amenity
Commercial fishing, hunting, trapping, and plant gathering
Habitat for plants, animals and micro-organisms (biodiversity)
Food web support
Climate stabilization / regulation through support of plants
Transport
Hydroelectric power generation,
Storm protection / windbreak
Shoreline stabilization
Extractive uses:
Agricultural: use in irrigation and for livestock

Household: drinking-water, bathing and cleaning

Industrial: use as a coolant, as steam, and
as an input to production process e.g. processing and manufacturing

Horticultural: use in irrigation of gardens and turf
Discharge / recharge:
Groundwater recharge Contribution to stream flow
Improved water quality through support of living organisms Attenuation of contaminants in surface water
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exceeds available knowledge (Westman, 1985). The valuation of processes such as nutrient
retention and pollutant attenuation pushes present scientific knowledge beyond its bounds.
However, the preservation of catchment processes is as important a goal for conservation as is
the preservation of catchment structure. The science of ecology has elucidated water resource
processes to the extent that some management principles are evident, yet much research on
water resource structures and processes is still needed.

STRUCTURES, PROCESSES AND FUNCTIONS OF WATER RESOURCES

The proposed analytical framework employs the concept of functions to link water resource
structures and processes with the goods and services that they provide. Therefore, functions
have environmental, ecological and economic components. The following sections (and Table 2)
provide an overview of some of the more economically significant outputs provided by water

resources.

Hydrological functions

Floodwater control

The floodwater control function of water resources is determined by three sets of variables:
the potential for flooding downstream (which is environmental), the extent to which water

TABLE 2

A selection of catchment ecosystem functions and associated socio-economic benefits

Ecosystem structures and — Function — Socio-economic benefits Threats to the function
processes that provide the of the function
function

Hydrological
Short- and long-term storage —  Floodwater — Natural flood Conversion of land use,
of over bank floodwater and retention protection, drainage, reduction
detention of surface water reduced damage to of storage capacity,
runoff infrastructure (e.g. removal of vegetation

roads), property and
crops

Infiltration of water into the — Groundwater —  Water supply Reduction in recharge
ground followed by percolation recharge rates, overextraction,
to aquifer pollution
Retention of sediment carried — Sediment retention — Improved water quality = Channellization, excess
in suspension by water from and deposition downstream, increased  reduction of sediment
over bank flooding or surface soil fertility on site throughput
runoff

Biogeochemical
Uptake of nutrients (applied as — Nutrient retention ~— Improved water quality = Removal of vegetation,
fertilizers) by plants (N and P), cultivation of soil
storage of nutrients in the soil
(as organic matter and through
absorption)
Flushing through water system — Nutrient export — Improved water quality, Removal of vegetation,
and gaseous export of N waste disposal flow barriers.

Ecological
Provision of sites for — Habitats for species — Fishing, hunting, Overexploitation,
invertebrates, fish, reptiles, (biodiversity) recreational amenities, overcrowding
birds, mammals and landscape tourism and congestion,
structural diversity disturbance of wildlife

pollution, inadequate
management

Biomass production, biomass — Food web support ~ — Agricultural production  Conversion of land use,

import and export via physical
and biological processes

excessive use of inputs
(pollution)

Source: Modified from Turner et al. (1997) and Burbridge (1994).
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resources influence flooding (also environmental), and the damage caused to resources and
structures by potential flooding (economic). The potential for flooding downstream is a product
of the hydrological system: the capacity of the system to transport and absorb increases in
water volume, e.g. through storage in waterbodies. The likelihood of flooding is indicated by
a history of flooding, evidence of past or present flood management, an absence of significant
human activity (buildings and cultivation) adjacent to the river, among other factors.

The extent to which water resources influence flooding downstream is determined by
their hydrological characteristics. Key factors include available additional storage capacity,
the significance of the storage capacity relative to the discharge rate, and the significance of
the reduction in discharge relative to the level of flooding downstream. The storage capacity
may be limited; once this threshold is exceeded, flooding occurs downstream. However, any
water storage that has been provided reduces the magnitude of this flooding. The extent of
flood control is also determined by sequencing with floodwaters from other tributaries. For
example, delay in the discharge of floodwater may exacerbate flooding downstream owing to
synchronization with other tributaries. Large-scale processes also affect flood control. Although
an individual water resource may provide significant flood control, effective flood control is
more commonly provided by a series of catchments (Sather and Smith, 1984).

The economic component of the flood control function concerns the extent of damage due
to the potential flooding that is prevented by flood control. The flood control function is of
value only if potential flooding would threaten goods and services of value to society. Therefore,
the value is determined by goods and services provided by the land and river system in areas
of potential flooding. For example, if flooding is likely to affect forested areas and wetlands,
the damage may be minimal. However, if urban or intensive agricultural land uses are under
threat, damage costs could be considerable and have longer-term implications. Consequently,
the value of flood control is affected by the location, area, depth, timing and duration of any
potential flooding.

The flood control function can also have benefits in terms of control of bank erosion caused
by peak river discharges. This is achieved through the retention and delayed gradual release of
water. Some water resources reduce the velocity of surface water flows continually, not only
during high discharge episodes, further limiting erosion downstream. The value of erosion
control is determined by the extent of potential erosion and its impact on social welfare. For
example, were erosion of a riverbank to result in loss of marginal grazing land, the value of
its control would be low, but if it were to undermine the foundations of a building, the value

would be higher.

Groundwater recharge

The subterranean hydrological system determines the recharge of groundwater by surface
water resources. The extent of this process depends, among other factors, on whether there
is a shortage of groundwater, whether the rate of groundwater extraction exceeds the rate
of recharge, and the contribution that surface water makes to the quantity and quality of
groundwater. As a consequence of the complexities involved, hydrological investigation of the
groundwater system may be required to determine the extent of the recharge function.

Groundwater recharge can have direct and indirect benefits to society, which determine
the value of this function. Direct benefits include provision of groundwater for domestic
or agricultural use. Indirect benefits include maintenance of the water table, prevention of
salinization of groundwater, and attenuation of pollutants. Recharge can also have non-use
value in terms of maintenance of groundwater resources for future generations.



22 Economic valuation of water resources in agriculture

Generation of surface water

Surface water resources provide water for on-site abstraction and sources of seasonal or
continual downstream flow of water. The generation of the surface water function is determined
by the hydrological system, the benefits generated on- and off-site, and the impact that these
have on human welfare. On-site, surface water provides habitats that are reliant on inundation
and resultant anaerobic conditions. It also provides for on-site abstraction of water for domestic,
agricultural and industrial use. Sustainable abstraction requires consideration of the minimum
water requirement for persistence of the water resource and associated habitats. Abstraction
of water beyond this threshold has uncertain consequences and could potentially result in
irreversible damage. The application of safe minimum standards and sustainability constraints
can reduce the likelihood of such an outcome (see Chapter 4). Off-site benefits of surface water
generation are varied. They include maintenance of downstream habitats and species, aesthetic
and recreational benefits, and provision of water for abstraction.

An important aspect of the benefits of surface water abstraction is the degree to which
the system is able to support this activity without suffering damage. There is a minimum
requirement for water in the system if it is to retain its essential ecosystem characteristics and
continue to perform a range of other functions. Economic valuation should take into account
the sustainability of any such consumptive use of water resources and the likely time frame
over which these resources (and possibly, as a result, other functions) might be exhausted.

Biogeochemical functions
Nutrient retention and export

The nutrient retention and export functions of water resources are determined by:

e the location and nature of any adverse effects caused by potential increases in nutrient
concentrations in the water;

* the extent to which increases in nutrient levels are limited by nutrient retention and export
by water resources;

e the impacts that potential increases in nutrient levels have on social welfare (e.g. through
eutrophication of waterbodies, pollution of drinking-water, and damage to fisheries).

Water resources can be involved in both the retention and export of nutrients. They
have a limited capacity to retain nutrients. If subsequent export of nutrients does not occur,
a threshold can be reached beyond which further retention of nutrients may cease. If the
capacity for retention becomes degraded, this can result in greater levels of nutrient release.
Where nutrient retention dominates without subsequent export, the use of critical loads, safe
minimum standards and sustainability constraints can contribute towards management of this
function. In contrast to nutrient retention, export involves the permanent removal of nutrients
from the ecosystem. This can create externalities for the recipient site.

The retention and export of nutrients ameliorates pollution of water with nutrients. This
affects the quality of surface water, and of groundwater through any recharge. The resulting
improvements in water quality can have benefits for the following (Freeman, 1982):

e recreation (e.g. fishing, boating, hiking, and aesthetic appreciation of a view);

e domestic, agricultural and industrial water use (e.g. resultant impacts on human health and
water treatment costs);

e fisheries;

* non-use benefits (associated with the knowledge that water quality and ecosystems are
maintained).
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The divergence between perceived and measured assessments of water quality complicates
valuation of the benefits of nutrient retention and export. Public perceptions of water quality
are determined by more obvious aesthetic characteristics of water, such as discoloration,
turbidity, floating matter, oil on the surface, and odour. These do not necessarily correspond
with chemical and biological measures of water quality. House and Sangster (1991) found that
public assessments of water quality in the United Kingdom were more likely to be influenced
by indicators of 'bad' quality (e.g. protruding rubbish, foam on the surface, unusual smell or
colour) than indicators of 'good' quality (such as the presence of many fish, or the ability to
see the river bed).

Sediment retention

Surface water carries a sediment load of soil particles eroded by runoff from land and from the
banks and beds of watercourses. The sediment is deposited within the surface water system at
points of low flow velocity. On-site, sediment retention can impose costs on the structures and
processes of water resources. Off-site, it confers benefits through reduced sediment loads in
surface water downstream. In-stream, reduced sediment loads can affect the survival of habitats
and species, fisheries, recreation, amenity, and the values of residential property adjacent to
watercourses. It also confers benefits on the capacity of water storage facilities (e.g. reservoirs)
and navigability of waterways.

For extractive water uses, sediment retention reduces the costs of water treatment for
household and industrial use. In irrigated agriculture, it reduces the costs imposed by sediment
load on drainage ditches (through siltation) and irrigation systems (through siltation of canals
and damage to equipment). It also reduces smothering of crops by sediment and sealing of the
surface of the soil by silt particles. Other off-stream benefits include the retention of capacity to
mitigate downstream flooding. However, sediment retention also results in the loss of positive
externalities. Examples include the gains to agricultural productivity from deposition of fertile
sediment and the added cooling capacity provided by sediment load in the use of water as a
coolant for thermal power generation.

Ecological functions

The function of ecosystem maintenance is composed of three processes: provision of overall
habitat structural diversity; provision of microsites; and provision of plant and habitat diversity.
However, it is only through contact with, or concern for, the biological organisms that make
up an ecosystem that economic value is generally derived from ecological functions. Thus,
biodiversity maintenance and anthropogenic export of this biodiversity form the basis for
the valuation of ecological functions. Although biodiversity may derive ultimately from the
processes of biomass production and food web support, and it may be dependent on overall
ecosystem health and habitat structure, these processes are not in themselves of value to
society.

Ecological functions relate primarily to the habitats and species that are associated with
water resources. The habitats and species do not themselves have a direct impact on social
welfare, but they do have an effect through the goods and services that they provide. This is
usually through contact with or concern about species associated with water resources. Figure 3
illustrates typical ecological functions of water resources. Only two of the ecological functions
usually have significant economic value: biomass export through anthropogenic harvesting,
and biodiversity maintenance.
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FIGURE 3
Ecological functions and economic value
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Biomass export through anthropogenic harvesting

The export of biomass through anthropogenic harvesting includes commercial extraction of
resources (e.g. fisheries), harvesting for subsistence (e.g. harvesting berries and reeds), and
recreational activities (e.g. hunting). Sustainability is an important consideration in the analysis
of anthropogenic harvesting. Overharvesting affects the capacity to harvest in the future and
other water resource functions. It can have consequences for future generations. This can be
addressed through the use of sustainability constraints and safe minimum standards.

Maintenance of biodiversity

Biodiversity maintenance has benefits in terms of consumptive and non-consumptive use
and non-use. Consumptive use of biodiversity is included in export of biomass through
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anthropogenic harvesting, described above. Non-consumptive uses of biodiversity include
aesthetic benefits such as bird watching and enjoyment of scenic beauty. In terms of non-use
values, society may value the existence of a water resource, or unique habitats or endangered
species that are associated with the water resource. Value may be placed on the current existence
of these or their preservation for future generations. Such non-use value can be indicated by
an official designation as a protected area. Similarly, evidence of current or past projects to
enhance or protect ecological features can indicate use or non-use value.

The dependence of biodiversity on the water resource determines the extent to which
the value of biodiversity maintenance can be attributed to a water resource. Species may be
only partially reliant on the habitats provided. There is uncertainty partlcularly concerning
the consequences of loss of biodiversity. Loss of habitats and species may be irreversible,
and the consequences for ecosystem stability and provision of functions in the present and
in the future unknown. Threats to biodiversity also raise moral and ethical issues relating
to intergenerational equity. Therefore, management of biodiversity entails considerations of
sustainability constraints, preservation of critical natural capital, and the maintenance of safe
minimum standards for species and habitats.

AN INTEGRATED APPROACH TO ASSESSMENT

As well as economic consequences, resource allocation decisions have social, cultural and
political consequences for society. Similarly, the actions of individuals are determined not only
by economic factors, but also by peer expectations, social and cultural norms and political
pressures. Therefore, thorough evaluation of water allocation options involves consideration
of the full impacts, both non-economic and economic. This requires a multidisciplinary
approach. This can be achieved through the use of a framework for integrated assessment. The
framework proposed here provides assessment from multiple perspectives (e.g. environmental,
economic and social) and also offers synergistic benefits from the combined efforts of experts
of different disciplines, decision-makers and other stakeholders. Integrated assessment is
particularly suited to complex problems that offer a number of interrelated options. Rotmans
et al. (1996) describe integrated assessment as: “an interdisciplinary process of combining,
interpreting and communicating knowledge from diverse scientific disciplines in such a way
that the whole cause—effect chain of a problem can be evaluated from a synoptic perspective
with two characteristics: (i) integrated assessment should have value added compared to single
disciplinary oriented assessment; (ii) integrated assessment should provide useful information
to decision makers.”

There are three characteristics, highlighted above, that are essential to integrated
environmental assessment (IEA). First, integrated assessment is a team-based process undertaken
by experts, decision-makers, and in its most inclusionary form, other stakeholders. This adds
to the demands of the assessment (Turner, 2000). Second, successful integrated assessment is
reliant on effective communication. In addition to communication between experts of different
disciplines, effective communication is required between experts, decision-makers and other
stakeholders involved in the assessment. Decision-makers should be involved continually
in this process so that any assessment is scoped appropriately. Furthermore, any assessment
process involves some subjective judgements. If these judgements influence outcomes in a
major way, they should be made transparent to the users of the evaluation. In addition, most
complex decision contexts are beset by inevitable scientific uncertainties and risks, and the
involvement of lay decision-makers in discussions about these uncertainties and risks can
help in the formation of copmg strategies such as the adoption of the precautionary principle
approach, or use of safe minimum standards (see Chapter 4).
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Adoption right from the start of an interactive, participatory and more inclusionary bottom-
up approach that involves decision-makers, experts and other stakeholders is beneficial for a
number of reasons:

Tt helps to elicit public perception of problems and possible solutions, which may contrast
with expert judgement, and therefore ensures that decisions focus on real world problems
and misconceptions. IEA can also be seen as a dialogue bringing together the knowledge
and experiences of decision-makers, experts, interest groups and lay public.

® Proper involvement of all stakeholders facilitates social learning, identifying inter alia the
distributional impacts and thereby maximizing the chances of eventual consensus.

Such a participatory approach is also in line with the requirements of the 'institutional
principle' articulated in the Dublin Statement (1992). It is also a core component of the
prevailing international consensus over policy for water resources management (ICWE,
1992). In summary, IEA is a continuous process that is conditioned by a policy and/or
management context and characterized by its cyclical nature with multiple feedback effects
and requirements. The process is enabled via team-based interdisciplinary/multidisciplinary
research, utilizing a toolbox of complementary analytical methods and techniques. Evaluations
are best carried out on a mixed methodological basis (Brouwer, Turner and Georgiou, 2001).
Although it is important that the different contributing disciplines have some knowledge about
the methodology and approaches to scientific investigation of one another, this is not a critical
issue. The more significant issue is that all contributors to IEA maximize their knowledge
of the policy/management context at issue (Harremoés and Turner, 2001). Each contributor
should also be prepared to contribute consciously to the dialogues that must take place if IEA
is to be socially relevant (Figure 4).

In order to succeed in the real world, integration needs to be less a process of comprehensively
including all possible parameters and more a focused process seeking to identify, quantify,
evaluate and monitor key parameters (Harremoés and Turner, 2001). It also is a process that
puts a premium on the efficient collection, monitoring and analysis of relevant and appropriately
scaled data (Figure 5).

FIGURE 4
IEA as a continuous process and dialogue
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FIGURE 5
Towards integrated models and analysis
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Integrated modelling and management process

In order to fully achieve integrated assessment, the analyst has to undertake the following
steps:

1. On at least the catchment scale, determine the causes of water and ecosystem degradation/
loss in order to improve understanding of socio-economic impacts on ecosystem processes
and attributes, e.g. with the aid of the auditing framework of drivers, pressures, states,
impacts and responses (DPSIR).

2. Assess the full ecological damage caused by water and ecosystem quality decline and/or
loss.

3. Assess the human welfare significance of such changes, via determination of changes in
the composition of the water resource and ecosystem, evaluation of ecosystem functions,
provision of potential benefits of these functions in terms of goods and services, and
consequent impacts on the well-being of humans who derive use or non-use benefits from
such a provision.

4. Formulate practicable indicators of environmental change and sustainable utilization of
water resources and associated ecosystems (within the DPSIR framework).

5. Carry out evaluation analysis using monetary and non-monetary indicators (via a range
of methods and techniques, including systems analysis) of alternative water usage and
ecosystem change scenarios.

6. Assess alternative water uses and ecosystem conversions/developments together with
conservation management policies.

7. Present resource managers and policy-makers with the relevant policy response options.
The steps presented here encompass the provision of transparent, meaningful and useful
information. This system can support and link decision-making at different spatial and time

scales with the objective of fostering the protection and sustainable management of natural
resources.

Scoping and problem auditing

A complete appraisal of water-related projects, programmes or courses of action requires a
comprehensive assessment of water resources and supporting ecosystems. The DPSIR auditing
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FIGURE 6
DPSIR framework: continuous feedback process
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framework (see Figure 6) is recommended as the basis for any such assessment in either its
full or 'reduced' form. This framework provides a conceptual connection between ecosystem
change and the driving forces of such change, together with the effects of change (impacts and
their distribution) on human welfare. Policy-response feedback effects can also be incorporated
into the framework. The formulation of such a framework is a useful scoping procedure even
where data sets are deficient.

Identification of appropriate evaluation criteria

Managed ecosystems are in an almost constant state of flux as the natural processes and systems
react to human management interventions, which in turn, subject to various lags, produce more
human interventions, i.e. a coevolutionary process characterized by continuous feedback effects.
Therefore, it is important to be able to assess the impact of alternative sets of management
actions or strategies in order to judge their social acceptability against a range of criteria such
as environmental effectiveness, economic efficiency and fairness across different stakeholder
interests (including different generations). Evaluation methods and techniques have to be
matched with the chosen evaluation criteria. The socio-cultural and historical contexts in which



Chapter 2 — A framework for interdisciplinary analysis of water resources 29

environmental assets exist also provide for alternative aspects of environmental value that the
market paradigm may not capture. Moreover, if the “deep ecology” worldview is adopted,
nature possesses “intrinsic value”, which exists regardless of human use or appreciation.

Data collection and monitoring via indicators

The data required for monitoring environmental change can be conveniently classified in
terms of three dimensions of value (outlined in Chapter 4): primary/glue value possessed
by ecosystems; TEV assigned to ecosystem functions; and the social-cultural, historical and
symbolic value inherent in some environmental assets.

Primary value data and indicators

Primary value data collection should be based on the overall system and ecosystem integrity in
terms of structure, composition and functioning. Both quantitative and qualitative descriptive
indicators of ecosystem integrity are required because of the level of uncertainty that surrounds
the scientific understanding of how complex systems work. This lack of knowledge also means
that a precautionary approach to ecosystem conservation is recommended, with normative
benchmarks to assess the sustainability of systems and management regimes.

The effect of pressures exerted by human activities on ecosystems can be measured by
defining the relevant indicator spheres for ecosystem structure, composition and functioning.
This breakdown, first proposed in the context of biodiversity assessment techniques, can be
used to organize the indicator sets that cover three interrelated aspects of ecosystems: landscape,
water regime and biodiversity. This holistic approach focuses on the interdependency and
compatibility within and between indicator sets across different scales.

Total economic value data

Both the socio-economic and natural scientific aspects of ecosystem integrity are integral to
the approach presented here. The environmental indicators must be analysed and evaluated
vis-a-vis the social context in which they arise. This context includes the institutional, political,
socio-cultural and spatial/temporal scales, as well as the economic circumstances through which
environmental change occurs and is monitored.

Key issues and ecological principles relating to the functioning of ecosystems and the
assignment of values to ecosystem structure and functions that must be considered include:

e the spatial and temporal scale of ecological processes;
e the structure, complexity and diversity that underlie ecosystem functions;
* the dynamic (in space and time) nature of ecosystems;

e the uncertainty associated with ecosystems.

The essence of an overall socio-economic evaluation is to determine how society is affected
by the functions that an ecosystem performs, and by changes in that ecosystem functioning.
The key to valuing a change in an ecosystem function is establishing the link between that
function and some service flow valued by people. Where that link can be established, then
the concept of derived demand can be applied (see Chapter 4). The value of a change in an
ecosystem function can be derived from the change in the value of the ecosystem service flow
it supports. However, the multifunctional characteristic of ecosystems makes comprehensive
estimation of every function and linkages between them difficult. For example, it will be
necessary to assess features of socio-economic activities and behaviour, and how these respond
to changes in ecosystem functioning.
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Socio-cultural, symbolic value data

The task of sustainable management can be defined as sustainable utilization of the multiple
goods and services generated by ecosystems, together with the 'socially equitable' distribution
of welfare gains and losses inherent in such usage. However, the social welfare account includes
not only economic welfare stocks and flows but also changes in properties, such as sense of
identity, cultural and historical significance of ecosystem components and overall landscapes.
Compiling data values in this context is likely to be more of a qualitative exercise, involving
deliberative and inclusionary interest group approaches such as consensus conferences, citizen
juries and focus group interviewing. Different cultural views on social relations are then assumed
to give rise to different degrees of support for alternative decision-making procedures and the
underlying valuations elicited via the social discourse process (O’Riordan and Ward, 1997;
Brouwer et al., 1999).

Assessment of the options under consideration by decision-makers

A combination of quantitative and qualitative research methods is advocated in order to generate
ablend of different types of policy relevant information. This applies to both the biophysical
assessment of management options and the evaluation of the welfare gains and losses people
perceive to be associated with environmental changes and management responses. The main
generic approaches that can form the methodological basis for strategic options appraisal
are:

e stakeholder analysis;

e cost—effectiveness analysis;

e extended cost-benefit analysis and risk—benefit analysis;
e social discourse analysis;

e multicriteria analysis.

Itis recognized that complete adoption of such a procedure requires institutional, financial
and scientific capacity that may not be feasible in all countries. Therefore, the aim should
be to move iteratively over time from a 'reduced form' procedure towards a comprehensive
assessment. However, certain elements are fundamental, i.e. adoption of the catchment as
the minimum scale for analysis; recognition of the importance of the functional approach to
water resources and water uses; the need for a scoping exercise (DPSIR) which encompasses
distributional impacts; and the acceptance of economic principles for water valuation, albeit
constrained by cultural, political and other factors.

Box 1 presents several of the more important aspects of any integrated economic assessment
of water resources and catchment ecosystems that require consideration in agricultural
development project appraisal. Such assessment is suggested as a minimum requirement for
enabling a credible and pragmatic decision-support tool.

Core principles for integrated assessment

The framework advocated in this report for the integrated assessment of water allocation options
is based on six principles. Combined together, these principles provide the foundations for a
thorough and powerful analysis of key issues related to agricultural use of water.

The first pr1nc1ple is that of economic efficiency and cost-benefit analysis. In an
environment of increasing water scarcity, the allocation of water should be at least informed,
if not guided (for political reasons) by the full economic value of water in its various uses. When
determining the efficiency of water use, as many costs (e.g. destruction of wetlands through
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BOX 1
IMPORTANT ASPECTS OF IEA OF WATER RESOURCES AND CATCHMENT ECOSYSTEMS

¢ Problem orientation — using DPSIR auditing framework: Any analysis should take account of the
prevailing political economy context, equity issues and possible 'stakeholders' (i.e. stakeholder
mapping). Data inadequacies must be acknowledged and recommendations made conditional
upon these limitations.

¢ Typology: A useful common terminology regards 'functions' as relationships within and between
natural systems; 'uses' refer to use and potential use, non-use interactions also occur between
humans and natural systems; and 'values' refer to human preferences for a range of natural or
non-natural objects and attributes.

e Thresholds and scenarios of ecosystem change: Thresholds relate to the scale and frequency of
impacts on ecosystems. Their occurrence can be presented in a simple three-part classification: no
discernible effects; discernible effects; discernible effects that influence economic welfare.

e Economic valuation: Three broad settings for understanding the catchment approach are:
impact assessment; partial analysis; and total valuation. For each function or impact, a number
of techniques exist for attributing economic value to environmental benefits. Systems analysis and
multicriteria evaluation methods can be used to complement economic cost-benefit analysis.

e Scale: The catchment should be the preferred spatial unit for assessing physical variables, with
possible zoning within this. Nevertheless, catchmentwide management and appraisal is not
necessary in all cases. In terms of benefit estimation, the minimum scale is determined by the
relevant population affected by any impacts. The temporal scale of analysis is also fundamentally
important.

e Transferability (spatial and temporal): Transfer of previous assessment results and benefit estimates
is often the most cost-effective and rapid procedure for an assessment. However, transfer of data
on scientific results and economic benefits is problematic. Accuracy of benefits transfer may be
improved if it is based on scientific variables divided into components according to processes,
functions, and 'state variables'.

e Integrated assessment requirement: Integrated assessment is carried out as a continuous “process”,
which is conditioned by a policy and/or management context and characterized by its cyclical
nature with multiple feedback effects and requirements. The process is enabled via team-based
interdisciplinary/multidisciplinary research, utilizing a toolbox of complementary analytical methods
and techniques.

overextraction of water) and benefits (e.g. purification of water through groundwater recharge
by using household wastewater for irrigation) of water use as feasible need to be considered.
The value of water to a user is the cost of obtaining the water plus the opportunity cost. The
latter is given by the willingness to pay for the water in the next best alternative use (in terms
of social welfare). For goods and services that are marketed, economic value can be determined
using market prices. Methods are available that provide proxy estimates of value for goods and
services that are not marketed, although apphcatlon of many of these is sometimes problematic
in the context of developmg countries. Water pricing remains a complex process with its own
'political economy' arising from the set of legal, institutional and cultural constraints that
condition water resource allocation and management in all countries. Economic efficiency as
an objective will often have to be traded off against other decision criteria, but it will gain in
significance as the full social costs of water service provision escalate.

