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Abstract

This review article examines the importance of valuing environmental resources in the

context of sustainable development. The different values stemming from ocean and coastal

resources, relevant methodologies and issues raised by valuation approaches are reviewed. The

authors then present practical policy-relevant valuation examples, and conclude by outlining

progress since 1992 and remaining challenges. It is argued that while the Rio summit has

shifted somewhat the emphasis from classical cost–benefit analysis to safe minimum standards

through the adoption of the precautionary principle, economic valuation still provides useful

information to decision-makers and should be part of a holistic decision-making process. It

should be recognised, however, that although valuation techniques have been refined and

linked to reliability protocols, they remain imperfect and for some commentators

controversial. Further progress is needed on assigning monetary values but also on

decision-making systems that better integrate monetary, social, and natural science criteria.

r 2002 Elsevier Science Ltd. All rights reserved.

1. Introduction

The earth summit in 1992 put sustainable development on the nations’ agenda,
and advocated a closer integration of environmental and socio-economic sciences in
decision making [1,2]. This is particularly important in ocean and coastal zones,
which have come under heavy environmental pressure in recent decades. One of the
outcomes of the Earth Summit has been to recognise the need for an integrated
approach to coastal management [3]. The management challenge is made even more
problematic by the natural variability present in ocean and coastal systems and by
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the multiple stakeholder interests and competing resource uses and values typically
found in such zones [4].

Ocean resources are a global common good. Future prospects are bleak if current
fishing and seabed exploitation practices and trends continue in an unreformed way.
All countries with a coastline have a direct interest in the sustainable management of
the coastal resource systems. The main objective of such management can be seen as
the sustainable utilisation of the multiple goods and services generated by coastal
and ocean resources (processes, functions and their interrelationships), together with
the ‘socially equitable’ distribution of welfare gains and losses inherent in such
usages [5]. This social welfare accounting process is essential for designing
sustainable development policies, and presents an evaluation challenge, which is
the main focus of this review article. The first and second sections take a closer look
at the importance of valuing resources in the context of sustainable development,
summarising the different values stemming from ocean and coastal resources, and
methodologies available, as well as reviewing how valuation studies can inform
decision-making. After examining issues raised by valuation approaches, the authors
then look at practical valuation examples and in the context of decision-making,
considering environmental functions across different spatial scales, ranging from a
‘local’ site to a drainage basin at the ‘international’ scale. The article concludes by
outlining progress since 1992 and remaining challenges.

2. An economic perspective to sustainable development

The Driver Pressure State Impact Response (DPSIR) framework has proved
useful to scope sustainable development issues in oceans and coastal zones. First
used by the OECD, it was further developed and adapted to the context of coastal
zone management by Turner [6] (Fig. 1). At the root of environmental change are
economic drivers, for example agricultural intensification, urbanisation, tourism
development, which in turn will create pressures: land conversion and reclamation,
nutrient emissions, waste disposal in coastal waters. These pressures, along with
physical factors such as climate change, will lead to changes in the state of the
environment: changes in nutrient concentration, loss of habitat and species diversity.
These physical changes will in turn have an impact on human welfare, for example
through fisheries productivity, health impacts, or amenity value changes. Environ-
mental economic valuation measures these changes in human welfare due to physical
changes, in terms of costs and benefits to society. These welfare changes will provide
the stimulus for management action, which will seek to control socio-economic
drivers and consequent environmental pressures, thus creating a continuous and
dynamic cycle with feedback loops.

Sustainability essentially requires that the stock of capital and the related set of
opportunities available in future is equivalent to that available at present. Although
an economic use of the environment can be both efficient and sustainable, economic
efficiency does not in itself guarantee sustainability [7,8]. Given that a significant
proportion of human welfare is based on coastal and ocean resources and
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ecosystems, sustainable decision-making begs the question: what aggregate level of
human welfare does society want to maintain in the future, how should it be
distributed and what level of conservation is required. Decision-makers need to
know people’s values for ocean and coastal resources to start answering that
question. In other words, how environmental state changes may influence human
welfare is a key issue in developing sustainable development policies. In an attempt
to aid decision-making in that context, the concept of sustainability has been roughly
partitioned into two approaches: weak sustainability and strong sustainability
[9–11]. Weak sustainability requires that the total stock of capital, whether man-made
or natural, be maintained, and rests upon the assumption of substitutability between
these two types of capital. Economic theory suggests that decreasing supplies of
natural resources will tend to increase their price, encouraging more efficient use,
substitution with other goods, and technological advancement. However, complete
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Fig. 1. D–P–S–I–R cycle and continuous feedback process (Source: [6]).
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substitution will not always be possible due to physical limits to the efficiency and
availability of substitution opportunities. There is also the question of whether man-
made capital is able to fully compensate for all the functions provided by complex
ecosystems, and the existence of ‘critical’ natural capital and thresholds beyond which
reversal is not possible. Hence the more stringent interpretation of ‘strong
sustainability’ which requires that the total stock of natural capital be non-declining.
Natural and man-made capital, rather than being regarded as substitutes, can be
interpreted as complements [12], making it important that stocks of both are
maintained. Projects should either conserve the natural capital or ensure that losses
incurred are capable of being replaced or fully compensated-for.

In line with the strong sustainability criterion, this paper argues that the concepts
of functional diversity and functional value diversity offer sound and practical
foundations for a management strategy aimed at the sustainable utilisation of
coastal and ocean resources [5]. The basic notion is that ecosystem processes,
composition, and functions provide outputs of goods and services, which can then be
assigned monetary economic and/or other values (Fig. 2).

From an anthropocentric viewpoint all ecosystems can be classified in terms of
their structural and functional aspects [13,14]. Ecosystem structure is defined as the
tangible items such as plants, animals, soil, air and water of which it is composed.
Thus structural benefits (of instrumental value to humans) include fish, waterfowl,
peat, timber, reed and fur harvests as well as non-consumptive use benefits such as
recreation and research or education. By contrast, ecosystem processes are
encompassed by the dynamics of exchange of means of energy. The processes are
subsequently responsible for the services—life support services, such as assimilation
of pollutants, cycling of nutrients and maintenance of the balance of gases in the air.

