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Key messages

¢ In the Total Economic Value (TEV) framework, ecosystems may generate output values (the
values generated in the current state of the ecosystem, e.g., food production, climate regulation
and recreational value) as well as insurance values. Thetatten s el y r el ated to fo
the value of ensuring that there is no regime shift in the ecosysiiirreversible negative
consequences for human wellbeirifven if an ecosystem or some component of it currently
generates no output value, itstion value may still be significant.

e Estimating the value of the various services and benefits that ecosystems and biodiversity
generate may be done with a variety of valuation approaches. All of these have their advantages
and disadvantages. Hybridizirsgpproaches may overcome disadvantaggsadfcularvaluation
methods.

e Valuation techniques in general and stated preference methods specifically are affected by
uncertainty stemming from gaps in knowledgdout ecosystem dynamidsymanpreferences
and technical issues in the valuation proceBBere is a need to includencertaintyissuesin
valuation studiesand to acknowledge the limitations of valuation techniques in situations of
radical uncertainty dignorance about regime shifts.

e Valuation reslts will be heavily dependent on social, cultural and economic contexts, the
boundaries of which may not overlap with the delineation of the relevant ecological system.
Better valuation can be achieved by identifying and involving relevant stakeholders.

o Despite the difficulties of transferring valuation approaches and results between world regions,
Benefits Transfer can be a practical, swift and cheap way to get an estimate of the value of local
ecosystems, particularly when the aim is to assess anargber of diverse ecosystems. Values
will vary with the characteristics of the ecosystem and the beneficiaries of the services it provides.
Correcting values accordingly is advised when there are significant differences between the sites
where theprimary values aretakenfrom and the sites to which values doebe transferred.
Transfer errors are unavoidable and if highly precise estimates are needed, primary valuation
studiesshould be commissioned.

e Monetary valuation caprovide useful information abbghangego welfare that will result from
ecosystem managememctions but valuation techniques have limitations that are as yet
unresolved. Valuation practioners should present their results as such, and policy makers should
interpretand usevaluationdataaccordingly

¢ The limitations of monetary valuation are especially important as ecosystems approach critical
thresholds and ecosystem change is irreversible or reversible oplphavitive cost. Under
conditions of highor radicaluncertainty and»astence of ecological thresholglicy should be
guided bythefi s arfinenums t andar do and fAprecautionary appro
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1 Introduction

Economics, as the study of how to allocate limited resources, relies on valuation to provide society
with information about theelative level of resourcescarcity. The value of ecosystem services and
biodiversity isa reflection ofwhat we, as a society, are willing tade offto consere these natural
resourcesEconomic valuation of ecosystem services armliversitycanmake explicit to society in

general and policy making in particular, that biodiversity and ecosystem services are scarce and that
their depreciation or degradation has associated costs to society. If these costs are not imputed, then
policy would be misguided and societypuld be worse oftlue to misallocation of resources

Economically speaking, an asset is scarce if its use carries opportunity costs. That is, in order to
obtain one additional unit of the good one must giveaupertain amont of something elseln
economicterms quantifying and valuing ecosystem serviegse no different from quantifying and

valuing goods or servicggoducedby humansin practice, however, valuing ecosystem services is
problematic There are reasonablestignates of the value of many provisioning servitds cases
wherewell-developedmarketsexisti but there are few reliable estimates of the value of most
marketedcultural and regulating services (Carpenter, 2006, Barbier et al., 2009). The pi®ieain

since most ecosystem services and biodiversity are public goods, they tend to be overconsumed by
society.

From an economic point of view, biodiversity (and ecosystems) can broadly be seen as part of our
natural capital, and the flow of ecosystene r vi ces is the O6interestd on
(Costanza and Daly, 1992)ust as private investors choose a portfolio of capital to manage risky
returns, we need to choose a level of biodiversity and natural capital that maintaiasfléwisr of
ecosystem servicel order to ensure enduring environmental quality and human-belg,
including poverty alleviatiofiPerrings et al., 2006).

The basicassumptiorunderlying the present chaptierthat societycan assigrvaluesto ecosystem
services and biodiversitgnly to the extent that tise fulfill needs or confer satisfaction to humans
either directly or indirectly(although differentforms of utilitarianism exist; se&oulder and
Kennedy, 1997)This approach to valuing ecosystem seegis based omhe intensity ofchanges in
peopl eds updersmak or marginal €hanges in the quantity or quality of goods or services.
The economic conception of value is thus anthropocentric and for the most part instrumental in
nature in thesense thahese valueprovide informationthatcanguide policy makingThis valuation
approach, as discussed in chapteshbuld be usetb complement, but naubstitute other legitimate
ethical or scientific reasoning and arguments relating to \®eosity conservation (see: Turner and
Daily, 2008).

Valuation plays an important role in creating markkts the conseration of biodiversity and
ecosystem services, for instantt@ough Payments for Ecosystem Services (Engel et al., ;2008
Pascual et gl.201Q. Such market creation process requires three main stages: demonstration of
values, appropriation of values and sharing the benefits from conservation (Kontoleon and Pascual,
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2007). Demonstration refers to the identification and measuremdéme ddw of ecosystem services

and theirvalues(see also Chapters 2 and Bppropriationis the process of capturing some or all of

the demonstrated and measured values of ecosystem se&wies to provide incentives ftineir
sustainableprovision This segei n e s s e n c e théough maeket rspstemnss demanstrated

values of ecosystem services so that those values affect biodiversity resource use decisions.
Internalisation is achieved loprrectingmar ket s when t hey ceeatisgmérketsc ompl e
when they are allogether missingln the benefit sharing phase, appropriation mechanisms must be
designed in such a manner that the captured ecosystem services benefits are distributed to those who
bear the costs of conservation.

The concept ofotal economic valu¢TEV) of ecosystemand biodiversityis used thoughout this
chapter. It is defined as the sumtbé values o#ll service flows that natural capital generates both
now and in the futuré appropriately discountedhese service floware valuedor marginal changes

in thdr provision. TEV encompasses atomponents of (dis)utilitglerived from ecosystem services
using a common unit of account: money ol anarketbased unit of measurement that allows
comparisons of the benefits of vaus goods. Since in many societies people are already familiar with
money as a unit of account, expressing relative preferences in terms of moneynalgese useful
information to policymakers.

This chapter reviews the variety of taxonomies andsiflaations of the components of TEV and
valuation tools that came used toestimate such components for different types of ecosystem
services.Given the complex nature of ecosystem services, economic valuation faces important
challenges, including the istence of ecological thresholds and sioearities,how to incorporat¢éhe

notion of resilience of sociecological systemghe effects of uncertainty and scaling egtimated
values of ecosystem servicddis chapter reviews these challenges fiooh best practicgrovides
guidelinesfor dealng with themwhenvaluing ecosysters, ecosysteraervicesand biodiversity

An important note that should be kept in mind when reading this chapter is that while it follows the
previous chapters iits conceptualapproach to ecosystem services (see chapters 1 aitda®o
acknowledges thagcologists have multiple ways of framing and understanding ecosystems and that
only some of these are compatible with a sifbal model, or capital and interest analogy, of
economics as it is presented here.

The chapter is structured as follov@ection 2 starts by asking the basic question of why we need to
value ecosystem services and what types of values may be estimated that can have an effect in
environmental decisiemaking, following the TEV approach.
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In section 3, W& look critically at the main methodsed toestimatethe variouscomponents of the
TEV of ecosystem services and biodiversiy summary and a brief description of each of these
methods is providedis well as a discussion of the appropriateness of using cenetimodsto value
particular ecosystem servicasd value componentdNe also address various types of uncertainty
inherent to valuation techniques.

Section 4 considers the insurance value of ystems by discussing related concepts such as
resilience, optionquastoption, and insurance value of biodiversityaluation results will vary along

social, cultural and economic gradients and institutional scales will rarely correspond to the spatial
sale of the relevant ecosystem and its services. Section 5 addresses these topics by covering
stakeholder involvement, participatory valuation mels and the particular challenges of performing
valuation studisin developing countries.

In section 6, weurn to benefits transfer, widesprealy usedtechnique to estimate values when
doing primary studies is too costly in timermpbney This section will present existing techniques for
doing benefits transfer and discuss modifications needed to aguodsms that may arisevhen
applying it acrossliffering ecological, sociahnd economic contextSection 7 concludes and reflects
on the role of using value estimates to inform ecosystem policy

2 Economic valuationof ecosystem services

It is difficult to agree on a philosophical basis for comparing the relative weights of intrinsic and
instrumental values of nature. Box 1 presents briefly some of the main positions in this debate.
Notwithstanding alternative views on valuation as discussed in chdptitis chaptersets the
background and methods of economic valuation from the utilitarian perspective. Economic value
refers to thevalue of an asset, which lies in its role in attaining human goals, be it spiritual
enlightenment, aesthetic pleasure cg firoduction of some marketed commodiBarbier et al.,

2009) Rather tharbeingan inherent property of an asseth as a natural resoure@lue is attributed

by economic agents through their willingness to pay for the services that flow from the/dsiéet

this may be determined by the objective (e.g. physical or ecological) properties of thahasset,
willingness to payependgreatlyon the socieeconomic context in which valuation takes placan

human preferences, institutions, culture andrs(Pearce, 1993; Barbier et al., 2009)
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Box 1: The intrinsic versusinstrumental values controversy

Ethic and aesthetic values have so far constituted the core of the rationale behind modemmentatism,
and the recent incorporation of utilitarian arguments has opened an intense debate in the con
community Whereas ecologists have generally advocated biocentric perspectives based on
ecological values, economists adopt anplaentric perspectives that focus on instrumental values. A 1
issue in this debate is the degree of complementarigubstitutabilityof these two different approachq
when deciding on theonservation of biodiversity and ecosystem serviSeme autlrs consider these tw
rationales to be complementary and see no conflict in their simultaneous use (e.g., Costanza;t 96
argue that adopting a utilitarian perspective may indiwaéetalchanges thatould result inaninstrumental
conception othe humannature relationshippased increasingly on cesénefit rationalegMcAuley, 2006)
Findings from behavioral experiments suggest that whereas some complementarity is possible, e
incentives may also undermine moral motivations for conservéBowles, 2008).

2.1  Why valuation?

One overarching question is why we need to value ecosystem services and biodiversity. Economics is
about choice and every decision is preceded by a weighing wésvalmong different alternatives
(Bingham et al., 1995Fcological life support systems underpin a wide variety of ecosystem services
that are essential for economic performance and humarbwialy. Current marketshowever,only

shed information abouhé value of esmall subset of ecosystem processes and components that are
priced and incorporated inansactions as commodities or servicEsis poses structural limitations

on the ability of marketsto provide comprehensive pictures of the ecologic#les involved in
decision processes (MA, 2005)loreover, a information failure arises from the difficulty of
guantifying most ecosystenservices in termshat arecomparable with servicesom humanrmade
assets(Costanza et al., 1997). From this perspectthe logic behind ecosystem valuation is to
unravelthe complexities of sociecological relationshipsnake explicithow human decisions would
affect ecosystem service values, and to expressetvalue changes units (e.g., monetary) that
allow for their incorporation in public decisiemaking processes (Mooney et al., 2005).

Economic decisiomaking should be based on understanding the changes to economic welfare from
small or marginal changes to ecosystems due to tlieedagging of trees in &rest or the restoration

of a polluted pond (Turner et al., 2008glue thus is anarginal concept insofar that it refers to the
impact of small changes in the state of the world, and not the state of the world itself. In this regard,
the value of ecolgical assets, like the value of other assets, is individaséd and subjective,
context dependent, and statependent (Goulder and Kenned¥97, Nunes and van den Bergh
2001).Estimates okconomic valughusreflect only the currentchoice patternof all humanmade,
financial and natural resources given a multitude of sec@ogical conditions such gseferences,

the distribution of income and wealth, the state of the natural environment, production technologies,
and expectations about the futyBarbier et al., 2009A change in any of these variables affects the
estimated economic value.

8
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In summary, there are at least reasons for conducting valuation studies:

Missing markets
e Imperfect markets and market failures

e For some biodiversity gmls and services, it is essential to understand and appreciate its
alternatives and alternative uses.

e Uncertainty involving demand and supply of natural resources, especially in the future.

e Government may like to use the valuation as against the rediristiministered or operating
market prices for designing biodiversity/ecosystem conservation programs

e In order to arrive at natural resource accounting, for methods such as Net Present Value
methods, valuation is a must.