The second principle is that of integrated analysis. The allocation of water has social,
cultural, political and economic impacts on society. Therefore, for it to be sufficient, assessment
of water allocation options is required to assess these multiple impacts and interactions between
them. This entails a shift away from a more simplistic and narrow sectoral view to a wider,
more holistic perspective that encompasses relevant prevailing economic, social, cultural and
political processes. Such an approach is provided by the proposed framework for integrated
assessment.
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The third principle is that of an extended spatial and temporal perspective. The volume
and quality of water supplies and the functions that they provide are determined by the
abstraction of water, recharge of water resources and processes of the hydrological system. The
thorough assessment of options for water allocation entails consideration of these processes and,
therefore, requires the adoption of an extended geographical perspective. Such a perspective
incorporates surface water processes at the catchment scale, groundwater processes at the aquifer
scale, interactions between surface water and groundwater, and socio-economic drivers in the
wider environment that affect water resources. Sustainability of water resources also requires
a longer, i.e. intergenerational, time scale for planning and management, with due regard for
precautionary motivations.

The fourth principle is that of functional diversity maintenance. Water resources provide
many environmental goods and services that are of economic benefit to society (e.g. the amenity
and recreational value of wetland sites, maintenance of biodiversity in surface water systems,
purification of water through aquifer recharge). Diversity in the environmental functions
provided by water resources contributes to the stability of the associated ecosystems and to
the capacity of the ecosystems to recover from stresses and shocks and to maintain integrity
while allowing the continued provision of goods and services. Therefore, maintenance of
functional diversity is key to sustainable water resource management. This is fostered through
the adoption of a functional perspective in integrated assessment, which indicates to decision-
makers the diversity of existing environmental water resource functions and potential impacts
on these of changes in water allocation.

The fifth principle is that of long-term planning and precaution. The criterion of
sustainable water use (in terms of quantity and quality) should supplant short-term expediency.
In terms of quantity, sustainability requires that current water abstractions should not impose
costs upon future generations. The quantity of water that is available for use in any particular
period is equal to effective runoff, i.e. the difference between total precipitation and the amount
lost through evapotranspiration, plus the stock of freshwater (water stored on the surface
or underground). The sustainability rule (at least at the national level) is that water demand
should be met out of effective runoff only (Dubourg, 1992). From the quality perspective,
sustainability requires that water quality be non-declining over time. However, the concept
of desirable water quality is complex, ambiguous and varies between time and place, making
this rule difficult to operationalize. Hence, except in cases where effluent levels exceed critical
loads, sustainability arguments cannot be used as a justification for improving water quality.

The sixth principle is that of inclusion. Interactive, participatory and inclusionary
approaches involving decision-makers, experts and other stakeholders help ensure that decisions
focus on real world problems, and that possible solutions are elicited using the combined
knowledge and experiences of decision-makers, experts, interest groups and the lay public.
They also assist in identifying distributional concerns and increase the chance of achieving
consensus on proposed solutions.

Complete adoption of these principles requires resources and capacity that may not be
available. However, a feasible objective is to move gradually from a narrow and reduced form
of assessment towards a wider and more comprehensive form. The framework for integrated
assessment presented here provides such a decision-support system, which is thorough, credible
and pragmatic. Figure 7 sets out the generic stages of an IEA. Based on appropriate scales of
analysis, the DPSIR auditing and scoping framework is deployed to highlight the main causal
mechanisms that underlie the pressure being placed on water resources.

Scenario analysis can play a useful role in sustainability planning and recognition of policy
options. Explicit focus is required on the distributional consequences of water allocations,
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FIGURE 7
Strategic decision-support process: an integrated assessment approach
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together with “coping” strategies for greater stakeholder inclusion in the decision-making
process. At the project, policy or programme level, economic appraisal, suitably modified by
ecological sustainability principles, must be applied in a rigorous fashion in order to assist in
the identification of the preferred policy options set. Finally, monitoring and feedback systems
require adequate resources in order to guide the evolution of policy/management options.

The evaluation framework and decision-support system proposed in this document are
consistent with the sustainable water resource management approach advocated by the World
Bank (1993). The adoption of this framework facilitates the consideration of relationships
between the ecosystem and socio-economic activities on an extended geographical scale. It
takes into consideration social, environmental and economic objectives and the views of all
stakeholders. The advantages of such an approach are that it:

e provides improved assessment of both short- and long-term demands for water in an
economically efficient manner;

* integrates activities and objectives that are not always feasible in separate approaches;

* enhances management of resources in terms of environmental issues;
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 reduces costs through economies of scale;
e identifies efficient solutions to water quality and pollution problems;
e facilitates a consensus among the riparians, thereby reducing tensions and conflicts;

e provides a means to assure equity and participation of beneficiaries and those affected by
development;

* can adjust to changing priorities;
* can be used to prepare for emergencies such as drought and floods;

e provides a base for research and knowledge accumulation.

Full deployment of such an approach has yet to be undertaken in practice. However, many
of its elements (using some of the methods and techniques described in Chapters 3 and 4)
have been deployed in a study on at the Maipo river basin in Chile (Rosegrant ez al., 2000).
The study illustrates how useful such an approach can potentially be in analysing policy and
water allocation at the catchment scale, and in delivering improvements in the allocation and
efficiency of water use, especially in the agriculture sector. The study introduces an integrated
economic-hydrological modelling framework that accounts for the interactions between water
allocation, farmer input choice, agrlcultural productivity, non- agrlcultural water demand, and
resource degradation in order to estimate the social and economic gains from improvement in
the allocation and efficiency of water use.

The framework is applied to the Maipo river basin, an area characterized by a very dynamic
agriculture sector and rapidly growing industrial and urban sectors. Although agriculture
accounts for 64 percent of total withdrawals at the offtake level in the river basin, the irrigated
area has been declining gradually owing to increasing domestic and industrial demand for
water and land resources. It is hoped to meet the increase in domestic water demand through
improved use of existing water rights, the purchase of additional rights from irrigation districts,
and additional extraction of groundwater. However, the municipal water company has been
unable to purchase sufficient shares from irrigation districts, and both industry and agriculture
are competing for groundwater sources at levels above the recharge capacity of local aquifers.
Increasing competition for water in the basin has given rise to growing pollution problems,
while at the same time room for improvement in the areas of water rights for environmental
and hydropower uses has become apparent.

The river basin modelling system incorporates a node-link network, based on linkages
between: source nodes, such as rivers, reservoirs, and groundwater aquifers; and demand
nodes, such as irrigation fields, industrial plants, and households. The modelling framework
includes the following components:

e A hydrologic model based on a previous successfully applied model and adapted to the
Chilean context. The major hydrologic relations/processes represented through mathematical
expression in the model include: flow transport and balance from river outlets/reservoirs
to crop fields or municipal and industrial (M&I) demand sites; salt transport and balance
from river outlets/reservoirs to irrigated crop fields; return flows from irrigated and urban
areas; interaction between surface water and groundwater; evapotranspiration in irrigated
areas, and hydropower generation as well as physical bounds on storage, flows, diversions
and salt concentrations.

* An economic optimization model developed in order to estimate the economic returns
to water uses, including irrigation, hydropower and M&I uses. The optimization model
includes simulation components, in which hydrologic flow and salinity balance and
transport are simulated endogenously, while an external cropwater simulation model is
used to estimate the crop yield function, with water, salinity and irrigation technology
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as variables. The optimization model considers in-stream water uses, including flows
for waste dilution and hydropower generation, as well as off-stream uses, such as water
diversion for agriculture and M&I water uses. The valuation of these uses is implemented
in a unified economic objective function, constrained by hydrologic, environmental and
institutional relations. Water demand is estimated endogenously within the model using
empirical agronomic production functions (yield versus water, irrigation technology, and
salinity) and an M&I water demand function based on a market inverse demand function.
The determination of water supply is given by the hydrological water balance in the river
basin with extension to the irrigated crop fields at each irrigation demand site. Water
demand and supply are then integrated into an endogenous system and balanced using the
maximization of the benefits from water use including irrigation, hydropower and M&I
benefits as the economic objective. Water quantity and quality in terms of salinity are both
simulated in the model. By explicitly calculating the salt concentration in the return flow
from irrigated agriculture, this allows endogenous consideration of this externality with
respect to upstream and downstream irrigation districts.

The resultant model is first used to estimate a basin-optimizing (“baseline”) solution in which
no water right is set up and where water withdrawals to demand sites depend on their respective
demands with the objective of maximizing basin benefits. The model is then extended to allow
for a realistic representation and analysis of water markets. In particular: water trading in the
basin is constrained by the hydrologic balance in the river basin network; water is traded taking
account of the physical and technical constraints of the various demand sites, reflecting their
relative profitability in trading prices; water trades reflect the relative seasonal water scarcity
in the basin that is influenced by both basin inflows and the cropping pattern in agricultural
demand sites; and negative externalities, such as increased salinity in downstream reaches owing
to incremental irrigation water withdrawals upstream, are endogenous to the model framework.
To extend the model for water tradlng analysis, a shadow price—water withdrawal relationship
is determined for each demand site using regression analysis on water withdrawals and shadow
prices derived from the water balance equations. Water rights are allocated proportionally to
total inflows based on historical withdrawals for M&I areas and on the harvested (irrigated)
area for agricultural demand sites. The water right refers to surface water only. To determine
the lower bound for profits from water trade by demand site, the model is solved initially for
the case of water rights without trading. The regression relationships of shadow price versus
water withdrawal for all agricultural and M&I demand sites, the water rights, and other water
trading related constraints are then all finally added to the basin model. The trading price for
each demand site is assumed equal to its shadow price for water. Solving the resultant model
determines the water trading price and the volume of water bought and sold by demand site.
Trades are allowed on a monthly basis and throughout the basin, while transactions costs are
assumed to be incurred by both buyer and seller.

Three scenarios are analysed to assess the impacts of water trading. These include: a baseline
in which an omniscient decision-maker optimizes benefits for the entire basin; water rights with
no trading permitted; and water rights with trading. The model results show the benefits of
water rights trading, with water moving into higher valued agricultural and M&I uses. The net
profits in irrigated agriculture increase substantially compared to the case of proportional use
rights for demand sites. It is found that agricultural production does not decline significantly.
Indeed, net benefits for irrigation districts can be even higher than for the basin optimizing
case, as farmers reap substantial benefits from selling their unused water rights to M&I areas
in months with little or no crop production. Finally, it is found that reducing transaction costs
increases both the amount of trading and the benefits therefrom.
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Chapter 3
Economics of water allocation

Economics studies the allocation of scarce resources in society as a means of satisfying human
wants or desires. In doing so, it takes into account the availability of resources, methods for
the production of goods and services, their exchange, and the distribution of income within
society. Economics is anthropocentric, and as such provides useful tools that can support
decision-making. However, decisions concerning water allocations are guided not only by
concerns of economic efficiency but also considerations of equity, environmental protection
and social and political factors, to name but a few. This chapter focuses on the issues considered
and tools used in the analysis of economic efficiency as the primary objective of water resource
allocation.

ECONOMIC APPRAISAL AND ALLOCATION OF WATER

Given its fundamental preoccupation with scarcity, economics defines the conditions required
to secure the most efficient allocation of scarce resources in a variety of contexts.

Water resources provide important commodity and environmental benefits to society. Any
particular use of water will be associated with opportunity costs, which are the benefits foregone
from possible alternative uses of the resource. Decision-makers are faced with balancing, for
example, water demands from agricultural irrigation for food production with the desire to
preserve wetlands for fish and wildlife habitat. Economics contributes towards improved
allocations by informing decision-makers of the full social costs of water use and the full social
benefits of the goods and services that water provides.

The main approaches that form the methodological basis for strategic economic appraisal
are cost—benefit analysis and cost—effectiveness analysis.

Cost-benefit analysis

Cost-benefit analysis is carried out in order to compare the economic efficiency implication
of alternative actions. The benefits from an action are contrasted with the associated costs
(including the opportunity costs) within a common analytical framework. The benefits and
costs are usually measured physically in widely differing units; comparison is enabled through
use of the common numeraire of money. The benefits and costs of each option are determined
relative to the common scenario that would prevail if no action were taken. The net benefit of
each option is given by the difference between the costs and benefits. The most economically
efficient option is that with the highest present value of net benefit, i.e. net present value
(NPV); economic efficiency requires selection of the option with maximum NPV. Options
are economically viable only where the NPV that they generate is positive.

Cost—benefit analysis provides a rational and systematic framework for assessing alternative
management and policy options. It entails identification and economic valuation of all positive
and negative effects of alternative options. This involves the translation of all benefits and costs
into monetary terms, including where possible, non-marketed environmental, social and other
impacts. It is based on the underlying assumption that individual preferences should determine
the allocation of resources among competing uses in society.
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Selection of cost-benefit analysis as a decision-support tool is at the discretion of analysts
and policy- and decision-makers. It is the responsibility of analysts to ensure that the underlying
assumptions of a cost-benefit analysis are appropriate to a specific situation and that the results
are valid and reliable. Cost-benefit analysis reflects a specific paradigm that is considered more
or less appropriate in different domains of decision-making. The appropriateness depends on
culturally determined beliefs, norms and values, regarding, for example, the legitimacy of the
social-political organization of decision-making, public consultation and the process of value
elicitation.

Cost—effectiveness analysis

Cost—effectiveness analysis (also known as least cost analysis) is used to identify the most
cost-effective option for achieving a pre-set objective or criterion. The relevant objective is set,
options for achieving it are identified, and the most cost-effective option is identified as that
with the lowest present value of costs. It is assumed implicitly that the benefits of meeting the
goal outweigh the cost and that the action is therefore economically viable.

Cost—effectiveness analysis is suitable for use in situations where valid and reliable estimation
of the benefits of alternative options is not feasible. This is particularly relevant to actions
that involve environmental change. Instead of attempting to identify and value the benefits,
the most cost-effective means of achieving a desired objective is identified. For example,
cost—effectiveness analysis is suited to situations where clear and defensible conservation
targets or other environmental goals exist that can be measured in terms of biophysical units
such as minimum water quality standards. It can also be used to identify the most effective
option for a fixed amount of funding that has been allocated to achieve a policy objective. The
drawback of cost—effectiveness analysis is that it does not identify the benefits of actions or the
willingness of society to pay for improvements in environmental quality, which are important
considerations in many decision contexts. For these reasons, cost-benefit analysis is, where
practicable, the preferred tool for decision support.

Economically efficient allocation: the theory

The focus on economic efficiency as the primary objective in the development and allocation
of water resources is because of its importance as a social objective; efficiency values having
viable meaning in resolving conflicts and assessing the opportunity costs of pursuing alternative
uses (Young, 1996). Although economically efficient allocation of irrigation water is rarely
attained in practice, analysis of economic efficiency provides a useful point of reference for
understanding causes of inefficient allocation and mechanisms for improving the overall
economic performance of irrigated production.

At the outset, economic efficiency needs to be distinguished from the various technical
definitions of efficiencies associated with irrigation (Perry and Kite, 2003; Seckler, Molder and
Sakthivadive, 2003). However the two types of efficiency are related in the sense that both seak
to maximize the productivity of water in terms of output per cubic metre of water.

Economically efficient allocation of water is desirable to the extent that it maximizes the
welfare that society obtains from available water resources. Welfare in this context refers to the
economic well-being of society and is determined by the aggregate well-being of its individual
citizens. Economically efficient allocation maximizes the value of water across all sectors of
the economy. This is achieved through the allocation of water to uses that are of high value
to society and away from uses with low value. Efficient allocation occurs in a competitive,
freely functioning market when supply is in equilibrium with demand. Under these conditions,
the marginal cost of the supply of water (the cost of supplying an additional unit) is equal to
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the marginal benefit of the use of water (i.e. the benefit of goods and services provided by an
additional unit of water). The marginal benefit and marginal cost are the same across all uses
and equate with the market price. However, where there are distortionary constraints, such as
subsidies or taxes, the maximization procedure will result in a second-best efficient allocation
(Tsur and Dinar, 1997).

A feature of economically efficient allocation is that no reallocation can make anyone
better off without making at least on person worse off, a condition that is described as “Pareto
optimal”. The relative efficiency of alternative allocations can be analysed with respect to
this, i.e. in terms of whether they provide a “Pareto improvement”. A change in allocation is
considered desirable if at least one person gains in welfare and no one loses. However, this
criterion proves too stringent in practice as few changes can be made in the real world that
do not reduce the well-being of others. For this reason, an adaptation is usually employed,;
this is described as a 'potential Pareto improvement' or the Kaldor-Hicks criterion. A change
in allocation is considered desirable if those individuals who gain from the change can
hypothetically compensate those who lose and still be better off than they were previously. It
is anticipated that compensation does not take place, owing to difficulties of identifying and
compensating all necessary individuals. The criterion of potential Pareto improvement forms
the basis of cost-benefit analysis, which is used to analyse the relative economic efficiency of
alternative courses of action (e.g. water allocations, and new irrigation schemes).

Although economic efficiency is an important factor, there are additional economic issues
that decision-makers need to consider. Two of these issues are the distribution of costs and
benefits across society and their distribution across generations. In terms of the former, neither
the equity implications of an allocation nor the equity of the prevailing distribution of wealth are
considered in analysis of economic efficiency (van Kooten and Bulte, 2000). Focusing first on
the equity implications of an allocation, costs and benefits are usually specified using values that
are representative of the whole of society (based, for example, on a random sample). However,
the costs and benefits may not be borne equally by society; they may be concentrated in specific
geographical areas. These differences may also correlate with differences in income borne by
sections of society: environmental costs (e.g. costs imposed by polluted water supplies) are
often borne disproportionately by low-income sections of society (NMI and NOAA, 2001).
Such disparities can be incorporated into analysis through studies of costs and benefits for
separate sections of society (NMI and NOAA, 2001), though this adds to the information
requirements and the demands of the analysis.

The prevailing distribution of wealth is usually assumed to be a given in analysis of economic
efﬁc1ency Equal Welght is given 1mp1101tly to costs and benefits experienced by all members
of society. However, circumstances arise where it is socially desirable to alter the distribution
of wealth in the pursuit of greater equity. This can be incorporated into the analysis through
the use of distributional weights. Weights are assigned to costs and benefits according to the
section of society that they accrue to and the desired redistribution of wealth. For example, high
weights can be applied to benefits that accrue to poor sections of society and low weights to
benefits for the rich. Application of this procedure is challenging because of the difficulties of
identifying the distribution of costs and benefits within society and of specifying appropriate
weights, which is subjective. In the past, it has usually been considered more appropriate
for decision-makers to consider prevailing inequalities separately from analysis of economic
efficiency.

In terms of equity in the distribution of costs and benefits over time, it is argued that
economic analysis commonly favours consumption in the present at the expense of future
generations. Analysis of economic efficiency addresses the distribution of costs and benefits
over time through the use of discounting: all costs and benefits are converted into present values
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using a rate of time preference (discount rate) (discussed further in Chapter 4). The discount
rate used is intended to represent society’s preference for consumption in the present over
the future. The rate is commonly prescribed by government agencies and is typically positive
and less than private discount rates. On the one hand, it can be argued that government has
a responsibility for the interests of both current and future generations and that it sets the
social discount rate accordingly. One the other hand, it is argued that the rates used are too
high, placing low weight on consumption in the future and discriminating against future
generations (NMI and NOAA, 2001). A further argument concerns the use of a zero discount
rate, which would place equal weight on the interests of all generations. However, its application
would result in rejection of all use of non-renewable resources (e.g. oil) or any irreversible
developments (e.g. construction of dams). It could also result in rejection of investments that
might be of great value to future generations, through creation of wealth or new technologies
(NMIand NOAA, 2001). Concerns about future generations can be addressed better if they are
considered separately from analysis of economic efficiency, through, for example, application
of safe minimum standards (Chapter 4).

Reasons for inefficient allocation

Although water resources perform many functions and have important socio-economic values,
water is in many respects a classic non-marketed resource. Even in its use as a tradeable
commodity, market prices are not generally available. The reasons why water has no price are
often related to the historical, socio-cultural and institutional context in which water is used
and managed (e.g. the return of water use rights for groundwater or surface water on farmers’
land). In addition, although water can be captured and shared, water flows can also be recycled.
This often makes it difficult to break water down into marketable proportions.

An important cause of this economically inefficient water use (where costs outweigh
benefits) is the failure of institutions involvement with the allocation and management of
water. 'Failure' refers here to institutions where 'they induce or favour decisions that lead
society away or prevent society from achieving socially optimal resource allocations' (OECD,
1994). Sources of institutional failure include markets, policies, and political and administrative
factors. They derive from a fundamental failure of information or lack of understanding of the
multitude of values that may be associated with water resources (Turner and Jones, 1991).

Market failure

Although markets can achieve economically efficient allocation, they are commonly unable
to do so. Described as market failure, this occurs through an 'inability of the market to lead
the economic process towards the social optimum' (OECD, 1994). Market failure can occur
through the non-existence of markets (for externalities and public goods), their failure to
communicate necessary information (the social discount rate, society’s attitude towards risk and
uncertainty), restricted operation of markets (under a monopoly), and inadequate institutions
or regulations (absence or non-enforcement of property rights).

Activities can impose losses or gains in welfare on individuals other than those engaged
in the activities. If these losses or gains go uncompensated or unpaid for, they are described
as externalities (negative and positive, respectively). Externalities are not incorporated into
market prices, so are not accounted for in market-based allocation. This results in socially
suboptimal resource allocation and market failure. Return flows of water are an example
where both positive and negative externalities can be generated. Negative externalities arise
where pollution from water use imposes additional treatment costs on downstream users. In
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the context of irrigation, drainage water from fields often carries high levels of agrochemical
pollutants, which can lead to losses of aquatic habitats downstream. Optimal allocation of
water requires that supply costs be increased to reflect the costs of mitigating the negative
externalities. Positive externalities are also generated by return flows, which form a vital
element of many hydrologic systems. Irrigation often performs a secondary function in that
it recharges aquifer systems. Such external effects can mean that while farm-level water use
efficiency may be apparently low, at the catchment level, water use efficiency of irrigation may
be much greater. Thus, improvements in efficiency at the farm level may be at a cost of overall
efficiency of the hydrological system.

By definition, a public good can be enjoyed without diminishing the supply (i.e. is subject
to non-rival consumption) and others cannot be excluded from its use (and consequently
it is not traded). As a result of the non-rivalry characteristics, demand for public goods is
collective: it is the sum of the separate demands of individuals for the good. Although some
uses of water tend towards being rival in consumption, e.g. agricultural, residential or industrial
uses, others such as recreational and aesthetic uses are non-rival. Thus, water supply has often
been exposed to 'open access' pressures, with a lack of enforceable property rights allowing
unrestricted depletion of the resource. Furthermore, even where water resources are privately
owned, many of the benefits they provide may be off-site, and may not accrue to the owner
(e.g. downstream flood protection). The lack of a market for these benefits limits the incentive
to maintain the resource, as the private benefits derived by the owner do not reflect the full
benefits to society. Most commonly, the non-traded nature of public goods hides them from
market-based decision-making, which results in market failure.

The preference of individuals for consumption in the present rather than the future is
understood to usually exceed that of society. Where allocations are determined based on the
discount rate of an individual decision-maker, this is likely to give less weight to long-term
costs and benefits. Typically, this translates into the selection of courses of action that are of
short-term net benefit and rejection of those that are of net benefit only in the longer term. A
particular concern is the favourable consideration that is given to courses of action that yield
net benefits in the short term, but incur substantial costs on society in the long term.

The supply of irrigation water is often controlled by only one agency, a situation described as
a monopoly. Under these conditions, the supply of water is not subject to market competition.
The supplier determines the price and quantity of water supplies. This can result in inefficient
allocations and is a source of market failure. For example, a monopolistic supplier may elect
to allocate water between farmers in a manner that does not make the maximum contribution
to social welfare. Similarly, the supplier may set the water supply at a level that exceeds the
optimum for society (resulting in overabstraction) in order to maximize profits.

Property rights are the characteristics that define the rights and duties associated with use
of a particular source of water (van Kooten and Bulte, 2000). The nature of these property
rights can determine the efficiency with which a source of water is used. Particular types of
property rights regime result in market failure. Property rights regimes can be considered in
terms of four types: private, common, state and open-access.

With private property rights, a private individual owns the resource and has the right to
use, benefit from, and sell the resource, subject to a duty to refrain from socially unacceptable
activities (such as imposition of negative externalities). These rights are subject to state regulation
and protection, which is required for private property to exist and to exclude unentitled
individuals from its use. However, the rights can be eroded in circumstances where resources
supply public and private goods jointly. In order to maximize profits, the owner of a private
resource manages the resource like an asset: its use is allocated over time such that the total
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present value is maximized. The owner delays use of the resource (if it is economically rational to
do so) because of the expectation of being the only beneficiary of the resource in the future.

With common property rights, a group of individuals owns and manages the resource. The
individuals in this group have specified rights and duties regarding the resource, and enforced
rules exclude other individuals from its use. Common property ownership of resources tends
to play a larger role in developing countries than in the industrialized countries (van Kooten
and Bulte, 2000). Communities that have the characteristics required for successful common
management of resources are more prevalent in developing countries: communities that are
small, relatively immobile, close knit, and that have a common ethos and shared beliefs.
Moreover, common property resources can have an important role in these communities as
they can aid the distribution of wealth and provide a means for reducing the marginalization
of poor, e.g. provision for the harvesting of fish and plants from communally owned wetlands
by low-income households.

With state property, the state owns the resource. The state may allow individuals to use the
resource, but according to its rules and under its regulation.

In an open-access situation, no property rights are assigned to the resource, which results in
open access to the resource for all potential users. Water from both underground and surface
sources is often an open access resource. Use of the resource is subject to neither exclusion
nor regulation. Individuals have complete autonomy in its use.

The property rights of resources are often held in combinations of the above regimes and
can alter with a change in situation. The efficiency of resource use under these regimes is based
on four determining conditions (Tietenberg, 1992):

* full specification of ownership and entitlement to the resource (universality);
 accrual of all benefits and costs exclusively to the entitled individual (exclusivity);
* exchange of property rights in voluntary transactions (transferability);

* penalties that prevent individuals from encroaching or taking property rights without prior
agreement (enforceability).

Table 3 indicates the extent to which the four property rights regimes satisfy these
conditions. Economically inefficient resource use is associated particularly with open-access
property rights. Open-access characteristics can also arise through poor management or a
failure to regulate the use of common-property and state-property resources. The absence or
non-enforcement of property rights for resources with open-access characteristics can lead to
use of the resource at rates that exceed the social optimum. Described as the “tragedy of the
commons”, this occurs where individuals have no incentive to conserve the resource because
there is no assurance that other users will do likewise.

Policy and institutional failure

Allocation of water can be socially suboptimal not only through the failure of markets, but
also through failure of government policy and associated instiututional arrangements. Policy
failure occurs where government regulatory instruments (e.g. taxes and exchange rates) or
government policies create market price distortions that make it economically rational for
individuals to use resources in a socially suboptimal manner (OECD, 1994). Sectoral policies
for agriculture and the environment, and for other sectors such as employment and taxation,
can encourage suboptimal resource use and allocation. Moreover, government interventions
intended to correct for market failure can result unwittingly in greater degradation and depletion
of environmental resources if the regulatory environment is not suitably 'joined up'.
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TABLE 3
Property rights regimes and their conditions for efficient resource use

Conditions Property rights regime
Private property Common property State property Open access

Universality Yes Yes (for the group) No No

Exclusivity Yes (except for Yes (for the group) No (although non- No
externalities and nationals are excluded
provision of public
goods)

Transferability Yes Yes (for the group) No No

Enforceability Yes (legal & social Yes (legal & social Yes (legal & social No
sanctions) sanctions) sanctions)

Efficiency Efficient, but Efficient in many cases,  Usually inefficient, Very low, no
inefficiencies arise but inherent risk of owing to government incentive to
in presence of breakdown. failure. conserve.
externalities and public
goods.