The terminology used regards processes and functions as relationships within and
between natural systems; uses refer to actual use, potential use and nonuse
interactions between human and natural systems; and values refer to assessment of
human preferences for a range of natural or non-natural ‘objects’, services and
attributes. A management strategy based on the sustainable utilisation of coastal
resources principle should have at its core the objective of ecosystem integrity
maintenance i.e. the maintenance of system components, interactions among them
and the resultant behaviour or dynamic of the system. Protecting functional diversity
and functional diversity values within and between ecosystems would therefore be a
vital component action in a sustainability strategy [5].

3. Sustainable development and valuation

We have argued that valuation is necessary to inform sustainable decision-making,
in a market-based economy. One key to valuing a change in an ecosystem function is
establishing the link between that function and some service flow valued by people. If
that link can be established, then the concept of derived demand can be applied. The
value of a marginal change in an ecosystem function can be derived from the change
in the value of the ecosystem service flow it supports (Fig. 3).
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The main problem when including the range of environmental services in
economic choices is that many of these services are not valued on markets. There is a
gap between market valuation and the economic value of environmental resources.
To fill these gaps, the non-market values must first be identified and then where
possible monetised. The mainstream economic approach to valuation takes a more
or less instrumental (usage-based) approach (as opposed to an intrinsic value which
resides in the object itself), and seeks to combine various components of value into
an aggregate measure of resource value labelled total economic value (TEV). This
total economic value (TEV) can be usefully broken down into a number of categories
as shown in Fig. 3. The initial distinction is between use (direct and indirect) value
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Fig. 2. Functional and other dimensions of coastal zone values (Source: [5]).
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and non-use value, but there is really a continuum in place and the boundaries
between use and non-use categories are not clearcut [15].

A range of valuation methodologies can be applied, that capture different
components of the TEV, as described in Table 1, using a wetland ecosystem as an
example (see [7,5] for a more complete description). Monetary valuation is still,
however, controversial. There is a growing body of evidence to suggest that some of
the conventional economic axioms are systematically violated by humans in
controlled experiments and in their everyday life. As citizens, individuals are
influenced by held values, attitudes, and beliefs about public-type goods and their
provisions. In this context, property rights (actual and/or perceived), social choices
and moral concerns can all be involved in a nature conservation versus development
conflict. The polar opposite view to the conventional economic approach would hold
that market boundaries should not be extended to cover as many environmental
assets as is possible. Instead, society should give greater consideration to the nature
of deliberative institutions for resolving environmental problems and of the social
and economic framework that will sustain them [16]. The counterbalancing
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Fig. 3. Components of economic value (Source: [5]).
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Table 1

Valuation methodologies relating to ecosystem functions: e.g. wetlands

Valuation method Description Direct use

values

Indirect use

valuesa
Non-use

values

Market analysis Where market prices of outputs (and

inputs) are available. Marginal

productivity net of human effort/

cost. Could approximate with market

price of close substitute. Requires

shadow pricing.

O O

(Productivity

losses)

Change in net return from marketed

goods: a form of (does-response)

market analysis.

O O

(Production

functions)

Wetland treated as one input into the

production of other goods: based on

ecological linkages and market

analysis.

O

(Public pricing) Public investment, for instance via

land purchase or monetary

incentives, as a surrogate for market

transactions.

O O Ob

Hedonic price

method (HPM)

Derive an implicit price for an

environmental good from analysis of

goods for which markets exist and

which incorporate particular

environmental characteristics.

O O

Travel cost

method (TCM)

Cost incurred in reaching a

recreation site as a proxy for the

value of recreation. Expenses differ

between sites (or for the same site

over time) with different

environmental attributes.

O O

Contingent

valuation (CVM)

Construction of a hypothetical

market by direct surveying of a

sample of individuals and

aggregation to encompass the

relevant population. Problems of

potential biases.

O O O

Damage costs

avoided

The costs that would be incurred if

the wetland function were not

present; e.g., flood prevention.

O

Defensive

expenditures

Costs incurred in mitigating the

effects of reduced environmental

quality. Represents a minimum value

for the environmental function.

O

(Relocation costs) Expenditures involved in relocation

of affected agents or facilities: a

particular form of defensive

expenditure.

O

Replacement/

substitute costs

Potential expenditures incurred in

replacing the function that is lost; for

O O Oc
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argument would be that some environmental goods/services which have a mixed
public/private good set of characteristics (e.g. coastal resource) could be privatised
or securitised (shares issued), so that self-interest and profit motive can be made to
work in favour of environmental conservation [17]. Fig. 4 summarises three highly
simplified and probably overlapping worldviews about the valuation and assessment
of environmental quality. Section 4 develops further the effect of these standpoints
on decision-making.

4. Issues in valuation

4.1. Quantitative and qualitative approaches to valuation

A combination of quantitative and qualitative research methods can be 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 the management options that may be entailed.

Social research dependent on quantitative research methods and techniques is
premised on the assumption that opinions, feelings, perceptions, beliefs, attitudes or
behaviour can be expressed in meaningful numerical ways within a given context. It

Table 1 (continued)

Valuation method Description Direct use

values

Indirect use

valuesa
Non-use

values

instance by the use of substitute

facilities or ‘shadow projects’.

Restoration costs Costs of returning the degraded

wetland to its original state. A total

value approach; important

ecological, temporal and cultural

dimensions.

O O Oc

Source: [5].
a Indirect use values associated with functions performed by a wetland will generally be associated with

benefits derived off-site. Thus, methodologies such hedonic pricing and travel cost analysis, which

necessarily involve direct contact with a feature of the environment, can be used to assess the value of

indirect benefits downstream from the wetland.
b Investment by public bodies in conserving wetlands (most often for maintaining biodiversity) can be

interpreted as the total value attributed to the wetland by society. This could therefore encapsulate

potential non-use values, although such a valuation technique is an extremely rough approximation of the

theoretically correct economic measure of social value, which is the sum of individual WTP.
cPerfect restoration of the wetland or creation of a perfectly substitutable ‘shadow project’ wetland,

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 wetland or the

time frame for restoration.
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is most often criticised for its overly reductionist character in the face of real world
complexity and diversity, i.e. social, cultural, economic, political and environmental.
Its technical nature may also act as a shroud, obscuring its ‘proper’ interpretation by
the public.

