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C h a p t e r  2

Correcting the Balance Sheet 
Before moving into the techniques of economic valuation, it is useful to first take a step

back and look at the framework within which it can help improve decision-making. This entails
the acknowledgement of the different links between ecosystems and water and understanding
how they support a wide range of production and consumption processes. Recognition of the
wide range of benefits of healthy ecosystems is necessary to meet sustainable development
goals, invest wisely in development projects, and implement a valuation exercise. Within that
framework, the valuation study needs to pick specific benefits for evaluation, in order to
respond effectively to the specific water management issue at hand.

2.1 Why ecosystems and water are inextricably linked

It is first useful to consider what is exactly under scrutiny when we value ecosystem goods
and services. A valuation exercise is basically concerned with the functions or biophysical
processes that take place within ecosystems, which in turn generate particular goods and services
for humankind.4 This can be simply defined as the conditions and relationships through which
natural ecosystems, and the species that make them up, sustain and fulfil human life.5 In the
water context, this translates to the contribution that ecosystems make to water supply and
quality, and the ways in which they use water to generate other economic goods and services
(Table 1).

It is self-evident that the exact nature, and magnitude, of these services will depend on the
type, size, complexity and physical characteristics, state and management of the ecosystem in
question – as well as to the alternative land use to which one is comparing it.7 However, it is
possible to define two broad categories of water-related ecosystem goods and services, those
linked to water supply, and those linked to water demand:

Supply-side: the services that ecosystems provide as components in the water supply chain,
including:

• Maintenance of waterflow and supplies, for example replenishment of water sources, water
storage and regulation of flows.

• Regulation of water quality, for example wastewater purification and control of sedimenta-
tion and siltation.

• Miminisation of water-related hazards and disasters, for example flood attenuation, and 
maintenance of water supplies in dry seasons and droughts.

Demand-side: the goods and services that ecosystems provide that are related to their demand
for and use of water, including:

• Maintenance of aquatic and terrestrial resource productivity and the associated products 
that this yields, for example fisheries, plants, pasture and forest products.

It is these goods and services that have to be considered when talking of the linkages
between ecosystems, water and the economy. 
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2.2 Ecosystem services contribute to the economy

These demand and supply-side linkages are not just biological, ecological or hydrological.
Ecosystem water demand and ecosystem water supply also provide support to a wide range of
production and consumption processes - and as such, they typically have a high economic value.
Ecosystem water values are reflected in economic output and production, in consumption, as
costs saved and as expenditures minimised. They accrue in many different forms, to many different
groups and sectors.

“FRESHWATER ECOSYSTEMS TYPICALLY HAVE









2.5 Ecosystem values help achieve sustainable development

Ecosystem under-valuation also matters to sustainable development, and particularly to the
poverty alleviation goals that have become the driving force behind today’s government socio-
economic policies and donor aid programmes.

At local, national and international levels, a series of elaborate targets are set as regards
economic growth, reduction in the incidence of poverty, and improved access to water and sani-
tation. On a global scale, the WSSD Plan of Implementation and Millennium Development Goals
aim to halve the proportion of the world’s people whose income is less than US$ 1 a day, who
suffer from hunger, who lack safe drinking water, and who do not have access to basic sanitation















• Surrogate market approaches: These approaches, including travel costs and hedonic pricing,
look at the ways in which the value of ecosystem goods and services are reflected indirectly
in people’s expenditures, or in the prices of other market goods and services.

• Cost-based approaches: These approaches, including replacement costs, mitigative or
avertive expenditures and damage costs avoided, look at the market trade-offs or costs





to supplement these secondary sources with original data, for example through performing market
checks or conducting some form of socio-economic survey.

When applying this technique it is important to ensure that the data collected covers an adequate
period of time and sample of consumers and/or producers. Factors to bear in mind include the pos-
sibility that prices, consumption and production may vary between seasons, for different socio-eco-
nomic groups, at different stages of the marketing or value-added chain, and in different locations.

Applicability, strengths and weaknesses







response relationships upon which the technique is based. Such relationships are often unclear,
unproven, or hard to demonstrate in quantified terms. Simplifying assumptions are often needed
to apply the production function approach.