2.2  Valuation paradigms

Since here are multiple theories of value, valuation exercises should ideally, i) acknowledge the
existence of alternative, often conflicting, valuatmaradigmsand ii) be explicit about the valuation
paradigmthat is beingusedandits assumptionsA review on the approaches to valuatiorakes it
possible tdadentify two well-differentiated paradigmf®r valuation:biophysicalmethods, constituted

by a variety of biophysical approaches, gdferencebasedmethodswhich are more commonly
used ineconomicsThese methods asimmarizedn Figurel:

Bi ophysical val uat i o"merapecterethabderisazatues fromonfeasgramerdsu c t i o |
of the physical costs (e.g., in terms labor, surface requirements, energy or material inputs) of
producing a iyen good or serviceln valuing ecosystem services and biodiversity, this approach

would consider the physical costs mfintaining a given ecological statBox 2 provides a short

discussion about biophysical approaches to valuation and accountingléesative to the dominant
preferencébased methods
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Box 2 Biophysical approaches to valuation and accounting

A number ofeconomists have advocated biophysical measurerasnésbasis fovaluation exercisesin
contrast to preferendeased approaches, biophysical valuation methagisa fcos't of
approach, adid some value theories in classical economics (e.g., the Ricardian and Marxist entéloalie
theory of value). Biophysical approaches assess value baséle amntrinsic properties of objectby

measuing underlying physical parameters (see Patterson, 1998 for a review)h{mal measures ar
generally more useful for the valuation of natural capital stocks than for valuation at the margin of fl
ecosystem service$his is particularly truevhenecosystem sgiceshave no direct biophysical expressiq
as in the case of some cultural services. In particular, biophysical measures can be especially u
calculating depreciation of natural capital within a strong sustainability framefwdrich posits that o

substitution is possible between hurraade and natural resourceBxamples of biophysical methods fq
the valuation or accounting of natural capital are embodied energy analysis (Costanza 1980),
analysis (Odum 1996)exergy analysisNaredq 2001; Valero et al.,in pres$, ecological footprint
(Wackernagel et 3l.1999), material flow analysis (Daniels and Moore, 2002), -lzoner flow (EEA,

2006), and Human Appropriation of Net Primary Production (HANPP) (Schand] 20@2).

Preference-based aproaches Biophysical approaches
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In contrastto biophysical approaches to valuatigereferencébased methodsely on models of

humanbehavor and rest on the assumption that values arise from the subjective preferences of

individuals. This perspective assumes that ecosystem values are commensurable in monetary terms,

among themselves as well as with humade and financial resourcesnd that subsequently,

mondary measures offer a way of establishing tinade offs involved inalternative uses of

ecosystems (for controversies on commensurability of value types see.Box 3)

It should be noted that the biophysical and the preferbased pproaches stem from different
axiomatic frameworks and value theories, and therefore are not generally compatible. There is an

ongoing debate about the need to use multiple units of measurement and notions of value in

Box 3: Conflicting valuation languages and commensurability of values

Controversies remain concerning the extent to which different types or dimensions of value cd
reduced to a single rod of measure. Georgésmegen (1979) criticizethonism in applyingheories of
value, eithepreferencebased obiophysica) asbeinga form of reductionismSimilarly, MartinezAlier
(2002) statethat valuationof natural resourcemvolves dealing with a variety of conflicting languages
of valuationi e.g., economic, aesthetiGaogical, spirituali that can not be reduced to a single rod o
measure. This perspectieenphasise§ we ak comparabilityo of -Alexétuse
al ., 1998) that puts wvalues in a r eldiagto tohiswiew, f
decision support tools should allow for the integration of multiple incommensurable valuescitiedia
analysis (MCA)makes possibl¢he formal integration of multiple values after each of them has be
assigned a relative weight (Mda, 2004). Like in monetary analysis, the output of MCA is a ranking
preferences that serve as a basis for taking decisions among different alternatives, but without the 1
convert all values to a single unit (the result is an ordinal and natlmalranking). MCA thus is a tool
that accounts for complexity in decistomaking processes. A weaknesses of this method is that {
weighing of values can be easily biased by the scientists, or if the process is participatory, by f
asymmetries amongtakeholders. Transparent deliberative processes can reduce such risks, but
involve large amount of time and resources that are not generally available to decision(bakers
Baggethun and de Groot, 2007).

environmental valuatioffor brief overview ofcontroversies on commensurability of value types see

Box 3). This chapter dealprimariy with preferencebased approachesand the termsconomic
valuation and monetary valuation are used interchangeably.

11
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2.3 The TEV framework and value types

From an economic viewpointhe value (or system value) of an ecosystem should account for two

distinct aspects. The first is the aggregated value of the ecosystem service benefits provided in a given
state, akin to the concept of TEV. The secondagpect at es t o t he systheeembs ca
valussi n the face of wvariability and disturbance. i
val ue, and t he |l atter has been named fii nsur anc
Balmford et al., 2008) (Figure 2).

It should be emphasized thibtalo it ot @ | economic valueo vakess ummed

(i.e., use and noense valuesineasured under marginal changes in the secodogical systerrand

not overecosystem or biiversity (resource) unitg a constant statdRecent contributiongn the
field of ecosystem services hagtresed the need to focus on the end products (benefiten
valuing ecosystem serviceJ his approacthelpsto avoid double counting of ecosysteunctions,

intermediate services and final services (Boyd and Banzhaf, 2007; &istie2009).

- N \

Functioning Resilience Structure
Insurance value
’ Ecosystem's
Core ecosystem processes capacity to
Wat y maintain a
e.g. Water cycling i .
sustained flow of Economic
benefits
value of the
Ecosystem functions ecosystem
Ke.g., Water provisioning, purification and regulatiorj j
‘ Output value
. . Value attached to
Ecosystem service benefits direct ecosystem's
Water for households, industry and irrigation services and
benefits /
Figure 2: Insurance and output value as part of the economic value of the ecosystem

The figureposesinsurance valug r el at ed t o t lerce anduipsity st e mo ¢
value (related to ecosystem service benefits) as the two main components of the
economic value of the ecosystem

12
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The insurance valuef ecosystems s ¢l osely rel ated t o -ofgdnigingsy st em
capacity. The notion ofesilience relate tothec o sy st ems 6 capacity to absol
SO as to maintain its essential structure and functions, i.e., the capacity to remain at a given ecological
state or avoid regime shifts (Holling, 1973; Walker et al., 208&cuing ecosystem resilience

involves maintaining minimumamounts of ecosystem infrastructure and processing capability that

allows 'healthy' functioning. Such minimum ecological infrastructure can be approached through the
concept of Acrliot i(cbeelutmnsacthu reatl aclbepstatu@adf OriBcal naBurala n d , 2
capital and related insurance values are sometimes recognized by the precautionary conservation of
stocks, or setting safe minimum standards. However, the question remains how te mesiksemce

and critical natural capital in economic termbese thorny issues are further discussed in more detalil

in sectiond of this chapter.

Benefits corresponding to the fAoutput valueod of
the control of waterflows by tropical cloudy forests dhe mitigation of damages from storms and

other natural hazards by mangrevé&he elicitation of these kinds of values can generally be handled

with the available methods for monetary valuation based mttdinarkets, or, in their absence, on
revealed or stated preferences techniques as will be discussed later.

Within the neoclassical economic paradigm, ecosystem services that are delivered and consumed in
the absence of market transactions can be viasedform of positive externalities. Framing this as a
market failure, the environmental economics literature has developed since the early 1960s a range of
methods to value thegimvisibled benefits from ecosystems, often with the aim of incorporatiamth

into extended codienefit analysisand internalising the externalitieBy order tocomprehensively
capture the economic value of the environmeilifferent types of economic valsaeglected by
markets have been identified, angtasurementmethods hee been progressively refinebh fact,
valuation of noamarketed environmental goods and services is associated with a large and still
expanding literature in environmental economics.

Since the seminal work by Krutilla (1967), total (output) value afsgstems has generally been
divided into useand noruse value categories, each subsequently disaggregatetifiatent value
componentsKigure 3). A summaryfahe meaning of each componesitprovided in Table 1 based
on Pearce and Turner (1991);@soot et al. (2002), de Groot (2006) and Balmford et al. (2008).

13
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[Total Economic Value]

Use values

Non-use values

Option Philantropic Altruism to
Actual value N .
value value biodiversity
|
— 1
Direct Indirect Bequest Altruist Existence
use use value value value
. Non
Consumptive [ on
consumptive
v v v
Crops, Recreation, Pest contral, ) i Satisfaction of Satisfaction of
livestock, spriritua/cultural  pollination, water Future use of Satlsfgctlon of knowing knowing that
fisheries, wild well-being, regulation and known and knowing that a species or
P ' future generations thatother
foods, reserach urification, soil unknown ure g ecosystem
aquaculture education P fertility benefits will have acces to PPl have exifts
natured benefits acces to
nature®
benefits
Figure 3: Value types within the TEV approach

Figure 3 reviews the value types that are addressed in the literature on nature
valuation.Boxes in dark gray and the examples below the arane those that are
directly addressed by value elicitation methods related to the TEV framework.

Table I A typology of values

Value type |Value subtype |Meaning

Use values |Direct use value |Results from direct human use of biodiversitgrisumptive bnon
consumptive).

Indirect use value|Derived from the regulation services provided by species and ecosyst

Option value Relates to the importance that people give to the future availability of
ecosystem servicder personal benefipoption value m a strict sense).
Non-use Bequest value |Value attached by individuals to the fact that future generations will alg
values have access to the benefits from species and ecosystems (intergener

equity concerns).

Altruist value Value attached by #tividuals to the fact that other people of the present
generation have access to the benefits provided by species and ecosy
(intragenerational equity concerns).

Existence value |Value related to the satisfaction that individuals derive from the mere
knowledge that species and ecosystems continue to exist

14
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Use values can be associated witivate or quasprivate goodsfor which market pricesisually

exist Use values are sometimes divided further into two categorid3irégt use valuerelatedo the

benefits obtained from direct use of ecosystem service. Such use may be extractive, which entails
consumption(for instance offood and raw materials), or n@xtractive used.g.,aesthetic benefits

from landscapes). (Hphdirect use valueare usally associated with regulating services, such as air
quality regulation or erosion prevention, which can be segnl@s services which are generally not
reflected in market transactions.

Extending the temporal frame in which values are consideredsaftur the possibility of valuing the
option of the future use of a given ecosystem ser¥icis. is dten referred to asption valug(Krutilla

and Fisher, 1975). It is worth noting, however, that the consideration of option valugrees a
component oflie TEV has been contestéfefeeman, 1993). From this perspective, option value can
be understood as a way of framing TEV under conditions of uncegtaspn insurance premiuon
asthe value ofwaiting for the resolution of uncertaintin the latter cse,it is generally known as
guasioption value

An example to illustratencertainties surrounding the potential future uses and redpteuh valueof
ecosystems is given by bioprospecting activities to discover potential medicinal uses ofJslaras
issues in this examplavolve the question owhether or not any particular organism will prove to be
of commercial use in the future; and what commercial uses will need to be developed oveottiane.
more extensive discussion, see section 4.

Nonruse values from ecosystems are those values that do not involve direct or indirect uses of
ecosystem service in question. Theflect satisfaction that individuals derifmm the knowledge
thatbiodiversity andecosystem services are maintaimedthatother people haver will haveaccess

to them (Kolstad, 2000). In the first case, nme values are usually referred toeagstence values

while in the latter they are associated wadtlruist values(in relation to intragenerational equity
concerns) bbequest value@vhen concerned with intarenerational equity).

It should be noted that narse values involve greater challenges for valuatiam do use values
sincenonuse valuesre related to moral, religious or aesthetic propert@swhich narkets usually

do not exist This is different from other services which are associated with the prodwitn
valuationof tangiblethingsor conditions Cultural services and narse values in general involve the
production ofexperienceshat occurint he val uer é6s mi nd. T hpeodueed s er vi c
by ecosystems and people in a deeper sense than other services (Chan et al., in press). Table 2
provides an overview of the links between different categories of values of ecosystem services. The
aggregation of these value categories is reflected in the TEV.
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Table 2:

Valuing ecosystem services through the TEV framework

N.A.= Non Applicable

Group

Service

Direct Use

Indirect use

Option
value

Non-use
value

Provisioning

Includes:

food; fibre anduel,
biochemicals;
natural medicines,
pharmaceuticals;
fresh water supply

NA

NA

Regulating

Includes:

air-quality regulation;
climate regulation; water
regulation; natural hazard
regulation,carbon storage,
nutrient recycling, micro
climatic functionsetc.

NA

NA

Cultural

Includes:

cultural heritage;
recreation and tourism;
aesthetic values

NA

Habitat

Includes:

primary production;
nutrient cycling;
soil formation

Habitat services are valued through the other

categories of ecosystem services

3 Valuation methods, welfare measures and uncertainty

3.1  Valuation methods under the TEV approach

Within the TEV framework, values are derived, if available, from information of indiviokeladvior

provided by mar&t transactiongelating directly to the ecosystem service.the absenceof such
information price information must be derived from parallel market transactitirag are associated
indirectly with the good to be valuetf both direct and indirecprice information on ecosystem
servicesare absent, hypothetical markets may be created in order to elicit vBhesse situations
correspond to a common categorization of the available techniques used to value ecosystem services:
(a) directmarket valuatiorapproaches(b) revealed preferencapproacheand(c) stated preferense
approachegChee, 2004). Below, a brief description of each method is provided together with a
discussioronits strengths and weaknesses. We also digbesadequacy of each methiod different

valuation conditionspurposes, ecosystem service types and value tygesestimated
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3.1.1 Direct market valuatiompproaches

Direct market valuationapproachesre divided ito three main approache&) marketprice-based
approachegb) costbased approaches, af@ approachedasedon production functios. The main
advantage of usinthese approaches that theyuse data fronactual marketsandthusreflectactual
preferences or coste individuals. Moreoversuch datd i.e. pries, quantities and castexist and
thusare relatively easy to obtain.