Qualitative research methods, on the other hand, are, in principle, more
comprehensive in their coverage of the variety of contexts found in society. But
such research usually produces a vast amount of ethnographic data not amenable to
scrutiny via traditional statistical or related analysis as in quantitative approaches.
Consequently, interpretation of the results is perhaps an even more difficult task and
the risk of manipulation and value judgement masking no less apparent [18].

More research is needed since the individual- and group-based approaches place
the whole process of eliciting environmental values, monetised or not, in different
social settings and therefore provides us with different kinds of information.
Typically, qualitative research will provide in-depth information on fewer cases,
whereas quantitative procedures will allow for more breadth of information across a
larger number of cases. A combination of both approaches offers future promise for
environmental valuation.

In summary, the main generic approaches which can form the methodological
basis for strategic socio-economic options appraisal are:

* Cost effectiveness analysis—assesses the impact of different options in physical
terms, and compare these to the costs of the different options to determine which
option, or mix of options, achieves the target at least cost.

* Cost–benefit analysis—values all costs and benefits in monetary terms to establish
a stream of costs and benefits associated with a particular policy over time and
compare these.
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Fig. 4. Approaches to valuation (Source: [5]).
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* Multi-criteria analysis—where policy options are compared by reference to an
explicit set of evaluation criteria, which can include both quantitative (monetary
or not) and qualitative data, together with a weighting scheme.

There will be circumstances where one approach is preferable to the others. Where
there are clear and commonly agreed objectives or targets to be reached in a specific
policy context, then the most appropriate approach is likely to be to look at cost-
effective options. On the other hand, when targets cannot be pre-defined but must be
determined within the assessment exercise, and all or most of the impacts can be
expressed in money terms then cost–benefit analysis will be favoured. In contrast, if
impacts cannot be monetised, but are instead expressed via a variety of measurement
units, if they are to be included in a less aggregated way, and with more explicit input
from stakeholders, then multi-criteria analysis may be most appropriate. In practice
a variety of approaches are used which provide decision-makers with a range of
different types of information about the nature and level of costs and benefits
allowing them to make better decisions.

Usually all of the above approaches will involve some form of stakeholder
analysis—in that they can involve stakeholders at a number of different points
within the appraisal process. Stakeholders could for example be involved in the
setting of management objectives, or in the determination of values. Deciding how
stakeholders should be involved is a key issue and may influence the choice of the
valuation approach.

4.2. Irreversibility, thresholds and the precautionary approach

An important aspect of the economics–science interface is the existence of
thresholds and the potential for irreversible change. Where an incremental change in
a parameter has a disproportionate effect, this might be associated with relatively
high economic costs. And if the change is irreversible, account needs to be taken of
the uncertain future losses that might be associated with this change, and the possible
imposition of a Safe Minimum Standards (SMS) decision rule [19–21]. This rule
recommends that when an impact on the environment threatens to breach an
irreversible threshold, that the conservation option be adopted unless the costs of
forgoing the development are regarded as ‘unacceptable’. It is based on a principle of
minimising the maximum possible loss, rather than cost–benefit and risk analysis
which is based on maximising expected gains. Given our absolute uncertainty
regarding the benefits in the future that might have been derived from the threatened
resource, our maximum possible loss must be associated with loss of that resource.
We can calculate the net benefits that we expect to derive from the development
project which threatens this resource, and so long as forgoing these benefits is
regarded as an acceptable sacrifice. The conservation option is always preferred in
contexts involving potentially irreversible damages.

Clearly the critical factor in SMS is what is regarded as an ‘unacceptable’ sacrifice
of present benefits for the sake of possible future losses. The degree of sacrifice
entailed involves a full cost–benefit assessment of the development option, including
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the quantifiable costs of damage to the environment. It is then largely a political
decision within the constraints of society’s other goals, as to whether avoiding
potentially massive, but wholly uncertain, future costs can be justified. In this sense,
it provides a mechanism for incorporating the Precautionary Principle into decision-
making, where society may choose to conserve even in the absence of proof that
damage will occur, in order to limit potential costs in the future [22].

The concept of SMS has usually been applied to endangered species. In this
context it may well be applicable to a number of ecosystems given their role in
supporting a variety of threatened species. However, it could equally well apply to
irreversible impacts threatening ecosystems as a whole. One complication is the need
to identify what is a truly irreversible change in the ecosystem, since any change that
can be reversed in the future will not necessarily entail the maximum possible costs.
It will also be necessary to determine whether or not thresholds in current ecosystem
functioning exist, and whether these may be threatened by proposed developments.
Where it is decided that thresholds of ecosystem functioning are threatened with
irreversible change, SMS as a decision framework that gives more weight to concerns
of future generations and promotes a more sustainable approach to current
development might represent an appropriate supplement to purely monetary
analysis.

4.3. Discounting and temporal scale

Temporal scale, in combination with the rate of discount applied, will influence the
value assigned to ecosystem functions. It is frequently necessary within cost–benefit
analysis to choose between alternative projects which may have different
intertemporal patterns of benefits and costs extending over varying durations. Costs
and benefits which occur at different times need to be compared within a common
matrix, and this is the rationale behind discounting effects which occur in the future.
It is common practice in economic appraisal to convert the stream of future costs
and benefits into ‘present’ values to allow them to be directly compared, the
difference between total benefits and costs being referred to as ‘net present value’
(NPV). A project is only accepted if NPV is positive.