An additional concern is the large number of possible influences on product markets and
prices. Some of these should be excluded when using effect on production techniques. In some
cases changes in the provision of an ecosystem good or service may lead not just to a change in
related production, but also to a change in the price of its outputs. That product may become
scarcer, or more costly to produce. In other cases consumers and producers may switch to other



Case 7: Using travel cost techniques to value the impacts of improved environ-
mental quality on freshwater recreation in the US33

The Conservation Reserve Programme (CRP) in the United States aims to mitigate the environmental

effects of agriculture. A study was carried out to see how non-market valuation models could help in

targeting conservation programmes such as the CRP. One component of this study focused on the

impacts of improved environmental quality on freshwater recreation.

This study was based on data generated by surveys that had been carried out to ascertain the value

of water-based recreation, fishing, hunting and wildlife. These surveys sampled 1,500 respondents in

four sub-State regions who were asked to recall the number of visits made over the last year to wetlands,

lakes and rivers where water was an important reason for their trip. The cost of these trips was imputed

using the travel cost method.

The influence of CRP programmes on improved environmental quality and on consumer welfare was

then modelled. The study found that the combined benefit of all freshwater-based recreation in the US

was worth slightly over $37 billion a year. The contribution of CRP efforts to environmental quality, as

reflected in recreational travel values, was estimated at just over $35 million, or about $2.57 per hectare.

Data collection and analysis requirements
There are six main steps involved in collecting and analysing the data required to use travel

cost techniques to value ecosystem goods and services:

• Ascertain the total area from which recreational visitors come to visit an ecosystem, and
dividing this into zones within which travel costs are approximately equal;
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can replace natural lakes, sewage treatment plants can replace wetland wastewater treatment
services, and many natural products have artificial alternatives. The cost of replacing an ecosystem
good or service with such an alternative or substitute can be taken as an indicator of its value
in terms of expenditures saved. In the cases below both the value of wetland water quality
services and life-support services were estimated through looking at the costs of replacing these
services by artificial means.

Case 9: Using replacement costs techniques to value wetland water quality serv-
ices in Nakivubo Swamp, Uganda36

This study used replacement cost techniques to value the wastewater treatment services provided

by Nakivubo Swamp, Uganda. Covering an area of some 5.5 km2 and a catchment of over 40 km2, the

wetland runs from the central industrial district of Kampala, Uganda’s capital city, passing through dense

residential settlements before entering Lake Victoria at Murchison Bay.

One of the most important values associated with Nakivubo wetland is the role that it plays in assuring

urban water quality in Kampala. Both the outflow of the only sewage treatment plant in the city, and –







employed for nitrogen abatement. In addition to wetland restoration, it considered reducing farmers’ applications

of chemical fertilisers and manure, and increasing the capacity of domestic and industrial sewage treatment

plants.

Value functions for improved water quality were obtained from contingent valuation studies of willingness

to pay for safe water, and a hydrological model was applied to relate the application of nitrogen to groundwater

quality. The nitrogen purification services of wetlands were estimated from secondary sources and related studies,

and related to land area. This enabled the total value of investments in wetlands for nitrogen abatement to be

calculated, and compared with the costs of upgrading sewage treatment facilities and reducing fertiliser use.

The study found that the total value of investing in wetland restoration and management is at least twice

as high as the costs of implementing mitigative or avertive measures. In addition to these secondary benefits of

nitrogen abatement, wetlands also generate a variety of primary services and values.

Data collection and analysis requirements
There are four main steps involved in collecting and analysing the data required to use mitigative

or avertive expenditure techniques to value ecosystem goods and services:

•























values when we make economic decisions means that we run the risk of missing the potential
to generate or maintain critical streams of benefits, or running into a situation where we end
up incurring untenable future costs or unnecessary expenditures. For example, it allows us to
recognise the cost-savings that ecosystem services can provide to water infrastructure in terms
of prolonged lifespan and reduced maintenance, or take full account of the development
benefits of maintaining the aquatic resources which form the basis of rural livelihoods.

“WE NEED TO EXPRESS ECOSYSTEM VALUES AS MEASURES
THAT MAKE SENSE TO DECISION-MAKERS.”

When we are able to express the benefits of ecosystems for water as quantified values, a
major challenge arises: what we do with these data in order to influence decision-making? For
example, how do we make sure that ecosystems are included when river-basin planning decisions
assess how to allocate water between different uses and users, cost-benefit analyses are carried
out to select which hydropower or irrigation infrastructure design option to construct, projections
of profitability are used to decide whether to invest in catchment protection as part of water
supply schemes, or the relative returns to different land uses are compared so as to decide
whether to zone a wetland for conservation or convert it to agriculture and settlement?