Marketprice-based approachemremost ofterused to obtaithe valueof provisioning servicessince

the commodities produced by provisioning services are often sold on, e.gultagaicmarketsin
well-functioning marketpreferencesnd marginal cost of prodtion are reflected in a market price,
which implies that thesean be taken aaccuraténformationon thevalue of commoditiesThe price

of a commodity times the marginaloduct of the ecosystem service is an indicator of the value of the
service consequentlymarket prices can also be good indicators of the value of the ecosystem service
that is being studied.

Costbased approacheare based on estimations of the cdbit would be incurred if ecosystem
service benefitmeeded tde recreated through artificial means (Garrod and Willis, 199erent
techniques existincluding, (a) the avoided cost methgdvhich relates to the costs that would have
been incurred ithe absence afcosystenservices(b) replacement coshethodwhich estimatethe
costsincurred byreplacing ecosystem servgvith artificial technologies and (c) mitigation or
restoration costmethod which refes to the cost oimitigating theeffects caused byto the loss of
ecosystem services the cosbf getting thoseervicegestored.

Production functiorbased approachefPF) estimatehow mucha given ecosystem servicée.g.,

regulating servicegontributesto thedelivery of another servie or commoditywhich istraded on an
existingmarket In other wordsthe PFapproach is based dine contribution of ecosystem servicies

the enhancement of income or productivity (Méaler, 4 99atanayak and Kramer, 200The idea
thusisthatanyresuli ng @Ai mprovements in the resource base
enhanced ecosystem services, Al ower costs and pl
l eading to increases i n consumeans2@03, a.2sP)he PF haps g
approachgenerallyconsists of the following twstep procedure (Barbier, 1994)he first step is to
determinethe physical effects of changes in a biological resource osystmservice on an

economic activity In the second ap, the impact of these changeés valued in terms of the
corresponding change in marketed output oftthdedactivity. A distinction should be made then

between the gross value of output and the value of the marginal product of the input.

17



The Economics of Ecosystems and Biedsity: The Ecological anEconomic Foundations

Hence, thdPFapproach generally uses scientific knowledge on cafiset relationships between the
ecosystem service(s) being valued and the output level of marketed coresndtitelates to
objective measurements biophysical parameters. As Barbier et al. (2008 for many habitats
where there is sufficient scientific knowledge of how these link to specific ecological services that
support or protect economic activities, it is possible to employ the production function approach to
value these services.

Limitations of direct market valuation approaches

Direct market valuation approachesy primarily on production or cost data, which are generally
easier to obtain than the kinds of data needed to establish demand for ecosystem services (Ellis and
Fisher, 198). However, when applied to ecosystem service valuaticese tApproachs have
importantlimitations These are mainly due to ecosystem services not having markets or markets
beingdistortad.

The direct problems that arise are #otd. If markets do noexist either for the ecosystem service

itself or for goods and services that are indirectly related, then the data needed for these approaches
are not available. In case where markets do exist but are distorted, for instance because of a subsidy
scheme (®e TEEB D1) or because the market is not fully competitive, prices will not be a good
reflection of preferences and marginal costs. Consequently, the estimated values of ecosystem
services will be biased and will not provide reliable information to balseyptecisions on.

Some direct market valuation approaches have specific probBarisier (2007) illustrates that the
replacement cost method should be used with caution, especially under uncérteftly approach

has the additional problem thatleqate dataon and understanding dhe causeeffect linkages

between the ecosystem service being valued and the marketed comamediften lackingDaily et

al., 2000; Spash, 2000).n ot her words, idfpecosydtent dervices aref rarelyc t i o n
understoodwell enough to quantify how much of a service is produced, or how changes in ecosystem
condition or function will translate into changestire ecosystem services delivered (Daily et al.,
1997).Furthermorethe interconnectivity and interdependas of ecosystem services niagrease

the likelihood of doubleountingecosystem servicgBarbier, B94; Costanza and Folke, 1997).

3.1.2 Revealed preferen@oproaches

Revealed preference techniques are based on the observatidividiial choicsin existingmarkets
that arerelated tothe ecosystem servidhat is subject of valuationIn this case it is said that
economi ¢ agent s enBesteroughthéir@choiteb. & two main mdtheds within this
approach are:
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(a) Thetravel costmethod(TC), whichis mostly relevant for determining recreational ealuelated

to biodiversityand ecosystem services. It is based on the rationale that recreational experiences are
associated with a cost (direct expenses and opportunity costs of Tineeyalue of a change in the
quality or quantity of a recreational site (resulting from changes in biodiversity) can be inferred from
estimating the demand function for visiting the diat is being studie@Bateman et al., 2002;
Kontoleon and Pascu&(ad7).

(b) The hedonic pricing (HP)approachutilizes information about thémplicit demand foran
environmental attribute aharketedcommodities For instace, houses or property in general consist
of several attributes, some of which are environmeéntaature such as theroximity of a house to a
forest orwhether it has @&iew on a nice landscapéience, the value of a change in biodiversity or
ecosystem services will be reflected in the change in the value of property (eitheplouilandthat

is in a (semi natural state By estimating a demand function for property, the analyst can infer the
value of a change ithe nonrmarketedenvironmental benefitgenerated by the environmental good

The main steps for undertaking a revealed prefergatuation study are:

1. Determinng whether a surrogate market exists that is related to the environmental resource in
question.

2. Selecing theappropriate method to be used (travel cost, hedonic pricing).

3. Collecing market datdhat can be used &stimete the demand function for the good tradedhie
surrogate market.

4. Inferring the valueof a change in the quantity/quality of an environmental resofrara the
estimated demand function

5. Aggregaing values across relevant population.

6. Discouning values vihere appropriate.

Limitations of revealed preference approaches

In revealed preferences methods, market imperfections and policy famesstort the estimated
monetary valueof ecosystem servicescientists need good quality data on each transadticge

data setsandcomplex statistical analysié\s a resultrevealed preference approachesexgensive

and timeconsumingGenerally, these methods have the appeal of relying on actual/obbehaador

but their main drawbacks are the inability éstimate notuse values and the dependence of the
estimated values on the technical assumptions made on the relationship between the environmental
good and the surrogate market good (Kontoleon and Pascud), 200
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3.1.3 Stated preferencapproaches

Staed preferencapproaches simulate a market and demfamcecosystem servieeby means of
surveyson hypothetical (policynduced) changes in the provision of ecosystem serviseded
preferencanethods can basedto estimateboth use and nensevaluesof ecosystemand/or when
no surrogate market exists from whitte value of ecosystemgan be deduced. The main types of
stated preference techniques are:

(a) Contingent valuation method (CM)ses questiamaires to ask people how much they would be
willing to pay toincrease oenhance th@rovision ofan ecosystenservice, or alternativeljnow
much they would be willing to accept for its loss or degradation.

(b) Choice modeling (CM)Attempts to model the decision process of an individual in a given
context Hanley and Wright, 1998; Philip and MacMillan, 200B)dividuals are faced with two
or more alternatives with shared attributes of the services to be valued, but with different levels of
attribute (one of the attributes being the money people would baaytfor the service).

(c) Group valuation:Combinesstated preferencechniques with elements of deliberative processes
from political science (Spash, 2001; Wilson and Howarth, 2002), and are being increasingly used
as a way to capture value types that msgape individual based surveys, such as value pluralism,
incommensurability, nahuman values, or social justice (Spash, 2008).

As pointed out by Kontoleon and Pascual (A0the main difference between CV and @Gvhat CV
studiesusuallypresent onegmtion to respondents. This optigs associated with some (varying across
respondents) priemg. Respondestare then asked to vote on whether they would be willing to
support this option and pay the price or if they would support the status quo (goalyrtbe extra

price)! The distinction between voting as a market agent versus voting as a citizen has important
consequences for the interpretation of CV results (Blamey &19855).
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Box 4: Steps for undertaking a contingat valuation study (Kontoleon and Pascual, 2006)

1. Survey ésign
A Start with focus group sessions and consultations with stakeholders to define the good to be

A Decide the nature of the markeég., determine the good being traded, the status qud,the
improvement or deterioration level of the good that will be valued.
A Determine the quantity and quality of inf
for it, and who will benefit from it.
A Set allocation of pperty rights (determineshether awillingnessto-pay (WTP) or a willingness
to-accept WTA) scenarids presented
A Determine credible scenario and payment vehicle (tax, donation,.price)
A Choose elicitation method (e.g. dichotomous choice vs.-epdad elicitation method)
2. Suvey implementation and sampling
A Interview implementation: on site or fateface, mail, telephone, internet, grougnsider
inducements to increatieeresponse rate.
A Interviewers: private companies, researchers themselves.
A Sampling: convenience saraprepresentative and stratified sample.
3. Calculate measures of welfare change

A Openendedi simple mean or trimmed meawith remoed outliers note thathis isa contentious
step.
A Dichotomous choicé estimate expected value of WTPWTA.
4. Technicdvalidation
A Most CV studies will attempt to validate responses by investigating respondents WTP (or
bids by estimating a bid function
5. Aggregation and discounting
A cCalculating total WTP from mean/median WTP over relevant populdtidior example by
multiplying the sample mean WTP of visitors to a site by the total number of visitors per annu
A Discount calculated values as appropriate.

6. Studyappraisal
A Testing the validity and reliability of the estimates produced

In a CM study, respondents within éhsurvey are given a choice between several options, each
consisting of various attributes, one of which is either a price or subsidy. Respondents are then asked

to consider all the options by balancing (trading off) the various attributes. Either otabbs&ues

can be used to assdbe TEV from a change in the quantity of biodiversity or ecosystem services.

Though the CV method is less complicated to design and implement, thap@idach is more
capableof providing value estimates for changes in csfge characteristics (or attributes) of an
environmental resource. Box 4 provides the steps for undertaking a CV study andgBes &n
example of a CM studthat aimed tovalue biodiversity.
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Box 5: Example of valuing changs in biodiversity using a choice modeling study

In a study by Christie et al. (2007) the value of alternative biodiversity conservation policies in the U
estimated using the CM method. The study assessetbtiddevalue of biodiversity under of aleative

conservation policieas well aghe marginalvalue of a change in one of the attributes (or characteristic
the policies. The policy characteristics explored were familiarity of species conserved, species rarity
quality, and type of esystem services preserved. The policies would be funded by an annual t
example of the choice options presented to individuals is presented below.

POLICY POLICY DO NOTHING
LEVEL LEVEL (Biodiversity
1 2 degradation will
continue)

Familiar speciesf wildlife | Protectrare familiar Protectboth rare and | Continued decline in th
species from further |commorfamiliar specie{ populations of familiar
decline from further decline species

Rare, unfamiliar species ¢ Slow down the rate off Stop the decline and| Continued decline in th
wildlife declineof rare, ensure the recovery o populations of rare,
unfamiliar species. | rare unfamiliar speciey unfamiliar species

Habitat quality Habitat restoration, e.¢ Habitat e-creation, e.g| Wildlife habitats will
by better management| by creating new habitg continue to be degrade
existing habitats areas and lost
Ecosystem process Only ecosystem servic{ All ecosystem service| Cortinued decline in th
that have a direct impa| are restored functioning of
on humans, e.qg. flood ecosystem processe;
defence are restored
Annual tax increase £100 £260 No increase in your ta
bill

Respondents had to choose between Policy 1, Policy 2 and the status quo (do nothing). Studies suc
can provide valuable informan in an integrated assessment of the impacts of trade policie
biodiversity. Consider a change in EU farmer subsidisation policies which will have a likely impact
agricultural landscape in the UK. The network of hedgeves that exists in tH8K country side and which
hosts a significant amount of biodiversity and yields important biodiversity services will be affected b
a revised subsidisation policy. Using results from the aforementioned CE study, policy makers can o
approximatbn of the value of the loss in biodiversity that might come about from a change in the @
hedgegrove network.

Group valuatiorapproaches wa been acknowledged as a way to tackle shortcomings of traditional
monetary valuation methods (de Groot et al., 2006). Main methods within this approach are
Deliberative Monetary Valuation (DMYWwhich aims to express values for environmental change in

monetary terms (Spash, 2007, 2008), MetliatedModeling

In the framework of stated preference methods, it is easy to obtain other important data types for the
assessment of ecosystem services, such as stated perceptions, attitudinal scales, preléaige know
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etc. All of these pieces of information have been shown to be useful in understanding choices and
preferences (Adamowicz, 2004). Stated preference methods could be a good approximation of the
relative importance that stakeholders attach to diffeeensystem services (Nunes, 2002; Martin
Lopez et al., 2007; Garcldorente et al., 2008), and sometimes could repetdntial conflicts among
stakeholders and among alternative management options (Nunes et al., 2008).

Limitations of stated prefence appaches

Stated preference techniques aiéen the only way to estimate noise values. Concerning the
understanding of thebjective of choice i t is often asserted that t |
understanding of the object of choice, but the hypithl nature of the market has raised numerous
guestions regarding the validity of the estimates (Kontoleon and Pascual, B@®®ajor question is

whet her r leypofheticadnswets sabrespond to their behavior if they were facedootts

in real life.