Discounting future values stems from the observation that costs and benefits in the
future are not valued as highly as equivalent costs and benefits occurring now. The
choice of discount rate can have a significant influence on which projects pass the
cost–benefit criterion. Options that involve high initial costs and a stream of benefits
far into the future, such as the creation or restoration of wetlands, are less likely to
be accepted when employing a higher rate of discount. Options for which the benefits
are more immediate and the costs are not incurred until far into the future, will
become more viable with a higher discount rate. For projects that produce
hazardous wastes that must be stored for lengthy periods, such as nuclear power
generation, the potentially disastrous costs can become insignificant when
discounted to present value. A higher rate of discount is also more likely to
encourage more rapid depletion of non-renewable natural resources and over-
exploitation of renewable natural resources, thereby reducing the inheritance of
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natural capital for future generations. However, lower rates of discount will tend to
encourage investments in non-environmentally beneficial projects that might not
otherwise have been viable and could conceivably result in more rapid depletion of
resources. The link between the size of discount rate and the degree to which options
will impinge upon the environment is therefore ambiguous, and it is not clear that
the traditional call for lower discount rates in order to incorporate environmental
concerns is generally valid.

It is the social rate of discount that should be used when assessing developments
that will influence intergenerational welfare. Maintaining future welfare could be
regarded as a public good, if it is seen as an obligation of society as a whole, in which
private individuals will tend to under-invest. As a result, the social discount rate—
measured as either the social rate of time preference (SRTP) or the social
opportunity cost of capital (SOC)—can be expected to be lower than the equivalent
individual rate of discount. The rates currently recommended for project evaluation
by the UK Treasury, for example, are 8% for commercial investments, 6% for public
sector projects and 3% for the forestry sector. Pearce [23] in a recent study of the
factors determining the social rate of discount in the UK, measured as the
consumption rate of interest, argue that a rate of nearer 2% would be more
appropriate.

The discount rate does not take into account effects that developments might have
which are irreversible, for instance the extinction of species or exhaustion of
minerals. An approach to rectify this has been proposed in which future benefits
forgone are treated as additional costs. These net benefits of preservation are likely
to increase over time as demand for environmental services rise, with limited or
declining supply, while net benefits from development projects are likely to decline
relatively as alternative technologies improve. These temporal trends in benefits can
be incorporated into the decision rule by applying adjustments to the social discount
rate: in effect, decreasing the discount rate applied to preservation benefits while
increasing the rate applied to development benefits.

4.4. Aggregation and double counting

If each output provided by an ecosystem is identified separately, and then
attributed to underlying functions, there is the likelihood that benefits will be double
counted. Benefits might therefore have to be explicitly allocated between functions.
For instance, Barbier [24] notes that if the nutrient retention function is integral to
the maintenance of biodiversity, then if both functions are valued separately and
aggregated this would double count the nutrient retention which is already
‘captured’ in the biodiversity value. Some functions might also be incompatible,
such as water extraction and groundwater recharge, so that combining these values
would overestimate the feasible benefits to be derived from the ecosystem.

Double counting will be particularly important with partial analysis and total
valuation of an ecosystem, although some approximations to total valuation do not
encounter this problem. A study by Costanza [25] has engaged environmental
scientists and policy makers, but the global, biome scale, economic value calculations
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contained in this study risk criticism from both scientists and economists. On the
basis of the data and methods cited in the article and supporting inventory, the
conclusion that the value of the biosphere services is, on average US $33 trillion per
year, is not to be taken literally. Apart from raising policymaker, scientist and citizen
awareness about the environment’s economic value and the possible significance of
the loss of that value over time, the global value calculations do not serve to advance
meaningful policy debate in efficiency and equity terms, in practical conservation
versus development contexts. Such calculations with their ‘single number’ outcomes
shroud a number of fundamental ‘scaling’ problems to do with valuation contexts
i.e. the temporal, spatial and cultural specificity of economic value estimates. Such
values can also only meaningfully be assigned to relatively small (‘marginal’) changes
in ecosystem capabilities (Table 2). The practical problem is that determining
precisely what is and what is not a discrete and marginal change in complex
ecological systems is not straight forward (Turner [26]).

4.5. Benefit transfer

Environmental value transfer is commonly defined as the transposition of
monetary environmental values estimated at one site (study site) through market-
based or non-market-based economic valuation techniques to another site (policy
site). The most important reason for using previous research results in new policy

Table 2

Estimated impact of four development scenarios for Buccoo Reef Marine Park area on the economic,

social and ecological criteriaa

Criteria Scenario

A B C D

Economic

(1) Economic revenues to Tobago (US$ million) 9 11 17 19

(2) Visitor enjoyment of BRMP (US$ million) 1.2 2.5 0.9 1.7

Social

(3) Local employment (no. jobs) 2500 2600 6400 6500

(4) Informal sector benefits (score) 5 4 3 2

(5) Local access (score) 6 5 6 7

Ecological

(6) Water quality (mg N/l) 1.5 1.4 2.2 1.9

(7) Sea grass health (g dry weight=m2) 18 19 12 15

(8) Coral reef viability (% live stony coral) 19 20 17 18

(9) Mangrove health (ha) 65 73 41 65

Source: [45].
aScenarios: (A) limited tourism development without complementary environmental management; (B)

limited tourism development with complementary environmental management; (C) expansive tourism

development without complementary environmental management; (D) expansive tourism development

with complementary environmental management.
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contexts is cost-effectiveness. Applying previous research findings to similar decision
situations is a very attractive alternative to expensive and time consuming original
research to quickly inform decision-making. The criteria for selecting studies for
environmental value transfer suggested in the literature focus on the environmental
goods involved, the sites in which the goods are found, the stakeholders and the
study quality [27]. However, very little published evidence exists of studies that test
the validity of environmental value transfer. Moreover, in the few studies that have
been carried out, the transfer errors are substantial [28].