To do this we need to be able to express ecosystem values as measures that make sense to
decision-makers when they weigh up the different funding, land and resource management
choices that water decisions involve. This chapter describes techniques for translating data on
ecosystem values into the measures, indicators and criteria that can be used to balance different
options and alternatives in water decision-making in terms of their ecosystem linkages.

4.2 Generating information on the impacts of water decisions on
ecosystem values

Conducting a valuation study provides us with data about the economic value of particular
ecosystem goods and services as they relate to water. For example, it results in the value that a
forest contributes towards downstream flood mitigation in terms of damages avoided and how
much its function in minimising siltation is worth to a hydropower scheme, what wetland
resources contribute to local income and revenues and how much its nutrient retention services
save in terms of water treatment costs, or what value urban populations place on maintaining
unpolluted rivers and lakes for recreation.

However, what is important for decision-making is to be able to understand and express
how making choices between alternative uses of land, water, resources or investment funds will
influence these values. For example, how much additional flood-related costs would be incurred
if a forest were degraded, and what downstream production losses would arise from additional
silt loads? Or what additional investments in water treatment and purification would be
required if a particular wetland were reclaimed? Or what potential actually exists for raising
revenues from urban dwellers to maintain water nte9rpSain a particular rivef lam6sriveft3T*0 1 T99.188 -1 ad.w



To answer these questions we need to move beyond an economic value baseline in order to
trace the economic implications of changes in the stock of ecosystem resources, flows of ecosystem
services, or attributes of ecosystems that result from following a particular course of action. We
then need to factor these changes into measures of its viability, profitability and sustainability.
In other words, we need to know what the economic impacts of particular water decisions will
be in terms of ecosystem costs and benefits.
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Figure 2: Using ecosystem valuation to generate information for decision-making

Bio-economic models
Simple bio-economic models provide a useful technique for tracing the changes in value

that occur with different ecosystem impacts and management regimes. They involve a number
of steps which translate baseline data on ecosystem values into information that can be used to
assess the economic impacts of water decisions (Figure 2):











Case 20: Cost-Benefit Analysis of the Skjern River Project, Denmark59

Society is using a considerable share of its resources for the production of public benefits and services

which are not traded in markets. Consequently the market mechanism does not ensure that resource use

in these sectors is efficient. At the same time environmental policy appraisal is typically complicated by

the fact that there are a number of feasible options to a decision problem, each yielding a different mix

of environmental services. Decision-makers are confronted with questions: how can generically different

benefits be measured in comparable terms and how should different levels of ecosystem restoration costs

be weighed against benefits?

During recent decades, much emphasis has been placed on nature restoration in Denmark, especially

floodplains in river valleys. This is due to the fact that much of Denmark's unique biodiversity is dependent

on functioning wetlands and riparian areas. The Skjern River Project is one of Denmark's most important

ecosystem restoration projects. The primary purpose of restoring the Skjern River system to its original state

was to establish a large coherent nature conservation area which could accommodate some of Denmark's

unique biodiversity - including several species on the IUCN Red List of Threatened Species - provide

recreational opportunities for the general public, and improve water quality in the adjacent coastal lagoon.

The project involved restoring river habitat, establishing a lake, re-creating a delta, re-establishing contact

between the river and riparian areas by permitting floods, and transferring land from arable to extensive









respond to economic and financial arguments and measures for restoring or reversing the damage
that has been caused to ecosystems by past infrastructure developments (Case 22), to factor in
ecosystems as a necessary component of water investment costs (Case 23), or to weigh up the
total costs and benefits of different water and land use planning options (Case 24).  Slowly,
ecosystem valuation is starting to be used as a decision-making tool in the water world.

Case 22: Using economic analysis to justify restoration of the Waza Logone
Floodplain, Cameroon61

Covering an area of some 8,000 km2 in northern Cameroon, the Waza Logone floodplain represents

a critical area of biodiversity and high productivity in a dry area, where rainfall is uncertain and livelihoods

are insecure. The floodplain’s natural goods and services provide basic income and subsistence for more

than 85% of the region’s rural population, or 125,000 people. The biodiversity and high productivity of

the floodplain depend to a large extent on the annual inundation of the Logone River. However, in 1979 the

construction of a large irrigated rice scheme reduced flooding by almost 1,000 km2. This loss of flooding has

had devastating effects on the ecology, biodiversity and human populations of the Waza Logone region.

The hydrological and ecological rehabilitation of the Waza Logone floodplain, through reinundation,

is an important element of the Projet de Conservation et de Développement de la Région de Waza-Logone.