One of the main problems that have been flagged in the literature on stated preferenceisitdods
divergence between willingness-pay (WTP) and willingnesw-accept (WTA) (Hanneman, 1991,

Diamond, 1996). From a theoretical perspective, PAGhd WTA should be similar in perfectly
competitive private markets (Willing, 197&iamond 199% However, several studies have
demonstrated that for identical ecosystem services, WTA amounts systematically exceed WTP (Vatn

and Bromley, 1994)This discepancy mayhave several causefaulty questionnaire design or
interviewing technique; strategic behavior by r
aversiondé and the 6éendowment effectd (Garrod and

Another important problemish e fi e mb e dvdh onlged , b ifigpsa&r tor Ai nsensi tiv
(Veisten, 2007)Kahneman (1986) was among the first to claim that respondents in a CV survey were
insensitive to scopé he observedrom a studythat peoplewere willing to pay the sae amount to

prevent the drop in fish populatiomsone small area of Ontario as in all Ontgsee als&ahneman

and Knetsch 1992 Boyle et al. 1994, 1998Desvousges et atll993 Diamondand Hausmari994),

Diamond et a].1993 Svedséer, 2000).

There is &0 a controversy on whether narse values are commensurable in monetary terms
(MartinezAlier et al. 1998; Carson et al., 200Ihe problem here is whether, for instance, the
religious or bequest value that may be attributed to a forest eacotsidered within the same
framework as the economic value of logging or recreation in that forest. Such an extreme range of
values may not be equally relevant to all policy problems, but the issue has remained largely
unresolved for now.
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Furthemore the application of stated preference methods to public gtwtsare complex and
unfamiliar has been questioned on the grounds that respondents cannot give accurate responses as
their preferences are not fully defined (Svedsater 2088imetimesstated prierence methods
incorporate basic upfront information in questionnaires (e.g. Ghlaiante et al., 2008; Tisdell and
Wilson, 2006; Wilson and Tisdell, 2005} hristie et al (2006) argue that valuation workshoghst

provide respondents with opportureés to discuss and reflect on their preferences help to overcome

some of the potential cognitive and knowledge constraints associated with stated preference methods.
Typically deliberative monetary valuation methodsl provide upfront information to stakelders
as well The bias in deliberative monetary valuation approaches is supposedly less than in individual

CV studies (de Groot et al., 2006). Such methods may further redueespaonse rates and increase

respondet so

engagement .

3.14 Choosing and pplying valuation methods: forests and wetlands

The main purpose of this section is to provide examples about how valuation methods have been
applied to elicit different kinds of ecosystem values. Here we present results, summarized in tables,
from an extasive literature review about the application of valuation techniques to estimate a variety

of values, particularly in forests and wetlands. The information here presented may help valuation
practitioners to choose the appropriate valuation method, angotdithe concerned values. This

section 1s

short in

classification and applications.

scope

because noumerous

As discussed extensively elsewhere (NRC, 1997; 2004; Turner et al., 2004; Chee,s@0@),
valuation methods are more appropriate than others for valuing particular ecosystem services and for

the elicitation of specific value comporienTable 3shows the links between specific methods and

value components.

Table 3 Relationship between valuation methods and value types
Approach Method Value
Price Market prices Direct and indirect use
based
Market Avoided cost Direct and indirect use
valuation | Costbased| Replacement cost Direct and indirect use
Mitigation / Restoration cost Direct and indirect use
Production| Production function approhc Indirect use
-based Factor Income Indirect use

Revealed preference

Travel cost method

Direct (indirect) use

Hedonic pricing

Direct and indirect use

Stated preference

Contingent Valuation

Use and notuse

Choice modelling/ Conjoint Analysis

Use and notuse

Contingent ranking

Use and nofuse

Deliberative group valuation

Use and nofuse
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Table 4providesinsight into and comments csome of the potential applicatiomd methods in
ecosytem services valuatioandtheir references in the literature.

Method Comment /example References
Market Price Mai nly applicabl e t o t h/Brownetal 1990;
some cultural (e.g. recreation) and regulating serviq Kanazawa 1993
(e.g. pollinaton).
Avoided The value of the flood control service can be derive| Gunawardena &
Cost |cost from the estimated damage if flooding would occur.| Rowan 2005;
c
o based . Ammour et al. 2000;
T Rephce The value of groundwater recharge can be estimate greaux et al. 1995:
T:; ment cost |from the costs of obtaining water from another sour Gren 1993
> (substitute costs).
g Mitigation/ |E.g. cost of preventive expenditures in absence of
[ restoration |wetland service (e.g. flood bars) or relocation.
= costs
Production function |How soil fertility improves crop yield and therefore t Pattanayal& Kramer
factor income income of the farmers, and havater quality improve 2001
ments increase commercial fisheries catch and the
incomes of fishermen.
o | Travel Cost Method|E.g. part of the recreational value of a site is reflect{ Whitten & Bennet
3 o] in the amount of time and money that people spend2002; MartinL6pez el
o % while traveling to the site. al. 2009b
L <
o L |Hedonic Picing For example: clean air, presence of water and aest| Bolitzer & Netusil
@ 95’_ Method views will increase the price of surrounding real est{2000; Garrod & Willis
1991
Contingent It is often the only way testimate no+use values-or |Wilson & Carpenter
Valuation Method |example, a survey questionnaire might ask respond2000; MartinLépez ef
- (CVM) to express their willingness to increase the level of yal. 2007
o ter quality in a stream, lake or river so that they mig
‘§ enjoy activities like swimming, boating, or fishing.
‘_§ Choice modelling |It can be applied through different methods, which |Hanley & Wright
i) include choice experiments, contingent ranking, 1998; Lii et al. 2004;
= contingent rating and pair comparison. Philip & MacMillan
E 2005
N Group valuation It allows addressing shortcomings of revealed pre |Wilson & Howarth
ference methods such as preference construction d 2002;Spash 2008
the survey and lack of knowledge of respondents al
what they are being asked to allocate values.
Table 4 Monetary Valuation Methods and values:examplesfrom the literature

Source: Compiled after King & Mazotta (200MVilson & Carpenter (1999), de
Groot et al. (2006).

Regulation services have been mainly valued through avoidedepsizement and restoration costs,
or contingent valuation; cultural services through travel cost (recreation, tourism or science), hedonic
pricing (aesthetic information), or contingent valuation (spiritual benigfigs existence value); and
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provisioning services through methods based on the produfitimetion approach and direct market
valuation approacfMartin-Lopez et al., 2009a).

Drawn from a reviewnf 314 peer reviewed valuation case studies (see Annex for referefaieles

5-6 provide quantitéve information on valuation approaches and specific valuation techniques that
have been used for tlestimatinoof particular categories and types of ecosystem services. Table 7
and Figure 4 zoom into values of wetlands and forests, following a reviewaludtion studies in
these biomes.

The tables in Annex A provide axtensiveoverview d the valuation literaturgegarding the use of
valuationmethodsto estimate different types of economic values of ecosystem serViceseview

covers onlywetland and forestsiwo biomes for whichmost studies could be foundAnnex A
containsa summary of the ecosystem services provided by these biomes and the techniques applied to
them, as well as a table to summarize this information according to the typolegjyes from Table

1.

Tables Al (a, b) showdnefits/value types within each major (a) wetland and(b) forest ecosystem
services categories, i.e. provisioning, regulating, cultural and supportive selviatso identifies
valuation approaches used tstimate economic values. Table A2 (a, b) provides a complementary
view that associatethe ecosystem services from these two biomes with valuation approaches. Table
A3 associates the benefits/value types in wetlands (a) and forest (b) ecosystem sartiges qfe

value (across various use/non use values).
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Valuation method Cultural Provisioning Regulating  Supporting
Avoided cost 1 2 26 0
Benefits transfer 9 3 4 6
Bio-economic modelling 0 1 0 0
Choice modelling 16 4 7 17
Consumer surplus 1 0 0 0
Cortingent ranking 1 2 0 0
Conversion cost 0 1 0 0
CVM 26 10 9 33
Damage cost 0 0 6 0
Factor income/Production function 1 33 9 0
Hedonic pricing 5 1 0 0
Market price 0 7 3 0
Mitigation cost 0 2 3 0
Net price method 0 1 0 0
Opportunity cost 1 17 1 6
Participatory valuation 2 3 3 0
Public investments 0 1 1 28
Replacement cost 2 3 20 11
Restoration cost 1 2 6 0
Substitute goods 0 4 0 0
Travel cost method 32 3 3 0
Grand Total 100% 100% 100% 100%
Table 5: Use of different valuation methods for véuing ecosystem
services in thevaluation literature
Type of valuation approach Cultural Provisioning Regulating  Supporting
Benefits transfer 9 3 4 6
Cost based 5 27 61 17
Production based 1 33 9 0
Revealed preference 38 18 7 28
Stated preference 46 19 19 50
Grand Total 100% 100% 100% 100%
Table 6: Valuation approaches used for valuing ecosystem services

Note: The data pertains to valuation studies publishgubar reviewediterature.
The totalnumbers of valuation studies @#&4. See arex for references.

'If a WTA scenario is involved a policy option is described to respondants beassociated with a specific
subsidy amount. Respondents have to decide if they would wargorsthe policy and receive the subsidy or
support the status quo and not receive any subsidy.
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Forests Wetlands Grand
Forests Total Wetlands Total Total
Row Labels Cultural Provisioning Regulating Supporting Cultural  Provisioning Regulating Supporting
Benefits transfer 2 1 5 0 2 16 6 3 25 9 5
Benefits transfer 2 1 5 0 2 16 6 3 25 9 5
Cost based 2 30 69 14 30 9 24 52 25 25 28
Avoided cost 0 2 33 0 8 2 2 16 0 5 7
Conversion cost 0 0 0 0 0 0 2 0 0 1 0
Damage cost 0 0 10 0 2 0 0 0 0 0 1
Mitigation cost 0 4 3 0 2 0 0 3 0 1 2
Opportunity cost 0 20 3 7 10 2 13 0 0 6 8
Replacement cost 0 2 18 7 6 4 4 23 25 9 7
Restoration cost 2 1 3 0 2 0 4 10 0 4 3
Production based 2 30 8 0 16 0 39 10 0 18 17
Bio-economic 0 0 0 0 0 0 2 0 0 1 0
modelling
Factor income/Prod 2 30 8 0 16 0 37 10 0 17 16
Revealed preference 57 27 13 36 32 20 4 0 0 8 22
Consumer surplus 0 0 0 0 0 2 0 0 0 1 0
Hedonic pricing 7 2 0 0 3 4 0 0 0 1 2
Market price 0 12 5 0 7 0 0 0 0 0 4
Net price method 0 1 0 0 1 0 0 0 0 0 0
Public investments 0 0 3 36 3 0 4 0 0 1 3
Substitute goods 0 6 0 0 3 0 0 0 0 0 2
Travel cost method 50 5 5 0 16 13 0 0 0 4 11
Stated preference 37 12 5 50 20 56 28 35 50 40 28
Choice modelling 11 0 0 14 4 22 9 16 25 16 9
Contingent ranking 2 2 0 0 2 0 2 0 0 1 1
CVM 22 9 5 36 13 31 11 13 25 19 16
Participatory valuation 2 1 0 0 1 2 6 6 0 4 3
Grand Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Table 7: Proportion of valuation methods applied across ecosystem servigegarding forests and wetlands, based on reviewed literature (see annex for
references).
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Figure 4: Vauation approaches that have been usetd value ecosystem services provided

by forests and wetlands

In sum, each of the methods explained herewith has its own strengths and shortcomings (Hanley and
Spash, 1993; Pearce and Moran, 1994), and eatlbe particularly suitable for specific ecosystem
services and value types. Table 8 summarizes the advantages and disadvantages of different
techniques using the case of wetlands, but the information can also be used for other biomes.

Lastly, it shoudal so be mentioned that there are Ahybri
considered For instance, it is theoretically possiblelittk a production functiorapproachto stated
preferencemethodto estimate the economic value of, egultural servies offered by totemic

species. Allen and Loomis (2006) use such an approach to derive the value of species at lower trophic
levels from the results of surveys of willingness to pay for the conservation of species at higher
trophic levels. Specifically, tlyederive the implicit WTP for the conservation of prey species from

direct estimates of WTP for top predators.

28



The Economics of Ecosystems and Biodiversity: The EcologicaEandomic Foundations

Valuation Technique

Advantage

Disadvantages

Market prices method. Use
prevailing prices for goods an
services traded in domestior
international.

Market prices reflect the privat
willingness to pay for wetlan
costs and benefits that are trad
(e.g., fish, timber, fuelwood
recreation). They may be used
construct financial accounts {
compare alternative wetland us
from the perspective of th
individual or company corerned
with private profit and losseg
Price data are relatively easy
obtain.

Market imperfections  and/o
policy failures may distort marke
prices, which will therefore fail tc
reflect the economic valueof

goods or services to society as
whole. Seasonal variations a
other effects on prices need to

considered when market prices ¢
used in economic analysis.