Bateman [29] review approaches to benefit transfer in theory and practice, of
which a summary of findings follow. The simplest approach to transferring benefits
is to apply the unit value estimate of the site at which the original valuation study
was conducted to the target site where benefit estimates are required. In practice, the
assumption of identical unit values across sites may not hold for a variety of reasons,
including differences in the socio-economic characteristics of the relevant popula-
tion, differences in the physical characteristics of the study and policy site, difference
in the proposed change in provision between the sites, differences in the market
conditions applying to the sites. The extent to which these and other potential
differences hold can be regarded as the criteria for acceptability of unadjusted unit
value transfer. Clearly, ideal conditions for this simple approach will rarely hold, and
unit values should be adapted to the new site. Three adjustment strategies can be
considered:

* Expert judgement—while there may be certain cases for which this is acceptable,
more objective adjustment techniques are obviously preferable;

* Re-analyses of existing study samples to identify subsamples of data suitable for
transferral—the extent to which this can be done depends crucially upon initial
sample size, and this problem becomes exacerbated where sub-division is required
across a number of variables; and

* Meta-analysis, which is the statistical analysis of the summary findings of prior
empirical studies for the purpose of integrating findings [30]. Meta-analysis
assumes relatively standard designs and standard measurements. The further the
raw data deviates from such specifications, the more it is difficult to rely on results
from a cross-analysis. Another problem is that studies published in the available
literature may over represent studies which produce ‘‘positive’’ or significant
results if studies yielding ‘‘negative’’ or non-significant findings tend not to be
published. Nevertheless, meta-analysis offers a transparent structure allowing the
derivation of useful generalisations, and permitting extraction of information
from large masses of data in a way that would be difficult with narrative or
qualitative analysis only.

The last approach to benefit transfer is to transfer the entire benefit function from
the study to policy site, instead of using unit values. Since benefit estimates are often
a complex function of the site and user characteristics, function transfer can directly
account for these by using the relationship between characteristics and the benefit
estimate. Bateman et al. review practical examples of benefit function transfer, and
conclude that in some cases the transferability of the benefit function transfer is
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rejected. Brouwer [28] shows that the errors in transferring monetary value estimates
for seemingly similar environmental goods over sites can be as large as 56% in the
case of average unit value transfer and 475% in the case of benefit function transfer.
Nevertheless, carefully designed benefit functions can yield useful results, and
Bateman [29] suggest that the application of GIS can substantially benefit function
transfer through improved and systematised data access.

5. Valuing coasts and oceans: practical examples

In general terms, ecosystem degradation and loss are often due to a failure to
appreciate the full value of beneficial functions provided by such systems. In oceans
and coastal zones, these include: sustaining biodiversity, storage of sediment, flood
defence and storm buffering, maintenance of water quality and supporting
commercial coastal and marine food chains. There has been a multiplicity of recent
valuation studies on coastal and ocean resources (see for example [25,5,31] for an
overview). Appendix A summarises some of these studies, going back 30 years, and
classifies them in terms of ecosystem function and use, spatial scale, and valuation
method. Values were converted to international dollars using the Purchase Power
Parity (PPP) conversion factor developed by the World Bank (see for example [32]),
and normalised to $2000 for ease of comparison. Some studies in developing
countries were not included because of lack of PPP data. It is immediately apparent
from the sample presented in Appendix A that there is a heavy bias towards studies
focusing on recreational benefits, and located in the USA. Although not all valuation
results can be compared directly, the range of studies examined allows to derive a
range of estimates for some categories. The recreational value of beaches, for
example, vary from 1.75 to 56 $2000 per person and per visit, and seem to have a
lower value in the UK than in the US. Studies on valuing benefits from improved
water quality show reasonably consistent values ranging from 66.8 to 263.5 $2000
per household and per year. Commercial fisheries can range from a value from 3.4 to
260 million $2000 per year, the most productive systems appearing to be coral reefs.
Coastal and ocean resources also sustain biodiversity, and the review sample show
values from 35.4 to 181.2 $2000 per person per year for a variety of habitats and
species. Finally, we were only able to include two studies providing total economic
value of ecosystems due to lack of data. Both the Indonesian coral reef and the
Louisiana coastal wetland reveal high values per acre, of between 1.16 million to 3.90
million per km2; to be compared to use values (direct and indirect) from 744,800 to
880,000 $2000/km2 for mangroves, for example, suggesting significant non-use
values. Figures vary according to ecosystems and functions evaluated and scale, but
the results are reasonably consistent and of the same order of magnitude per
category, generally confirming that oceans and coasts generate extremely high
private and social values.

Within a sustainable development context, the next question is how these values
can usefully inform decision-making. The four examples presented below were
chosen to illustrate valuation approaches in a range of contexts and at a variety of
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geographical and temporal scales, and also to demonstrate how economic valuation
can be used to aid decision-making through different approaches. The case study in
the Mediterranean investigates non-use values for a threatened species in the context
of a conservation scheme, and shows that even people with economic motives
contemplate ethical issues in their construction of environmental values. The
Vietnam mangrove case study presents a straightforward cost–benefit analysis, and
illustrates how even when including solely market values, it can be economically
desirable to rehabilitate coastal ecosystems. The study of nutrient pollution
reduction in the Baltic looks at basin-wide value estimates and shows how valuation
can be used in cost-effectiveness analysis when pollution reduction targets have been
fixed, and/or in cost–benefit analysis when the targets themselves are to be
determined. Finally, the example of a marine park in the Carribean illustrates how
monetary economic values can be used in a wider multi-criteria analysis context
incorporating stake-holder views.

5.1. Use and non-use values for conserving endangered species: the case of the

Mediterranean Monk Seal and coastal wetlands

The Mediterranean Monk Seal (Monachus-monachus) is the most endangered seal
in the world. The seals are killed by inshore fishermen because they damage fishing
gear while trying to fish directly from their nets. In spite of numerous restrictions,
regulations and conservation measures initiated by the Greek state, the problem
should be seen as a real economic competition between fishermen and seals. Based on
a belief that economics should play an important role in species conservation and
following a two-year monitoring of the habitat and the population of the monk seal,
the Mediterranean Monk Seal Project was proposed as a key contribution to a
sustained conservation solution, involving a compensation scheme for the fishermen.