To date the project has already accomplished two pilot flood releases, which have led to demonstrable

recoveries in floodplain flora and fauna, and have been welcomed by local populations. It is intended that

further restoration of the previously inundated area will be achieved by constructing engineering works

in reinundation, the Waza Logone Project carried out a study to value the environmental and socio-economic

benefits of flood release and costs of flood loss to date.

This study found that the socio-economic effects of flood loss have been significant, incurring livelihood

costs of almost $50 million over the 20 or so years since the scheme was constructed. Up to 8,000 house-

holds have suffered direct economic losses of more than US$2 million a year through reduction in dry-

season grazing, fishing, natural resource harvesting and surface water supplies. The affected population,

mainly pastoralists, fisherfolk and dryland farmers, represent some of the poorest and most vulnerable

groups in the region.

Reinundation measures have the potential to restore up to 90% of the floodplain area, at a capital

cost of approximately US$10 million. The economic value of floodplain restoration will be immense.

Adding more than $2.5 million a year to the regional economy, or US$3,000/km2 of flooded area, the

benefits of reinundation will have covered initial investment costs in less than 5 years. Ecological and

economic well-being. Flood releases will rehabilitate vital pasture, fisheries and farmland areas used by

nearly a third of the population, to a value of almost US$250 per capita. 

Case 23: Demonstrating the economic benefits of investing in forest manage-
ment for water supplies of the Paute hydroelectric scheme, Ecuador62

The Paute hydroelectric scheme, in the Andean Highlands of Ecuador, was completed in 1983 at a

cost of $600 million. At the time of 10 0plion. At the t Ande a INCEg-024rc2 pto 0e pime of-. At C75lhe  (7or)91.5s wirgcro(9o 0 in less than d in 19 thanutasinves.dr)-sds of E32(n)- and farmmmostch.8627ting io Gove of.6(w[(r)1 some ofce. In gest ategineering works)]TJTd by







C h a p t e r  5

Moving form case studies to standard practice

5.1 Different studies lead to different decisions

This book has presented the techniques that can be used to value ecosystems as economic
components of water demand and supply, and shown how to incorporate the resulting infor-
mation into the economic measures and indicators that are used to make decisions in the water
sector.

It recommends identifying ecosystem water benefits within a total economic value frame-
work, and using a range of market and non-market techniques to quantify how much relevant
values are worth for different groups. It identifies the steps and additional information that are
required to construct a bio-economic model that relates ecosystem quality or status to changes
in water goods and services, and to changes in economic value. It then describes the measures
and indicators that can be calculated to serve as decision-support tools in the water sector,
including economic and financial measures in cost-benefit analysis, cost-effectiveness analysis,
risk-benefit analysis and decision analysis and non-monetary decision tools such as multi-criteria
analysis.

There have also been concrete examples of the ways in which ecosystem valuation techniques
are starting to be used in the real world in order to influence decision-making. These case studies
illustrate how techniques for counting ecosystem values can be and have been applied to a wide
range of countries, ecosystems, sectors and water management issues. They show what kinds of
economic arguments, and management information about ecosystem values, are relevant for
influencing different kinds of water decisions in different sectors.

These case studies may also serve another use. They can guide anyone who wishes to apply
economic valuation to examples in literature which will assist in defining an actual study.
Therefore, table 3 presents some management and policy questions in different sectors and
links these to valuation methods and case studies.

On the next pages table 3: Ecosystem values and water management issues: a summary of case
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Life support services of wetlands

Economic value of wetland
resources

Contribution of wetland to econ-
omic output under different
scenarios

Value of wetland goods and
services for agriculture, resource
use, flood attenuation, ground-
water recharge, nutrient cycling,
carbon sequestration

Contribution of wetland to
economic output under different
scenarios

Value of wetland goods and
services to livelihoods and local
economy

Rural development costs of eco-
system degradation arising from
insufficient freshwater flows

Contribution of wetland
to economic output under
different scenarios

Value of domestic forest tourism

Economic, ecological and social
value of mangrove goods and
services

What are the consequences of
rezoning this wetland for other
land uses?

Can this wetland be rezoned for
agricultural, housing or industrial
development?

What are costs and benefits
from changes in the land use in
and around this wetland?

What is the best economic use
of this particular area?

Is the protected area (wetland)
of importance to the local
communities?

Is there a development case to
increase government allocation
to wetland management?

Is more irrigation the best way
to stimulate rural development?

How can I demonstrate that my
protected area is generating
benefits to the local communities?