Efficiency  (shadow) prices
method. Use of market prices by
adjusted for transfer payment
market imperfections and polig
distortions. May also incorporat
distribution weights, where equ
lity concerns are made explic
Shadow prices may also be calqg
lated for noamarketed goods.

Efficiency prices reflect the tru
economic value or opporntity
cost, to society as a whole,

goods and services that are trag

in  domestic or internationz
markets (e.g., fish, fuelwooq
peat).

Derivation of efficiency prices is

complex and may requir
substantial data. Decisianakers
may not acaéptp

Hedonic pricing method. The
value of an environmental am
nity (such as a view) is obtaine
from property or labor markets
The basic assumption is that t
observed property value (or wag
reflects a stream or benefits (
working conditios) and that it ig
possible to isolate the value of t
relevant environmental amenity
attribute.

Hedonic pricing has the potenti
to value certain wetland functior
(e.q., storm protection
groundwater recharge) in terms
their impact on land valse
assuming that the wetlan
functions are fully reflected i
land prices.

Application of hedonic pricing t¢
the environmental functions ¢
wetlands requires that these vall
are reflected in surrogate marke
The approach may be limite
where markets ra distorted,
choices are constrained [
income, information abou
environmenttal conditions is ng
widespread and data are scarce.

Travel cost approach.The travel
cost approach derives willingne
to pay for environmental benefi
at a specific locatin by using
information on the amount ¢
money and time that people spe

Widely used to estimate the vall
of recreational sites includin
public parks and wildlife service
in developed countries. It could K
used to estimate wifigness to
pay for ecetourism to tropical

Data intensive; restrictive
assumptions about consum
behavior (e.g. multifunctiong
trips); results highly sensitive t
statistical methods used to spec

the demand reteon-ship.

to visit the location. wetlands in some developin

countries.
Production function approach. | Widely used to estimate thg Requires explicit modeling of th
Estimates the value of a no| impact of wetlands and re¢ 6 d ersees ponse6 r-¢
marketed resource or ecologid destruction, deforestation ar tween the resources and sonte-¢
function in terms of changes | water  pollution, etc., o nomic output. Application of th¢
economic activity by modeling th| productive activities such g approach is most straightforwal

physical contribution of thgq
resource or function to econom
output.

fishing, hunting and farming.

in the case of single use syste
but becomes more complicats
with  multiple use systems
Problems may arise from mult
specification of the ecologica
economic relationship or doub
cownting.
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Valuation Technique

Advantage

Disadvantages

Constructed market techniques.
Measure of willingness to pay b
directly eliciting consume
preferences.

Directly  estimates  Hicksia
welfare measuré provides besi
theoretical measure of willing
ness to pay.

Practical limitations of con
structel market techniques mg
detract from theoretical adva
tages, leading to poor estimates
true willingness to pay.

Simulated market (SM) construc
an experimental market in whig
money actually changes hands.

Controlled experimental settin
permits cbse study of factor
determining preferences.

Sophisticated decision and -n
plementation may limit appli
cation in developing countries.

Contingent valuation methog
(CVM) construct a hypotheticg
mar ket to el i

willingness to pay.

Only method that can measu
option and existence values a
provide a true measure of tof
economic value.

Results sensitive to numero
sources of bias in survey desi
and implementation.

Contingent ranking (CR) rank
and scores relative preferences
amenities in quantitative rathg
than monetary terms.

Generates value estimate for
range of products and servic
without having to elicit
willingness to pay for each.

Does not elicit willingness to pa
directly, hence lacks theoretic
advantages of ther approacheg
Being qualitative, can not be uss
directlyin policies (say for fixing
cess, taxes etc.)

Costbased valuation Based on
assumption that the cost
maintaining an environments
benefit is a reasonable estimate
its value. To estimate Wingness
to pay:

It is easier to measure the costs
producing benefits than th
benefits themselves, when goo
services and benefits are Ro
marked. Approaches are less d
and resourcéntensive.

These second best approache
assume that expendituprovides
positive benefits and net benef
generated by expenditure mat
the original level of benefits. Eve
when these conditions are m
costs are usually not an accuri
measure of benefitsSo long as|
itds not clear

to replae a lost of damaged ass
the cost of doing so is &
inadequate measure of damage.

Restoration cost (RSC) methg
uses costs of restoring ecosyst
goods or services.

useful in
environmental

Potentially
particular
tions.

valuing
fung

Diminishing retuns and diffi
culty of restoring previous eeq
system conditions make app
cation of RSC questionable.

Replacement cost (RPC) meth
uses cost of artificial substitute
for environmental goods d
services.

Useful in estimating indirect us
benefits wherecological data arg
not available for estimatin
damage functions with firdiest
methods.

Difficult to ensure that net beng
fits of the replacement do n
exceed those of the original fun
tion. May overstate willingness t
pay if only physical indicatorsf
benefits are available.

Relocation cost (RLC) metho
uses costs of relocating threater

Only wuseful in valuing env
ironmental amenities in the face

In prectice, benefits provided b
the new location are unlikely t

communities. mass dislocation such as a d{ match those of the origing
project and establishment location.
protected areas.
Preventive  expenditure  (PH Useful in estimating indirect us Mismatching the benefits ¢
approach uses the costs | beneits with prevention| investment in prevention to th

preventing damage or degradati
of environmental benefits.

technologies

original level of benefits may lea
to  spurious  estimates ¢
willingness to pay.
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Valuation Technique Advantage Disadvantages

Damage costs avoided (0 Precautionary principle applie Data or resource limitations mg
approach relies on the assumpti here rule out firstbest valuation
that damage estimae are a methods.

measure of value. It is not a co
based approach as it relies on

use of valuation method
described above.

Table 8: Valuation techniques as applied to wetland studies
(Source: Barbier et al997).

3.2.Acknowledging uncertainty in valuation

In addition to the issues discussed in previous sections, uncertainty is another critical issue in the
valuation of ecosystem services and biodditg. This section addresses the role of uncertainty by
reviewing the state of the art in the valuation literature. To do so, it is useful to distinguish between

risk and uncertainty. Risk is associated with a situation where the possible consequardmssibn

can be completely enumerated in terms of states of nature and probabilities assigned to each
possibility (Knight, 1921 in Perman et al, 2003). In a Knightian sense, uncertainty is understood as the
situation where the possible consequencesdafcision can be fully enumerated but where a decision

maker cannot assign probabilities objectively to these states. In addition, there is a more profound

type of uncertainty where the decision maker cannot enumerate all of the possible consequences of a
decision. This is wusually referred to as Oradi c:
should be acknowledged when science cannot explain some complex functioning of ecosystems and
biodiversity' In  t hi s chapter t hdertote ane cdrunmmuolyeused i ieqoriomié  wi | |
valuation of the environment, i.e., the conflated risk and uncertainty notion as in Freeman (1993),

unl ess the term Aradical wuncertaintyo or #fAignor s

Further, it is useful to distinguish threeurces of uncertainty and radical uncertainty/ignorance. First,

we may face uncertainty or/and ignorance in terms of the nature of the ecosystem services to be
valued. Second, we may be uncertain or/and ignorant about the way people form their preferences
about ecosystem services, i.e., the way they subjectively value changes in the delivery of ecosystem
services and biodiversity. Lastly, another layer of uncertainty exists regarding the application of
valuation tools. This is acknowledged here as technigeertainty. In the following sections, these
terms will be discussed where relevant, and best practice solutions discussed.

3.2.1 Uncertainty regarding the supply of ecosystem services

Beyond the problem of assigning probability distributions, radigzcertainty has tremendous
implications for valuing biodiversity and ecosystem services. Science is starting to shed light about
the role of biodiversity in terms of the delivery of supporting services, and robust information is still
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lacking on how bioibersity contributes to the ecological functions that translate into tangible benefits

for society. For example, forested riparian corridors in agricultural landscapes clearly improve water
guality and reduce sediment loads from upstream erosion, butgetseldhave only a limited
understanding of how species richness in riparian zones contribute to these ecosystem services
(Jackson et al., 2007). In the same light, it is not straightforward to assign values to the services
attributable to the diversity dfee species, rather than the stock of tree biomass or to the ecosystem as

a whole. Usually valuation studies using stated preference methods rather than focusing on direct
evidence about the | ink between 0§ lréfepedcesvaboutsi t y 6
such diversity, have mostly focused on more eas
forests, wetlands and charismatic species) (Nunes and van den Bergh, 2001).

Beyond the more challenging effect of radical uncertaimycases where states of nature are
identifiable and probability distributions can be objectively assigned by researchers, it is possible to
resort to the use aéxpected valuefor those variables whose precise values cannot be known in
advance. In thisvay uncertainty is dealt by weighting each potential outcome by the probability of its
occurrence. In this case, we are dealing with the more palatable notion of Knightian risk, which is
conflated with the standard notion of uncertainty in economic valualt this case, the valuation of

a change in ecosystem services is based on the weighted outcomes of alternative states of the world.
For example, a set of forest tree species, could be associated wipeatedevel of carbon capture

given various rimfall patterns (states of nature). If probabilities can be assigned to these rainfall
patterns, the amount of carbon that the forest can be expected to capture can be estimated by summing
up the probabilityweighted capture outcomes. Then, what is valadtle expected change in carbon
capture associated with tree diversity given an objectively assigned probability distribution to rainfall
patterns.

Examples from the literature dealing with ecosystem service valuation under uncertainty include the
flow regulation in rivers and surge protection in coastal ecosystems which are fundamentally
probabilistic. A promising approach is based on the expected damage function (EDF), akin to a dose
response approach but based on methodologies used in risk anaylisr 2007) applies the EDF
approach to value the storm protection service provided by a coastal wetland. The underlying
assumption is that changes in wetland area affect the probability and severity of economically
damaging storm events (states of nafun coastal areas. More generally, this approach measures the
WTP by measuring the total expected damages resulting from changes in ecosystem stocks. This
approach has been used routinely in risk analysis and health economics (e.g., Barbier et.al., 2009)

In the case of the coastal wetland example provided by Barbier (2007), a key piece of information
becomes critical for estimating the value of wetlands in the face of economically damaging natural
disasters: the influence of wetland area on the expaut&tence of storm events. Provided that there

is sufficient data on the incidence of past natural disasters and changes in wetland area in coastal
regions, the first component can be dealt with by employicmuat data moddb estimate whether a

33



The Economics of Ecosystems and Biodiversity: The EcologicaEandomic Foundations

changein the area of coastal wetlands, reduces the expected incidence of economically damaging
storm events. Once the damage cost per event is known, the count data model yields the information
to be used to calculate the value of wetlands in terms of proteginst natural disasters.

The uncertainty of supply of ecosystem services makes stated preference methods significantly
complex. This may be the reason why there are few examples where CV has considered valuation
under uncertainty. In a seminal studrookshireet al (1983) showed how option prices change
when the uncertainty of supply (based on probabilistic risk) is reduced. Their WTP bid schedules
were estimated by asking hunters their WTP given different probabilistic scenarios of the supply of
threatened species such as grizzly bears and bighorn sheep in Wyoming. In another early application
of CV under uncertainty, Crocker and Shogren (1991) valued landscape visibility changes under
different accessibility contingencies of the sample of indiviglbaing surveyed.. Their approach was
based on eliciting the individuals' subjective perceptions about the probabilities of alternative
landscape visibility states.

General ly, CV studies have resorted tusingmeasur e
called O6risk indexesd in order to obtain inform
considering an uncertain issue. Risk indexes, reflect individual beliefs about subjective probabilities

of a given event occurring (e.g., the lagsa given species). In another CV application, Rekola and

Pouta (2005), measure the value of forest amenities in Finland under uncertainty regarding forest
regeneration cuttings. In this study, reaseponden:
the probability density function of expectations. They conclude that surveyed individuals may answer
guestions about risk perception inconsistently as people have a tendency to overestimate small
probabilities, especially when these probabilities amnected with unwanted outcomes. The reason

is that individuals may confound the subjective probability of the event occurring with the subjective
perception about the severity of the event being perceived (e.gedlimgsabout the loss of the

species) This may undermine the use of risk indexes to use a probabilic approach within CV (see:

Poe and Bishop, 1999; Rekola, 2004). This is a reason why stated preference practitioners tend to
avoid using quantitative information about probabilities of prowvisof ecosystem services. Such
information can undermine the studies in a way similar to how incentive compatible revelation of
preferences can affect results (e.g., Carson and Groves. 2007).

3.2.2 Uncertainty with regard to preferences about ecosysemwices

Valuation studies often assume that respondents know their preferences with certainty, i.e. they are
aware how much they would be willing to pay for such ecosystem service provision. Empirical
evidence in the stated preference literature suggestgever, that respondents are uncertain about
their responses (Ready et al., 1995; Champ et al., 1997; Alberini et al., 2003; Akter et al., 2008). This
is mainly due to respondents using a heuristic mode when processing information provided in one of
sewral contingent valuation formats (e.g., interview, email), which tends to dominate over more
systematic ways of information processing for decisiaking (Bateman et al., 2004). This is
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compounded by an unfamiliar hypothetical nature of the market breicrgated for sometimes
unfamiliar or intangible goods such as the protection of a rare bird species in an unfamiliar location
(Champ and Bishop, 2001; Schunn et al., 2000; Bateman, 2004).