The CV method was used to estimate the willingness to pay (WTP) of respondents
to financially support a public fund for the protection of the Mediterranean Monk
Seal [33] (Langford in [5]). The fund would be used to compensate fishermen for
damages caused by the seals in the hope that they would no longer have an incentive
to kill the seals. The survey was designed and carried out on the island of Lesvos, the
surrounding waters of which hosts one of the three biggest Mediterranean monk seal
subpopulations in the Aegean. Because of the lack of previous estimations which
would have supplied a reliable range of WTP, a dichotomous choice elicitation
format [34] could not be used; the survey was therefore designed as an open-ended
questionnaire trying to elicit with face-to-face interviews the maximum WTP of the
respondents.

In order to understand individual’s motives for their WTP choices, and not to
bound the study too firmly in the concept of anthropocentric instrumental value, a
series of questions were asked, scored on a five-point Likert-type scale regarding the
individuals attitudes and beliefs about the possible extinction of the monk seal and
environmental issues in general. These questions were again limited by the nature of
the questionnaire survey in both number, length and complexity, but represented an
attempt to gain some insight into individuals interpretative repertoires, in a
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somewhat general and arguably superficial sense, via the survey procedure. In
addition, respondents were asked about their previous exposure to and knowledge of
monk seals.

The statistical analysis of WTP responses demonstrated that there are a wide
range of opinions which individuals hold towards preservation of the monk seal,
from protection and moral considerations as largely esoteric evaluations of the
monks seal issue to more practical and pragmatic views on competition between
human and monk seals for limited resources and tourism potential. Responses to
willingness to pay questions are associated to some degree with these attitudinal
variables, as well as socio-demographic factors, and even interview setting and
interviewer attitudes to the respondents. This suggests that the motivations for
stating particular WTP amounts are complex and context dependent. However, the
low proportions of variation explained also suggest that many other unmeasured
variables may be influencing WTP strategies for individuals. A recent study by some
of the authors on perception of risks from polluted coastal bathing waters in the UK
suggests that psychosocial factors such as self efficacy, behavioural expectations,
importance values, critical incidents and worldviews influence not only perception of
risk but willingness to pay for risk reduction [35,36].

Another factor is that in this study, only outcomes have been measured, in terms of
attitudinal statements and stated WTP. A more in-depth analysis is required, using
qualitative data obtained from depth interviews and focus groups, both in individual
cognitive terms and with reference to social and cultural contexts, to explain the
process of attitude formation and justification, and the expression of these through
WTP. This work was not possible with the monk seal study, but has been carried out
with reference to conservation of an internationally important wetland site at Kalloni
Bay on the island of Lesvos [37]. Results from this study suggest that different
stakeholders (for example, farmers, fishermen, hoteliers) build definite strategies
towards conservation and development based on their own interests but also their
perception of others, including competing stakeholders and institutions such as the
Greek Government and the European Commission, as well as their attitudes towards
the environment. In this study, fishermen were interviewed, and their attitudes showed
quite a wide diversity, reflecting different worldviews and moral positions towards the
monk seals. This may be in part because only a few fishermen work full-time in the
industry, with most supplementing their income with agricultural and other activities
to greater or lesser degrees. Hence, they are not completely dependent on fishing for
their livelihood. However, this study has shown that even people with potential
economic motives for self interest regarding the monk seals do consider wider issues
and contemplate the moral, ethical and temporal implications of their choices in
relation to the natural environment. This suggests that further detailed research on
nonuse values would be of great value to sustainable development policy analysis.

5.2. Cost-benefit analysis of mangrove planting in coastal Vietnam

In this case study, authors examine costs and benefits of mangrove rehabilitation
in areas where they have been lost in coastal Vietnam [38–40]. The study focuses on
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direct and indirect use benefits as these are the most relevant aspects of value for
local decision-making, and for the differential impacts of global change. Authors
argue that option and existence values may also exist for mangroves, but often
accrue at a more global scale, and would not be normally associated with local
management decisions. The direct benefits of rehabilitation include: the value of the
timber, as it becomes available through the first rotation of the mangrove stands;
and other locally used products including shellfish and crabs, and honey from bee-
keeping. The major indirect benefit is the role of mangroves in protecting the
extensive sea-dike systems present along much of the low-lying deltaic coast of
northern Vietnam. In the study, this indirect benefit (valued at replacement cost
through work days saved) is estimated through a model using parameters including
the width and age of the stand, and the local hydrological features. The deterministic
model is calibrated for the area, and gives plausible results for regular maintenance
costs. The model does not consider the impact of global change, such as change in
the incidence of severe storms, or of mean sea level rise.

The results of the cost benefit analysis are presented in Table 3. The calculations
compare only establishment and extraction costs, with the direct benefits from
extracted marketable products, and the indirect benefits of avoided maintenance of
the sea dike system. Biodiversity values or values of the links to offshore fisheries are
not included in the analysis.

The results show a benefit to cost ratio of 4–5, for a range of discount rate, which
indicates that mangrove rehabilitation can be justified on economic grounds for that
range of discount rates. Sensitivity analysis shows that mangrove rehabilitation
would be desirable from an economic perspective based solely on the direct use
benefits of local communities.

5.3. Nutrient pollution in the Baltic drainage basin—costs and benefits

A concerted attempt by a consortium of European researchers was made to
estimate the costs and economic benefits of environmental improvements in the
Baltic drainage basin [41,42]. A cost-effectiveness analysis was first carried out, to
determine how to reach reductions in the nutrient load to the Baltic sea specified by
international conventions. Measures involved the agricultural sector, sewage

Table 3

Costs and benefits of direct and indirect use values of mangrove restoration compared

Discount rate Direct Indirect Costs (PV Overall B/C

benefits (PV benefits (PV million VND ratio

million VND million VND per ha)

per ha) per ha)