Are protected areas a worthwhile
investment?
Do we charge visitors to this
protected area appropriately?

What is the best way to manage
this mangrove area?

Replacement cost

Market price

Bio-economic model

Market price, replace-
ment cost

Market price

Travel cost

Cost-benefit analysis

Sweden

Southern Africa

Australia

Southern Africa

Bangladesh

Uganda

Pakistan

Bangladesh

Costa Rica

Philippines
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Value of forests hydrological
services

Economic value of downstream
flooding

Value of forest hydrological
services

Wetland nitrogen abatement
services

Amenity value of urban wetlands

Flood attenuation services
of wetlands

Flood attenuation services
of wetlands

Wastewater treatment services
of wetlands

Is the upper watershed important
to the economic viability of my
project?

What will be the impacts of this
proposed project?

Is it economical to invest in the
upper watershed?

Do we invest in treatment plants
or wetland management to
reduce nitrate levels in drinking
water?

Is the wetland a reason people
want to live in this area?

Should this wetland be protected
to prevent flooding of the urban
area?

Should we protect this urban
wetland or can we drain it for
housing development?

Should we protect this urban
wetland or can we drain it for
housing development?

Damage cost

Bio-economic model

Mitigative / avertive

Hedonic

Damage cost

Mitigative / avertive

Replacement cost

Cambodia

Kenya

Ecuador

Sweden

United States

Southern Africa

Sri Lanka

Uganda

Sector Valuation method or
decision-making tool

Decision-making messageValuation focusManagement question Country/Region Reference
En

er
gy

H
ea

lth

Case 14

Case 19

Case 23

Case 12

Case 8

Case 13

Case 11

Case 9
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Livelihood costs of floodplain
degradation and losses in
resource use opportunities
from irrigation scheme

Flood attenuation benefits of
catchment forests to irrigated
agriculture

Local value of watershed drought
mitigation services

Economic value of river ecosystem
for recreation, biodiversity, water
quality, flood attenuation, climate

Value of improved environmental
quality for freshwater recreation





5.2.2 Change ways of thinking: build involvement and awareness

Ecosystem valuation studies should not, and cannot, be carried out in isolation from the
different groups who use, depend on and manage water. These range from local landholders,
through sectoral specialists, water planners and environmental managers, to high-level political
decision-makers and foreign donors. They also include the scientists and technical specialists
from ecological, biological, hydrological and engineering disciplines who provide other types of
information that guide water decision-making. 

Gaining the necessary momentum to ensure that ecosystem values are factored into water
decisions will require, and affect, many of these groups. It is necessary for them to feel that they
are involved when valuation is carried out, and that it accurately reflects their perspectives and
interests. Otherwise they are likely to have little interest in taking its results into account when
they make water decisions. Unless key stakeholders are involved in, and aware about the utility
of, valuation studies, the results are unlikely to gain broader support or influence.

“INVOLVE KEY STAKEHOLDERS IN THE VALUATION STUDY TO
GENERATE SUPPORT.”

Creating a broad awareness of the linkages between ecosystems, water and the economy,





costs and benefits that have traditionally been ignored in decision-making, it also represents
the interests of many of the groups who have often been excluded from these decisions. For
example, it may include the landholders who safeguard water ecosystems, or who depend on
their goods and services for their livelihoods.

“DEMONSTRATE HOW WATER DECISIONS CAN BE IN
FAVOUR OF KEY ACTORS.”

Securing support for ecosystem valuation from key actors, and demonstrating to them that
certain water decisions can act in their favour, is vital. For example, showing the Ministry of
Finance that ecosystem conservation for water can lead to significant gains in national develop-
ment indicators, pointing out to a community leader that local employment depends largely on
ecosystem resources, or convincing a politician that ecosystem water values matter for her con-
stituency. This requires identifying decision-makers or groups who have the power, interest or
influence (as well as the responsibility or mandate) to push for changes in water decision-making,
to get ecosystem values onto the political and policy agenda, and who are prepared to commit
time or resources to do this.

5.2.5 Strengthen capacity: create a pool of knowledge and abilities

Investing in institutional capacity, adequate technical expertise, and accessible methods and
information are all essential to make ecosystem valuation a routine part of water decision-making.

Ecosystem valuation remains a relatively new topic and area of expertise – most of the basic
tools and concepts that allow us to value ecosystem goods and services have only been developed
over the last decade or so, and it is only in recent years that they have started to be applied
within water policy and practice.
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