Often anad hocway of dealing with preference uncertainty isassume that people are expeeted

utility maximizers. This assumption makes it possible to calculate point estimates of expected
willingnessto-pay for changes in ecosystem services. These calculations require that a random
vari abl e i s a dtditefdnctions, sinca arguably theyad net&know their true WTP for

the service with certainty (Hanemann et al., 1996). Instead, they perceive that the true value of the
service lies within an interval. A similar approach proposes that the level ofdualipreference

uncertainty is determined by the magnitude of difference between a deterministic and a stochastic part

of an individual s utility difference function (

There is no consensus about which method is more appgeforameasuring preference uncertainty

in stated preference methdtdhere are three main approaches to deal with this kind of uncertainty

in CVM. One is to request respondents to state how certain they are about their answer to the WTP
guestion (e.g., tomis and Ekstrand, 1998). Another one is to introduce uncertainty directly using
multiple bounded WTP questions or a polychotomous choice model (e.g., Alberini et al., 2003). The
third option is to request respondents to report a range of values rathea #pecific value for the
change in the provision of an ecosystem service (e.g., Hanley et al., 2009).

The first approach to deal with preference uncertainty in stated preference methods is the most
straightforward one but one which does not solve tbblpm of uncertaintyer se It tries to uncover

whet her individual s6é perceptions and attitudes t
selfr eported Ocertainty scoreso. The literature s
scores and respondents6é prior knowl edge about t
attitudes towards the hypothetical market being confronted with (Loomis and Ekstrand’ 1998).

The second approach introduces uncertainty directly into the W&8tign by including uncertainty

options. The idea is to include multiple bids in discrete choices by displaying a panel to respondents
with suggested costs (WTP) on the rows and cate
to fAextrémel ofl iwkheltyher respondents would be WTHEF
service in the columns (e.g., Alberini et al. 2003, Akter et al., forthcoming). The advantage of this
approach is that it is possible to model the ordered structure of the datkeiify threshold values,

showing at which average bid levels people switch from one uncertainty level to another (Broberg,
2007). However, similar to the problems of using responses to uncertainty questiordassife

WTP statements in stated preface methods, this polychotomous choice approach suffers from not
knowing how respondents interpeto nc ept s such as fAvery unli kel yo
so in thesame way"
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The third approach is a promising alternative to the previous twoagpes when people may prefer

reporting a range of values rather than a specific value for the change in the provision of an ecosystem
service. Hanl ey et al. (2009) suggest using a p
ecosystem services. their example they value improvements in coastal water quality in Scotland

and show that when using value ranges uncertainty is inversely related to the level of knowledge and
experience with the good, although this effect only appears once a certaimah@viel of experience

has been acquired.

From the three approaches described above, the third approach appears to be the most promising for
dealing with preference uncertainty. One issue that remains open though is the range of values to be
used in thé elicitation method. In addition, it is important to note that valuing an ecosystem service
using the method presented in Hanley et al. (2009) only deals with one aspect of uncertainty about
preferences as ecosystem services relevant to local responamntsot match with scientifically
described ecosystem functions (Barkman et al., 2008).

3.2.3 Technical uncertainty due to applications of valuation tools

When deciding which valuation tools to use one should also think of the several conceptual,
methodlogical and technical shortcomings associated with all valuation methods which add some
further uncertainty to the estimated values. An extensive review of these issues is provided in
Kontoleon et al. (2002). For the purposes of technical uncertaintystioald be acknowledged in

TEEB, two sets of issues must be noted: the first concerns the accuracy of valuation estimates and the
second concerns the issue of discounting future values. Next we address the problem of the accuracy
of valuation estimates elted using standard valuation approaches and chapter 5 deals with the effect
of different discount rates on the range of values that are estimated.

Measurement issues concern at least two key aspects of the problems concerning the accuracy of
stated predrence studies. One aspect is¢hedibility of the stated preferences. It is usually assumed

that when using stated preference methods such as CV that respondents answer questions truthfully
given the hypothetical nature of the technique. This issus#ted as a debate revolving around

whet her an upward @dAhypothetical biaso (the dif
statements of value) permeates CV estimates. Interestingly, eansyais based on estimates from

CV surveys to estimates wwittheir counterparts based on revealed behavior techniques found no
statistically significant upward hypothetical bias of CV methods (Caes@b, 1996). However the

guestion remains whether estimates of-nea values elicited through stated preferene¢hods are

credible as there is no other approach to directly conthase values.
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The second question is whether respondents answer truthfully only when it is in their interest to do so.
While this problem is consistent with standard economic thebiy, also means that responses
depend critically on how well the surveys create incentives for the truthful revelation of preferences
(Carson et al., 2008). For example, if an individual wishes to skew the results of the exercise, surveys
do not generallyriclude any explicit ifbuilt incentive or mechanism that will constrain this sort of
behaviour.,Hence the credibility of the results of a survey is a function of the quality of the survey
design. The other problem of accuracy concerns the margin of arrousding the valuation. This

error will depend to some extent on the size of the sample and the nature of the good being valued, but
it will necessarily remain fairly large and uncertain on account of the technique that is used.

As it has been mentioddn section 2it should also be noted thapatrticularly prevalent error is the

general use of WTB/pe questions instead of WHpe ones in stated preference surveys specially

when the property rights of the goods or services being valued would tvdreaWWTA questions.

This is so in spite of a sizeable 1|i t(Enetsch,ure es
2005) Careful experiments reveal that even for market goods (e.g. coffee mugs, pens or candybars),
WTA typically exceeds WTPR(Kahneman et al., 1990)Further there is evidence that stated
preferencébased studiesxhibit a rather substantial divergence between WTP and WTA reAults.
metaanalysis of 45 studs has found over a seviid difference between the two measures, on
average(Horowitz and McConnell, 2002)Theoreticalarguments against such disparities still are a

matter of concern for valuation practitioners. It also provides ammunition against the use of stated
preference methods and is takenea&lence that the CVM is a flawed valuation approach as it is
inconsisten with neoclassical consumer theory in general and with its ability to measure consumer
preferences (e.g., Diamond 1996, Hausman, 1993). Against these notorious criticisms, Practitioners of

the CVM (e.g, Mitchell and Carson 1989) or the members of the N@d®el (1993) recommend to

use the WTP format for practical studie$heir reason is that since WTP generally turns out to be
small er than WTA, this is consistent with appl)
(NOAA 1993). But in this recomendation one may interpret some resignation with respect to the
significance of CV results.

Accuracy problems also affect revealed preference and pricing techniques. The first problem has to do
with the availability of revealed preference and market ddtat is required to undertake such
valuation studies. Market data availability is about both quantity and quality of the data especially in
the developing world where market data may suffer from poor quality that misrepresents reality. The
second aspect dhe accuracy of revealed preference and pricing techniques has to do with the fact
that these methods (by their desigapnot account for neaose valuesHence, market data can only
provide a lower bound estimate of the value of a change in biodiversosystem services.

In sum, valuation studies using various techniques can suffer from technical uncertainty due to
accuracy problems or biases, examples being: i) the potential, e.g., hypothetical or strategic, biases
that arise from the design of @gtionnaires in stated preference methods (Bateman et al., 2002), ii) the
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effect of assigning probabilistic scenarios in production function based approaches and iii) the
influence of unstable market prices of substitutes or complements to natural resoureeealed
preference methods (e.g., travel cost approach).

3.2.4 Data enrichmenmodelsand preference calibratioas the way forward

One practical way to deal with at least two of the sources of uncertainty, namely technical uncertainty
and to a leser extent preference uncertainty is the
approach. The idea is to combine revealed and stated preference methods when valuing a given
ecosystem service which is at least associated with clear direct use vahiesth& approach is not
dominant in the valuation literature there are increasing calls fravious studies which have
combined data and models to increase the reliability of the valuation estimates, for example to derive
values for recreation, envirorental amenity, cultural heritage and agrobiodiversity (e.g., Cameron,
1992,Adamowicz et al. 1994 arnhart, 2001Haab and McConnell, 2002; Birol et al., 2006). The main
advantage of the data enrichment approach involving the combination of revealestatad
preference methods is that it overcomes two of the main problems associated with each of the two
methods.

On the one hand while the advantage of using re
val i dityo bec au slhoicds hnel takkanto accaurd Yatioescconstnaietsadn individual
decisions, such as market imperfections, budgets and time (Louviere et al., 2000), it also suffers on
the grounds that the new policy situation (after the change in the quality or the qobatibsystem
services) may be outside the current set of experiences, i.e., outside the data range. Therefore,
simulation of the new situation would involve extrapolation of available data outside the range used
when estimating the model. In this casembming information about the actual behavioural history

of individuals with hypothetical changes to their behaviour through stated preference methods is seen
as an obvious advantage of data fusion.

On the other hand, the purely hypothetical aspecteofatter can be checked against actual behaviour
through revealed preference methods. Using revealed preference data assures that estimation is based
on observed behaviour and combining it with stated preference responses to hypothetical changes of
ecosystm services allows the identification of value ranges that otherwise would not be identified.
This way, the amount of information increases, and findings can bevaldsted (Haab and
McConnell, 2002).

An example of the data enriching approach is thdysby Earnhart (200vho combines a hedonic
analysis (revealed preference approach) with a clamin@int analysis (state preference approach), in
order to increase the reliability of estimated values regarding the aesthetic benefits generated by
improving the qualityof coastal wetlands near resident@ations. In another example Birol et al.
(2006) combinea choice experiment model and a disciteice farm household model to produce
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more robust estimates of the value of Hungarian agriculturdivi@msity, which comprises private
use values of agrobiodiversity managed in home gardens as they accrue to the farmers who manage
them.

Anot her compl ementary option is the uasudtplef a o0r
value estimates forcesystem services and biodiversity arising from different valuation methods such

as hedonic property value, travel cost demand, and contiagkettion, can be used to calibrate a

single preference function teconcile potential differencgSmith et al. 2002) This is akin to the

use of specific preference restrictions to link contingent valuation estimates of environmental quality
improvements to revealed preference measures for a closely selected value change, taking place for

the same biodiversityomponent or ecosystem service. The idea is to isolate restrictions linking the
parameters estimated with the different revealed (and stated preference) methods (e.g., Smith et al.,
2003).
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4 Insurance value, resilience and (quasioption value

The inswance value of an ecosystem (see section 2.3) is dependent on and related to the system's
resilience. A general measure of the resilience of any system is the conditional probability that it will
flip from one stability domain to another, given the currstate of the system and the current
disturbance regime (Perrings, 1998). These regimes are separated by thresholds, which are given by
the level of disturbance that triggers a dramatic change in the state of ecosystems and the provision of
ecosystem serges (Luck, 2005; Muradian, 2001). Resilience relates to the vulnerability of a system,

its capacity in a given state to accommodate perturbations without losing functionality (Box 4). For
this section, ecological resilience is the capacity of a systemntain in a given configuration of

states aregimé in systems where multiple regimes are possible (Walker et al., 2006).

Box 4 Biodiversity and resilience

Resilience is a complex ecosystem propertigning h
and to crosscale interactions (Holling, 2001; Holling and Gunderson, 20Di23. semantics of resilience
can beconfusing but studies suggeshat resilience relates to features such as functional diversity with
an ecosystentSchulze and Mooney,993; Folkeet al, 1996, and to functional redundancy within a given
ecosystem functiarChanges in theetof speciesn an ecosysteraffectits capacity to support ecosystem
services under various conditions, i.e. functional redundancy. The linkedretwodiversity change and
ecosystem functioninform a hot research topic in ecology (Loreaual.,2003; Caldeiraet al.,2005;
Hooperet al.,2005; Spehret al.,2005), addoesthe relationship between biodiversity and the resilience ¢
ecological syems (Scheffer et al. 2001, 2003; Walker et al. 2004; Walker et al. 2006). Despite rig
attention to these issué®m ecologiss, our knowledge about the functioning of regulating services ar
the capacity of the system to maintain functionality overarge of environmental conditions $ill
limited.

The literature on ecological resilience offers growing evidence of regime shifts in ecosystems when
critical thresholds are reached as a consequence of either discrete disturbances or cumulative
pressures (Scheffer et al., 2001; FolR@04 Walker and Meyers, 2004This has been studied in a

wide range of ecosystems, including among others tempaias (Carpenter et al., 2001), tropical

lakes Gcheffer et al., 2003), coastal waters (Jansson and Jansson, 2002), and savannas (Anderies et
al., 2002).When such shifts occur, the capacity of the ecosystem to underpin ecosystem sarnvices
change drastally and in a nodinear way (Folke et al., 2002).

The distance to an ecological threshold affects the economic value of ecosystem services given the
sate of the ecosystem (Limburg et al., 2002). Valuation exercises cannot be carried out reliably
without accounting for this distance. The reason is thlagn the system isufficientlyclose to a
threshold radical uncertainty or ignorance about the potential and oftetimesr consequences of a
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regime shift becomes a critical issue. This makes standardtiean approaches to be of little use. In

other words,traditional valuation under these circumstances is unreliable at best (Pritchard et al.,
2000; Limburg et al., 2002). In fact, while it may be possible to develop early warning indicators to
anticipae proximity to such tipping points, available scientific knowledge has not yet progressed
enough to anticipate shifts with precision (Biggs et al., 2009). This implies the existence of radical
uncertainty and hence poses formidable challenges to valudtien.problem is that standard
approaches to estimate the total economic value of ecosystem services is based on marginal changes
over some noritical range (Turner et al., 2003). Under such circumstanoksy ought to resort to

other complementary insiments such as using the safe minimum standard and the precautionary
principle (Turner, 2007).