Source: Pearce, Whittington and Georgiou (1994).

Failure in sectoral policies can arise through inadequate consideration of impacts on other
sectors, particularly with regard to the environment (OECD, 1994). Bias in the formulation
of policy towards sectors that exercise strong economic and political power can further
marginalize the concerns of other sectors. Agriculture provides various examples of policy
failure, such as subsidized irrigation and land improvement. A policy of subsidized supplies
of irrigation water provides farmers with water at a price that is less than the marginal cost.
Farmers respond to the low price by using quantities of water that exceed the social optimum.
In an extreme case, this can result in overabstraction of aquifers and waterlogging of the land.
An alternative example of agricultural policy failure is the provision of subsidies to drain land
and to divert surface water, both of which can contribute to the degradation or destruction
of wetland sites.

Political, administrative and other institutional factors can distort market signals in a
manner that encourages socially suboptimal resource use. Pressure to gain re-election can
lead governments to over-supply state services for example. At the extreme, this can favour
excessive economic development at the expense of resource conservation. Political failure
can also occur through lack of government intervention, e.g. in response to market failure.
Administrative failure refers to a range of problems within the organization of government at
the various levels, leading to inadequate policy implementation. Examples include: rigidities
due to entrenched traditional divisions of labour within administrative organizations, and
insufficient integration between agencies and departments. Other institutional failures include
inadequate availability of information for policy-makers, and poor communication between
rural electorates and urban-based central government. These policy and institutional failures
are generic and could apply to most government interventions. The significance for irrigaton
is the scope and depth of government involvement in irrigation (Burke, 2003).

WATER ALLOCATION POLICY

As indicated above, economic efficiency and equity are important considerations in the
allocation of water. Greater efficiency is required in the face of increasing water scarcity, and
equity is a concern because of the importance of water to the livelihoods and well-being of rural
communities in particular. It is possible to derive a broad classification of policy measures that
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TABLE 4
Policy measures relevant to resource management
Conditions Public sector Private sector
LDCs DCs LDCs DCs

Property rights:

Pricing P=MC P =MSC P =MSC P =MSC
P =MSC
Quantity trading Possible emissions Emissions &resource
& resource quota quota trading
trading
Command & control  Environmental Environmental Environmental Environmental quality
quality quality objectives quality objectives objectives
objectives
Investment policy CBA CBA EIA EIA

LDC = least-developed country; DC = developing country; P = price; MC = marginal cost; MSC = marginal social cost; CBA =
cost-benefit analysis; EIA = environmental impact assessment.

are relevant to managing resources within the boundaries of a nation. The measures include
the redefinition of property rights and investment policies.

One thing to be kept in mind is that many of the large public irrigation schemes that were
promoted as part of the green revolution, particularly in Asia, were designed to target poor
rural communities and as such were never oriented to maximize economic output, rather to
guarantee production of food staples (Pluquellec, 2002).

The proper pricing of inputs (such as raw water) and outputs (such as agricultural irrigation
products) can be viewed as a form of property right designation, while command and control
measures are also means of defining property rights or modifying existing ones. Table 4
shows the various generic types of policy measures. Once a regime of property rights has
been established, the proper pricing of a resource requires that it be priced at least at marginal
private costs, and preferably at marginal social cost (especially in the longer term and where
output prices are below private production costs). As pricing of water affects the allocation
decisions of those with competing wants, then by correctly pricing water, efficient allocation
of water is achieved. However, the standard economic efficiency (marginal) cost pricing result
is sometimes problematic as regards the specification of production technology. In the water
supply sector, inputs to production are often not perfectly divisible. Investments often require
large lumps of capital (e.g. for dams and reservoirs). In such cases, marginal cost pricing to
achieve economic efficiency requires some form of intervention (Sherman, 1989). Table 4 lists
quantity-based measures as a separate policy option although they have similar effects to the
price-based measures. Finally, investment policy, which is most usually characterized in terms
of cost-benefit analyses, is applicable to all public sector operations (although environmental
impact assessments are employed most widely in assessing private sector environmental
impacts).

Water allocation systems

Water allocation systems differ in the extent to which they address efficiency and equity
iobjectives. The various systems can be compared according to several criteria (Dinar, Rosegrant
and Meinzen-Dick, 1997; Howe, Schurmeier and Shaw, 1986; Winpenny, 1994). These criteria
include:

* Flexibility in allocation of supplies: allocation requires flexibility such that supplies can be
shifted between uses and sectors, as demand changes, so as to achieve efficiency.
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* Security of tenure for users: established users require security of tenure if they are to be
expected to take the necessary measures to use the resource efficiently. Although this may
conflict with flexibility, problems should not arise if sufficient water reserves are available
to meet unexpected demands.

» Payment of real opportunity costs of water by users: users should pay the real
opportunity costs of their use, so that other demand or external effects are internalized

(see Chapter 3).

* Predictability of the allocation outcome: in order to achieve the best allocation and minimize
uncertainty minimized, the outcome of the allocation process needs to be predictable.

* Equity in the allocation process: users should perceive the allocation process to be
equitable.

* DPolitical and public acceptability: the allocation should serve the various political and public
values and objectives, thereby making it acceptable to the groups in society.

 Efficacy in achieving desired policy goals: the form of allocation should change an existing
undesirable situation towards one where the desired policy goals are achieved.

* Administrative feasibility and sustainability: the allocation mechanism must be practicable,
adaptable and allow an increasing effect of policy.

Water allocation systems range from government-controlled to market-led systems, and
combinations of the two. The prevailing institutional frameworks (including laws, regulations,
organizations) and the water resources infrastructure (Dinar, Rosegrant and Meinzen-Dick,
1997) influence the precise nature of allocation systems. However, they commonly fall into
one of only a small number of categories: public allocation, market-based allocation and user-
based allocation.

Public (administrative) allocation of water is determined by the state. It is used for
intersectoral allocation of water, as the state usually is the only institution that has jurisdiction
over all sectors of the economy (Dinar, Rosegrant and Meinzen-Dick, 1997) and because
allocation of water is considered too important to leave to the mercy the market. The state can
control allocation within sectors through, for example, granting permits for water abstraction.
In agriculture, the state commonly administers allocation of water to large-scale irrigation
schemes and to sections within the schemes. Distributions can be based on historical allocations
or political influence (Dinar, Rosegrant and Meinzen-Dick, 1997). The state is less commonly
involved in allocation at the farm and field levels. Under such allocations, the price of water is
usually subsidized, low and charged on a flat-rate (e.g. per hectare) or fixed-charge basis (not
according to the amount of water consumed).

Public allocation of water enables pursuit of objectives other than economic efficiency, such
as equity and environmental protection. Some aspects of water allocation lend it particularly
to state control (and pose challenges to market-based allocation). The economies of scale and
the high levels of investment required for infrastructure readily create monopolistic supply
and consequently a need for regulation. The joint provision of goods and services by water
resources (e.g. provision of water for irrigation, hydroelectric power generating capacity and
recreational services) and the provision of public goods (e.g. flood control) also suit state-
controlled allocation. Many water resources are open access, so require state regulation of
use. The interdependence of surface water and groundwater resources can require regulation
of abstractions to prevent depletion of surface water and groundwater supplies. Finally, the
essential role of water in meeting basic needs can require state control of allocation under
conditions of drought (World Bank, 1993). However, there are problems associated with public
allocation of water. These arise through poor management of infrastructure and inadequate
development (which result in wastage of water), inadequate implementation of regulations
(which can, for example, result in excessive pollution), and subsidized prices (which result
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in economically inefficient and excessive water use). Public allocation usually precludes user
participation, a key objective in the international consensus for water resources policy (as stated
in the Dublin Principles). Moreover, the institutions engaged in public allocation are typically
sector-oriented, which fosters neither the integrated nor the flexible management required for
effective intersectoral allocation. Thus, where public allocation is necessary, efforts are required
to limit the potential deficiencies.

User-based allocation of water is undertaken through collective management of water
sources, supplymg water for either collective or individual use. Examples include farmer-
managed irrigation systems and village-managed local water supplies (for example, allocating
water to domestic use, irrigation and livestock). User-based allocation requires established
rights to water use and an appropriate institutional framework that has the capacity and
strength to determine and regulate use. Its effectiveness is determined by the characteristics
of the community (size, mobility of the population) and its institutions, and by the extent to
which social norms (such as social awareness of efficiency and resource conservation) influence
water use. User-based allocations have the advantages that they are informed by knowledge
and understanding of the needs of the local population, and can be flexible and responsive.
Effectively operated systems can allocate water efficiently and address equity concerns. User-
based allocations are sustainable, politically acceptable and are supported by the consensus in
international policy (Chapter 1). However, effective allocation is dependent on the existence
of a strong and transparent institutional framework, which is not always present (Dinar,
Rosegrant and Meinzen-Dick, 1997)

Market-based allocation is determined by transactions in water use, at prices determined
by the forces of supply and demand. It encourages greater efficiency in the use of water,
and flexible and responsive allocation. Such allocation is reliant on effective operation of the
market. Markets for water are often hampered from achieving this by subsidies, few suppliers
and inadequate information. Moreover, they are distorted by externalities: uncompensated
costs and benefits of water use that are imposed on others. These costs and benefits are not
internalized into the price of water, which results in pervasive socially undesirable outcomes
(such as the reduction or pollution of surface water flows for downstream users). Where it is
judged desirable to establish a market for water, trade in the rights to water use is generally
more acceptable than volumetric pricing as farmers view the latter to entail appropriation of
their prior rights in water use. Such establishment of a market requires clearly defined rights
for water use (usually determined by the state), specification of the initial allocation of rights,
the necessary institutional framework and the infrastructure required to enable trade in water.
In this sense the basis used for the pricing is an important determinant of the acceptability.

Pricing and cost recovery in the irrigation sector

Irrigation water is commonly priced volumetrically or using a flat rate or fixed charge. A special
case of volumetric pricing is marginal cost pricing which requires metering of water use (which
makes it suited to pumped water supplies such as tubewells) and the necessary administrative
capacity. A review of World Bank policy and practices recommends that for efficient use,
irrigation water is priced volumetrically, based on opportunity costs (Julius and Alicbusan,
1989). Where this is not feasible (e.g. for gravity-fed systems and canal irrigation), water can
be charged for at a flat rate or a fixed charge. The charges are based not on the amount of
water used but on other variables such as the land area, value of landholding, crop output, or
non-irrigation inputs (e.g. land improvements). The most common form of charging is based
on land area, as this is easy to administer and suited to continuous flow irrigation (Johansson,
2000). However, the actual preview of charging for irrigation water is not necessarily consistent
with economic expectations and straightforward notions of price and costs (FAO, 2004).
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Nevertheless, farmers place high marginal values on irrigation water, often a number of
times higher than the charges actually imposed (Repetto, 1986) and increases in charges may
not affect demand where these marginal values are so high. On the other hand, underpricing
can be expected to encourage wastage of water, poor maintenance of irrigation systems and
inefficient applications of water, resulting in reduced agricultural output.

With regard to private irrigation schemes, while irrigators have to meet the full financial
costs of private irrigation schemes (although subsidies reduce the costs in some cases), it can
be agreed that they rarely face the opportunity costs of water use (Briscoe, 1996). However,
public irrigation schemes throughout the world have been subsidized to such an extent that
charges rarely cover even operation and maintenance costs. Recovery of at least these costs is
needed to enable the maintenance of irrigation systems, which is crucial to improved irrigation
performance. Nevertheless, cost recovery can achieve such improvements only if the associated
revenues are applied to improvements in the system. In public schemes, farmers sometimes do
face a restricted measure of opportunity costs, which can arise implicitly as a consequence of
water rationing. However, this is likely to underestimate the true opportunity costs significantly.
Simulation analysis (Maass and Anderson, 1978) has indicated large differences in the economic
losses arising from water shortages between market systems (which incorporate opportunity
costs) and public allocation systems. Market systems were also found to be greatly superior in
terms of the equity of distribution of the losses resulting from water shortages (contrary to the
expected doctrine regarding procedures that perform well in terms of allocative efficiency).

There are further lessons that are important to the successful reform of water resource
allocation policy (Briscoe, 1997). Although conventional economic wisdom suggests that users
should pay the full economic costs of water supply, pursuit of such an aim is impractical and
unhelpful in most developing-country contexts. Users commonly resent paying prices for
water that exceed financial costs of supply, and object to paying for water supplies that were
previously free. In order to be acceptable, tariffs need to be set on a basis that is understandable,
transparent, legitimate, and that stimulates accountability. The challenge in irrigated agriculture
is to ensure that farmers take into account the opportunity costs of water use (which are often
an order of magnitude greater than current charges) and that institutional arrangements are
in place to ensure that water moves to higher value uses. The incorporation of opportunity
costs into water tariffs is not a straightforward task for a number of reasons: the information
requirements are considerable; such charges would be objected to on the grounds that they
entail appropriation of current users’ 'property rights'; and farmers would have to pay
substantially more than the cost of service provision, which may be politically unacceptable.
Emerging international experience suggests that the appropriate approach to ensure that users
consider the scarcity value of water is to clarify property rights and facilitate the leasing and
trading of these rlghts “Getting prices rlght is important (Kloezen, 2002). Nevertheless, the
lessons from experiences with pricing irrigation water suggest that water allocation methods
are sensitive to physical, social, institutional and political settings, thus making it necessary to
design allocation mechanisms accordingly (Johansson er al., 2002).

PRICING, OPPORTUNITY COSTS AND ECONOMIC BENEFITS

As water becomes increasingly scarce, the legitimacy of treating it as a 'free’ resource arises.
Arguably, the absence of pricing, as well as the lack of cost effective recovery, has been a major
determinant of inefficient and excessive agrlcultural use of water. In response to these problems,
many countries and water management agencies are turning to water pricing mechanisms
to allocate water (Dinar, 2000). However, economists disagree on the appropriate means
and methods for prlcmg water and on the notion of an optimal water pricing policy. The
methods used to price water and the performance of these is dependent on the physical, social,
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institutional and political context. Nevertheless, as the pricing of water affects the allocation
decisions of those with competing wants, then correct pricing can led to efficient allocation.
In this context, pricing refers to the introduction of amended financial charges in situations
where water was previously free or underpriced, or to the consideration of the economic value
of water in decision-making through use of an appraisal and accounting procedure, such as
cost-benefit analysis.

Because water resources are often non-marketed, it is extremely important to ensure that,
where possible, the 'true’ economic value of these resources is accounted for when making
investments, or decisions concerning water and environmental policy. ' Accounting' or 'shadow
prices', determined through the economic valuation of water resources, are employed in such
decision-making in place of market prices. Unless water resources are priced correctly, and those
prices internalized in decisions, distortions arise. These bias investment and policy decisions
against concerns about water resource depletion and degradation, resulting in misallocation
of resources and suboptimal social welfare.

The opportunity costs of water resource use and the economic value of the benefits can be
compared in terms of whether the use is economically sustainable or socially optimal.

The characteristics of the agriculture sector and its relationship to the water system require
careful consideration when designing instruments to internalize the opportunity costs in water
use and/or to change water use behaviour. These include:

* the nature and complexity of water use and/or pollution (including environmental
effects);

» geographical/location characteristics;
* characteristics of the target group (e.g. farmers);

* market characteristics.

However, given the criteria discussed earlier for comparing allocation mechanisms, no
general guidelines exist as to how to price water. The right demgn depends ‘upon the spemﬁc
characteristics of the agriculture sector and the aim one has in mind of pricing water in the
first place.

Opportunity costs of resource depletion and degradation

Marginal opportunity cost (MOC) is an important and useful tool for conceptualizing and
measuring the physical effects of resource depletion and degradation in economic terms. MOC
seeks to measure the full societal cost of an action or policy option that employs a natural
resource such as water. Economically efficient resource management requires that the price
that users pay for resource use should equate with the MOC. Where the price is less than
the MOC, then the resource is overconsumed or overutilized. A price that is higher than the
MOC results in the resource being underconsumed or underutilized. Sustainable management
is achievable through sustainability pricing, which also includes a premium to cover the costs
that accrue from any resource depletion.

The concept of opportunity cost is used to refer to the value of a resource in its best
alternative use, i.e. other than the purpose being considered. This is the cost to society of use
of the resource. It is considered in terms of a change at the margin, i.e. the MOC, because
management decisions usually entail relatively small changes in resource use. MOC comprises
three components.
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The first component is the direct economic costs of water abstraction, such as the costs of
labour, equipment and materials used for abstraction. Such costs require adjustment for any
subsidies, taxation and market imperfections in order to reflect true opportunity costs (shadow
pricing). These costs vary with the difficulty of extraction.

The second part of MOC is external costs that arise from water use (Chapter 3). This is the
net value of any losses and gains in welfare that water use imposes on individuals other than
those engaged in the activity. External costs arise because changes in one component of the
natural resource base affect other components and the efficiency with which other activities
can be conducted. Costs that occur in the future require discounting in order to make them
commensurate with present day costs. Although information on marginal external costs is
difficult to obtain and often imprecise or incomplete, useful approximations are possible. It is
the external costs that arise from unsustainable resource use that are of particular interest.

The final component of MOC is relevant for non-renewable resources. Where such
resources (which are fixed in supply, e.g. overabstracted aquifers) experience a positive rate
of exploitation, then use of a unit of the resource results in its non-availability for future use.
A scarcity premium can be placed on the resource, its magnitude depending on: the size of
the resource stock relative to the rate of exploitation; the strength of future demand relative
to present demand; the availability and cost of future substitutes; and the discount rate. This
scarcity premium is known as the user cost (Conrad and Clark, 1987) and relates to the value
of the opportunity foregone by exploiting and using the resource in the present period rather
than at sometime in the future. It also incorporates increases in the costs of future resource
use and exploitation that occur as a consequence of current use and exploitation (e.g. the
increases in costs of future pumping of groundwater that occur owing to the greater difficulty
of extraction). Marginal user costs also apply to non-sustainable use of renewable resources.

The user cost of non-renewable water resources is often ignored, especially where water
resources are treated as an open-access resource and users behave in an individually competitive
manner. This can happen in situations where property rights are ill defined or not enforced
(Chapter 3). Use of the water is then governed by the law of capture, on a 'first come, first
served' basis. Each user tries to extract as much as possible from the resource in the fear that
other users will exploit the resource first, and also in the belief that the amount they themselves
use is only a small proportion of the overall stock. The consequences of ignoring the user costs
are that the costs of extraction are undervalued, which results in exploitation rates that exceed
the optimum. This is in contrast to the situation where a single user has rights to a resource:
the user has to take user costs into account because it is the user who faces the increased costs
of extracting from a depleted resource in the future.

In summary:

marginal opportunity cost = marginal direct cost + marginal external cost + marginal
user cost.

Pricing based on MOC is a useful principle as it forces attention on to the externalities
associated with natural resource degradation, and guides pricing policy in providing incentives
for allocative efficiency. Water is allocated to high-value uses, and high social costs provide a
disincentive against excessive water use (Dinar, Rosegrant and Meinzen-Dick, 1997).

Failure to set water charges for irrigation on the basis of either opportunity costs or user
benefits has been a classic cause of inefficiency in the agriculture sector (Repetto, 1986).
Therefore, proper valuation of the socio-economic benefits derived from water resources is
an important and often necessary condition for efficient and sustainable water resource use.
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Economic benefits

Evaluation of the trade-offs necessary to allocate resources between competing wants requires
consideration of their economic value. In particular, one of the main principles of efficient
and sustainable resource allocation requires knowledge of the marginal value or benefits of
the resource in its alternative uses.

In conventional economic terms,
valuation refers to the estimation
of individuals’ preferences for the
u conservation or improvement in quality
of a resource, as well as individuals’ loss
of welfare owing to resource depletion or
Supply quality decline. Individuals’ preferences
are measured in terms of how much they
A are willing to pay, which is also referred
to as the economic value or benefit.
Willingness to pay and economic value
B can be discussed in terms of the demand
curve for a good or service. The gradient
c Demand | of the demand curve indicates how much
an individual is willing to pay for each
Quantity extra unit of the product (i.e. the marginal
benefit). The price of the product gives the
amount paid in the marketplace. Some individuals are willing to pay more than this price and
so receive an additional benefit over and above the amount paid. This additional benefit the
consumer surplus or net willingness to pay. Figure 8 illustrates this for the ordinary Marshallian
formulation of welfare measures. Freeman (1993) presents a more precise Hicksian formulation.
Economic value to society of a good or service is determined as the aggregate of all individuals’
willingness to pay. Therefore, the price of a good or service and its economic value are distinct
and can differ greatly: water can have a very high value, but a very low price or no price at

all.

FIGURE 8
Economic value, price and consumer surplus
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An aggregate measure of impact on social welfare does not consider inequalities in the
distribution of gains and losses among individuals. Willingness to pay relates essentially to
individuals® ability to pay, which determines the relative weights assigned to their preferences.
Its use infers acceptance of the prevailing distribution of income. Cost-benefit analyses usually
apply equal weighting of gains and losses across all individuals, and assume a socially acceptable
prevailing distribution of income. However, distributional and equity weights, which are
assigned on a social or political basis, can be used to weight preferences or outcomes that are
of particular importance.

Although the economic value of a resource is most commonly determined by willingness
to pay for gain or improvement in a resource, it is also theoretically valid to use willingness
to accept compensation for loss or degradation of the resource. Theoretically, there should
be no significant difference in the value of the two measures. However, empirical evidence
suggests that in practice willingness to accept compensation is often substantially greater than
willingness to pay (Hammack and Brown, 1974; Olsen, Richards and Scott, 1991; van Kooten
and Schmidtz, 1992). Willingness to pay has become the most frequently applied measure of
economic value and has been given peer review endorsement through a variety of studies (e.g.
Arrow et al., 1993). The specific circumstances and the property rights regime that is associated
with the resource use in question determine the appropriate measure of economic value.
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The area under the supply and demand curves indicates the aggregate supply and demand
respectively for a good or service. In a competitive, freely functioning market, a quantity Qm
of the good or service is traded at the market price Pm, which is the price at which demand
matches supply. If quantities less than Qm are traded, consumers are willing to pay more than
the market price (the demand curve is higher than Pm), suggesting that market price alone
is only a minimum estimate of the economic value or benefit derived. The area between the
market price and the demand curve (triangle A) is the consumer surplus, or the additional
utility gained by consumers above the price paid. Therefore, total social benefits or TEV are the
expenditure (areas B + C, or price multiplied by quantity) plus the consumer surplus (area A).
The total cost of producing quantity Qm is the area below the supply curve (area C). The area
above the supply curve and below the market price the producer surplus; this occurs because
producers are willing to sell for less than the market price if the quantity traded is less than
Qm (the supply curve is less than Pm). The net social benefit is the consumer surplus (area A)
plus the producer surplus (area B).

A further issue related to valuation entails the use of costs as determinants of economic
value. The correct measure of economic value is determined based on benefits, as indicated by
the area under the demand curve. However, some valuation techniques, such as those based on
the damage costs avoided, defensive expenditure, replacement/substitute costs or restoration
costs, use costs as a proxy for benefits. This is based on the misplaced assumptions that costs
are necessarily a reasonable approximation of social benefits and that the benefits are at least as
great as the costs involved in repairing, avoiding or compensating for damage. These techniques
are applied widely because of their relative ease of use and availability of the data, but it is
important to be aware of the limitations in terms of the information they convey. Such cost-
based measures of value are derived from the supply of goods and services and should not be
confused with demand-based approaches.

As discussed above, the supply of goods and services entails various elements of costs,
including direct, external and user costs. Taken together these elements of cost are akin to the
concept of social cost, and when equated with the marginal benefits of use, lead to an efficient,
in economic terms, allocation of resources.
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Chapter 4
Economic valuation of water
resources

VALUATION OF GOODS AND SERVICES PROVIDED BY WATER

Economic valuation here serves as a basis for evaluating the trade-offs involved in the allocation
of water resources between competing wants. Given the perspective outlined in Chapter 1,
the focus is particularly on valuation of changes in functions provided by water resources
under different allocation options. For the purposes of cost-benefit analysis, the impacts of
alternative options for water resource use or management are specified in terms of the economic
value using the common numeraire of money. Economic value is determined by the impact on
social welfare, which is given by the aggregate impact on the utility of individuals in society.
The utility to individuals is determined by their preferences, which individuals express in the
amount that they are willing to pay for goods and services. In addition to considering the
economic value of water in terms of the common numeraire of money, the value of water
also needs to be commensurable in terms of place, form and time. Water is a 'bulky’ resource
with high conveyance costs and, hence, its value may differ with location. Demand for water
can also vary greatly over time (e.g. differences in demand for irrigation water in winter and
summer). Thus, comparisons of value should ideally be in terms of raw water supplies at a
specified point of diversion (Young, 1996).

Total economic value: linking functions and service flows

Water resources are natural assets that create flows of goods and services over time. As outlined
in Chapter 1, the key to valuation of water resources is to establish the functions that they
provide, i.e. the link between the structures and processes of water resources and the goods
and services they provide that are valued by society. If that link can be established, then the
concept of derived demand can be applied. The value of a change in the functions provided by a
water resource can be derived from the change in the value of the stream of goods and services
provided. The goods and services can be categorized in various ways, for example, in terms
of whether they are extractive or i situ. They are influenced by extraction and return flows,
which affect the quantity and quality of water stocks and flows. These influences relate in an
intertemporal way to the stream of goods and services provided, and require incorporation
into any meaningful valuation analysis.

Table 5 provides a selection of the various classification systems used to describe the different
types of values associated with the goods and services provided by water resources.

Rogers, Bhatia and Huber (1997) consider the value of water to be divided into economic
value and intrinsic value. Turner and Postle (1994) consider the economic value of water
resources and aquatic ecosystems in terms of four separate components, and Young (1996)
distinguishes between five categories of water-related economic values and also considers
the possibility of certain other value types. De Groot (1992) categorizes the components of
ecosystem value according to the impact on welfare, using a broad definition that encompasses
environmental, physical and mental health, employment and social contacts as well as material
prosperity.
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TABLE 5
Selected classifications of the value of water

Rogers, Bhatia and Huber
(1997)

Turner and Postle (1994)

Young (1996)

De Groot (1992)

Value of water use

comprises economic and
intrinsic value:

Economic value of water:

¢ Value to water users.
Value of water
in industrial and
agricultural use and
willingness to pay for its
domestic use.

Net benefits of return
flows. Recognizes the
vital role played by
return flows in many
hydrological systems,
e.g. recharge of
groundwater.

Net benefits from
indirect use. For
example, the benefits
associated with
improvements in income
and in health that can
accompany schemes
that provide water for
irrigation, domestic and
livestock use.

Adjustments for social
objectives such as
poverty alleviation,
employment generation
and food security.

Intrinsic value of water:

Intrinsic value of water
includes the stewardship,
bequest, and pure
existence value.

The use and, therefore,
value of water resources
and associated ecosystems
are divided into four
categories:

e Abstraction of water:
for irrigation and
other agricultural uses,
domestic water supply,
and water for industrial
production.

Fisheries: commercial
fish and shell fisheries,
non-commercial
“heritage” and
recreational fisheries.