3 18.26 1.40 3.45 5.69

6 12.08 1.04 2.51 5.22

10 7.72 0.75 1.82 4.65

Source: [39]. Note: US$1 ¼ VND 11,000; B/C ratio ¼ NPV total benefits/NPV costs.
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treatment plants, wetland restoration and traffic and other nitrogen oxides emission
sources. Marginal costs of these measures for nitrogen and phosphorus reductions
were calculated for all countries in the drainage basin that had coastal zones
coincident with the Baltic Sea. The relationship between possible nutrient reduction
targets and associated minimum costs for their achievement was thus derived.
Although the results relied on some simplistic assumptions and suffered from
missing information such as the retention and leaching of nitrogen and phosphorus,
some general lessons could be learnt from the study: nitrogen costs were much higher
than phosphorus costs for the same percentage reductions; there are rapid increases
in costs at reduction targets exceeding 40–45% reductions; the cost of simultaneous
reductions in both nitrogen and phosphorus loads is less than the cost of separate
reductions. The cost-effective allocation of measures for a 50% reduction reveals
that for nitrogen reductions, sewage treatment plants in the entire baltic sea drainage
basin account for about 33% of the reduction, wetland restoration contribute 33%,
and the agricultural sector contributes mainly by reduction in nitrogen fertilisers, the
cultivation of other crops, and changed practices for manure treatment. For
Phosphorus, sewage treatment accounts for 80% of reductions, and wetland
restoration for 15%. A uniform 50% reduction also implies that the highest burdens
are carried out by Poland, Latvia, Lithuania, Estonia and Russia, raising
compensation issues.

On the benefit valuation side, a total of 14 empirical valuation studies in three
countries—Poland, Sweden, and Lithuania—were carried out to look at benefit
estimation issues. These included the total economic value of reducing the effects of
eutrophication, as well as sub-components of this total value such as: beach
recreation benefits; existence and option values of preserving species and their
habitats; and the benefits from preserving and restoring wetlands. The willingness to
pay (WTP) data obtained allowed aggregate estimates for the three countries, but
also more controversially for the two groups of economies around the Baltic Sea, in
order to give total basin wide benefit estimates (Table 4). While the studies outlined
provide a large amount of information about the value of the Baltic’s resources,
there are still gaps in our knowledge of total basin wide benefit estimates. The data
on benefits corresponds to that which people can perceive, and so the benefits are
‘total’ only in a special sense. It is extremely difficult to communicate a detailed
description of all effects of reduced eutrophication, which means that the perceived
benefits from reduced eutrophication may differ from the total ones. A further
problem is the incomplete scientific knowledge of eutrophication and its effects.
Nevertheless, the estimates that are available indicate the significant value of the
limited number of resource types considered (Table 5).

The full results of all the studies are presented in [43,44]. For illustration, we
describe the study carried out in Sweden, which was a contingent valuation study
focusing on Baltic Sea use and non-use values in Sweden. This study was designed as
a mail questionnaire survey. The questionnaire was sent to about 600 randomly
selected adult Swedes. The response rate turned out to be about 60%, which is quite
similar to other contingent valuation mail questionnaire surveys that have been
undertaken in Sweden. The respondents were asked to assume that an action plan
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against eutrophication had been suggested, and that this action plan would imply
that the eutrophication in 20 years would decrease to a level that the Baltic Sea can
sustain. The types of action that this plan would involve were briefly described. It
was also explained that the way to finance the actions would be to introduce an extra
environmental tax in all countries around the Baltic Sea.

In order to calculate basin wide benefit estimates, the values for the different
activities carried out had to be added up, taking care not to double-count, and using
the relevant correct populations. Since there are benefit estimates available for the
same valuation scenario in only two of the 14 countries that are included in the Baltic

Table 4

Basin wide benefit estimates of environmental improvement in the Baltic

Country GDP per Annual WTP National WTP, National WTP, National WTP,

capita at per person year 1 (MSEK) present valueb present value

PPPa ðUS$Þ (SEK) (MSEK) per year (MSEK)

Transition economies

Estonia 3823 355 (375) 401 (423) 4248 (4476) 212 (224)

Latvia 3058 284 (257) 549 (497) 5816 (5260) 291 (263)

Lithuania 3632 337 (182) 883 (477) 9355 (5050) 468 (253)

Poland 4588 426 (300) 11,136 (7842) 117,974 (83,077) 5899 (4154)

Russia 4970 461 (246) 3340 (1782) 35,384 (18,883) 1769 (944)

Market economies

Denmark 19,306 3790 (3515) 13,080 (12,131) 138,570 (128,514) 6929 (6426)

Finland 15,483 3040 (2229) 11,414 (8369) 120,920 (88,661) 6046 (4433)

Germany 18,541 3640 (3334) 8848 (8104) 93,736 (85,852) 4687 (4293)

Sweden 16,821 3300 (3000) 21,882 (19,893) 231,818 (210,750) 11,591 (10,537)

Total 71,533 (59,518) 757,821 (630,523) 37,892 (31,527)

Source: [42]. Note: Figures in brackets are for benefit figures derived using Polish mean WTP of SEK 300

and Swedish mean WTP estimate of SEK 3000.
aPPP—purchasing power parity.
bTime horizon: 20 years (specified in the CVM studies). Discount rate: 7% (this rate was also used in the

estimation of nutrient reduction costs).

Table 5

Composition of value elements for selected ecosystems

Coral reefs Mangroves

$ per ha per year

Coastal protection 2750 Coastal protection 1839

Waste treatment 58 Nutrient cycling 6696

Food 259 Food 797

Production/biol Production/biol

Control Control

Recreation 3008 Recreation 658

Total 6075 Total 9990

Source: [25].
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Drainage Basin, any aggregation to the whole basin has to rely on strong
assumptions. The aggregate benefit estimates should thus not be taken too literally.
However, they may give useful information regarding the order of magnitude of
basin wide benefit estimates.

The costs of pollution abatement and related economic benefit estimates were then
brought together in a cost–benefit analysis framework. The results showed that there
is considerable merit in the adoption of a basin-wide approach to pollution
abatement policy in the Baltic and therefore in the implementation of an integrated
coastal zone management strategy. Despite the pioneering nature (i.e. in the
‘transition’ economies) of some of the economic benefits research, there seems to be
little doubt that a cost-effective pollution abatement strategy roughly equivalent to
the 50% nutrients reduction target adopted by the Helsinki Commission would
generate positive net economic benefits (benefits minus costs). Results also indicated
that a policy of uniform pollution reduction targets is neither environmentally nor
economically optimal. Rather, what is required is a differentiated approach with
abatement measures being concentrated on nutrient loads entering the Baltic proper
from surrounding southern sub-drainage basins. The northern sub-drainage basins
possess quite effective nutrient traps and contribute a much smaller proportionate
impact on the Baltic’s environmental quality state. The market economy countries
such as Sweden, within whose national jurisdiction some of the southern sub-basins
lie are also the biggest net economic gainers from the abatement strategy.