In more palatable situations where science we candséll with uncertainty about the resilience of
ecosystems, decision makers still need information abfmutconditions that may trigger regime

shifts, the ability of human societies to adapt to these transformations, and theiecsommic
implications. There are at least three questions to direct a resilience assessment of ecosystem services
(Walker and Barson, 2007):

¢ Can major changes in the provision of ecosystem services be triggered by the transition to
alternate stable regimes in a particular ecosystem?

o | f s o, how wi |l | the shift to the alteres?ate r1 e
That is, what are the consequences, in terms of economic costs and benefits?

e What is the probability of crossing the threshold? This requires knowledge about where the
threshold is, the level of current disturbance, and the properties of the systarhgster 2).

The latter question stresses the need to adopt a dynamic approach and to take into consideration the
probability of alternative states given a level of disturbance. As resilience is reduced, e.g., due to
human interventions, then the prob#piof regime shifts (either due to natural or huriaduced
disturbances) will rise (Scheffer et al., 2001).

One example is the regime shift that took place in Caribbean coral reefs (from pristine coral-to algae
dominated systems). A pshift stage, caracterized by increased nutrient loading combined with
intensive fishing, reduced the number of herbivorous fishes. The event that led to the regime shift was
a pathogefinduced mass mortality of a species of sea urcbimdema antillarum Had the
herbivorous fish populations not been so reduced in numbers, they could have replaced the ecological
function of the sea urchin in controlling the population of algae (deYoung et al., 2008). The regime
shift took place during the 1980s, within a period & $ears, and the new state (algg@minated
ecosystems) has lasted for more than 20 years.
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There are also plenty of cases showing that invasive species, whether introduced accidentally or
deliberately, can also alter ecosystems and their services drasscatigtimes leading to a total and

costly ecological regime shift (Maron et al., 2006, Vitule et al., 2009, Perrings et al., 2000, Pimentel et

al., 2005), whether in water (Mills et al., 1993, Knowler, 2005) or on land (Cook et al., 2007). For
example,Miconia calvescensintroduced as an ornamental tree in the 20th Century in Hawaii, has

since expanded rapidijdiconiai s now referred as Othe purple pl
covers over 1,000 k?nincluding extensive monspecific stands. It thréens watersheds, reduces
biodiversity severely by driving endangered native species to local extinction and lowers recreational
and aesthetic values (Kaiser, 2006)

One of the features of regime shifts in ecosystems is that the new regime may havéeaehigh
resilience itself. Therefore the costs associated with transitioning back to the previous regime, i.e.
restoration costs, may be very high. The increased probability of regime shifts that furthermore may
be very hard to remediate has significanpliications for the economic valuation of ecosystems. As
ecosystems reach thresholds, marginal human impacts on the system will lead to increasingly
uncertain normarginal effects. Under these conditions, the reliable estimation of TEV becomes
increasingy difficult - if not impossible.

4.1  What is the value of ecosystem resilience?

The value of the resilience of an ecosystem lies in its ability to maintain the provision of benefits

under a given disturbance regime. The role of biodiversity in suppating ecosy st embds f un
been studied by, e.g., Perrings and Gadgil (2003) and Figge (2004). Diversity within (Haldane and
Jayakar, 1963; Bascompte et al., 2002) and among species (lves and Hughes, 2002) can contribute to

a stable flow of ecosystemrsice benefits. Ecological systems in which there are redundant species
within functional groups experience | ower | evel
groups under varying environmental conditions than do systems which contain noargdipeties.

A marginal change in the value of ecosystem resilience thus corresponds to the difference in the
expected value of the stream of benefits that the ecosystem yields given a range of environmental
conditions.

The valuation of system resilien@e some state can therefore be viewed to be analogous to the
valuation of a portfolio of assets in a given state (Brock and Xepapadeas,2@02alue of the asset

mix T the portfolioi depends on the covariance in the returns on the individual assetsains.
Sanchirico et al. (2008) apply financial asset management tools to-spedies fisheries, for
example. They show that acknowledging covariance structures between revenues from catches of
individual species can achieve a reduction in risk atasb or loss of overall revenue.

It is worth noting that just as the value of a portfolio of financial assets depends on the risk
preferences of the asset holders, so does the value of the ecosystem resilience, which depends on the
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risk preferences ofogiety. The more risk averse is society, the more weight it will place on strategies
that preserve or build ecosystem resilience, and the higher the value it would allocate to ecosystem
configurations that are less variance prone, i.e. more resilient amisand Roughgarden, 2003).

Currently, environmental economists interested in valuing resilience of ecosystems regard it not as a
property but as natur al capital (stock) yi el dir
interpreted as a benefimenable for inclusion in cost benefit analysiler et al., 2007, Walker et

al. 2009b). An example will help illustrate how and why to value resilience as an asset.

Irrigated agriculture in many parts of the world is under threat from rising gallndeed, many
erstwhile productive regions are now salinized and have little value to agriculture. The cause is rising
water tables which are brought about through a combination of land clearing and irrigation. The rising
water table brings with it saftom deeper layers in the soil up to the surface. An example in South
East Australia shows that original water tables were very deep (30 m) (Walker et al., 2009).
Fluctuations in rainfall caused variations in water table depth, but these were not priecblemat
However, there is a critical threshold in the depth of the wateritatde2 m, depending on soil type.

Once the water table reaches this level, the salt is drawn to the surface by capillary action. When the
water table is 3 m below the surface thp tneter of soilft he fist ockd of top soi
agricultural productiori is the same as when the water table was 30 m below. But it is much less
resilient to water table fluctuations and the risk of salinization increases. Resilience, as#isan

be estimated as the distance from the water table to 2 m below the surface. As this distance declines,
the value of the stock of productive top soil diminishes. Therefore any valuation exercise that includes
only the status of the top soil stockdaignores its resilience to water table fluctuations is inadequate
and misleading.

Wal ker et al . (2009hb) have estimated a value o
expected change in future social welfare from a marginal change lierresias given by small
changes in the water table today. Resilien€gig equal tothe current distance of the water table to

the threshold, i.e., 2 m below the surface. EdtX, t) be the cumulative probability distribution of a

flip up to timet if the initial resilience isX, based on past water table fluctuations and environmental
conditions (ie. rainfall, land clearing etc.). It is assumed that the flip is irreversible or at least very
costly to reverse. Watk et al. (2009b) defin¥, (t) as the net present value of all ecosystem service
benefits at timet if the system has not shifted at that time dhg(t) as the net present value of

ecosyste service benefits in the alternate regime if the system has shifted beforet(trcath then
be shown that the expected social welfare of resiliencX (s

W(X,) = IS0, U, () + F (X, OU, 01

0
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The current regime is one of agriculturapyoductive land (nowsaline) and its ecosystem service
value was estimated as the net present value of all current land under production (estimated market
value). The alternate regime, saline land, was assumed to yield a minimal value for the laads(i.e.

a small fraction ofU,;) as it will loose all agricultural productivity, which is the basis for current
regional social and economic conditions. The probability that the current agricultural regime will
continue, S(%,t), was estimated from past watabke fluctuations and known relationships with
agricultural practices now and into the future. Estimations showed significant expected loss in welfare
due to salinity.

This formulation of resilience is specific to the case study but can be generdlised; be easily
extended to deal with reversible thresholds, multiple regimes (more than two), different denominators
(i.e. monetary, etc.) and more than one type of resilience. The challenge lies in determining the
accurate ecological and economic datat tban be used to estimate probability functions, costs,
discount rates, etc which are relevant to management decisions.

4.2  Main challenges of valuing ecosystem resilience

When it comes to economic valuation, at least three issues become salieation tel noAinear

behaviour and resilience of ecosystems. First, the fact that transitions may take place in uncertain,
sudden and dramatic ways imposes severe limitations on the marginalist approach that underlies most
valuation methods. The majority ofiethods allocate economic values to charatethe margin

assuming that small human disturbances produce proportional changes in the condition of ecosystems
and therefore in their capacity to provide ecosystem services. If thresholds effects are present,
however, then an extrapolation of the economic value based on marginal changes is no longer valid.

As Barbier et al. (2008) formul ate it, the | ine
economic val ues i nher ent reating a (biasc to xithertsielendf the er vi c
conservatiordevelopment debate.

Secondly, the capacity of ecologists both to assess the level of resilience and to detect when a system

is approaching a threshold is still incipient. Contamin and Ellison (2009)@aint t hat Apr osp
indicators of regime shifts exist, but when the information about processes driving the system is
incomplete or when intensive management actions cannot be implemented rapidly, many years of
advance warning are required to avert@reme s hi f t 0. They add that to
would normally require considerable resources and time, which usually are not available to decision
makers. This is particularly the case in developing countries. In addition, what seems to s clear

that the larger the spatial scale, the higher the complexity and therefore more difficult it is to detect

and predict regimes shifts (deYoung et al., 2008).

Thirdly, we often fail to learn of the benefits provided by a given species or ecosystkeinisigtine
(Vatn and Bromley, 1994). For example, the North American passenger pigeon was once the most
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populous bird species on the planet, and it population was deemed inexhaustible. However, excessive
hunting led to its extinction at the beginningtbé 20th century. It then became clear that passenger
pigeons had been consuming untold tons of acorns. Scientists speculate that with the pigeons demise,
acorns were consumed by deer and mice, leading to a boom in their populations, followed by a boom
in the populations of ticks that fed on them, and finally in the populations of spirochaetes that lived in
the ticks. The result was an entirely unpredictable epidemic in Lyme disease several decades after the
loss of the pigeons (Blockstein, 1998).

In sumnary, standard valuation approaches ought to be ox&dthe norcritical range and far from

ecological thresholds. by contrasgrious constraints on traditional economic valuation methods exist

when ecological thresholds are identified by science asdpei 6 suf fi ci ent !l y6 suff|
when the potential irreversibility and magnitude of the-n@rginal effects of regime shifts are also

deemed sufficiently important, . Our ability to observe and predict the dynamics of ecosystems and
biodiversity will always be limited (Harwood and Stokes, 2003) and ecosystem management
strategies need to consider how we live with irreducible sources of uncertainty about future benefits.

In situations of radical uncertainty resilience should be approached wigteteutionary principle

and safe minimum standards.

Economists have traditionally used stated preference and revealed preference techniques to determine
monetary values of ecosystems (reviewed in the previous sections). When radical uncertainty is not an
issue, thoughts regarding the ability of these methods to handle thresholds and resilience are still
being developed and new valuation approaches that account for uncertainty have been attempted,
including bioeconomic models that regard resilience aek sind not just as a property of the
ecosystem.

4.3  Dealing with (quast) option value

I n the context of valuation of expect eaptiomut come
valued are anchored in the 8)xBkvenciftam dcosysteml(art y t h
component of it) has no current use, it may have option value. Barbier et al. (2009) point out, for
instance, that the future may bring human diseases or agricultural pests that are unknown today. In

this case, today's biodivgty would have an option value insofar as the variety of existing plants may
already contain a cure against the as yet unknown disease, or a biological control of the as yet
unknown pest (Polasky and Solow, 1995; Simpson et al., 1996; Goeschl and S\®aA8ynin this

sense, the option value of biodiversity conserve
1995, Baumgartner, 2007), which one is willing to pay today in order to reduce the potential loss
should an adverse event occur in theifute . Accor di ngl vy, option value

amount a risk averse person would pay for some amenity, over and above its current value in
consumption, to maintain the option of having that amenity available for the future, given that the
futur e availability of the amenity is wuncertaino (
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The option value assumes supply uncertainty of ecosystem services and derives from risk aversion on
the part of the beneficiaries of such services. It is usually measured as ¢nendif between the

option price the largest sure payment that an individual will pay for a policy before uncertainty is
resolved, and thexpected consumer surpjughich is the probabilitgveighted sum of consumer
surpluses over all potential states loé tworld (Pearce and Turner, 1991). The size and sign of the
option value have been subject to empirical discussions and it is found to depend on the source of
uncertainty (Perman et al., 2004).

If it is possible to reduce supply uncertainty about edesyservices by acquiring further scientific
information on ecosystems over time, the notiomadistoption valuebecomes more relevant. It is

the value of preserving options for future use given expectated growth of knowledge. The quasi
option value is gnerally agreed to be positive if such growth of knowledge is independent of actual
changes in the ecosystem (Pearce and Turner, 1991). In this casepgioasvalue measures the
benefit of information and remaining flexible by avoiding possibly irrékkr€hanges.