Recreation: in-stream
recreation (canoeing,
sailing and bathing)
and out-of-stream
recreation (such as
walking, picnicking, bird
watching).

Biodiversity and related
landscape conservation:
from river corridor to
catchment scale.

The categories are also
sources of non-use or
bequest value and all
apart from the first
category may provide
existence value.

Water-related economic
values are divided into
the following classes:

e Commodity benefits.
These are derived from
personal drinking,
cooking and sanitation,
and from productive
economic activity, e.g.
agriculture.

Public and private
aesthetic and
recreational values.
These are becoming
increasingly important
as incomes and leisure
time increase.

Waste assimilation
benefits. These result
from the sink function
of waterbodies that
carries away residuals
from processes of
human production and
consumption.

Dis-benefits or
damages. These are
found in connection
with evaluations of
floodplain and water
quality management.

Non-use values from
knowing that a good
exists, even though no
direct experience is had
of the good.

Possible other values
include intrinsic,
ecosystem preservation
and socio-cultural.

Value is categorized in
terms of the nature of
the contribution made to
human welfare (defined
broadly):

e Ecological value:
includes conservation
and existence values.
Usually only described
qualitatively as
valuation is limited,
though it may be
described using
quantitative indicators
(e.g. number of species).

e Social value: includes
health and option
values. It may be
quantified through use
of minimum standards
for resource availability
(e.g. to ensure
sustainable harvesting).

Economic values:
includes consumptive
use, productive use and
employment value.
Described in terms of
quantities (e.g. volume
of a resource harvested),
monetary units (e.g.
value of the resource
harvested), or the number
of people employed in
activities dependent on
the given function.

The approach advocated here is to describe the components of the value of water using the
conventional categories of TEV (Figures 9 and 10). There are two main categories, use values
and non-use values:

Direct use values arise from direct interaction with water resources. They may be
consumptive, such as use of water for irrigation or the harvesting of fish, or they may be
non-consumptive such as recreational swimming, or the aesthetic value of enjoying a view.
It is also possible that 'distant use' value can be derived through the media (e.g. television
and magazines), although the extent to which this is attributable to a specific site, and the
extent to which it is actually a use value, are unclear.

Indirect use values are associated with services provided by water resources but that do not
entail direct interaction. For example, they are derived from flood protection provided by
wetlands or the removal of pollutants by aquifer recharge.

Non-use values are derived from the knowledge that a resource is maintained. By definition,
they are not associated with use of the resource or tangible benefits that can be derived from
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it (though resource users may derive non-use values). Non-use values are linked to ethical
concerns and altruistic preferences, although it can be argued that these ultimately stem from
self-interest. They can be divided into three types of value (which can overlap): existence
value, bequest value and philanthropic value. Existence value is the satisfaction derived from
knowledge that a feature of a water resource continues to exist, regardless of whether or not it
might be of benefit to others. Bequest value is derived from the knowledge that a feature of a
water resource will be passed on to future generations so that they will have the opportunity
to enjoy it. Philanthropic value is the satisfaction gained from ensuring that resources are
available to contemporaries in the current generation.

There are two further types of value that are not categorized as either use or non-use values.
These are option value and quasi-option value:

* Option value is the satisfaction that an individual derives from the ensuring that a resource
is available for the future given that the future availability of the resource is uncertain. It
can be regarded as insurance for possible future demand for the resource.

* Quasi-option value is derived from the potential benefits of waiting for improved
information prior to giving up the option to preserve a resource for the future. This is
based on a desire to take advantage of the prospect of improved information in the future
and act on subsequent revision of preferences. It is the value placed on retaining flexibility,
and on avoiding irreversible damage that might prove to be undesirable in the light of future
information. An example is the value placed on conservation of a wetland until further
information is available on the value of the species that are found within it.

TEV is determined as the sum of the components in Figure 9. In practical terms, this is limited
to those components that it is feasible to quantify. Use of TEV in the analysis of alternative
allocations ensures that the full social benefit of goods and services provided by water is taken
into account. This is necessary to indicate to decision-makers the welfare improvement that is
offered by alternative allocations. However, TEV does not provide an exhaustive assessment
of the value of water resources to society. It measures the extent to which goods and services
provided by water touch on the welfare of society, as direct determinants of individuals’ well-
being or via production processes. It represents two fundamental sets of values: individual
values and production values. Individual values include recreational and amenity values, as well
as non-use values (existence, bequest and philanthropic values) of goods and services provided
by water. Production values occur through the influence of water on the production and cost
functions of other marketed goods and services (such as use of water as an intermediate good

FIGURE 9
Components of the total economic value of water resources

Consumptive use value

Use Recreational, aesthetic and educational use value
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FIGURE 10
Functional and other dimensions of water catchment values
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in irrigated crop production). The effects of this influence on the prices of other inputs and
marketed goods and services translate into changes in individuals” welfare.

However, as indicated in Figure 10, another set of values is supplementary to TEV. This
represents the role of water resources in natural systems. It includes the value of services that
stabilize natural systems and perform protective and supportive roles for economic systems.
These values are more usually presented in relation to biodiversity, but are similarly applicable
to water resources. They include the following (somewhat overlapping) categories of value:

* inherent value: the value of those services without which there would not be the goods and
services provided by the system (Farnworth et al., 1981);

* contributory value: this represents the economic—ecological importance of species diversity.
Species that are not of use to humans are important because they contribute to increased
diversity, which itself contributes to the generation of more species (Norton, 1986);

* indirect use value: this is related to the support and protection provided to economic activity
by regulatory environmental services (Barbier, 1994);

* primary value: incorporates the fact that existence of the catchment structure is prior to
the range of function/good and service values (Turner and Pearce, 1993);

* infrastructure value: this relates to a minimum level of ecosystem 'infrastructure' as a
contributor to its total value (Costanza et al., 1997).
These values build on three important aspects of the ecology of natural systems:

» Complementary relationships. Species coexist within natural systems, defined by complex
relationships of interaction and interdependence. Survival of one species depends on the
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existence of other species, which in turn depend on others. This 'contributory value'
focuses on the survival of species within the web of interactive relationships with each
species contributing to the survival of others. Contributory value is based on the limited
substitutability of species. This occurs because every species performs very specific duties
within the ecological system. The role of contributory values is not usually taken into
account explicitly, because the required knowledge (on ecological interrelationships) is
unavailable, but it can be incorporated through adoption of a precautionary approach to
resource management.

» Keystone species. The persistence of natural systems in their current existing states may
be dependent on a limited number of biotic and physical processes. These processes
are directed by groups of species with complementary functions, known as 'keystone
species'. Other species are redundant, although they can become keystone species under
a change in environmental conditions. As long as species can substitute for each other
under changing conditions, the balance of processes within the system can remain intact.
However, reductions in the diversity of species in the system diminish the possibilities for
substitutions under a change in conditions. This limits the capacity of the system to persist
in its current state in the face of stresses and shocks.

* Goods and services provided by a natural system are dependent on the structure and
functioning of the systems. The goods and services provided are connected inherently to the
integrity of the natural system and the totality of the structure and functioning of the system
(Farnworth er al., 1981). This can be understood in terms of the concepts of primary and
secondary value (Gren et al., 1994). The primary value describes the system characteristics:
the self-organizing capacity of the system including its dynamic evolutionary processes
and capacity to absorb external disturbances. It relates to the aspects of the system that
“hold everything together” and is consequently also referred to as “glue value”. Secondary
value refers to the renewable flow of goods and services generated by the natural system.
It is dependent on the continued operation, maintenance and 'health' of the system as a
whole.

TEV does not give credit to this set of values and, therefore, is not exhaustive. Such values
are particularly relevant to single function natural systems, the contributory value of which can
only be addressed properly when the site is viewed within the context of the larger catchment
system. The recognition of complementary relationships implies that the total value of
catchment systems is infinite. This is similar to the consideration of water resources as a form of
‘critical’ natural capital (Dubourg, 1997). Here again, the value of water is infinite and the usual
measures of value (market price and willingness to pay) do not reflect the true economic value
of the resource. As a basis of human life, complementary relationships with water resources
are indispensable under realistic technological and economic conditions. However, apparently
marginal decisions (as perceived by different stakeholders) are important in the real world
and, therefore, need to be considered. The problem is that knowledge about the consequences
of resultant infringements on natural systems is incomplete. There is an unbridgeable gap in
knowledge about natural system interrelationships and regularities. The benefits of protection
will often only become apparent once the natural system has been disturbed or lost.

The task of sustainable management can be defined as sustainable utilization of the multiple
goods and services generated by natural systems, together with “socially equitable” distribution
of welfare gains and losses inherent in such usage. However, social welfare is affected both
by changes in economic welfare and also changes in properties of natural resources that are
associated with people’s sense of identity, their culture and which are of historical significance.
Such properties are particularly important in the case of water resources, given the essential role
of water for human life. The compilation of data for such properties is a qualitative exercise,
involving more deliberative and inclusionary interest group approaches, such as consensus
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conferences, citizen juries and focus group interviewing. Different cultural views on social
relations are assumed to give rise to different degrees of support for alternative decision-making
procedures and for the underlying valuations elicited via the social discourse process (O’Riordan
and Ward, 1997; Brouwer et al., 1999). This has similarities to the so-called 'approved process'
approach (Morgan and Henrion, 1990) in which all relevant parties observe a specified set of
procedures or concept of due process to make a decision that balances conflicting values at
the political level.

Some environmental analysts claim that natural systems also have non-anthropocentric
intrinsic value and that non-human species possess moral interests or rights, or that although all
values are anthropocentric and usually instrumental, the economic approach to valuation is only
partial. These environmentalist positions lead to the advocacy of environmental sustainability
standards or constraints, which to some extent obviate the need for valuation of specific
components of the environment. However, it is still necessary to quantify the opportunity
costs of such standards, or to quantify the costs of current, and prospective environmental
protection and maintenance measures. Nevertheless, some commentators view it as feasible and
desirable to manage the environment without prices. For example, O’Neil (1997) found that
in other arenas such as forestry and biodiversity management, issues concerning conflicts in
value are resolved through pragmatic methods of argument between botanists, ornithologists,
zoologists, landscape managers, members of the local community, and farmers.

A growing body of evidence suggests that some of the conventional economic axioms
are violated systematically by humans in controlled experiments and in everyday life. To
take just one issue, it seems likely that individuals recognize 'social interest' and hold social
preferences separate from self-interested private preferences. The origin of this social interest
may be explained by theories of reciprocal altruism, mutual coercion, or by sociobiological
factors. Therefore, the distinction between the individual as a citizen and as a consumer is
not an 'either/or' issue, but is more properly interpreted as the adoption of multidimensional
roles by individuals.

As citizens, individuals are influenced by held values, attitudes, and beliefs about public
goods and their provision. In this context, property rights (actual and perceived), social choices
and moral concerns can all be involved in the conflict between conservation and development
of natural resources. The polar view to the conventional economic approach holds that the
very treatment of ecological assets such as biodiversity in terms of commercial norms is itself
part of the environmental crisis. The argument becomes one of the 'proper' extent of market
influences and commodification. Advocates of this perspective argue that market boundaries
should not cover as many environmental assets as possible. Instead, society should give greater
consideration to the nature of deliberative institutions for resolving environmental problems
and the social and economic framework that sustains them (O’Neil, 1997). A counterbalancing
argument is that some environmental goods and services that have mixed public and private
good characteristics (e.g. forests, catchments, areas with ecotourism potential and some aspects
of biodiversity services) could be privatized or securitized (shares issued). In this way, self-
interest and the profit motive can be made to work in favour of environmental conservation
(Chichilnisky and Heal, 1998).

USE OF ECONOMIC VALUES IN THE MANAGEMENT OF WATER RESOURCES

The quantification of the economic value of water resources and the identification of those
instrumental values that it is not possible to quantify is of importance to the management of
water resources for the five reasons (Georgiou et al., 1997) presented below.
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The importance of water in national development strategies

The depletion and degradation of water resources imposes costs on nations, some of which affect
the gross national product (GNP). Typically, the degradation of water resources contributes
towards a reduction in GNP, whereas resource depletion contributes towards increases in GNP.
However, GNP accounts do not include the costs imposed on society by resource depletion and
degradation; although they would be included if GNP reflected more comprehensive measures
of aggregate well-being. Although the empirical investigation of water resource depletion and
degradation is in its infancy, the evidence available suggests that the costs of resource depletion
and degradation are appreciable. Such estimates of resource costs estimates can play a useful
role in assessing development priorities. As the costs of resource depletion and degradation
are increasingly recorded and accorded greater significance, planners have greater incentives
to prioritize these issues in their development plans.

Modification of national accounts

As mentioned above, national accounts are deficient in the treatment given to environmental
resources, such as water. Measures of economic activity ignore the resource flows that take
place in the economy. These fail to record important activities that affect the sustainability of
the economy and of well-being. Thus, there is a need to modify national accounts such that
they record “stocks” and “flows” of natural resources. GNP should account for depreciation of
resource stocks (including water resources) in the same manner that it incorporates depreciation
of human-induced capital (net national income = gross national income - estimated depreciation
of human-induced capital). This would provide a measure of the 'draw down' on water 'capital'
and the losses that accrue to human well-being from the use of goods and services provided by
water resources (e.g. through pollution of returns flows of water). Both adjustments involve
economic valuation, although national accountants have not agreed how best to make the
appropriate adjustments.

The setting of national and sectoral priorities

Information on the economic value of changes in water policy can assist governments in setting
policy and sectoral priorities. A comparison of the benefits and of the costs of planned changes
in policy is required in order to establish whether they are potentially worthwhile. Valuation
can be used to influence the allocation of irrigation water, ensuring that water is directed
towards priority areas (in addition to its role in efficiency pricing). For example, decision-
makers can use it as an aid in the allocation of water between hydroelectric power generation
and storage for irrigated agriculture. There is a particular need to review sectoral priorities in
terms of economic benefits and costs, which has perhaps even greater force in the developing
countries where government income is at a premium.

Project, programme and policy evaluation

Environmental resource damage and benefit estimation falls conventionally under the remit
of project appraisal. Extension of project appraisal to account for impacts of water resource
degradation and depletion presents no conceptual problem for the benefit—cost approaches
that are used. It is important that the environmental implications of projects and programmes
be evaluated. Indeed, the overall returns to development programmes should be assessed with
reference to environmental enhancement components. Investments in water resources are
important components of public infrastructure budgets, and include irrigation, hydropower,
urban and rural water supply, sanitation and flood control. Valuation is also employed in
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the assessment and implementation of policies that are used to monitor and manage water
resource depletion and degradation. The policies can include standards (set by regulatory
agencies) that require the polluter to bear costs in meeting the standard that are equal to the
minimum estimated value of the damage that the pollution would cause. Valuation is also an
important guide in the setting of environmental 'prices’ in the form of taxes, charges or tradable
permits. However, the accuracy and reliability requirements of monetary valuation results are
much stricter for this purpose. Large estimation errors are usually unacceptable in view of the
political sensitivity and potential consequences if tariff setting does not achieve the intended
effect because it is based on the wrong information.

Economic valuation and sustainable development

Economically efficient use of water resources is not necessarily sustainable. For example, the
optimal rate at which a finite non-renewable resource is depleted requires a positive rate of
extraction. In the absence of discovery of further identical resources, the resource must be
exhausted eventually. Every unit of resource used today is at the cost of foregone use of a unit
tomorrow. This is relevant to overextracted reserves of groundwater and poses the question
of how much groundwater to pump now and how much to save for future needs. On the
other hand, sustainability can be interpreted as a requirement that human well-being does
not decline through time. Therefore, adoption of sustainable development as a goal creates
a need for economic valuation to establish that human well-being does not decline through
time. With 'weak' interpretation of the concept, sustainability can be defined such that the
primary condition is for the aggregate stock of capital not to decline. This requires valuation
of the capital stock to establish the extent of the stock and to monitor whether it is in decline.
Thus, valuation can support pursuit of sustainability at the very least by helping to focus
policy-maker and public attention on threatened resources.

However, the economic valuation of water resources is a crude and inexact science. The
value of water varies widely according to factors such as the use it is put to, the socio-economic
characteristics of users, its availability in space and time, as well as the quality and reliability of
supply. It is not proposed that technocratic decisions on allocation should be made solely on
their basis of estimates, or that they should be made in a routine fashion. Rather, it is proposed
that the estimates obtained are useful for highlighting more general themes in water use that
have major implications for policy (Briscoe, 1996).

PRACTICAL ISSUES CONCERNING ECONOMIC VALUATION
Scale

The issue that is under investigation determines the scale of evaluation. For a specific isolated
external impact, evaluation may be restricted to a limited number of affected variables. Where
broader changes are involved (e.g. a change in land use in a catchment), partial analysis of a
number of integrated parameters may be required. Because of the costs and effort involved,
full valuations are usually avoided unless they are absolutely necessary, e.g. a situation where
an entire catchment is under threat.

The geographical scale (or accounting stance) of a study is determined by the extent of
the population affected by the impact under investigation. The accounting stance should be
as encompassing in this respect as possible. Where the impact incurs only changes in direct
uses of a water resource, the affected population consists of existing and potential resource
users. However, this population does not necessarily live in close proximity to the resource as
they may travel considerable distances to use it. Indirect use values may not be site specific in
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terms of those who benefit, e.g. interception of floodwaters by irrigation may yield benefits
far downstream. Non-use benefits are derived over a wide geographical area, but are likely to
be subject to 'distance decay' away from the site. In practice, a pragmatic accounting stance
has to be adopted in specifying the scale, where the gains in accuracy are balanced against the
costs of spreading the scale wider.

The temporal scale, combined with the discount rate, influences the present value of the
streams of costs and benefits. The calculation of expected future costs and benefits involves
estimating future demand. This is necessarily unknown but a range of possible values can be
obtained through the assessment of likely scenarios and application of sensitivity analysis. The
temporal scale also determines the trade-off between considering long-run versus short-run
values. Decisions are more constrained and responses quite different in short-run contexts.
Most public policy contexts relate to the longer term, although there are some circumstances,
such as drought planning, for which short-run values are more appropriate.

Aggregation and double counting

This report advocates adoption of a functional approach to water resources. This involves
considering the goods and services provided by water resources in relation to environmental
structures and processes. However, it does raise issues that require attention in the aggregation
of data on the benefits provided:

 Attention is required to avoid the double counting of benefits. For example, if nutrient
retention is integral to the maintenance of biodiversity, its value is “captured” in the value
of the latter. Aggregation of the values of the two functions would result in double counting
of the value of nutrient retention (Barbier, 1994).

» Some functions of water resources may be mutually exclusive and, therefore, cannot be
aggregated. For example, aggregation of the values for both extraction of surface water and
recharge of groundwater would overestimate the benefits that could feasibly be derived
from a water resource.

* Interactions can occur between functions. For example, conservation goals may require
alteration to the harvesting regime employed for reed beds, which reduces the gross margins
of the beds. Some functions may be complementary, e.g. nutrient retention can promote
biomass production.

In practice, the multiple functions of water resources make comprehensive estimation and
aggregation of every function and linkage between them a formidable task. In particular, the
ability to use water repeatedly or simultaneously for different uses means that competition
and complementarity are important considerations in valuing water resources. Water resource
allocation and management would ideally be considered under a general equilibrium framework,
although this is extremely difficult in practice. This also means that total valuation (estimation
of the full value of a water resource) is undertaken only when necessary. Management decisions
are more commonly assessed using impact analysis (which assess the damage arising only from
a particular impact) or partial valuation, based on a sectoral approach or on specific functions
of a water resource. Such a partial approach means that a number of considerations must be
taken into account. First, the different ways of calculating values may result in fundamentally
different definitions of value, for example, which are specific to certain time frames that differ
between the uses considered. Second, values may be based on average or marginal concepts,
which are quite different concepts. Use of marginal values is required for the purposes of
efficient allocation.
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Allocation over time

Itis frequently necessary to choose between options that differ in temporal patterns of costs and
benefits, or that differ in their duration. Discounting provides a common matrix that enables
comparison of costs and benefits that occur at different points in time. Use of discounting is
integral to cost-benefit analysis and cost—effectiveness analysis.

Discounting converts the stream of costs and benefits over time into a stream of 'present’
values. The difference between the value of the discounted benefits and costs is referred to as
the NPV. A management or policy option is economically viable only if NPV is positive, as
described in Equation 1:
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where B, and C, are benefits and costs in year ¢ respectively, and 7 is the discount rate.

The rationale for discounting is that costs and benefits that occur in the future are not valued
as highly as those that occur in the present. There are two explanations for this:

* Time preference (or the “consumption rate of interest”). Individuals prefer consumption
in the present to consumption in the future. Reasons for this include:

» the risks involved in delayed consumption;

> anticipation of increased wealth in the future, which reduces the relative worth of
postponed consumption (i.e. decreasing marginal utility of consumption);

» 'pure' time preference or myopia.

* The opportunity cost of capital. Financial capital that is not consumed in the present can
be invested and expected to increase in value by the rate of interest. Therefore, there is an
opportunity cost associated with present consumption of financial capital, which is the
return that could be derived from its investment (as indicated by the rate of interest).

The choice of discount rate can have a significant effect on economic viability of management
optlons and their relative economic rankmg It signals the rate at which future consumption
is to be traded against consumption in the present. Use of a high discount rate discriminates
against the future. It discriminates against options that involve high initial costs and a stream
of benefits that extends far into the future (e.g. creation or restoration of a wetland). Instead,
it favours options that have immediate benefits and a lag in incurring costs. This has been
described as the 'tyranny' of discounting (Pearce, Markandya and Barbier, 1989).

High discount rates tend to be justified based on the opportunity cost of capital, although to
be correct this is relevant only for financial analysis, which is not the examined here. In general,
they are likely to encourage depletion of non-renewable natural resources and exploitation of
renewable natural resources, reducing the inheritance of natural capital for future generations.
Low discount rates favour the future but could discriminate against and hamper immediate
economic development. They encourage investments which would otherwise not have been
viable and which could be associated with an even more rapid depletion of natural resources
(Fisher and Krutilla, 1975). Therefore, the impact that the discount rate has on the environment
is ambiguous, and it is not clear that the call for use of lower discount rates to incorporate
environmental concerns is generally valid.

A social rate of discount is used to evaluate the impact of management options on
intergenerational welfare. Such evaluations take intergenerational welfare into consideration.
The maintenance of future welfare can be regarded as a public good, in which private individuals
will tend to underinvest. As a result, the social discount rate is lower than the equivalent rate
of discount for individuals. The social discount rate is measured either as the social rate of time
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preference or the social opportunity cost of capital. Care has to be taken in developing-country
contexts, where the use of consumption rates of interest (which are likely to exceed 4—6 percent)
may not account adequately for concerns about the inheritance of environmental problems
by future generations.

The social discount rate can also be adjusted to reflect temporal trends in the net benefits of
environmental preservation and development. The net benefits of such preservation are likely
to increase over time as demand for environmental services rises under conditions of limited or
dechmng supply. Conversely, the net benefits of development projects are expected to decline
over time due to technological advancement. These trends can be incorporated into economic
evaluation through appropriate adjustment of the social discount rate, e.g. by decreasing the
discount rate applied to preservation benefits and increasing the rate applied to development
benefits (Hanley and Craig, 1991).

Risk and uncertainty

In the case of risk, meaningful probabilities can be assigned to the likely outcomes. In the case
of uncertainty, probabilities are entirely unknown. Risk can be incorporated into an evaluation
by attributing probabilities to possible outcomes, thereby estimating directly the expected
value of future costs and benefits (Boadway and Bruce, 1984) or their 'certainty equivalents'
(Markandya and Pearce, 1988). A premium for risk can be incorporated into the discount rate
used for the analysis. However, such adjustment is not recommended as it is arbitrary, often
subjective and attributes a strict (and unlikely) time profile to the treatment of risk.

In an economic evaluation, uncertainty is associated with physical outcomes and their
economic consequences. For water resources, the necessary assessment of possible outcomes
and the likelihood of perturbations to what is a highly complex system is inevitably fraught
with difficulty. However, this is a necessary component of an economic evaluation. For each
management or policy option under consideration, the range of possible impacts needs to be
identified and quantified as far as possible. A particularly important issue relating to uncertainty
in physical effects is the possible existence of thresholds beyond which disproportional and
irreversible effects can occur.

There is also uncertainty that relates to the physical and economic conditions that will
prevail in the future. For example, a change in regulations concerning agricultural production
could cause farmers to respond with a change in land use. In turn, this could affect nutrient
concentrations in runoff and thereby affect the value of the nutrient retention function provided
by a wetland. Similarly, individuals can alter their behaviour in response to changes in water
resource functions. For example, farmers might respond to an increase in flooding with a
change in cropping patterns. Such uncertainties can influence projected benefits and so also
need to be incorporated into any evaluation of options.

Uncertainty is incorporated into economic evaluations through the use of sensitivity analysis
or scenario analysis. In sensitivity analysis, various possible values are used for key variables
in the evaluation, such as the discount rate, the extent of functions, and economic values. This
provides a range of estimates within which the true result can be expected to fall. It can create
ambiguity, but is a necessary component of any economic evaluation. Scenario analysis can
also be used to incorporate uncertainty through comparison of results using parameter values
that represent different possible future scenarios.

Costanza (1994) points out that 'most important environmental problems suffer from true
uncertainty, not merely risk.' In an economic sense, such pure uncertainty can be considered
as 'social uncertainty' or 'natural uncertainty' (Bishop, 1978). Social uncertainty derives from
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factors such as future incomes and technology, which influence whether or not a resource is
regarded as valuable in the future. Natural uncertainty is associated with imperfect knowledge
of the environment and whether it has unknown features that may yet prove to be of value.
This may be particularly relevant to ecosystems for which the multitude of functions that
are performed have historically been unappreciated. A practical means of dealing with such
complete uncertainty is to complement the use of a cost-benefit criterion based purely upon
monetary valuation with a safe minimum standards decision rule (discussed below).

Irreversible change

The standard procedures for economic evaluation do not account for irreversible impacts, such
as the extinction of species or exhaustion of minerals. Under such circumstances, account needs
to be taken of the uncertain future losses that might be associated with potential irreversible
change. Some protection to the interests of future generations can be offered through the
imposition of the safe minimum standards decision rule (Ciriacy-Wantrup, 1952; Bishop,
1978; Crowards, 1996).

The safe minimum standards decision rule recommends that conservation be adopted when a
development activity that has an impact on the environment threatens to breach an irreversible
threshold (unless the costs of foregoing the development are regarded as 'unacceptably large'). It
is based on a modified principle of minimizing the maximum possible loss. Therefore, it differs
from routine trade-offs, which are based on maximizing expected gains, e.g. cost-benefit and
risk analysis. However, activities that result in potential irreversible change are not rejected if
the associated costs are regarded as intolerably high.

A critical aspect in the application of the safe minimum standards decision rule is specification
of the threshold for unacceptable costs of foregoing development. The degree of sacrifice is
determined through full cost-benefit assessment of the development option, including estimable
costs of damage to the environment. The decision as to whether conservation of natural
resources can be justified (and rejection of the development activity) is political, constrained
by society’s various goals. In this sense, safe minimum standards provide a mechanism for
incorporating the precautionary principle into decision-making. Even in the absence of proof
that damage will occur, society may choose to conserve in order to limit potential costs in the
future (Crowards, 1997).