5.4. Trade-off analysis in the management of a marine park in the Caribbean

A recent study in Tobago, West Indies applied a ‘trade-off analysis’ approach to
determine the potential trade-offs between users of a marine protected area [45]. The
study incorporated multiple objectives for protected area management, namely
economic growth, social well-being and environmental health within a decision-
making framework. The authors used complementary approaches including
stakeholder analysis to derive criteria for decision-making and weights attached to
them, to be used in a multi-criteria analysis (Table 3). The results of the analysis were
discussed in a consensus-building workshop.

Social, economic and ecological criteria were defined in consultation with
stakeholders. Economic criteria included tourism benefits, which were estimated
through a contingent valuation study. The contingent valuation survey estimated the
total WTP of visitors to south west Tobago (both users and non-users of BRMP),
based on a randomised survey of 1000 visitors and residents. The survey revealed
how much the sample was WTP to prevent further deterioration in the quality of
Buccoo Reef. The equivalent surplus generated from visitor and resident use of
BRMP was estimated for the existing level of environmental quality, and at different
levels of environmental quality. Both open-ended and dichotomous choice questions
were used in order to estimate two final values for mean WTP. The mean WTP by all
respondents ranged from US $3.70 to $9.30. An annual equivalent surplus generated
under each scenario was estimated, and then extrapolated over a 10-year period and
discounted at a rate of 10%, to ensure comparable values with other criteria. To
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determine the effects of different scenarios on WTP, respondents were asked if they
would still be WTP under different scenarios of changes in the level of tourism
development and environmental management. The results suggest that the Net
Present Value of the Buccoo Reef Marine Park (BRMP) may range between US $2.5
and $3.7 million, under different future scenarios.

This example shows how valuation studies can be used in a wider decision-making
framework, which includes both qualitative and quantitative information. Here, the
multi-criteria analysis is used in a process-oriented rather than outcome-oriented use.
It facilitates the deliberation of stakeholders through supporting a process by which
diverse stakeholders can examine information on criteria and impacts, and explore
the outcomes and impacts of decisions made, through applying different weights to
economic, social and ecological criteria. Scenario B was ranked higher across the
range of weighting from all stakeholders. There were differences, however, between
different stakeholder weightings in the subsequent ordering of scenarios. Although
the authors did not tackle the problem of aggregating different stakeholders’
weightings, they argue that the inclusion of stakeholder views and values within a
rigorous framework such as MCA can, potentially, provide rich information for
regulators seeking to manage resources in partnership with other stakeholders.

6. Conclusion

Moving towards sustainable use of coastal resources means that we must take
stock of the resources we have, determine the full range of costs and benefits that
management options provide and develop flexible policies accordingly [46]. Valuing
ocean and coastal resources can provide significant insights into decision-making
with sustainable development goals. Even when environmental sustainability
standards are advocated, it is still necessary to quantify the opportunity costs of
such standards, and in general to compare the costs of current and prospective
protection measures. The critical importance of making value-laden assumptions
transparent in sustainable development policies needs to be highlighted.

Valuation studies were undertaken before the earth Summit, but Agenda 21 has
pushed the need for the integration of environmental and economic dimensions in
decision-making to the foreground, and encouraged research on economic
approaches of sustainable development. Valuation studies have been used by local
authorities, national governments and international organisations more extensively
since, as summarised in Appendix A, providing a useful indication of the range of
estimates for different categories of values.

The emphasis of the earth summit on various issues of environmental and
economic integration has influenced economic valuation in a variety of ways. The
perspective of risk and uncertainty has lead to better tools to deal with these aspects
in decision-making [47]. Sensitivity analysis and scenarios are used more and more
frequently in cost–benefit analysis and in other approaches. Agenda 21 also
emphasised the need to include stakeholders at a variety of stages in decision-
making. This has lead to a whole range of alternatives to cost–benefit analysis, but
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also to the refining of valuation methods such as contingent valuation to make them
more inclusionary in nature, with the use of focus groups and other devices to engage
with relevant stakeholders.

One of the most important aspects of the Summit was the introduction and
widespread dissemination of the notion of precautionary principle. The impact in
decision-making was to shift the emphasis somewhat from classical cost–benefit
analysis to approaches such as SMS. But the latter still has a cost dimension and
therefore some quantification of the damage costs avoided in monetary terms will be
useful in the political economy context.

Human welfare depends on ocean and coastal resources in many ways. Further
research is needed to understand the basic functions which ecosystem provide and
translate these into the various socio-economic and cultural (monetary and non-
monetary) values to society. Although techniques have gained in reliability through
numerous empirical applications, and more refined statistical tests and controls have
been introduced, economic valuation approaches are still controversial. Issues such
as scale and aggregation, risk and uncertainty, and benefit transfer continue to pose
challenges to environmental economists. More benefit transfer studies are needed to
avoid the need for too many costly original valuation exercises. A combination of
quantitative and qualitative methods can in general be advocated in order to
generate a blend of different types of policy relevant information. It is also useful to
emphasise that evaluation is more than just the assignment of monetary values and
includes multi-criteria methods and techniques in order to identify practicable trade-
offs. The latter, however, are themselves not free of technical limitations and should
not seek to shroud subjective judgements behind a veil of technical analysis.

Finally, it is worth emphasising that the section of Agenda 21 on integration of
environment and development in decision-making also underlines the need for a
broad range of analytical methods to provide a variety of points of view. Sustainable
development requires mechanisms to allow holistic decision making. Economic
valuation is an important but not the only component of this process. Capacity
building for sustainable development should include more practical applications of
economic valuation methods, but also dissemination of decision-making systems
integrating economic, social and natural science components.
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