The concept of safe minimum standards has usually been applied to endangered species.
However, it could equally be applied to irreversible impacts that threaten water resources.
Where thresholds of water resource processes are threatened with irreversible change, the use
of safe minimum standards provides a decision framework that gives more weight to concerns
of future generations. It promotes a more sustainable approach to current development and
can provide an appropriate supplement to standard analysis of economic efficiency.

Safe minimum standards are closely related to sustainability considerations (Pearce and
Turner, 1990). Sustainability essentially requires that the stock of natural capital available in
the future is equivalent to that available at present. The concept of sustainability has been
partitioned into two approaches: weak sustainability and strong sustainability (Turner, 1993).
Weak sustainability requires that the total stock of capital, whether human-induced or natural,
be maintained. It rests upon the assumption of substitutability between these two types of
capital. Economic theory suggests that decreases in supplies of natural resources cause their
prices to increase, which encourages more efficient use of natural resources, substitution
with other goods, and technological advancement. However, complete substitution is not
always possible because of physical limits on the efficiency and availability of opportunities
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for substitution, the question of whether human-induced capital can compensate fully for all
the functions provided by complex ecosystems, and the existence of “critical” natural capital
and thresholds beyond which reversal is not possible. The more stringent interpretation of
strong sustainability requires that the total stock of natural capital be non-declining. Under
this criterion, projects should either conserve the natural environment or ensure that losses
incurred are replaced or compensated fully for in physical terms by the implementation of
'shadow projects' (Barbier, Markandya and Pearce, 1990).

An alternative way of for accounting for potential irreversibility in the analysis of discrete
development—conservation choices (e.g. if a development entails exploitation of a water
resource to exhaustion) is to include the preservation benefits foregone as opportunity costs
in the cost-benefit analysis. Future development benefits that occur as a result of relative price
effects and technology changes are discounted and also included in the analysis. This approach
is known as the Krutilla-Fisher algorithm (Krutilla and Fisher, 1985). Irreversible change can
also be incorporated into the evaluation through adjustment of the social discount rate to allow
for temporal trends in the benefits of preservation (discussed above).

Data limitations

It is inevitable that some of the data required for an economic evaluation will not be readily
available. Budgetary constraints often limit extensive collection of original data. Where data
are limited, this should be acknowledged and the measures taken in response to this limitation
specified clearly. The results and recommendations should be made explicitly conditional on
these limitations.

The various techniques used to value non-marketed goods and services are each associated
with specific data limitations. These limitations are included in the discussion of each of the
techniques presented below. They can be particularly acute in applications in developing
countries.

ECONOMIC VALUATION TECHNIQUES

The various techniques presented here include the estimation of demand curves and the
area beneath them, analysis of market-like transactions, use of production approaches that
consider the contribution of water resources to the production process, estimation of the
costs of providing alternative sources of water, as well as other techniques used to estimate
environmental resources more generally. The techniques reflect the extent to which the goods
and services provided by water resources touch on the welfare of society either as direct
determinants of individuals’ well-being (e.g. as consumer goods) or via production processes
(e.g. as intermediate goods). They are grouped here according to whether the techniques
rely on observed market behaviour to infer users’ value of water resource functions (indirect
techniques), or on whether they use survey methods to obtain valuation information directly
from households (direct techniques).

Some of the techniques require the analyst to undertake primary and secondary data
collection, econometric analysis, discounted cash flow analysis and optimization analysis.
The aim here is to provide a brief overview (Table 6). Further details of the underlying theory
and practical implementation of the techniques is provided in general texts including Braden
and Kolstad (1991), Freeman (1993), Pearce, Whittington and Georgiou (1994), Georgiou et
al., (1997). In addition, Young (1996) provides a more detailed procedural handbook for field
practitioners on the evaluation of some of the more common functions of water resources,
such as water supply.
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TABLE 6
Summary of economic valuation techniques relating to water resources
Valuation method Description Direct use Indirect Non-use
values use values' values
Market analysis Used where market prices of outputs (and inputs) Vv V
& market-based are available. Marginal productivity net of
transactions human effort/cost. Could also be approximated
using market price of close substitute. Includes
transactions in water rights. May require shadow
pricing.
Derived demand Derive value from the household’s or firm’s inverse V
functions demand function based on observations on water
use behaviour.
Residual Budget analysis used to estimate return attributable v
imputation and to water. Water treated as one input into the
variants production of a good. The total returns are
calculated; all non-water expenses are subtracted.
Change in net return from marketed goods: a form
of (dose-response) market analysis.
Hedonic price Derive an implicit price for an environmental good V
method from analysis of goods for which markets exist
and which incorporate particular environmental
characteristics.
Travel cost Costs incurred in reaching a recreation site as a V
method proxy for the value of recreation. Expenses differ
between sites (or for the same site over time) with
different environmental attributes.
Contingent Construction of a hypothetical market by N v
valuation method  direct surveying of a sample of individuals and
aggregation to encompass the relevant population.
Problems of potential biases.
Contingent Individuals are asked to rank several alternatives v v
ranking rather than express a willingness to pay. Alternatives
tend to differ according to some risk characteristic
and price.
Damage costs The costs that would be incurred if the catchment v
avoided function were not present, e.g. flood prevention.
Avertive Costs incurred in mitigating the effects of reduced Vv
behaviour environmental quality. Represents a minimum value
& defensive for the environmental function.
expenditures
Replacement/ cost ~ Potential expenditures incurred in replacing/ V V!
savings restoring the function that is lost; for instance by
the use of substitute facilities or “shadow projects”.
A total value approach; important ecological,
temporal and cultural dimensions.
Dose-response Dose-response: takes physical and ecological links v

between pollution (“dose”) and impact (“response”)
and values the final impact at a market or shadow
price.

' Perfect restoration of the ecosystem or creation of a perfectly substitutable 'shadow project' ecosystem, which maintains key
features of the original, might have the potential to provide the same non-use benefits as the original. However, cultural
and historical aspects as well as a desire for 'authenticity' may limit the extent to which non-use values can be 'transferred' in
this manner to newer versions of the original; this is in addition to spatial and temporal complexities involved in the physical
location of the new catchment or the time frame for restoration.

Indirect approaches

Indirect approaches rely on observed market behaviour to deduce values. They include:
observations based on market transactions, derived demand functions, the travel cost method,
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hedonic pricing approach, averting behaviour method, residual imputation approaches,
replacement cost/cost savings methods, income multiplier approach, and dose-response
technique.

Observations of market-based transactions in water

The economic value of marketed goods and services is indicated by the market price, adjusted
for any distortions. Market prices are adjusted to allow for any subsidies, taxes and trade
distortions, converting them to 'shadow prices' that reflect the true economic value to society.
Observations of transactions in water rights offer potential to provide relatively simple means
of determining economic value. The use of market analysis techniques is outlined in Young
and Haveman (1985) with references to studies where each method has been applied. Market
transactions have been observed, for example, when considering the demand for drinking-water
by municipal users. Studies of such transactions have been conducted in the southwestern
states of the United States of America (Saliba and Bush, 1987), and elsewhere in the world
(Easter and Hearne, 1995).

Derived demand functions

A household’s or firm’s inverse demand function can be employed to estimate the user’s
willingness to pay for water. Transactions concerning water are observed between water utility
suppliers and individual water users, usually involving a 'take it or leave it' price schedule.
Despite the usual monopolistic nature of supply, because the buyer can buy as much as desired
at the price schedule, it is possible to derive inferences on willingness to pay and demand,
provided sufficient observations are observed across variations in real price. The data are
obtained preferably from observations on water use behaviour of individual households. As
this can be costly, aggregate data from suppliers is often used. Statistical regression analysis is
employed to estimate the parameters of the demand equation.

Travel cost method

Many natural resources, such as lakes and rivers, are used extensively for the purpose of
recreation. It is often difficult to value these resources because no prices exist for them from
which demand functions can be estimated. To enable valuation, the travel cost approach takes
advantage of costs of travel that are incurred by individuals in visits made to recreational sites.
The costs of travel (the costs of transport plus the value of time) are used as implicit prices to
value the service provided and changes in its quality. Travel costs measure only the use value
of sites and are usually limited to recreational use values; the option and existence value of the
sites are measured using other techniques.

There are two variants of the simple travel cost visitation model. The first can be used
to estimate (representative) individuals’ recreation demand functions. The visitation rate of
individuals who make trips to a recreational site are observed, as a function of the travel cost.
The value of the recreation site to the person is measured from the area under the individual’s
demand curve: the total recreation (use) value of a site is the area under each demand curve
summed over all individuals. This 'individual' travel cost model requires that there be variation
in the number of trips that individuals make to the recreational site in order to estimate their
demand functions. A particular problem associated with this model is that such variation is
not always observed, especially as not all individuals make a positive number of trips to a
recreational site. Indeed, some individuals do not make any. Where the data analysis makes use
of standard statistical techniques such as ordinary least squares, non-participants are excluded
from the data sets. This exaggerates participation rates and results in the loss of potentially
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useful information about the participation decision. However, inclusion of data on individuals
in the sampling area requires use of more complex statistical methods — in particular, discrete
choice models.

The second variant, known as the 'zonal' travel cost model, estimates aggregate or market
demand for a site using standard statistical techniques. The unit of observation is the “zone”
as opposed to the individual. Zones are specified as areas with similar travel costs; the region
surrounding a site is divided into zones of increasing travel cost. The method entails observation
of the number of visits to the recreational site per capita of population for each zone. Data are
again collected through a survey of visitors to the site.

The individual travel cost model is generally preferred to the zonal variant. The latter is
statistically inefficient as it aggregates data from a large number of observations into a few
zonal observations. Moreover, it assumes that the cost of travel to the site for all individuals
within each zone is equal, which is often not the case.

For both variants, the demand curve is estimated by the regression of the visit rate against
socio-economic factors (such as income), the travel cost of visiting the site and some indicator
of site quality. Therefore, the data requirements are considerable. For the individual model,
data is required on each individual’s socio-economic characteristics. In the case of the zonal
model, these data are required for the population of each zone. Data are also required on the
nature of each trip to the site, the distance travelled, time taken and cost of travel. The data are
usually gained from existing or specially commissioned surveys. The method also requires a
measure of site quality, which can be an intangible variable. A measure of site quality can range
from angling catch rates to biochemical indicators such as concentrations of dissolved oxygen.
The key issue is that the measures of site quality used be robust in relation to measures that
individuals perceive as relevant.

Unless the site that is being valued is unique, individuals have access to substitute sites
that they can use for the same or similar recreational activities. Omission of substitute sites
from the analysis creates a source of bias in the analysis. However, there is no simple means
of incorporating substitute sites into the individual and zonal travel cost models presented
here. Multisite models can be used. These vary in their complexity and their ability to explain
substitute behaviour. Judgement on the part of the analyst is required to determine which
substitute sites to include. Restrictions are often placed on site characteristics (some studies are
limited to 'typical' sites) or demand equations (such as the use of 'pooled’ models). Morey’s
(1984, 1985) 'share' model considers the allocation of an individual’s fixed time budget between
sites. This accounts for site substitution, but at the expense of explaining the total amount of
time allocated to recreation.

The travel cost method is a technically well-developed valuation approach, which has been
employed widely in the past two decades. Its strength is that, in theory, it is based on observed
behaviour. However, the technical and data requirements should not be underestimated. Travel
cost is unlikely to be a low cost approach to valuation of non-marketed services.

Hedonic pricing

Hedonic pricing employs differences in the prices of marketed goods to derive the value
of environmental characteristics. Marketed goods can be viewed as comprising a bundle of
characteristics; for some goods, these include environmental characteristics. The differential
prices that individuals pay for such goods reflect their preferences for environmental quality.
Statistical analysis of the prices and characteristics of the goods is employed to derive an implicit
value for environmental quality.



Chapter 4 — Economic valuation of water resources 69

Taking housing as an example, hedonic pricing assumes that the expected stream of benefits
of living in a property is capitalized into the market value of the property. For example, two
properties in areas popular for water-based recreation that differ only in respect of water quality
have different market values, owing to people’s preferences for the difference in water quality.
Hedonic pricing uses this difference in value as the implicit price of the difference in water
quality. With adequate data and analytical skills, it is possible to determine the implicit price
for environmental quality for properties that differ in not just one but a number of factors.

Hedonic pricing requires data that can be used to relate house prices to relevant
characteristics of individual properties (characteristics of the house, e.g. number of rooms
and type of neighbourhood, and environmental characteristics, e.g. noise, and water quality).
Data on sale prices for actual market transactions are preferred over individual’s own valuations
of their property. The data are used to estimate a hedonic price function, which describes all
points of equilibrium in the housing market between sellers’ offers and buyers’ bids for the
environmental characteristic of interest. The implicit price of the environmental characteristic
is given by the responsiveness of property prices to change in the characteristic, as specified by
the partial differential of the hedonic price function. A functional form for the hedonic price
function is identified that best fits the data. This determines the functional form of the marginal
implicit price function. The price is not necessarily constant, it might fall with increases in the
characteristic, or it might be dependent on the level of another property characteristic.

To obtain a value for changes in the environmental characteristic of interest, its implicit price
(as indicated by the hedonic price function) is regressed against physical and socio-economic
variables that are thought to influence demand for housing. The supply of housing is assumed
fixed in the short run in order to enable identification of the demand or bid function, which is
required for benefit estimation. Identification of a bid function is problematic. All consumers
within a housing market face the same equilibrium price schedule, or hedonic price function.
Hence, the observation of a single consumer’s behaviour provides only one point on that
consumer’s bid function. Other marginal prices are observed only for other individuals, so
they provide no indication of the likely reaction of the original consumer to varying prices.
A number of solutions to the identification problem have been proposed. One option is to
restrict variables or functional forms so that they are different between estimation of the
hedonic price function and estimation of the bid function. The preferred alternative is to
use data from spatially- or temporally-separated markets so that individuals do not face the
same hedonic price function. However, this requires that consumers be similar between these
separate markets.

Hedonic pricing rests on a number of stringent assumptions. It assumes a freely functioning
and efficient property market, and that individuals have perfect information and mobility. These
conditions need to be met for individuals to buy the property and the associated characteristics
that they desire and so reveal their demand for environmental quality. In reality, a large part
of the housing stock may be in the public sector, and so subject to price controls. The market
may be segmented, resulting in restrictions in mobility between areas. Individuals may not be
fully informed about the environmental characteristics of properties prior to purchase. The
market may not be in equilibrium resulting in implicit prices that represent upper or lower
boundary estimates of the true price. In many developing countries, the property market is
administered, preventing free operation of the price mechanism. Even where markets operate
freely, records of transactions are not usually keptin any detail, severely restricting availability
of data. For this reason, hedonic pricing is rarely applied in developing countries.

A further assumption is that the measure used for the environmental characteristic in
hedonic pricing reflects individuals’ perceptions. Although an objective quantitative measure
is required for the analysis, it may be that people perceive the environmental characteristic
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qualitatively. A broader measure of environmental quality may be needed if individuals do not
discern changes in an individual variable. A further complication arises in the statistical analysis.
If correlation occurs between variables, a trade-off has to be made between multicollinearity
and bias owing to the omission of significant explanatory variables.

Hedonic pricing has a sound theoretical basis and is capable of producing valid estimates
of benefits as long as individuals can perceive the environmental change of interest. Hedonic
pricing has been employed to produce reliable estimates of the values of actual environmental
changes such as improved water supply.

Averting behaviour and defensive expenditures

Perfect substitutability provides the basis for the averting behaviour and defensive expenditures
technique. This technique focuses on averting inputs as substitutes for changes in environmental
characteristics. For example, expenditures on sound insulation can be used to indicate
householders’ valuations of noise reduction; and expenditure on liming might reflect the value
of reduced water acidification. The approach requires data on change in an environmental
characteristic of interest and its associated substitution effects. Fairly crude approximations can
be found by looking directly at changes in expenditure on a substitute good that arise as a result
of some environmental change. Alternatively, the value per unit change in an environmental
characteristic can be determined. This involves determining the marginal rate of substitution
between the environmental characteristic and the substitute good, using known or observed
technical consumption data. The marginal rate of substitution is multiplied by the price of the
substitute good to give the value per unit change in the environmental characteristic.

Where observed averting behaviour is not between two perfect substitutes, the value of
the environmental characteristic is underestimated. For example, if there is an increase in
environmental quality, the benefit of this change is given by the reduction in spending on
the substitute market good required to keep the individual at their original level of welfare.
However, when the change in quality takes place, the individual does not reduce spending (in
order to stay at the original level of welfare). Income effects cause reallocation of expenditure
between all goods with a positive income elasticity of demand. Consequently, the reduction
in spending on the substitute for environmental quality does not capture all of the benefits of
the increase in quality.

Further problems with the approach are that individuals may undertake more than one form
of averting behaviour in response to an environmental change, and that the averting behaviour
may have other beneficial effects that are not considered explicitly (for example, the purchase
of bottled water to avoid the risk of consuming polluted supplies may also provide added taste
benefits). Furthermore, averting behaviour is often not a continuous decision but a discrete
one, e.g. a water filter is either purchased or not. In this case, the technique again gives an
underestimate of benefits unless discrete choice models for averting behaviour are used.

Therefore, simple avertive behaviour models can give incorrect estimates of value where
they fail to incorporate the technical and behavioural alternatives to individuals’ responses to
change in environmental quality. Nevertheless, although the technique has rarely been used, it
is a potentially important source of valuation estimates as it gives theoretically correct estimates
that are gained from actual expenditures and which thus have high criterion validity.

Residual imputation approach and variants

The use of water in a production process can be determined using the residual imputation
approach. This is a form of a budget analysis technique that seeks to find the maximum return
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attributable to the use of water by calculating the total returns to production and subtracting all
non-water related expenses. The value of the product is allocated among the range of marketed
inputs that go into its production. The residual value is assumed to equal the returns to water
and represents the maximum amount the producer would be willing to pay for water and still
cover input costs (Naeser and Bennett, 1998). If only variable input costs are subtracted, then
a short-run measure of the value of water is derived. If the costs of all non-water inputs are
subtracted (including a normal rate of return on capital), then a long-run value is obtained.
The validity of the approach requires: (i) that profit maximizing producers employ productive
inputs up to the point at which marginal product is equal to the opportunity cost; and (ii)
that the total value of the product can be divided, so each input can be 'paid' according to
its marginal productivity and the total value of product is thereby exhausted. The approach
is sometimes categorized as a farm crop budget technique in applications to agriculture. A
difficulty is that the residual return (after subtraction of the costs of all measured non-water
inputs) is the return to water plus all unmeasured inputs, and hence will result in overstatement
of the value of water. The approach is also extremely sensitive to small variations in assumptions
concerning the nature of the production function or prices. Thus, it is most suitable for use
in cases where the residual input contributes significantly to output. Calculation of residual
values requires considerable information and accuracy in allocating contributions among the
range of resource inputs.

Variants of the residual imputation approach include: yield comparison, and optimization
models.

In its application to irrigated agriculture, the yield comparison approach values irrigation
water as the difference in per acre returns between irrigated and non-irrigated land, using
observed farm budget data. It is assumed that the additional net returns obtained from the use
of irrigation in the production process represent the maximum amount that the producer would
be willing to pay for use of irrigation water. However, the approach assumes homogeneity
in land, crops, husbandry, quality of produce and price between irrigated and non-irrigated
production. The heterogeneity that occurs in these factors in reality brings into question use
of the difference in net returns as the net willingness to pay for irrigation water.

Optimization models are used to provide mathematical solutions to problems that entail
maximization or minimization of an economic objective subject to specified constraints to the
economic objective. In generating the optimal solution to the problem, the models reveal the
associated economic value of all inputs. Two types of optimization model are discussed here:
mathematical programming models and dynamic optimization models.

Mathematical programming models tend to be static one-period models. They model
economic problems in which the economic agent (consumer, central planner, or firm) seeks
to optimize (maximize or minimize) a single objective function (e.g. surplus, costs, profit or
revenue) over a specific time period, while facing constraints that restrict choice to certain
levels of inputs or outputs. The models can determine marginal or non-marginal values for use
of water as an input. Water enters mathematical programming models as an input constraint,
such that its marginal value is found by relaxing the water constraint by adding a unit to the
water available for production and calculating the difference between the optimal value before
and after relaxing the constraint. This marginal value of water is also known as the 'shadow
value' of water. Non-marginal changes can be evaluated similarly, and also changes in the
shadow value of water can be calculated for exogenous changes in output prices, input prices,
or constraints. Mathematical programming models are often used to determine the value of
irrigation water and groundwater in situations where detailed data are available for a few
representative agents.
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Dynamic optimization models are used to indicate the optimal outcomes for separate
periods in frameworks that involve multiple time periods. In a similar manner to mathematical
programming models, they can determine marginal and non-marginal values for water and
the impacts of changes in other variables on the value of water. Dynamic optimization models
have been used to measure the value of water in allocation schemes, irrigation policies, and
water quality projects.

Replacement cost/cost savings methods

The replacement cost estimates the benefits of an environmental asset based on the costs
of replacement or restoration. The replaced or restored asset is assumed to provide a direct
substitute for the original. The technique is used widely because the data required are usually
readily available from actual expenditures or estimated costings. The underlying assumption
is that the costs of replacement equal the benefits that society derives from the asset. However,
the benefits derived from the asset could substantially outweigh the costs of renovation or
restoration, in which case the technique will underestimate the value of the asset. Thus, the
replacement cost is a valid measure of economic value only in situations where the remedial
work is required to comply with an economically determined environmental standard. Use of
the replacement cost assumes that complete replacement or restoration is feasible. In the case
of environmental assets, this often is not the case. There are also temporal issues as replacement
or restoration of an alternative water resource, e.g. a wetland, may not coincide directly with
the damage or loss of the original resource. Because of the potential for confusion between
costs and benefits, the replacement cost technique should be used with care, and only where
benefits cannot be estimated easily.

The cost savings method is similar to the replacement cost, but it determines the value
of water in terms of the savings in costs made through use of a good or service provided by
water versus the next best (cheapest) alternative source of the good or service. The method
is commonly employed to value use of water for transportation, and it can also be applied to
other uses of water. The value of using water as a means of transporting goods is measured in
terms of the cost savings that result from not transporting the same goods via an alternative
means, typically by train. The approach does not allow for the large differences in time costs
between different transport modes (Gibbons, 1986). The method has also been used to value
hydroelectric power generation by estimating the difference between the cost of generating
hydroelectric power and the next cheapest alternative method of power generation (e.g.
coal). As with replacement costs, the approach equates cost savings with value. Hence, it can
be criticized on the grounds that it assumes implicitly that demand will be unresponsive to
changes in costs.

Dose-response functions

In certain instances, dose-response functions can be established between changes in
environmental variables (the dose) and the resultant impact on marketed goods and services (the
response). Where this is the case, a dose-response function can provide the basis for valuation
of the environmental variable of interest; this is the main technique used to derive economic
values for air pollution. Valuation is carried out by multiplying the physical dose-response
function by the price or value per unit of the impact (usually some form of physical damage) to
give a 'monetary damage function'. The latter is equivalent to the change in consumer surplus
plus producer surplus caused by the impact.

Where the impact predicted by the dose-response function is marginal, it may be possible
to value the impact using relevant market prices, adjusted for any government interventions
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and market imperfections. For larger impacts, a modelling approach is likely to be required, to
predict the resultant changes in prices and behaviour on both the supply and demand sides of
the relevant markets. For example, in the case of an impact on a production process, a producer
might respond to an impact by changing the quantity of other inputs used, which would alter
the costs of production and thereby change the producer surplus. A change in the output price
will change consumers’ consumption patterns, and thereby the consumer surplus. Prediction
of such market responses is complicated. Individuals will often make complex changes in their
behaviour to protect themselves against undesirable impacts. For example, farmers might switch
to crop varieties that are resistant to pollution. A large number of markets might be involved,
and modelling such an interrelated system can be extremely sophisticated. However, simple
models can provide useful estimates, provided their shortcomings are recognized.

The specification of the dose-response function is crucial to the accuracy of the approach.
The pollutant responsible for the damage needs to be identified as well as all possible variables
affected. Large quantities of data can be required. It may be possible to record the impact of
change in the environmental variable using variables that are easy to observe and measure (e.g.
leaf drop and discoloration of vegetation). However, some impacts (e.g. reduced plant vigour
and reduced pest resilience) are difficult to observe directly. In such cases, an 'instrumental
variable', which is easily measurable and provides an indicator of the impact of interest, can be
used as a measure of the impact. As an alternative to empirical data, dose-response functions
can also be specified using suitably validated simulation models, such as fishery models, crop
yield models, and biological growth models.

The use of dose-response functions is theoretically sound. Any uncertainty surrounding
their use resides in the specification of the function itself and in predicting any behavioural
responses that might occur. Dose—response functions are suitable for use in instances where the
relationship between change in an environmental variable and the resultant impact on a good
or service can be established (it cannot be used to estimate non-use values). It can be a costly
technique to use where manipulation of large databases for physical and economic modelling
is required. However, where the necessary dose—response functions already exist and impacts
are marginal, the method can be very inexpensive to use with low demands on time, providing
reasonable first approximations of true economic value.

Direct approaches

Direct valuation techniques seek to elicit preferences directly through the questioning of
individuals on their willingness to pay for a good or a service. These techniques include the
contingent valuation method, contingent ranking and conjoint analysis.

Contingent valuation method

The contingent valuation method can be useful for eliciting the value of several aspects of water
resources including water quality, recreation and biodiversity. It can be employed to calculate
both use and non-use values including option and existence values. A survey instrument is
used to measure individuals’ maximum willingness to pay for an aspect of a water resource,
presented to them in a hypothetical market with a proposed improvement (Hanley and Spash,
1993). The contingent valuation method can also be used to measure what people are willing
to accept by way of compensation for a deterioration in quality of a water resource.

Bateman et al. (2002) provide details of the procedures involved in contingent valuation.
In general, a survey is conducted in which people are asked questions regarding the amount
of money they would be willing to pay for an improvement in an environmental good or
service. This may be conducted through face-to-face interviews, telephone or mail surveys.
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In developing countries, face-to-face interviews are considered the most appropriate (because
of high rates of illiteracy and defective telephone networks). The design of the questionnaire
is important and typically comprises three components. First, the questionnaire provides an
explanation of the environmental issue of interest together with information on the change in
quality. Second, it includes questions regarding willingness to pay or willingness to accept. The
third part of the questionnaire comprises questions about the socio-economic characteristics
of the interviewee, which enable analysis and verification of the validity of responses on
willingness to pay or willingness to accept given by respondents.

A respondent’s choice or preference can be elicited in a number of ways. The simplest is to
ask a direct question about how much the respondent would be willing to pay for the good or
service (known as continuous or open-ended questions). High rates of non-responses can be
a problem with this approach. Alternatively, respondents can be asked whether they would
want to purchase the service if it cost a specified amount. These are known as discrete or
dichotomous choice questions, and may be favoured because they do not give the respondent
any incentive to answer untruthfully, i.e. the approach is 'incentive compatible'. A hybrid
approach is the 'bidding game', where respondents are asked a series of questions to iterate
towards a best estimate of their valuation. Alternatively, respondents may be shown a list of
possible answers — a 'payment card' — and asked to indicate their choice, though this requires
a careful determination of the range of possible answers. Each approach implies particular
requirements in terms of statistical methods, and the appropriate choice for a specific problem
is a matter of judgement on the part of the analyst.

One of the problems with the contingent valuation method is that it is subject to biases.
The problem of strategic bias has long worried economists. The likelihood of the occurrence of
strategic behaviour depends on respondents’ perceived payment obligation and their expectation
about the provision of the good. Where individuals believe that they will actually have to pay
their reported willingness to pay, but that their personal valuation will not affect whether the
good is provided or not, there is a temptation to understate the true value in the hope to 'free-
ride', i.e. that others will pay. However, if the price to be charged for the good is not tied to
an individual’s willingness to pay response, but provision of the good is, then overreporting
of willingness to pay might occur in order to ensure provision. Incentive compatible payment
methods might minimize the risk of strategic behaviour. Overall, the large amount of empirical
investigation into the question has not substantiated fears of strategic bias problems.

There are further sources of bias in contingent valuation method data. The hypothetical
nature of the contingent valuation market causes hypothetical bias. It occurs because
respondents’ answers could be meaningless if their declared intentions cannot be taken as an
accurate guide for their actual behaviour. This is most likely to occur where respondents are
very unfamiliar with the scenario presented to them. A careful and believable description of
the good or service and its context can help in this instance. A survey of experimental tests,
which compared hypothetical bids with those obtained in simulated markets where real money
transactions take place, suggests that hypothetical bias can be reduced significantly if willingness
to pay formats are used instead of willingness to accept. This is because respondents have more
practical experience with payment than with compensation scenarios (Hanley, 1990).

Analysts may wish to summarize respondents’ valuation estimates in terms of the mean
willingness to pay for the good or service, or to develop an aggregate benefit estimate for a
community or region. 'Aggregation bias' can arise through this owing to sampling errors
or insufficient sample size. Sampling errors can arise where survey non-responses occur for
certain types of individuals who are not distributed randomly in the population, resulting in
anon-random survey sample. Similarly, where the sample size is small, there is a risk that the
characteristics of the sample will not be representative of the general population.
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A number of studies have found evidence of 'payment vehicle bias', where willingness to
pay depends upon the choice of the method of payment, for example, between an increase in
taxes or entrance fees. Controversial payment vehicles should be avoided in favour of those
most likely to be employed in real life to elicit payment for the good in question. However,
dependence of respondents’ answers on the way in which they are asked to pay for the
hypothetical good or service should be expected. This should not be a source of concern
because preference for one payment vehicle over another may be perfectly reasonable. In this
sense, the term 'bias’ is misplaced.

Starting point bias arises when the initial value suggested at the beginning of a bidding game
has a significant impact upon the final bid reported by the respondent. The use of starting
points can reduce valuation variance and the number of non-responses in open- ended type
questionnaires. However, this can be at the p0331ble expense, of respondents not giving serious
thought to their answers and taking cognitive 'short cuts' in arriving at their decision. One
solution is to use a 'payment card', with a range of numbers from which respondents can select
their bid. However, this can result in an “anchoring” of bids within the range presented. It has
been argued that an optimal range of prices should include a low price that results in almost
all respondents accepting it, and a high price that results in almost all respondents rejecting it.
Within this range, prices offered should reflect the distribution of bids so that, ideally, each
bid interval reflects the same proportion of the population (Bateman er al., 1992).

Perhaps most controversy has centred on the so-called 'embedding effect’. A few studies
have found that individuals’ contingent valuation responses often do not vary significantly
with changes in the scope and coverage of the environmental good being valued (Kahneman
and Knetsch, 1992; Desvousges et al., 1992). In these studies, respondents appeared not to
discriminate between the particular environmental good under consideration and the general
class of environmental goods it belonged to. A number of explanations have been advanced
for this phenomenon. Some have argued that it occurs because individuals do not possess
strongly articulated preferences for environmental goods, so that they tend to focus on other
facets of the environment, such as the 'moral satisfaction' associated with the preservation of
particular species or habitats (Kahneman and Knetsch, 1992) when deciding on a monetary
valuation. Others (such as Smith, 1992) have argued that embedding is more an artefact of
poor survey design. It has also been suggested that, in order to make valuation and financial
decisions easier, people tend to think in terms of a system of expenditure budgets, or 'mental
accounts', to which they allocate their income (Thaler, 1984). If the amount allocated to the
'environment account' is quite small, this might result in an inability to adjust valuations
substantially in response to changes in the size and scope of an environmental good. Therefore,
embedding may occur through this imposition in decision-making of an income constraint,
which is inflexible and strict (relative to an individual’s total income), and which determines
valuations. The debate over embedding has not been resolved. Whether the effect is robust
or not, it does appear that careful survey design can reduce its severity, in particular through
the provision of precise, contextual descriptions of the good itself, and of the expenditure
implications of a particular willingness to pay bid.

There are numerous issues that arise in contingent valuation work in developing countries
that demand careful attention in order to increase the likelihood of obtaining high-quality
results. Interviewers need to receive a clear explanation of what the study is about and especially
the concepts of economic value and maximum willingness to accept or minimum willingness to
pay. Attention also needs to focus the presumed difficulty of understanding and interpreting
respondents’ answers to sensitive or hypothetical questions.

Focus groups are often used as an auxiliary to contingent valuation studies in order to explore
people’s knowledge, perceptions and understanding of the subject of interest. This aids the
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design of the contingent valuation survey. It indicates the amount of information that needs
to be presented, the manner in which to present it; and the way in which questions used in the
survey can be refined (Desvousges et al., 1984; Hoehn, 1992). Focus groups can be employed
following a contingent valuation survey (Burgess, Clark and Harrison, 1998) to provide insights
into the processes that underlie the responses. They can also be used to discuss survey results
with the stakeholders involved and relate these to the decision or decisions to be made.

The National Oceanic and Atmospheric Administration (NOAA) panel has offered a set of
guidelines that it believes should be followed if contingent valuation is to provide information
on non-use values of sufficient quality for it to be usable as the legal basis for compensation
claims for environmental damage (Arrow et al., 1993). The use of these guidelines within the
profession is now being extended to cover all contingent valuation studies. Contingent valuation
is likely to be most reliable for valuing environmental gains, particularly where familiar goods
are considered, such as local recreational amenities.

The use of contingent valuation to determine value has stimulated an extensive debate. It
has been criticized for its theoretical background, the isolation from contextual issues, and for
imposing a market construct and context on respondents. Contingent valuation studies are
costly and entail an inevitable comprise between expense and quality.

Environmental economists are accused of blind adherence to an outmoded neo-classical
economic theory that lacks empirical verification and political consensus. For some critics, the
supposed biases and practical inconsistencies found in contingent valuation surveys further
undermine the validity and modern relevance of neo-classical economic value theory. A further
criticism is that contingent valuation provides a snapshot of people’s attitudes, preferences and
values at a certain point in time. Little attention is given to the background or context against
which the values have arisen.

Burgess, Clark and Harrison (1998) question the use of contingent valuation in environmental
decision-making. They argue that people provide a monetary value for the environment because
they are in a coercive interview situation or because of their trust in the expertise held by
those asking the questions. They recommend that decisions about the environment should be
based on social consensus about appropriate standards and acceptable choices rather than on
individual’s willingness to pay elicited through contingent valuation surveys. However, their
critique may have been conditioned by problems in the contingent valuation case study that
the authors use as an example. The survey was experimental and, therefore, does not conform
to established 'best practice' (G. Garrod, personal communication, 1998). Nevertheless, in-
depth group discussions (returned to later) do offer a different perspective on the elicitation of
environmental values and are relevant to a comprehensive appraisal of the contingent valuation
method.

Contingent valuation is an attractive technique as it generates its own data. However, good-
quality contingent valuation studies are costly in terms of time and resources. A good study
will cost US$10 000-250 000; an expense that few agencies will agree to. Costs can be reduced
by hiring low-cost interviewers, though this entails compromise in the quality of the study.
Whenever possible, high-cost studies are to be preferred as they are more likely to produce
information that is useful and valuable, and can lead to policy changes that more than cover
their costs. Ultimately, the trade-off between expense and reliability is at the judgement of
the analyst.

Contingent ranking and conjoint analysis

Contingent ranking is implemented in the same vein as contingent valuation except that the
respondent has to rank order a large number of alternatives that comprise various combinations
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of environmental goods and prices. A random utility framework is used to analyse the data
on complete ranking of all the alternatives. The statistical estimation is often performed using
essentially a multinomial logit model of the rank order of the random utility level associated
with each alternative. Implicit attribute prices or welfare change measures are then calculated
from the parameter estimates of the logit model.

Applications of contingent ranking usually involve the ranking of large numbers of
alternatives, which often appear similar to the respondent. The cognitive task of arriving at a
complete ranking is very difficult. Furthermore, the estimated statistical models used are often
poor representations and result in imprecise environmental values. Therefore, the contingent
ranking method has met with a mixed response (Smith and Desvousges, 1986; Lareau and
Rae, 1989).

Conjoint analysis is related closely to contingent ranking. Individuals participate in a
conjoint analysis experiment to undertake a large number of ranking tasks. Each ranking task
involves a small number of alternative options. Based on the collected data, a type of utility
index model is estimated for each individual. Therefore, it differs from contingent valuation
and ranking. Conjoint analysis has strong foundations in psychology and statistics, but has a
rather less sound theoretical foundation in terms of individual choice theory. However, there is
atrend for valuation studies to move away from reliance on purely statistical methods towards
more behaviour-based models.

Environmental value transfer

Environmental value transfer here refers to transfer of values for environmental costs as well
as benefits (the latter is otherwise known as 'benefits transfer').

The costs of valuing impacts on the environment can be considerable. However, it is not
always necessary to undertake a new valuation study. Where valuation has been undertaken for a
similar case elsewhere, it may be possible to transfer the estimates and employ them as indicators
of the economic welfare impacts in a new study. The original valuation may have utilized any
of the valuation techniques outlined above. Environmental value transfer is undertaken largely
for reasons of cost-effectiveness and scope to rapidly inform decision-making. It is a very
attractive alternative to resource-intensive and time-consuming valuations based on original
data. However, it is fraught with difficulties and subject to a number of caveats.

Boyle and Bergstrom (1992) suggest the following criteria be employed to determine which
studies are suitable for use in value transfer:
* the goods or services that are being valued should be the same;
* the relevant populations should be very similar;
¢ the assignment of property rights for the resources under consideration should be the

same.

Desvousges et al. (1992) suggest that consideration should also be given to the sites in which
the goods or services are located, and quality of the study.

Three broad approaches can be used for environmental value transfer (Pearce, Whittington
and Georgiou, 1994).

One approach uses average value estimates. This approach assumes that the change in utility
experienced by the individuals considered in the new study is equivalent to that experienced on
average by individuals in the previous studies. For example, in the case of a change in resource
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management that affects recreation benefits, the change in recreation services would be valued
in terms of individuals’ average willingness to pay per day. This could be estimated using values
presented in suitable previous studies. Multiplying the resultant figure by the predicted change
in the number of person days of recreation in the new study would yield the total aggregate
value of the anticipated impact on recreation. A drawback is that the situations examined by
the two studies are unlikely to be identical. Consequently, studies that are suitable for value
transfer (according to the criteria listed above) are unlikely to be available.

A second approach uses adjusted average values. This entails the adjustment of mean values
from previous studies for any biases in the data to better reflect conditions examined in the new
study. For example, adjustments might be made to reflect the socio-economic characteristics
of households, the environmental change in question, the policy setting, or the availability of
substitute or complementary goods and services. Such adjustments can increase the suitability
of values for transfer.

A third approach uses value functions. This entails transfer of the entire demand function
for the good or service in question to the new study. It enables transfer of a greater amount
of information than through use of average values alone. It is likely to result in better
approximations of values, but is more involved than the other two approaches.

Several limitations are common to all of the above approaches for value transfer: a
requirement for good-quality studies of similar situations; the potential for characteristics
to change between different time periods; and an inapplicability to the valuation of novel
impacts. The quality of studies carried out using transferred values can be no better than the
quality of the data in its original context (Green et al., 1994). Garrod and Willis (1994) found
that for applications in the United Kingdom, even careful modification of available benefits
estimates did not yield transfer estimates 'which were reliable and robust enough to be used
with confidence in policy applications.' There is little published evidence that tests the validity
of environmental value transfer. In the few studies conducted, transfer errors have been found
to be substantial (Brouwer 1998). It may be possible to make value transfer more robust if,
as well as socio-economic variables, essential physical variables, e.g. ecosystem characteristics
and processes, are considered at the different sites. As more information about factors that
influence environmental values becomes available, e.g. through meta-analysis, the transfer of
values across populations and sites will become more practicable, using either only existing
data or supplementing this with new original data.

Environmental value transfer is still in its infancy, partly because only a limited number of
high-quality valuation studies have been completed for many environmental impacts. However,
it does offer a potentially important and useful means for valuation, and could feasibly provide
accurate and robust benefit estimates at a fraction of the cost of original valuation studies.

Meta-analysis

Meta-analysis has played an increasingly important role in environmental economics research
since the beginning of the 1990s (van den Bergh ez al. 1997). Originally used in medical and
psychological research, meta-analysis uses statistical techniques to provide a quantitative
comprehensive evaluation of what can be large volumes of data presented in multiple empirical
studies. It enables researchers to explain variations in the outcomes of single studies based on
any differences in underlying assumptions, standards of design and measurement.

In the absence of meta-analysis, data presented in existing studies is usually assessed
qualitatively. Meta-analysis offers important advantages. The analysis is objective, so does
not prejudge studies or weight their findings subjectively on the basis of study quality (Glass,
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McGaw and Smith, 1981). However, results of meta-analysis can be biased through the inclusion
of only significant study results; studies with insignificant findings are less likely to be published
and, therefore, are not available for analysis. In addition, correlation can occur in the data if
multiple results from a single study are assumed to be independent without application of the
necessary statistical tests (Wolf, 1986).

Meta-analyses have been carried out on the valuation of various functions of water resources,
focusing either on the use of single or multiple valuation techniques. An increase in the use of
meta-analysis has occurred, triggered by: (1) increases in the number of environmental valuation
studies that are available; (ii) seemingly large differences in valuation outcomes caused by
differences in research designs (Carson et al., 1996); and (ii1) the high costs of original valuation
studies, which has increased policy-makers’ demand for transferable valuation results.

Meta-analysis can be used to identify criteria for valid environmental transfer. They are
identified in the meta-analysis as factors that significantly explain variances in valuation
outcomes. Meta-analysis can also be used to assess the convergent validity of value estimates.
Convergent validity can be tested by splitting a data set in two. Half of the data set is used
to identify significant factors. The other half is used to test whether value estimates based on
the significant factors fall within the confidence interval of the estimates in the other half of
the data set.

Income multiplier method

Income multipliers measure the circulation of expenditures through an isolated economy,
tracing the flow of money through individual sectors of the economy. The effect of expenditures
in one sector on the whole economy is measured by multiplying the income multipliers by
the expenditures. Although these changes in expenditures provide a measure of economic
impact, they do not indicate net economic value or willingness to pay (Sorg and Loomis,
1984). They represent the redistribution of economic activity: transfers of surplus between
regions, between people, and between industries. These sum to zero in economies with full
employment. Therefore, changes in expenditures provide some evidence that an activity or
amenity for which expenditures are made is of value but they do not provide guidance on the
magnitude of this worth.

Other non-economic approaches to valuation
Energy analysis

Energy analysis has been used to estimate the value of ecosystems based on their biological
productivity (Farber and Costanza, 1987). The total energy captured by ecosystems is used as
an estimate of the total potential of ecosystems to perform useful work for the economy. The
approach is considered to provide an upper bound on the economic value of the products of an
ecosystem because not all of the products are used in the economy. The TEV of an ecosystem
in providing biological products for an economy is determined by multiplying a money-to-
energy conversion factor (measured in a monetary value per unit of energy) by the energy
potential of the ecosystem. The resulting measure of welfare represents the total consumptlve
value of the ecosystem. However, non-consumptive benefits (such as some recreation values)
are not accounted for in energy analysis-derived values. A further difficulty with this method
is that there is no reason to expect the conversion factor between energy and the monetary
value to be approximately constant.
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Discussion groups

Some critics consider environmental valuation to be a social process that relies on social
agreements (Sagoff, 1988; Jacobs, 1997) and tied only loosely, if at all, to technical valuation
methods and techniques. They advocate the use of group discussions (such as citizen’s juries
and focus groups) as an alternative to the survey-based contingent valuation approach. This
offers more of a process-oriented approach to environmental valuation that places emphasis on
the processes that underlie and lead to the environmental values that people hold or express.
The contingent valuation approach monitors only the end result at a certain point in time
and pays little attention to the background or context in which the values occur. The use of
group discussions is more in line with a social constructivist approach (Potter, 1996), which
understands knowledge and preferences to be dependent upon social processes and cultural
factors, and these are simulated in group discussions. It provides an opportunity to open up
the process by which respondents perceive the environmental problem presented to them: the
processes by which they relate it to their personal experiences, beliefs, norms and values and
shape it into a new or existing preference structures. Group discussions provide the researcher
with the opportunity to go into more detail about the meaning of respondents” answers in
terms of their motivations and the effects of the broader social context

Deliberative group approaches are rooted in a distinct view of how decision-making
procedures are, or should be, organized. Different cultural views on social relations are
assumed to give rise to different preferences towards decision-making procedures for
different kinds of issues, including environmental issues, e.g. Rayner (1984) in the context of
risk management. These cultural foundations can be found to underpin the various approaches
used for environmental valuation.

The data produced by group discussions is qualitative. Consequently, special attention is
required in order to make replicable and valid inferences from these data. This is necessary
for the following three interrelated reasons. First, data communicated during qualitative social
research may not have a single meaning, especially where the message conveyed is symbolic
in nature (Krippendorff, 1980). Meanings are not necessarily shared. A message may convey a
multitude of contents even to a single receiver and may convey different meanings to different
people. Therefore, claims to have analysed the content of the information communicated
during group discussions can be difficult to defend. Second, data and values are embedded in
culturally defined worldviews; they cannot be considered to be independent. Consequently,
'facts' can be perceived differently across the various cohorts of society. Third, the qualitative
data produced by group discussions are given meaning within at least two distinct contexts:
(1) the group context in terms of the various cultural and social-economic backgrounds of the
group members; and (i1) the context as constructed by the researcher. These two contexts need
to be stated explicitly in order to identify the boundaries beyond which the analysis cannot be
extended legitimately (Krippendorff, 1980). The results can only be validated if the purpose
of the analysis is stated unambiguously and the context in which the data were produced is
defined clearly.

The use of discussion groups is also open to criticism. From a 'critical realism' point of
view (Bhaskar, 1989), it can be argued that group discussions may not be mere consultations
or mechanisms to reproduce underlying social relationships. Instead, they can constitute
scientific and political 'transformational interventions' that are open to manipulation and
steering. However, participatory and deliberative approaches to environmental valuation gain in
transparency and meaningfulness where the balance between the self-interest and community-
based interests of individuals acting as both consumers and citizens is made more explicit.
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ECONOMIC VALUATION OF FUNCTIONS AND SERVICES: PRACTICE

This section examines how the valuation techniques discussed above are applied in practice
to the economic valuation of water resource functions. The approach taken here employs the
concept of functions to link water resource catchment structures and processes to their various
uses that give rise to goods and services. The structures and processes determine a variety of
functions that can be categorized according to whether they are hydrological, biogeochemical
or ecological functions. This section considers the economic valuation of a selection of some
of the more important and less well-understood. The application of the valuation techniques
to many of the functions has already been considered extensively elsewhere (Gibbons, 1986;
Young, 1996; National Research Council, 1997; Renzetti, 2002), and hence discussion of these
is limited here. Table 7 shows a summary of many of these functions and the techniques applied
to them. In addition, Table 8 summarizes this information according to the main sectoral uses
of water.

In addition to the discussion provided in this section, the Appendix provides a number of
more detailed case study examples of the techniques in practice.

The adoption of an extended catchment-scale perspective has the advantage that it is
easier to identify and take into account the interdependence that exists between the socio-
economic impacts of water resource functions. An example of this interdependence arises in
the case of the hydrological functions of groundwater recharge and groundwater discharge.
The groundwater recharge function may in itself have no impact on human welfare, but it
has value in that it provides storage of water in aquifers for later discharge as surface water.
Moreover, the processes involved can remove pollutants, thereby enhancing water quality.
Care is required to ensure that such interdependence between functions does not result in
double counting of benefits (which can occur if one function is integral to another, but they
are valued separately and aggregated).

In what follows, a selection of functions is listed, along with some brief discussion of the
application of possible techniques for their valuation.

Hydrological functions
Floodwater control

This is the short- or long-term detention and storage of water from over bank flooding and/or
slope runoff.

Under the hedonic pricing approach, hedonic pricing can be used to analyse the price
differential for properties at risk from flooding. It entails analysis of all variables that could
affect price, such as location, size, aspect, and age of property. Use of hedonic pricing requires
existence of a property market and existence of known and distinct risks of flooding. It is a
complicated procedure that is subject to various complications. Defensive expenditures to
reduce flood damage can counter impacts of flooding on property prices (Holway and Burby,
1990). A further complication is that perceived risk of flooding and the resultant impact on
house prices can diminish as memories of previous flooding episodes fade (Tunstall, Tapsell
and Fordham, 1994). Moreover, house prices may reflect flood hazards only where flooding
has occurred relatively recently, regardless of the expected frequency of flooding (Tobin and
Newton, 1986).

Under the contingent valuation approach, floodwater control can be valued by asking the
affected population what they would hypothetically be willing to pay to either avoid flooding
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TABLE 7

Impacts of water resource functions on human welfare, and valuation techniques used

Good or service provided

Impact on human welfare

Valuation techniques used

Potable water for residential use

Water for agricultural crop irrigation

Water for landscape and turf irrigation

Water for livestock

Water for food product processing

Water for other manufacturing processes
Water for hydroelectric power
generation

Prevention of land subsidence

Erosion, flood and storm protection

Transport, treatment of and medium for
wastes and other by-products of human
economic activity

Improved water quality through support
of living organisms

Improved air quality through support of
living organisms

Recreational swimming, boating, fishing,
hunting, trapping, and plant gathering

Commercial fishing, hunting, trapping,
and plant gathering.

On- and off-site observation and study
for leisure, educational and scientific
purposes

Regulation of climate through support
of plants

Non-use services

Change in welfare from change in
availability of potable water.
Change in human health or health risks.

Change in value of crops produced or
production costs.
Change in human health or health risks.

Change in cost of maintaining public or
private property.

Change in value of livestock products or
production costs.
Change in human health or health risks.

Change in value of food products or
production costs.
Change in human health or health risks.

Change in value of manufactured goods
or production costs.

Change in cost of electricity generation.

Change in cost of maintaining public or
private property.

Change in cost of maintaining public or
private property.

Change in human health or health risks.
Change in animal health or health risks.
Change in economic output.

Change in human health or health risks.
Change in animal health or health risks.
Change in economic output or production
costs.

Change in human health or health risks.
Change in animal health or health risks.

Change in quantity or quality of
recreational activities.
Change in human health or health risks.

Change in value of commercial harvest
or costs.
Change in human health or health risks.

Change in quantity or quality of on/off-
site observation or study activities.

Change in human health or health risks.
Change in animal health or health risks.
Change in economic output or production
costs.

Change in personal utility or well-being.

MP/DF; SCF; C/PCS; CV/CR; AB;
HP/W; BT

MP/DF; SCF; C/PCS; CV/CR; AB;
HP/W; BT

MP/DF; SCF; C/PCS; CV/CR; BT

MP/DF; SCF; C/PCS; CV/CR; AB;
HP/W; BT

MP/DF; SCF; C/PCS; CV/CR; AB;
HP/W; BT

MP/DF; SCF; C/PCS; CV/CR; BT

MP/DF; SCF; C/PCS; CV/CR; BT

MP/DF; SCF; C/PCS; CV/CR; BT

MP/DF; SCF; C/PCS; CV/CR; BT

MP/DF; SCF; C/PCS; CV/CR; AB;
HP/W; BT

MP/DF; SCF; C/PCS; CV/CR; AB;
HP/W; BT

MP/DF; SCF; C/PCS; CV/CR; AB;
HP/W; BT

MP/DF; SCF; C/PCS; CV/CR; TC;
AB; HP/W; BT

MP/DF; SCF; C/PCS; CV/CR; BT

MP/DF; SCF; C/PCS; CV/CR; TC;
BT

MP/DF; SCF; C/PCS; CV/CR; AB;
HP/W; BT

CV/CR; BT

Note: MP/DF = market price/demand function; SCF = supply or cost function; C/PCS = consumer/producer cost savings; CV/CR =
contingent valuation/contingent ranking; TC = travel cost; AB = averting behaviour; HP/W = hedonic price/wage; BT = benefits
transfer.

Source: Modified from National Research Council (1997) and Bergstrom et al. (1996).
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(of some area of interest) or to avoid an increase in the frequency of flood episodes. Given
the analytical and resource demands of contingent valuation survey, this is best limited to
valuation of the impacts of flooding that are not non-marketed, such as impacts on unique
ecosystems.

The damage costs avoided approach considers the costs that would be incurred if flood
control provision (e.g. the flood protection provided by a wetland) were not present are given
by the damage costs. These consist of direct costs, indirect costs and intangible costs.

The direct costs of flooding are incurred by physical contact with the floodwaters. Costs
of damage to the built environment are determined by the type of building (e.g. residential,
commercial and industrial) and factors such as the design, function, density and age of the
buildings. Cost estimates can be obtained from relevant publications, e.g. the 'FLAIR blue
book' in the United Kingdom (N’Jai et al., 1990), government agencies, and site-specific
surveys conducted by government agencies or insurers. In determining the costs of damage
to movable assets, account needs to be taken of avertive action. For example, in a study of
flooding in Maidenhead, United Kingdom, Tunstall, Tapsell and Fordham (1994) found that
the reduction in damages by avertive action was "substantial". Higgs (1992) allows for a
reduction of 5-10 percent in damage costs resulting from items being moved away in advance
from flood-prone areas.

Flooding also imposes costs on productive activities in the non-built environment. Damage
to natural ecosystems (wetlands, woodlands and meadows) may be minor and temporary.
However, the costs can be substantial for intensive agriculture. Losses in returns to agricultural
production are determined by: the depth, extent and duration of flooding; the effluent and
silt content of the floodwaters; types of crop, expected yields and price. Silt exacerbates the
volume of flooding and is itself a cause of damage. Clark (1985) estimated that silt accounted
for 20 and 7 percent of urban and rural flood damage respectively for a study in the United
States of America. Turner, Dent and Hey (1983) have calculated returns from agriculture, as
the opportunity cost of wetland preservation, based on detailed analysis of output, fixed and
variable costs and transfer payments (agricultural subsidies). Estimates of standard losses in
agricultural gross margins due to flooding may also be available from official publications
(e.g. the Farm Management Pocketbook for the United Kingdom). Long-term impacts on
agricultural production through continued exposure to inundation are reflected in the value
of the land. Flooding affects the land use categorization of land and this is reflected in the
market price (Boddington, 1993); average price data for land use categories is often available
from official publications.

Flooding also results in indirect and intangible costs. Disruption to physical and economic
linkages in the economy causes indirect costs. They include: costs of implementing immediate
emergency measures; reduced production, and the knock-on effects of this on production
elsewhere; impacts on transport; and increases in living expenses. By definition, intangible
costs are not readily quantifiable. Examples include psychological effects (stress caused by
flooding and worry about future events) and poor health caused by flooding. Some costs
formerly described as intangibles are now being quantified, such as the effects of disruption
and evacuation (Green and Penning-Rowsell, 1986; 1989). Intangible costs could be more
significant that the direct damages of a flood episode (Green and Penning-Rowsell, 1989). It s
best to acknowledge that such costs are expected but cannot be valued, and that the total cost
of damage (and hence the value of the wetland flood protection function) is underestimated
as a result.

Defensive expenditures provide only a minimum estimate of the benefits of floodwater
control as they may omit costs of flooding against which defensive actions are not taken.
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Furthermore, defensive expenditures tend to be low relative to potential damages as individuals
underestimate the likelihood of flooding and overestimate their ability to cope with its effects
(Tunstall, Tapsell and Fordham, 1994). Defensive expenditures include relocation of assets,
such as buildings, nature reserves and livestock (Boddington, 1993), rewiring of electrical
points above expected flood levels, and raising of houses on stilts or piles (Tunstall, Tapsell and
Fordham, 1994). Relocation may not be to a site that is a direct substitute. Therefore, relocation
costs need to be attributed accordingly between the various benefits, and any disadvantages
also need to be taken into account.

The replacement cost of flood control can be determined, for example, through the use
of shadow projects. In the case of the floodwater control function of a wetland, a shadow
project could entail creation or restoration of another wetland that would perform the same
function within a given catchment. This would also replace other functions of the wetland
and would, therefore, be particularly appropriate in a situation where total loss of a wetland is
threatened. Locally relevant costings for wetland creation or restoration are likely to be sparse
(although mitigation banking has led to considerable creation and restoration of wetlands in the
United States of America). There is uncertainty associated with 'engineered' ecosystems and
the functions they can perform. This is more pronounced where the location of the shadow
project is distant from the original site and the benefits are consequently derived by a different
population. For shadow projects that entail a change in land use for a site (e.g. taking land out
of agricultural production), the analysis must also include the opportunity costs of this.

Groundwater recharge

This is the recharge of groundwater by infiltration and percolation of detained floodwater
into a significant aquifer.

The groundwater recharge function is only of value where the recharged groundwater is
of some benefit to society. The benefits may be direct, such as abstraction of the water for
irrigation or domestic use, or indirect, such as the maintenance of water table levels. In addition
to these use values of recharging groundwater, there may also be non-use values of maintaining
groundwater supplies. Non-use values can be attributed to the maintenance of groundwater
supplies for subsequent generations, but only if use of the reserves is anticipated.

Table 1 shows the potential extractive and in-situ uses of groundwater acting as a water
reserve (stock). As far as the extractive uses are concerned, the techniques involved in assessing
the economic value of groundwater recharge are much the same as those outlined below for
the 'groundwater discharge/surface water generation' function. Studies that have considered
values for groundwater supply are outlined in that section as they illustrate techniques that
may also be useful for assessing the value of surface water. They include: hedonic pricing based
on variations in availability of groundwater irrigation supplies; costs of establishing substitute
well sites; and contingent valuation of willingness to pay for alternative piped water supplies. A
number of studies have assessed values associated with maintaining the quality of groundwater
(which may be relevant to the in-situ uses of the recharge function) and these are considered
under the “nutrient retention” function. Two other in-situ use values arising from groundwater
recharge include prevention of land subsidence and saltwater intrusion.

Concerning the prevention of land subsidence, hedonic pricing is used to analyse a price
differential in property that is attributable solely to the risk of subsidence. Where identical
sets of housing exhibit variation in prices, and the only non-constant attribute is the risk of
subsidence, then price differences can be related to the buyers’ willingness to pay to avoid
subsidence. However, it is necessary to assess all relevant variables that could affect price (e.g.
location, size, aspect and age), and to isolate the effect of subsidence from these.
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Regarding damage costs avoided, predominant land uses are identified and the various
costs of a potential subsidence assessed. Estimation of the damage costs avoided owing to
groundwater recharge provides an upper bound estimate of the value of this function as it
does not technically value society’s willingness to pay to avoid the subsidence. Instead, it
values the full extent of costs expected to result from subsidence, which could exceed the cost
of alternative measures to negate the economic impacts. However, it may not be feasible to
estimate all the costs involved, particularly the intangible costs.

Residual imputation and variants can be applied to the case of saltwater intrusion. Intrusion
of saltwater can occur as a consequence of falling groundwater in levels in areas in proximity
to the coast. Saltwater intrusion can render groundwater unusable for irrigation, thereby
impinging directly on agricultural production. The change in net returns that this would cause
can be used to assess the value of maintaining groundwater levels to prevent the intrusion of
saltwater.

Groundwater discharge/surface water generation

Groundwater discharge and surface water generation can be considered as identical functions for
valuation purposes. Whether water originates from direct precipitation, groundwater discharge
or another source does not influence the value attributable to surface water generation. The
surface water generated contributes to the stocks and flows of surface water, which support a
variety of in-situ and extractive uses as well as non-use values.

Table 1 shows the potential extractive and in-situ uses of surface water, and its interrelationship
with groundwater. Extractive uses of surface water include use of water for irrigation and
domestic purposes. In-situ uses of surface water are more varied and can include maintenance
of habitats and provision of aesthetic and recreational value. Several of the in-situ uses of surface
water are also considered within other functions. For example, the reliance of characteristic
wetland ecology on surface water and anaerobic conditions resulting from inundation (and
the subsequent capacity to retain excess nutrients) are considered under the 'ecological' and
'nutrient retention' functions, respectively. Downstream habitat and biodiversity maintenance
are considered below only in so far as they might contribute to recreational and amenity value.
Other benefits associated with maintaining biodiversity could be significant (e.g. non-use values)
and valuation methods for these are outlined in the section on 'ecological' functions.

As mentioned above, the techniques outlined below for valuing extractive and in-situ uses
of surface water are also applicable to the extractive uses listed under the groundwater recharge
function. The main extractive and in-situ uses and techniques to value them have already
been considered comprehensively in, for example, Gibbons (1986); Young (1996); National
Research Council (1997), Renzetti (2002). Hence, only a few illustrative application examples
are presented here.

One example concerns the use of market-based transactions. Surface water abstraction for
use in irrigation can be valued using market prices observed in rentals and sales of water rights.
In order for traded water rights (for a specified period or for a permanent right) to reflect
the economic value of water use, allocation and enforcement of property rights is required.
If necessary, prices should be adjusted to reflect long-term considerations (i.e. social values).
In practice, rental rates may be affected by factors other than the marginal value of water.
Although observations of prices on markets for perpetual water rights are more appropriate
for long-run planning contexts, some degree of care is required in converting this capitalized
asset value into the annual values used conventionally in planning and policy analysis (Young,
1996). Furthermore, in circumstances where agricultural subsidies supported crop prices, the
use of water right prices will lead to overestimation of the social value of irrigation water.
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Another example concerns the use of residual imputation and variants. This is one of the
most widely used techniques for valuing irrigation water. Ruttan (1965) employed it in an
early study that demonstrated the difference between the value of irrigated and non-irrigated
agricultural production. Some degree of care has to be taken with its use in order to ensure
that statistical problems, such as multicollinearity between variables, do not bias the analysis.
Linear programming models have been applied to farm budget data to derive shadow values
on irrigation water (Colby, 1989). Here, crop type is the most important determinant of the
marginal value of irrigation water. The presence of uncertainty makes valuation of agricultural
water use difficult owing to uncertainty in the need for irrigation (e.g. arising from climatic
variation) and in water supplies. Therefore, farmers” attitudes towards risk must be considered
when undertaking studies. Furthermore, market distortions and externalities also need to be
taken into account. The Appendix contains a case study example for a multiple use irrigation
system in Sri Lanka.

Another technique is that of derived demand functions. This technique has been used to
estimate households’ valuation of domestic water supplies employing relatively easily acquired
price and quantity data, e.g. in Young and Gray (1972) and Gibbons (1986). Although these
studies addressed households’ valuations of a given quantity of water, they did not address
complications created by variations in water quality or service reliability. These issues have
been considered in studies using contingent valuation and avoided cost approaches.

In principle, hedonic pricing can be used to derive the value of maintenance of river flows by
surface water generation (Loomis, 1987). Individuals or businesses (including farms) might pay
a premium for property located close to a river. It may be difficult to distinguish use of water
in the river from other locational factors, such as benefits associated with aesthetics, recreation
or transportation that result from proximity to the river. It is also difficult to determine the
contribution made by the discharge of groundwater to maintenance of water levels in the river.
Few studies have used hedonic pricing to value surface water generation, presumably because
of these complications and demands of the technique. One of the few examples decomposes
the value of agricultural land as a function of its attributes including the use of irrigation water
(Faux and Perry, 1999). The Appendix provides an example of a detailed case study of water
supply in the Philippines.

Concerning the use of the replacement cost/avoided cost technique, avoided cost has been
used to value hydroelectric power generation (see Gibbons, 1986). The cost that would be
incurred if an alternative source provided the capacity to generate power is used to impute the
value of the hydroelectric power generated. However, the method is problematic as it ignores
the price elasticity of demand for electric energy. The approach can also be applied to valuation
of surface water generation where water is abstracted to provide drinking-water. However, the
expense of finding an alternative water supply is likely to be exceeded by benefits of continued
use of the existing source. The technique may be particularly suited to this application where
there is difficulty in valuing the health implications of restrictions in water supply.

Biogeochemical functions
Nutrient retention and export

This concerns the storage and removal of excess nutrients (nitrogen and/or phosphorus) from
water, via biological, biochemical, geochemical, physical and land management processes.

The main impact of storage of nitrogen and phosphorus is improved water quality. Thus,
this function is discussed here with respect to water quality. Improvements in water quality
have a number of benefits, as discussed in Chapter 1. A few illustrative examples of valuation
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of the benefits of improved water quality are outlined below. Impacts on recreation can be
valued using the travel cost method. The benefits for drinking-water supplies can be considered,
for example, via defensive expenditures. Indeed, nutrient retention benefits can be considered
generally in terms of the costs of providing substitute treatment facilities. Potential increases in
the costs of industrial production processes are not considered here. The residual imputation
methodology (discussed above) could also be employed to value the benefits of improved
water quality as an input to production processes.

Research based on contingent valuation has been used widely to consider water quality.
Jordan and Elnagheeb (1993) used the approach to assess households’ valuations of
improvements in drinking-water supplies (following reductions in nitrate levels). One of the
most challenging aspects of this approach is the manner in which water quality information is
conveyed to survey respondents, and specifically whether objective or subjective measures of
water quality are used. Poe (1998) argues that objective measures are preferable because people
do not have reliable and well-informed reference points regarding water quality. Conjoint
analysis and contingent ranking has also been used to value water quality 1 improvements. For
example, Georgiou et al. (2000) used contingent ranking to value urban river water quality
improvements. The Appendix contains a case study on water quality in the Philippines

The travel cost method has been used to assess the value of improved water quality at
recreational sites. A complex form of travel cost analysis, which includes measures of water
quality as independent variables, is applied to sites that vary in water quality (but are similar in
other attributes) or to one site for which water quality changes over time. This is an extremely
involved procedure, which measures only the recreational benefits associated with improved
water quality downstream. There are a number of difficulties with such analysis. In particular,
for a multisite study, the influence of water quality between sites needs to be isolated from
other varying attributes that might affect recreation demand. In the case of a single-site
temporal study, changes in water quality need to be isolated from other attributes that might
change over time. Smith and Kaoru (1990) undertook a meta-analysis of travel cost studies
relating to water-based recreational values. They found that five features consistently had an
influence on results: type of recreational site; the definition of the usage and quality of a site;
measurement of the opportunity cost of time; the description of substitutes; and specification
of the demand model.

Regarding the hedonic price method, the price of properties in close proximity to waterbodies
can be affected by the quality of the water and, therefore, by nutrient retention. The value of
the nutrient retention function is derived from: (i) property values that are attributable to water
quahty, and (ii) the role of the function in maintaining the water quality. This entails analysis
of prices for otherwise similar properties that are located close to polluted and unpolluted
waterbodies. However, the data demands are considerable. A rough approximation of value
can be derived directly from a summation of adjustments in property prices, which could
be based on assessments of experts, such as estate agents, rather than actual observed price
differentials in the property market.

Regarding the defensive expenditures/avoided cost approach, the value of improved water
quality can be estimated based on the expenditures undertaken by people to avoid consumption
of poor-quality water. The sum of defensive expenditures on marketed goods, such as water
purification equipment, represents the lower boundary on society’s willingness to pay for
improved water quality. This accounts only for changes in behaviour made by consumers in
response to poor water quality. It does not take into account consumers who do not undertake
defensive actions but would nonetheless prefer improved water quality. Such individuals may
be inhibited from acting by inconvenience associated with the defensive activities, or lack of
information about pollutant levels and possible adverse effects. Abdalla, Roach and Epp (1992)
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used this valuation approach to determine the time and money that households expend to
avoid risk arising from groundwater contamination. Their approach assumes that households
undertake a two-step decision-making process in which they first decide whether to undertake
any avertive action, and then decide on the intensity of those actions. Abdalla (1994) also
provides a survey of the literature on averting cost methods.

The retention of nutrients can be valued using the replacement cost in terms of the cost of
substitutes. Substitute activities include reduction of nitrate and phosphate pollution at source
by limiting applications of agricultural fertilizers or by the installation of water treatment
facilities. The replacement cost is particularly useful where the benefits of reduced nutrient
loading are difficult to estimate. Examples include estimation of the benefits of avoiding
deleterious health effects or the benefits of maintaining water quality and ecosystems for
future generations.

Sediment retention

This concerns the net retention of sediment carried in suspension by surface water, including
runoff from the contributory area and overbank flooding.

Retention of sediment reduces the sediment load in water downstream and thereby improves
water quality. The value of this may be most readily estimated in terms of the additional costs
that industrial and municipal users of water would incur through the necessity for water
treatment in the absence of sediment retention. Higher water quality may also lead to increased
opportumtles downstream, e.g. for recreation and commercial fisheries, and may have biological
impacts on survival of habitats and species. Habitats and blOleCrSlty are considered here only
in so far as they might contribute to recreational and amenity value. Techniques for valuing
the benefits of improved water quality (or the costs of poor water quality) are covered under
the 'nutrient retention' function (above).

Additional benefits of reduced sediment loads include mitigation of damages to water
conveyance facilities. Such damages can occur through deposition of sediment in rivers, drainage
ditches and irrigation canals, which can lead to adverse effects on navigation and water storage
capacity, and can increase flooding. Some of the techniques for valuing those benefits that have
not already been considered under other functions are discussed below.

Regarding the techniques of avoided cost/damage costs, the benefits of maintaining
navigation can be estimated in terms of the avoided costs of alternative transport. This approach
does not usually account for the differences in speed between alternative modes of transport.
Alternatively, the benefits of maintaining navigation can be valued as the damage costs avoided
in terms of reduced accidents and groundings. However, values are likely to be low, especially
where the costs of infrastructure have already been accounted for. The benefits of mitigating
damages to water conveyance facilities, such as deposition in drainage ditches and irrigation
canals, is peculiar to the sediment retention function. Estimating the damage costs avoided
in terms of the costs of reversing possible adverse impacts is the most appropriate valuation
technique to use.

Considering the application of residual imputation and variants, the presence of fine silt
particles in water used for irrigation can lead to a loss in productivity, as they can seal the
surface of the soil, making it impermeable. However, the addition of sediment can increase
soil fertility and thereby improve productivity. As sediment impinges directly on agricultural
production, for which market prices exist, then changes in marketed outputs can be used to
assess the value of sediment retention.
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Ecological functions
Ecosystem maintenance

This concerns the provision of habitat for animals and plants through the interaction of physical,
chemical and biological processes.

The economic value of ecological functions is generally only derived through contact with
or concern for species or habitats that are components of an ecosystem. Thus, it focuses on
aspects of biodiversity (both quantity and variety of organisms). With respect to biodiversity
maintenance, the valuation techniques of relevance include: contingent valuation, hedonic
pricing and replacement cost.

Contingent valuation can be particularly useful for assessing the value of biodiversity
maintenance, indicating willingness to pay for conservation of biodiversity. It is the only
technique currently regarded as suitable for estimating non-use values associated with the
maintenance of species diversity and population sizes. By definition, these values are not reliant
on individuals visiting the site (so are not associated with measurable changes in behaviour).
Brouwer et al. (1997) provide a meta-analysis that attributes values to various ecological
functions estimated from a large number of contingent valuation studies.

With hedonic pricing, differences in property prices that can be attributed to aesthetic and
amenity benefits of proximity to a wetland can provide a value for maintenance of biodiversity
on the wetland site. This requires analysis of prices for otherwise similar properties that are
located close to and distant from wetlands with a diversity of species.

The replacement cost of the biodiversity maintenance function is based on the costs of
creation or renovation of an alternative. To provide a replacement, the alternative is required
to provide similar habitats to the original site. Indeed, a possible management option would
entail relocation of species to an alternative site. To have corresponding value, the alternative
site is required to provide the same benefits. These are influenced by the location of the
alternative site: its proximity to population centres, ease of access and availability of substitute
sites. There is also the question of 'authenticity'. The original, naturally occurring site may be
preferred to an exact replica, thereby affecting amenity and non-use values. Valuation using
the replacement cost is most straightforward for sites that predominantly provide the single
function of biodiversity maintenance. For sites that provide multiple functions, the costs
of replacement are attributed between the respective functions. Opportunity costs of the
conversion of the alternative site and any externalities are also taken into account.

In addition to biodiversity maintenance, anthropogenic export of this biodiversity is also
an important ecological function. This has consumptive use value associated with commercial
exploitation, subsistence provision, and recreational use. The value of commercial exploitation
of fish, shrimp or timber harvesting can generally be assessed through analysis of market prices.
Subsistence value can be more difficult to estimate because the products are not marketed.
However, market prices may exist for the products, alternative products or inputs to production
that can be used as surrogates for prices. Consumptive recreation activities most often involve
fishing and hunting. These can be assessed using the travel cost method or the contingent
valuation method.

REVIEW OF VALUATION STUDIES

There have been a number of reviews of water resources in the past three decades. Early surveys
were undertaken by Young and Gray (1972) and Gibbons (1986), while more recent work
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includes Moore and Willey (1991), Young (1996), Frederick, VandenBerg and Hanson (1997).
Renzetti (2002) provides an up-to-date survey of the water demand literature. There have also
been a number of specific surveys of the value of water in specific uses. For example, Bogess,
Lacewell and Zilberman (1993) consider the economics of water use in agriculture. These
reviews are based on sectoral views of water resources, which despite the approach advocated
here, are useful in highlighting important themes that have implications for policy.

In their review of water valuation studies, Frederick, VandenBerg and Hanson (1997) found
wide variation in estimated values across water use sectors (summarized in Table 9). While
not the lowest, values in the irrigation water sector tended to be much lower than domestic
and industrial uses. However, these figures are based on an unevenly distributed sample of
studies across the different sectors. While there are a relatively large number of studies in
irrigation and recreational uses, few studies have been undertaken for industrial and domestic
applications. A similar picture emerges from an analysis undertaken by Briscoe (1996) using
data from developed and developing country studies (summarized in Figure 11).

Based on the data in Figure 11, and other studies that show consistent results, Briscoe (1996)
makes the following conclusions:

» The value of irrigation water in industrialized countries: irrigated agriculture accounts for
a large proportion of water use, especially in many water-scarce areas, and the value of
water for many low-value crops, such as food grains and fodder, is universally very low.
Nevertheless, the value of water can be high (of the same order of magnitude as values in
M&I end uses) where reliable supplies are used on high-value crops.

» The value of irrigation water in developing countries: a similar picture to that for
industrialized countries is found in developing countries. Where water is used on high-
value crops, including fruits, vegetables and flowers, then the value of water, as reflected
in active and sophisticated water markets, can be high (typically around US$0.05/m>).
However in many public (mostly surface) irrigation systems, the quality of the irrigation
supply is poor, food grains are the major crop produced, and the value of water is typically
only about US$0.005/m?, orders of magnitude lower than for private irrigation schemes
that use groundwater.

* The value of water for hydropower: the short-run values for use of water in hydroelectric
power generation in industrialized countries are typically quite low, often no higher than
the value in irrigated agriculture. Long-run values are even lower. The economic viability
of hydropower depends on factors in the economy, the power sector and the water sector.
Hydropower is most likely to be worthwhile where water is abundant and there are few
competing uses. In developing countries, high environmental costs of alternative sources
of power and a growing demand for power may make hydropower an attractive option.
It is sometimes argued that hydropower is a non-consumptive use and as such does not
impose externalities on others. However, in reality, it can modify flow regimes with the
result that major costs are imposed. The key issue is not consumptive or non-consumptive
use, but the costs imposed on others by a particular use of the resource.

 The value of water for household purposes is usually much higher than the value for most
irrigated crops. Within household usages, the value for 'basic human needs' is much higher
than the value for discretionary uses (such as garden watering). Reliability of supply is an
important factor in how the resource is valued.

* The value of water for industrial purposes is typically of a similar order of magnitude to
that of supplies for household purposes;
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TABLE 9

Values of water use in the United States of America, by sector

Value of water use in 1994 US$/acre-foot of water

No. observations

Average Median Minimum Maximum
In situ
Waste disposal 3 1 0 12 23
Recreational/ 48 5 0 2642 211
habitat
Navigation 146 10 0 483 7
Hydropower 25 21 1 113 57
Withdrawal
Irrigation 75 40 0 1228 177
Industrial 282 132 28 802 7
Thermal power 34 29 9 63 6
Domestic 194 97 37 573 6

Source: Frederick, VandenBerg and Hanson (1997).

FIGURE 11
western United States of America
Value (log scale)
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Source: Briscoe (1996).

* The value of environmental
and ecological purposes
varies widely but typically falls
between the agricultural and
municipal values (as shown in
Figure 11).

Given the focus on the
functional perspective in this
report, the Appendix provides
a review of a large selection of
water resource valuation studies
relating mainly to the uses
provided by the hydrological,
biogeochemical and ecological
functions under the functional
perspective. The review is not
comprehensive but it does
indicate that valuation techniques
have been applied extensively in

both developed and developing countries to a large range of water resource functions. It further
indicates that significant economic values have been attached to these various functions. Such
a review could form the basis of a meta-analysis, although this is beyond the scope of the

present study.
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Chapter 5
Conclusions

This last chapter revisits briefly some of the key issues examined in previous chapters. It
examines their practical implications and consequences for water policy and management in
agriculture. The key issues are highlighted in the context of the new integrated catchmentwide
approach to water policy and management in place in North America and evolving in Europe.
Although the socio-cultural, institutional and economic setting of water policy and management
is very different in developing countries, the essentials of the more integrated management
approach will eventually also need to be incorporated in their water policy and management
as water (and especially water of good quality) becomes scarcer and its value increases. The
core concern is that demand for water is increasing both in agriculture and in other areas, such
as the municipal sector. Scarcity of future freshwater generation capacity and escalating costs
of exploitation are formidable challenges. The problem is exacerbated by worries over the
environmental impact of agricultural water use, in particular water quality degradation effects.
Thus, the fundamental policy and management question is quite simple: how can the available
water resources be managed more sustainably to enhance the efficiency of food production
and to safeguard environmental systems and their provision of goods and services?

VALUES AND SERVICES

The values of the extractive and in-situ services provided by water resources in their naturally
occurring settings have proved difficult to capture. The thrust of economic valuation of “water”
has concentrated on the 'pricing' and 'efficiency' of water supply services with a view to
full cost recovery for the service provided. Such analyses rarely consider the extractive and
in-situ values of the resource base itself and the complications contingent upon its common
pool/property character, e.g. lack of clear boundaries linking the physical flow domain and
socio-economic/public domain.

However, the competition for raw water is intensifying and agriculture is often cited as
the principal 'user' of raw water. The fact that agricultural use involves returns of significant
(although often degraded) volumes of water is sometimes ignored. Nevertheless, national
agriculture policies in developing countries continue to promote irrigated agriculture to
minimize perceived risks in food supply and distribution. In addition, the promotion of
agricultural activity is considered strategic in fixing and developing rural economies. In many
cases the existing systems of water use rights have reinforced the seniority of agriculture user
rights. Nevertheless, relative to water use in industry and municipal sectors, agricultural water
supplies are very sensitive to supply shocks (Rosegrant et al. 2000).

These circumstances are being questioned continually as intersectoral competition for
raw water between agriculture, domestic, municipal and industrial uses intensifies at national
level and at international level where economic asymmetry between riparian countries drives
competition over shared water resources. In addition, public interest in the maintenance of
in-situ environmental services (for amenity, recreation, biodiversity, conservation and ecology)
is pressuring the large sectoral users of water into accommodations and trade-offs. Therefore,
the agriculture sector needs a transparent system of resource evaluation with which to negotiate
and regulate allocation of the resource, both at the national level and at the international level
in the case of shared river basins, aquifers and catchments.
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Integrated approaches to water policy and water management has recently been
institutionalized in Europe through the adopted Water Framework Directive (2000/60/EC). The
Water Framework Directive is one of the first European Directives to recognize explicitly the
role of economics in reaching environmental and ecological objectives. The Water Framework
Directive calls for the application of economic principles (e.g. polluter pays), economic methods
(e.g. cost—effectiveness analysis) and economic instruments (e.g. water pricing methods) for
achieving good water status for all waters in the most effective manner. Furthermore, the
Water Framework Directive has specific characteristics that have their roots in a systems
approach to environmental management in general. It is the striking of a balance between the
complementarity and the trade-off that exists between economic growth and water resource
degradation and depletion that defines the context underlying the question of how to decide
on economic and environmental policies and investments for water resources.

Thus, it is possible to summarize the sustainable water resource use problem as comprising
the following features (Turner and Dubourg, 1993):

» Water is generally non-substitutable (although at the limit there is an almost infinite
supply of seawater, which can be converted into freshwater at a cost of energy and some
pollution).

»  Water faces rising overall demand and use intensification.

»  Water has limits to use. There are physical limits, e.g. the rate of groundwater recharge.
However, at the aggregate level, the notion of an absolute physical limit is less valid
because adjustment mechanisms (recycling, etc.) should mean that water will be available
for the foreseeable future at reasonably practicable prices. There are relative cost limits
in the sense that, as usage of existing supplies intensifies and new supplies are sought, the
cost of extraction and usage will escalate. Finally, there are social limits set by the social
acceptability of the effects of certain uses, e.g. water quality and flow conditions for
recreational activities.

Notions of efficiency

In the face of the growing scarcity of water resources and the need for better management, much
of the discussion has focused on increasing current water use efficiency and the promotion of
efficient allocation of water resources among different users.

Traditionally, economic efficiency of irrigation water use has been measured in terms of
crop output per unit of water applied or the overall financial returns in terms of net benefits
from the project. This concept has been used widely in investment decision-making, where
the desire is to maximize returns from irrigation over the life of a pro]ect However, there is
a need to recognize fully that the aim of water resource management is not simply to pr0V1de
water of sufficient quality and quantlty Water resources have additional value, e.g. in terms
of their recreational and ecological services. As such, the concept of economic efficiency can
be defined more generally in terms of the Pareto optimality condition, where it is not only
private costs and benefits that are considered, but also the non-financial social costs and benefits.
Economic efficiency also refers to the maximization of the overall socio-economic net benefits
from the different water sectors, with the aim of minimizing the intersectoral and intrasectoral
$OC10-ecOonOMmic Opportunity costs.

In addition, considering economic efficiency from a sustainability point of view as
'critical natural capital' implies that water must be managed in such a way as not to reduce
the opportunities for potential use by future generations. In this respect, water withdrawal
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and use for irrigation purposes can have negative impacts on wetlands, aquatic ecosystems
and corresponding ecological functions, which the usual view of water use efficiency does
not take into consideration. Negative impacts also include external costs, such as those from
waterlogging, salinization and soil erosion, which are also not usually incorporated into the
economic price of irrigation water. There may also be ecological limits to water use such that
even though water is being used more efficiently, the total amount being withdrawn still
exceeds the sustainable supply.

Valuations and pricing

Because water resources and effects are often non-marketed, it is extremely important to ensure
y imp

that the 'true' economic value of such resources are accounted for where possible when making

decisions on capital investment and linked water and environmental policy. As such, there is a
P policy:

fundamental connection between the issue of economic valuation of water resources and the

pricing of water resources. Efficient allocation and sustainable use of water require the setting

of the “correct” price for water, namely that corresponding to its marginal economic value.

Nevertheless, how to arrive at this “correct” price remains open to debate.

Many countries and water management agencies are turning increasingly to water pricing
mechanisms in order to regulate irrigation water consumption. 'Pricing' can mean that actual
prices are introduced (amended), where goods were previously free (underpriced). It can also
mean that actual prices are not introduced (amended), but that the marginal economic value
of the resource is entered into an appraisal and accounting procedure, such as cost-benefit
analysis. Both forms of 'pricing' result in the internalization of environmental damage costs.
Unless water resources are priced correctly, and those prices are internalized in actual decisions,
there will be distortions in the economy. These distortions can have the effect of biasing
investment and policy decisions against water resource degradation concerns, such that there
is a misallocation of resources and social welfare is not maximized. Methods of water pricing
and their performance will be dependent on the physical, social, institutional and political
context. Several water pricing methods have developed in practice, depending on the nature
of the economic and natural conditions in existence. In particular, these include, volumetric
pricing, non-volumetric pricing and market-based methods. It has long been recognized that
markets are a mechanism to allocate water according to its real value, thus leading to efficiency
gains. While markets are considered to be more flexible than administrative means for allocating
water, their use has often been questioned, especially because there are certain characteristics
associated with water production and delivery that give rise to market failure. Such failures
include externalities, recharge constraint, imprecise information, large fixed investment costs,
and declining average costs of delivery.

This report has extended its focus to a wider concept of efficiency and water resource
management than that considered by the traditional water pricing literature. It has incorporated
environmental, ecological and other social spheres of concern, which need to be reflected in any
pricing system. This is especially important where water allocation is being considered within
aregion or river catchment, or irrigation projects are to be considered at this appropriate scale.
Focusing on the local-level scale is not sufficient to ensure efficiency gains in terms of a wider
efficiency concept. The report has also taken a wider perspective in terms of the scope/scale
of water resource allocation being considered, with the catchment as its minimum basis. A
more integrated approach to water management is required to deal with the policy challenges
at this broader scale.
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AN INTEGRATED FRAMEWORK TO WATER RESOURCE VALUATION, APPRAISAL AND
MANAGEMENT

Given the generic goal of sustainable water resource management, this report has taken an
approach based on an integrated framework in which water is an integral component of a
catchmentwide ecosystem, a natural resource, and a social and economic good, whose quantity
and quality determines the nature of its use. At this scale, coupled hydrological economic
models and information must underpin water management (Rosegrant ez al. 2000). While still
rudimentary, this form of analysis is evolving quickly.

At the heart of this approach are a number of generic principles that together form a
powerful and comprehensive case for the wider adoption of a decision-support system based
around economic analysis:

* the principle of cost-benefit analysis;

* the principle of functional diversity maintenance;

* the principle of integrated planning and management at the catchment level;
* the principle of long-term planning and precaution;

* the principle of stakeholder inclusion in decision-making;

Such a management strategy requires efforts to combine three related dimensions:

* systems ecology — thereby enabling improved understanding of how each component of
the water system (across a catchment scale) influences other components;

* hydrological, biogeochemical and physical - so as to focus on how water interacts with
other natural systems;

* socio-economic, socio-cultural and political — so as to recognize and plan for the
accommodation of links to relevant policy networks and economic and social systems
with attendant culture and history, so maximizing chances of achieving a cooperative
solution/mitigation strategy.

The evaluation framework and decision-support system proposed in this document are
in line with the sustainable water resource management approach advocated by the World
Bank (1993), which has at its core the adoption of a comprehensive policy framework and the
treatment of water as an economic good, combined with decentralized management and delivery
structures, greater reliance on pricing, environmental protection and fuller participation by
stakeholders. It is recognized that the adoption of such a comprehensive framework facilitates
the consideration of relationships between the ecosystem and socio-economic activities in
river basins. Such a management approach requires analysis to: take into account social,
environmental and economic objectives; evaluate the status of water resources within each
basin; assess the level and composition of projected demand; and take into consideration the
views of all stakeholders.

In order to deliver the sustainable utilization and management of water resources, it
is necessary to underpin management actions by a scientifically credible and pragmatic
environmental decision-support system, which, while having the objective of economic
efficiency at its heart, nevertheless recognizes other dimensions of water resource value and
decision-making criteria. The decision-support system incorporates a toolbox of evaluation
methods and techniques, complemented by a set of environmental change indicators and an
enabling analytical framework, thus allowing managers to identify operational decision steps.
Individual projects or schemes can be appraised in their own right and clearly cost-ineffective
options can be discarded. However, individual schemes and more extensive programmes must
be further placed in a wider analytical context encompassing spatial scales up to the level of
the catchment and temporal scales beyond the short run. Only in this way is it possible to
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gain a full appreciation of their effect on overall economic allocative efficiency and parallel
sustainability objectives.

In summary, the 'proper' appraisal of water-related projects, programmes or courses of
action require a comprehensive assessment of water resources and supporting ecosystems. The
DPSIR auditing framework is recommended as the basis for any such assessment in its full or
'reduced’ form. This framework provides a conceptual connection between ecosystem change
and the driving forces of such change, together with the effects of change (impacts and their
distribution) on human welfare. Policy-response feedback effects can also be incorporated
into the framework. The formulation of such a framework is a useful scoping procedure even
where data sets are deficient.

A combination of quantitative and qualitative research methods has been advocated in
order to generate a blend of different types of policy relevant information. This applies to both
the biophysical assessment of management options and the evaluation of the welfare gains
and losses people perceive to be associated with the environmental changes and management
responses. The main generic approaches that can form the methodological basis for appraising
strategic options are:

* stakeholder analysis;

 cost—effectiveness analysis;

+ extended cost-benefit analysis and risk—benefit analysis;
* social discourse analysis;

* multicriteria analysis.

It is recognized that the complete adoption of such a procedure requires an institutional,
financial and scientific capacity that may not be feasible in all countries. Therefore, the aim
should be to move iteratively from a 'reduced form' procedure towards a comprehensive
assessment over time. However, certain elements are fundamental: the adoption, as a minimum,
of the catchment scale for analysis; the recognition of the importance of the functional approach
to water uses and resources; the need for a scoping exercise (DPSIR) that encompasses
distributional impacts; and the acceptance of economic principles for water valuation albeit
constrained by cultural, political and other factors.

The implications for sustainability of productivity

The more sustainable future water allocation and management approach advocated here
will probably be implemented incrementally over time. For some, this will be too little,
too slowly (Postel, 2003). This polar ecocentric position would hold that the human water
economy is a subset of nature’s water economy and intimately dependent on it. From this
perspective, water allocation priorities need reversing so that basic human needs and ecosystem
health requirements are met first and only then should water flow to uses such as irrigation,
hydropower, etc. There is a growing consensus that the technocentric view of water systems
as resources to be exploited fully for human development needs modification and urgent
reform in some developing countries. However, the sustainable way forward is not clear-cut.
The safeguarding of the life-support and other services provided by water resources needs a
scientific knowledge base. However, this knowledge base is currently deficient when it comes
to quantifying what ecosystem resilience and integrity needs really are. The use of water for
purposes such as irrigation is just as much a component as is the provision of safe drinking-
water supplies in any rural poverty alleviation strategy.

However, water productivity will have to be enhanced significantly in the coming decades via
efficiency gains enabled through economic measures such as valuation, pricing and trading, as
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well as through technological innovation and the application of appropriately 'scaled’ technical
fixes. Community-based watershed restoration and rainwater harvesting projects, low-cost
drip irrigation for smallholders and rural credit provision, for example, will be just as much
part of the sustainability strategy as will large-scale water resource augmentation projects. In
all this striving for sustainable production based on water, the valuation of the resource needs
to be the first step in laying out policy and management options.
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Annex
Case studies

HEDONIC PRICING: WILLINGNESS TO PAY FOR WATER IN THE PHILIPPINES
Introduction

This study illustrates that it is feasible to use an indirect, non-market valuation technique to
estimate the economic benefits that result from improved water supply projects. The hedonic
property valuation method is used to determine how imputed household rental values in a large
rural area of the Philippines reflect households’ WTP for different types of water supply service
(private connection in the house, or a tap in the yard). The economic benefits of improved
water supplies are likely to be especially large in peri-urban communities where households
already purchase the majority of their water from vendors. The economic benefits in rural
areas of developing countries where water vending is not present are typically much lower.

Fieldwork and data collection

Data used for the analysis came from a 1978 random survey of 1 903 households in a 14 000
square kilometre area of the Bicol region, one of the poorest parts of the Philippines. The
sample was designed to be representative of the region in terms of population and income
distribution. The authors used a human capital formation model to estimate the permanent
income of each household in the sample, based on all possible sources of cash or ‘in-kind’
income. These estimates were used to place households into three income categories used for
the analysis. Monthly rent was imputed as one percent of the reported value of the dwelling.

Information from the survey was used to describe characteristics of the dwelling, including
water source, number of bedrooms, quality of construction materials, and location. Two
variables were used to characterise the type of water supply:

1. Households with piped water in the house;
2. Households with a deep-well and water pumped into the house or yard.

The authors hypothesised that these two types of water supply would add to the perceived
value of the dwelling relative to a public tap or use of a traditional source of water.

Results of the analysis

The authors estimated households” WTP in terms of the capitalised value of improvements
to water supply. A bid-rent function was formulated between the pertinent characteristics of
the dwellings (which included the water source, construction materials, number of rooms and
lot size) and community, and the payment of more rent. The parameter estimates that this
produced are presented in Table A.1, where the coefficients can be interpreted as the marginal
WTP for each housing characteristic, assuming that tastes are similar within each of the three
income groups. The results of the model (in Table A.1) show that the coefficients of non-water
characteristics generally behave as hypothesised.

Households in all income ranges are willing to pay about half of their monthly imputed
rent to have piped water in the house supplied by a public system, with a WTP in 1978 for the
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TABLE A.1
Results of bid-rent estimations?

Mean hedonic price or discrete bid-rent (in 1978 US$)

Household income category Low income Middle income High income
Intercept -25.924 -46.243 -47.321
(5.52) (10.87) (11.02)
Piped water in the house 10.427* 18.130* 15.486*
(1.70) (3.85) (3.31)
Deep well water into the house -2.147 6.948* 6.459*
or yard, or a yard tap (0.57) (2.42) (2.25)
Number of bedrooms 2.194 7.967* 11.290*
(1.38) (6.21) (9.77)
Distance to central town —0.834* 0.011 0.396*
(5.81) (0.51) (2.04)
House materials 9.863* 2.734* 10.321*
(4.18) (5.98) (4.97)
Scale parameter 0.044
(123.96)

2 Where the dependent variable is imputed monthly rent and t statistics are given in parentheses.
* Indicates significance at or above the 10 percent level for a two-tailed test. The model as a whole is significant at better than
the one percent level using a likelihood ratio test.

higher income households of US$1.95 per month, US$2.25 for middle-income households,
and US$1.41 for low-income households. These amounts are additional to the monthly costs
of using these services (including any existing water tariffs). The poorest households are not
willing to pay more for water in the yard or house if it is supplied by the household’s own
well. Middle-income households would pay about US$0.94 per month for the capitalised cost
of this option and high-income households would pay about US$0.88 per month.

Discussion

The analysis shows that, in this poor rural area of the Philippines, value is placed on the type
of water supply in the housing market and that this is capitalised in the price (imputed rental
value) of the house. The authors found high WTP for piped, in-house water supplies for all
income groups and somewhat lower WTP for water supplies in the yard.

A project that provided individual house connections would significantly increase wellbeing.
However when the authors compared their estimates of households’ WTP for water supply
improvements with cost estimates for water supply systems in the Philippines, they concluded
that WTP was probably not adequate to cover the capital cost of piped water supply either
in the house or yard.

North, J. H. and Griffin, C.G. (1993).

Water source as a housing characteristic:

hedonic property valuation and willingness-to-pay for water.
Water Resources Research 29 (7) 1923-1929.
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RESIDUAL VALUE: THE VALUE OF NON-IRRIGATION USES OF WATER IN A MULTIPLE-
USE IRRIGATION SCHEME IN SRI LANKA

Introduction

This study assesses the relative economic contributions of irrigated agriculture and non-
irrigation uses of water in the Kirindi Oya irrigation and settlement project (KOISP) in south
eastern Sri Lanka. The residual value approach is used to indicate the importance of the multiple
uses of irrigation water to local economies. The study focuses on irrigated paddy production
and the non-irrigation use of water in reservoir fisheries.

Agriculture plays a substantial role in the local economy of the Kirindi Oya area, accounting
for 55 percent of household income and 75 percent of all employment. Within the agricultural
sector, paddy cultivation is the largest single source of income. The study estimated the value
of water for paddy cultivation under current and targeted cropping intensities. Though
expansion of irrigated paddy production was a primary justification of the KOISP and though
inland fisheries make a significant contribution to the local economy, no economic values had
previously been determined.

Fieldwork and data collection

The residual valuation methodology requires special care to ensure that all cash and non-cash
costs of production are adequately captured. In the production of paddy, particular care was
taken to ensure all input costs were included, including non-cash costs such as land, family
labour, returns to management (taken to be 5 percent of value of gross output) and depreciation
of machinery and equipment. Data were obtained from detailed farm-level cost of production
surveys, conducted in the KOISP area. A total of 84 agricultural producers were selected from
a stratified random sample of the ten subsystems within the irrigated area.

To value the inland fisheries, data collection was focused on commercial fisheries in three
reservoirs within the KOISP area, which account for about 81 percent of the total reservoir
surface area of the project. In-depth interviews were conducted with 12 percent of the 157
fisher boats that operated in the three reservoirs, to determine, the type of boat and nets in use,
monthly catch data, amount of catch sold or consumed at home, prices received in wholesale
and retail markets and detailed cost information.

Results of the analysis

The study obtained values for the use of irrigation water by employing a producer-level profit
maximisation model to calculate the value of irrigation water in irrigated paddy production
and inland fisheries. The economic return to water was assessed for both of the identified uses
of irrigation water, by valuing water in its current use. This was determined as the total value
of marketed and non-marketed production less all cash and non-cash.

Irrigated paddy production

The average adjusted yield for the area was 4 728 kg per hectare, and the average farm gate
price for paddy was Rs 14 (US$0.2) per kg. The value of output, costs of production and
economic returns to water on a per-hectare basis are shown in Table A.1. The total economic
return to water for paddy production in the KOISP area in 1999 was estimated at Rs 215 707
(US$3 083).
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TABLE A.1
Economic returns to water from irrigated paddy production in KOISP area

1999 Rs (‘000s) /ha

Value of production (consumed in the home and marketed) 65.5
Inputs:
Land 10.3
Materials 11.4
Labour 15.7
Machinery 7.2
Operating interest 0.8
Economic returns to water 16.7
TABLE A.2

Economic returns from inland fisheries in three reservoirs in the KOISP area

1999 Rs (‘000s)

Value of produce (consumed in the home and marketed) 24.2
Costs of production (boats, nets and other) 7.9
Economic return per trip 0.6
Economic return per boat 16.3
Economic return to inland fisheries in the three reservoirs 38.1-39.6

Inland fisheries production

The productivity of the fisheries was measured as the catch per boat trip, known as catch per
unit effort. (CPUE). The average annual yield for each reservoir was estimated according
to the CPUE for each surveyed boat, the number of trips per month for each boat and the
estimated number of boats on each reservoir. From the survey data, an average CPUE of 35 kg
was determined, with four percent of the catch kept for home consumption. Table A.2 shows
the average monthly value of production, costs and economic returns for fishing in the three
reservoirs in KOISP area.

This study estimated that the economic value of returns to fisheries in the three reservoirs
in the KOISP area was Rs 38 087 — 39 604 (US$544 000 — 566 000) in 1999.

Discussion

An improved understanding of the relative economic contributions of multiple uses of irrigation
water is crucial to the design and implementation of effective water management strategies.
The economic importance of fisheries was demonstrated in the study: total economic returns
to fisheries were about 18 percent of the total economic returns to water from irrigated paddy
production.

Renwick, M.E. (2001)

Valuing water in irrigated agricultural and reservoir fisheries:
a multiple-use irrigation system in Sri Lanka

Research Report 51. Colombo, Sri Lanka

International Water Management Institute
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CONTINGENT VALUATION: WATER QUALITY IN THE PHILIPPINES
Introduction

This study examines the magnitude of household demand for environmental quality
improvement in the context of a specific proposal: the clean up of the river and sea near Davao
City, in the Philippines. A contingent valuation survey was carried out in 1992 to determine
how much households in Davao City were willing to pay for improved water quality in nearby
rivers and the sea. These improvements would result in increased recreational opportunities
and possible public health improvements for residents of Davao City.

In 1992, the City Health Department found very high levels of faecal coliforms and
pathogens in water off Times Beach, a popular beach near Davao city. Prior to the health
warnings that were issued, thousands of residents of Davao City used the local beaches for
picnicking and swimming at weekends.

Fieldwork and data collection

A total of 581 in-person interviews were completed with respondents throughout Davao City
about a city-wide plan to improve water quality. The overall response rate was 65 percent; 32
percent of the households in the sample could not be located by enumerators and only three
percent of the total number of households in the sample refused to be interviewed. Extensive
pre-testing of the household questionnaire was undertaken with focus groups (to discuss water
pollution problems) and a pilot survey of about 200 households before the questionnaire was

finalised.

All of the versions of the survey instrument covered five basic areas:
1. the household’s existing water and sanitation situation;
2. the household’s level of satisfaction with these services;

3. the household’s priorities regarding environmental improvements, use of beaches near
Davao City, knowledge and level of concern about water pollution problems;

4. WTP for improvements in water pollution problems;

5. the household’s socioeconomic characteristics and housing conditions.

The contingent valuation survey used a referendum format to measure household demand
for water quality improvements Respondents were asked to vote on whether they would
supporta hypothetlcal city-wide plan to clean up the rivers and sea and make Times Beach safe
again for swimming. Each household would be required to pay a monthly fee and industries
would also do their fair share to reduce waste water discharges to the river: different monthly
fees were randomly assigned to individual households.

Results of the analysis

The authors estimated WTIP for improved water quality through the statistical analysis of
responses to the randomly assigned monthly fees. The results show that household WTP for
water quality improvements was low, both in absolute terms and as a percentage of income,
and 15 percent of the respondents refused to pay anything at all.

Further analysis of the data showed that respondents considered their personal circumstances
and budget constraints when answering the WTP questions: responses to the WTP question
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were dependent on the price offered. The mean monthly household income in Davao City
was about 5 100 pesos (US$204) in 1992, and no respondent voted for the plan at 200 pesos
per month. Households with higher incomes were willing to pay more for environmental
improvements than households with lower incomes and households that used Times Beach
were willing to pay about 30 pesos per month (about 0.6 percent of mean household income);
while non-users were willing to pay almost nothing.

Low estimated of household WTP was consistent with information collected in the
household survey about households’ social and environmental attitudes and priorities,

* less than ten percent of households viewed water pollution as a priority for government
action,

* 80 percent of households had not gone swimming at Times Beach since the public health
alert,

* ten percent of households did not eat seaweed or shellfish collected from the sea near Davao
City because of concerns about contamination.

Discussion

The analyses of the data collected in this contingent valuation survey in Davao City showed that
household demand for water pollution control was not a high priority of residents of Davao
City. Households were willing to pay very little of their income for water quality improvements
and beach clean up, both in absolute terms and as a percent of their income.

As households’ WTP for water quality improvements in Davao City is much lower than
the costs of providing such improvements, and because most households feel that other
environmental problems such as deforestation and poor solid waste collection and disposal
deserve higher priority, the appropriate strategy appeared to be to wait until incomes are
higher and WTP has risen before embarking on a large water pollution control investment
program.

Choe, K. Whittington, D. and Lauria, D.T. (1995)

Household demand for surface water quality improvements in the Philippines:
a case study of Davao City

The Environment Department

World Bank

Washington DC
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PRODUCTION FUNCTION APPROACH: THE VALUE OF THE GROUNDWATER RECHARGE
FUNCTION IN NIGERIAN WETLANDS

Introduction

This study applies the production function approach to estimate the value of the groundwater
recharge function in the Hadejia-Nguru wetlands of northern Nigeria. In an area which receives
80 percent of its annual rainfall in two months, the wetland areas (known as fadamas’), play
an important role in the recharge of underlying shallow aquifers which are used for domestic
and irrigation water supplies in the dry season.

The production function approach valued groundwater used in dry-season agriculture as
an environmental input. Consequently, it provides only a partial valuation of the recharge
function. The study focuses on dry season irrigation that is dependent on the use of pump
irrigation to abstract water from shallow aquifers, ensuring a more secure and year round
water supply for the crops. A drop in groundwater levels of 1 m, from 7m to 6m in depth from
the surface, is hypothesised resulting from reduced recharge due to planned water diversion
schemes upstream of the wetlands.

Fieldwork and data collection

Production data on the crops grown in the Madachi fadama was based on field surveys of 37
farms from four villages in 1995-1996. In the area, 309 operational tubewells were used to tap
into the shallow aquifers to provide water for irrigation. The total area of the Madachi fadama
and its’ influence area was estimated to be around 6 600 ha. The villages that were surveyed
were believed to be representative of the area, comprising a mixture of large, medium and
small farmers. The main cash crops grown were wheat, tomatoes and pepper, and okra and
eggplants were grown for home consumption.

Financial prices for the outputs were estimated from market surveys conducted in 1995—
1996, and farm surveys of farmgate prices received by farmers. The per hectare value of irrigated
agriculture in the Madachi area was calculated to be 36 308 Naira per hectare (US$412.5 ), with
an total estimated economic value of 239 million Naira (US$2.7 million).

Results of the analysis

Production functions were estimated separately for the production of wheat and vegetables,
due to the different nature of irrigation, fertiliser applications and other farming decisions. The
functions were defined such that output was dependent on the following inputs: land, labour,
seeds, fertiliser and water. The authors used a log-linear functional form for the estimation as
it enabled variation in the water input variable whilst all other inputs were held constant. The
parameter estimates of these production functions (shown in Table A.1) were used to calculate
the associated change in productivity in response to the fall in recharge levels.

The average and total change in welfare was measured for a drop in groundwater levels to
7m, as shown in Table A.2. It can be seen that the welfare changes associated with groundwater
loss on wheat production are very high.

This study shows that a drop in ground water levels of one metre would cause a decrease
in the welfare of 2 863 Naira (US$32.5) for each vegetable farmer and 29 110 Naira (US$331)
for each wheat farmer. Based on an average household income of 3 155 Naira per month,
the estimated welfare loss would account for approximately 8 percent of annual income for
vegetable farmers and 77 percent for wheat farmers. The total loss associated with a one
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TABLE A.1
Log-linear production functions for wheat and vegetables®
Wheat production Vegetable production
Variable:
Log Land 0.38 (1.442) 0.231 (0.823)
Log labour -0.024 (0.156) 0.585¢ (2.206)
Log seeds 0.026 (0.33) -
Log fertiliser 0.47° (2.71) 0.593 (2.827)
Log water 0.6885¢ (1.881) 0.4268° (2.437)
Constant 3.4°(2.39) 3.13(11.439)
Adjusted R? 0.9 0.66
F Statistic 37.49 18.88
Breusch-Pagan 2 18.27 (d. . 5) 4.24 (d.f. 4)
Observations 21 37

2 t-statistics in parenthesis. ® 2% significance level. < 5% significance level. ¢ 10% significance level.

TABLE A.2
Impact on welfare for farmers in Madachi of a fall in groundwater levels of one metre
Crop Total change in Average change in Average change in Total loss for Madachi
welfare (Naira) welfare per ha welfare per farmer farmers (Naira)
(Naira) (Naira)
Wheat 550 320 54 372 2863 383 642
Vegetables 130 659 4399 29 110 5094 296

metre change in the naturally recharged groundwater levels is estimates as 5 477 938 Naira
(US$ 62 249) for the influence area of the Madachi fadama.

Discussion

The analysis within this study shows that groundwater recharge is of considerable importance to
wetland agriculture in Madachi. Reduced recharge would lower levels of groundwater, resulting
in high welfare losses for the population of the floodplains. The Madachi fadama is regularly
inundated and has good groundwater stocks; it is likely that effects would be more devastating
in areas with less reliable flooding. In the face of this uncertainty, the value of shallow aquifers
in irrigated agriculture and consequently the value of the recharge function of wetlands must
be recognised by policies that affect hydrological conditions within the floodplain.

Acharya, G. and Barbier, E.B. (2000)

Valuing groundwater recharge through agricultural production
in the Hadejia-Nguru wetlands in northern Nigeria
Agricultural Economics 22 247-259
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OVERVIEW OF STUDIES

The overview of studies presented here, like previous reviews, mainly considers examples
from developed countries though a number of developing country studies are included. The
review classifies the studies in terms of the goods and services provided by the water resource
wherever possible. Due to the multipurpose nature of many studies, in many cases it is not
possible to specify this precisely, if at all. Hence many of the studies are listed in terms of the
more general socio-economic uses and benefits that they consider.

The overview uses the following categories of beneficial use and valuation techniques:

Beneficial use

Agricultural supply

Aquaculture

Habitat

Commercial fishing

Flooding

Freshwater replenishment
Groundwater recharge
Hydropower generation

Industrial supply

Migration of aquatic organisms
Municipal and domestic water supply
Navigation

Recreation

Rare or endangered species

Shellfish harvesting

Spawning and/or early development
Water quality

Non-use value

TEV

Amenity value

Valuation techniques

SM= Simulation Models (Residual imputation or variant)
OM=  Optimisation Models (Residual imputation or variant)
DF= Damage cost Approach

MV= Market based

RC= Replacement Cost Method

AB= Averting Behaviour Approach

DR= Dose Response

RUM= Random Utility Model

TC=  Travel Cost

CV= Contingent Valuation

HP= Hedonic Pricing
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FAO WATER REPORTS

Economic valuation of water
resources in agriculture

From the sectoral to a functional perspective
of natural resource management

Agriculture is coming under more and more: pressure to
justify.its use of the world’s freshwater resources and to
improve its productive and environmental. performance.
The allocations of raw: water to-agriculture (and the
allocations within the agriculture sector). all ‘need: to be
negotiated in a transparent way. This report reviews the
large. set of literature on the subject and makes the case
for the adoption of a functional approach to water
valuation as a basis-for such negotiation.

ISBN 92-5-105190-9 ISSN 1020-1203

97"7892517051900
TC/M/Y5582E/1/10.04/1000

LT

Juswabeuew 821n0sal |eJnieu jo al\!lJadSJGd [euoidpuny e 03 |eJ01las ay3} Wol4 — amun:uﬁe Ul $92JNn0SaJ 131eM JO uoijen|eA dlWouod3

ov4d