Valuation studies that have focused on qaggion values have largely dealt with the role of
bioprospecting. This is so because tmeartainty surrounding the future commercial value of the
genetic material present in ecosystems creatéscantive to conserve it (Arrow and Fisher, 1974). It

is argued that as uncertainty regarding the ecosystem is resolved (i.e. as the genetic material within
the system is screened) the quadion value of resource conservation diminishes (Barrett and
Lybbert, 2000)"

Bulte et al. (2002) provide a possible approach to calculating-qp&ien value, in the context of
nortuse values of primary forest in Costa Rica. The provision of ecosystem services of the forest is
uncertain but expected to be incliegs and deforestation of primary forest is thought to have an
irreversible negative effect on the provision of such services. The-gpidsn value of maintaining
primary forests is included as a component of investment in natural capital. The uncertaint
ecosystem service supply in this cisas in many others arises essentially from uncertain income
growth rates, which affect preferences and thus demand for forest conservation, as well as from the
possible future availability of substitutes foetbcosystem services supplied by the forest.

It should be clear that calculating option and ciagsiion values is not straightforward. First the risk
preferences of individuals need to be known. While option values are associated with degrees of risk
awversion, risk neutrality is assumed to hold for qugion values (Bulte et al., 2002). Finding out

risk preferences is not trivial, however. Additionally, experimental studies on the relation between
risk preferences and economic circumstances do ngogupimple generalizations, particularly if
individuals face extraordinarily risky environments in general (Mosley and Verschoor, 2005).
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Calculating option and quasption values are thus perhaps one of the most problematic issues
surrounding valuationf ecosystem services. However, such values may be significant especially with
regard to irreversible changes to natural capital. It is important to know the extent to which ecosystem
services may be demanded in the future and which ones may becomelabtavdt is this
information about future preferences and future availability of the services that is most highly needed
to calculate option and quasption values.

There is increasing experimental evidence that the theory of expected utility, ontheéhancepts of

option and quasbption rely, is not an accurate model of economic behaviour. Analysts need to
compare results of estimates produced using (modified) expected utility models with estimates are
based on the prospect theory, the regret theand other nomxpected utility models (e.g., see
reviews in Rekola (2004) and Mosley and Verschoor (2005) for detailed discussions). Such
alternative theories are gaining more support and previous ways to estimate) @ptasn values

may need to beewised. Individuals may choose between and value ecosystem services through
alternative behavioral rules than systematically weighing probabilistic outcomes.

5 Valuation across stakeholders and applying valuation in developing
countries

5.1 Valuation across stakeholders

For the economic valuation of ecosystem services, identification of relevant stakeholders is a critical
issue (Hein et al. 2006). In almost all steps of the valuation guoege stakeholder involvement is
essential in order to determin@ain policy and management objectives, to identify the main relevant
services and assess their values, and to discussdfifadimvolved in ecosystem services use or
enjoyment (de Groot et al., 2006). Here, stakeholders refer to persons, organizatjomgsrwith
interest in the way a particular ecosystem service is used, enjoyed, or managed.

Stakeholdeworiented approaches in economic valuation connect valuation to possible management
alternatives in order to solve social conflicts. Using stakehadohalysis in ecosystem services
valuation can support the identification and evaluation of who wins and who loses when possible
management strategies are implemented in a secibgical systemHence, identifying and
characterizing stakeholders andithadividual reasons for conserving different ecosystem services
could help resolve conflicts and develop better policies.

Sociacultural characterization of the stakeholders beforehand may be critical to determining these
underlying factors. This charaeization is, however, a largely unexplored issue in economic
valuation researcfManski, 2000). As stated by Adamowicz (2004), economic valuation based on
factors that influence monetary value generates more useful information than making a simple
invenbry of values.
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Different stakeholders often attach different values to ecosystem services depending on cultural
background and the impact the service has on their living conditions (Hein et al., 2006; Kremen et al.,
2000). Furthergoods with wider spig ver s are more fipublicd in natu
from a more diverse set of donors. For this reaifiarent types of ecosystem services are valued
differently as the spatial scale of the analysis varies (Hein et al., 2006; Mépiéz et al 2007).

Local agents tend to attach higher values to provisioning services than national or global agents, who
attach more value to regulating or cultural services

Considering spatial scales and stakeholders enhances the ability of ecosystem sersiten val
studies to support decisianaking. The formulation of management plans that are acceptable to all
stakeholders requires the balancing of their interests at different scales (Hein et al., 2006). Since
different stakeholders have different interéstecosystem services use and enjoyment (Madfrez

et al., 2009b), there is a potential imbalance between the costs that arise at the local level from
ecosystem management and the benefits that accrue at the national and international levels. Policy
malers that are aware of these differences can implement management measures that limit or even
reduce social inequities. One option that is currently widely considered is to compensate people living
in or near protected areas that provide the services darldsses, through Payment for Ecosystem
Services (Ferraro and Kramer, 1997). This policy instrument is presented in more detail in TEEB D1
(2009) and TEEB D2 (forthcoming).

The stakeholder approach in valuation processes entails a challenge becamsieet stakeholder
involvement in the entire process. It may lead to identification of knowledge gaps and research needs
as the process progresses (Hermans et al., 2006). This involvement can be supported by tools of
participatory analysis, as well as dgliberative monetary valuation (Spash, 2007, 2008). In using
tools for participatory analysis, all stakeholder types must be fairly represented in order to prevent one
stakeholder type dominating the process. Therefore, identifying and selecting orgasizatd
stakeholders representatives is an essential part of economic valuation of ecosystem services.

Future steps of the stakehold®rented approach in ecosystem services valuation processes should
include (1) the prioritization of stakeholders lhsen their degree of influence in the ecosystem
services management and their degree of dependence on the ecosystem services (de Groot et al.,
2006), and (2) the identification of stakeholders based on their capacity to adapt to disturbances and
their govenance capacity in order to identify who are able to manage in thedomghe ecosystem
services provided by biodiversity (Fabricius et al. 2007).
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5.2  Applying monetary valuation in developing countries

Biodiversity supports a range of goods and senvicasare of fundamental importance to people for
health, wellbeing, livelihoods, and surviv@Daily, 1997, MA, 2005) Often, it is the people from the
poorest regions in developing economies that have the greatest immediatdedepeon these
stocks; such as direct reliance on natural resources for food, fuel, building material and natural
medicines. Gaining a better understanding of the role of biodiversity is fundamental for securing the
livelihoods and welbeing of people imeveloping countries.

In recent years many studies have examined how people value biodiybiwitys and Van den

Bergh, 2001; Christie et al.,, 2004, 2007The majority of this work has been conducted in the
deweloped world with only limited application in developing countr{édaza and Rietbergen
McCracken, 1998; Georgiou et al., 2006; Van Beukering et al., 2007)a search of the
Environmental Valuation Research Imtery (EVRI) database of valuation studies
(http:/Avww.evri.cg, Christie et al. (2008) have recently identified 195 studies that aimed to value
biodiversity in developing countries. This number represented approximatelerdheof all

published biodivesity valuation studies at the time. These studies were equally distributed between

6l ower middle incomed and o6l ower incomed countr
poorest 6transition economi es 0inAdihall8% in Afficeand t udi e ¢
5% in South America. It is therefore evident that there is great variability in the application of
valuation in developing countries, with the poorest countries and some regions having little or no
coverage.

The application oeconomic valuation in developing countries is clearly in its infancy. Further, it is
clear that there are significant methodological, practical and policy challenges associated with
applying valuation techniques in developing countries. Many of thesecpa#i stem from the local
sociceconomic, political situation in developing countries which may mean that a direct transfer of
methods is not appropriate. Thus, it is likely that some modification of standard approaches may be
required to do good valuaticstudies in developing countries. The Christie et al. (2008) review of
biodiversity valuation in developing countries highlights many of these challenges. Here we pay
special attention to methodological, practical and policy issues.

With regard to methaulogical issues it should be noted thawvllevels of literacy, education and
language creates barriers to valuing complex environmental goods, as well as creating difficulties for
utilizing traditional survey techniques such as questionnaires and imerWiéore deliberative and
participatory approaches to data collection may overcome these (8suggue and Fielder, 1995,
Jackson and Ingles, 1998; Asia Forest Network, 2B82ey et al., 200{see Box 6).

Many developing countries have informal or subsistence economies, in which people may have little
or no expeence of dealing with money. The consequence of this is that they would find it extremely
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difficult to place a monetary value on a complex environmental good. Some researchers have
attempted to address this issue by assessing willingness to pay in testhneraheasures of wealth,
e.g. number of bags of ri¢8hyamsundar, and Kramer, 1996; Rowcroft e2804).

The majority of valuation methods have been developed and refined by researchers from developed
counties. There is evidence that the current-pesttice guidelines for these methods might not be
appropriate for applications in developing coigsr For example, the NOAA guidelines for
contingent valuation suggest taxation as the most appropriate payment vehicle. However, many
people in developing countries do not pay taxes, and may not trust the government to deliver policy
(McCauley and Mendes, 2006)

As far as implications for practitioners of valuation studies, it should be pointed out &gt m
developing countries are affected by extreme environmental corditichich may affect the
researcherds ability to acce@®Bsshedaale200; Fazey eed.,f ect i
2007) In many developing countriesette may be a lack of local research capacity to design,
administer and analyze research projects. However, the involvement of local people is considered
essential within the research process to ensure that local nuances and values are accounted for
(Whittington, 1998; Alberini and Cooper, 2Q@bourque and Fielder, 1995)

Lastly, some of the main aspects to be kept in mind when using valuation in developing countries are
about he lack of local research capacity as this may result in a lack of awareness of valuation
methods. A capacity building program on these issues is considered important if developing countries
are to effectively address biodiversity issues. Much efdkisting biodiversity valuation research is
extractive, with little input from or influence on local poli(arton et al., 1997)ncorporating ideas

from action research into valuation is seen as being essential if this type of research is to meaningfully
influence plicy (Wadsworth, 1998)
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Box 6: Participatory valuation methods

Participatory valuation methods differ from economic valuation methods in seveeatgdncluding the
following:

e Focus Participatory valuation methods oughtitave a focused perspective that Iwitita to the need
of valuation. Collecting contextual data can be important to understand local situations but co
extraneous or unnecessary information can waste time and confuse the purpose of the \
objective.

e Flexibility : It is important to allow for the ability to adapt to changing local conditions, unanticig
setbacks during the valuation study design, and the process of developing and applying
valuation techniques in conjunction withanticipants.

e Overlapping techniques Participatory valuation methods gain in effectiveness when diffe]
techniques collect at least some of the same data from different participants as this makes it pg
crosscheck valuation results.

e Cooperation: In designng and implementing valuation studies, gaining the full support of |
stakeholders is important to obtain reliable information and to develop a sense of learning bety
participants.

e Sharing: The outcome of the valuation studies needs to be coinated back to stakeholders in ord
to strengthen the focus of the valuation approach.

Source: Jarvis et al. (2000)

It is clear that the way people in developingiewies think about the natural environment is different

to that of people in developed countries. All of the issues discussed above mean that it may be
extremely difficult for people from developing countries to express their valuation of ecosystem
servies and biodiversity as compared to people from more developed economies which usually hold
different value concepts that are more closely related to market economics. Hence, standard
approaches to valuation in developing countries should be taken witlcadtien. These issues
further suggest that valuation may be more effective if (i) local researchers are used throughout the
research process, and (ii) deliberative, participative and action research approaches are incorporated
into the valuation methods.

6 Benefit transfer and scaling up values

6.1 Benefit transfer as a method to value ecosystem services

To estimate the value of ecosystem services one would ideally commission detailed ecological and
economic studies of each ecosystem of interest. Ualdedg new ecological and economic studies,
however, is expensive and time consuming, making it impractical in many policy settings. Benefit (or
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value) transfer (BT henceforth) is an approach to overcome the lack of system specific information in

a relativdy inexpensive and timely manneBT is the procedure of estimating the value of an
ecosystem service by transferring an existing valuation estimate from a similar ecosystem. The
ecosystem to which values ar e t reeosystémefromwhich i s t
the value estimate i s b dfrcarecisnakeh toiclesely matcimgolicy anch e A
study sites or to adjust values to reflect important differences between sites, BT can be a useful
approach to estimate the valofeecosystem services (Smith et al., 2002).

e
S

BT methods can be divided into four categoriesurnix BT, ii) adjusted unit BT, iii) value function
transfer, and iv) metanalytic function transfer.

Unit BT involves estimating the value of an ecosystemise at a policy site by multiplying a mean

unit value estimated at a study site by the quantity of that ecosystem service at the policy site. Unit
values are generally either expressed as values per household or as values per unit of area. In the
former case, aggregation of values is over the relevant population that hold values for the ecosystem
in question. In the latter case, aggregation of values is over the area of the ecosystem.

Adjusted unit transfer involves making simple adjustments to tmsfeaed unit values to reflect
differences in site characteristics. The most common adjustments are for differences in income
between study and policy sites and for differences in price levels over time or between sites.

Value or demand function transfeethods use functions estimated through valuation applications
(travel cost, hedonic pricing, contingent valuation, or choice modelling) for a study site together with
information on parameter values for the policy site to transfer values. Paramegsr afathe policy

site are plugged into the value function to calculate a transferred value that better reflects the
characteristics of the policy site.

Lastly, metaanalytic function transfer uses a value function estimated from multiple study results
together with information on parameter values for the policy site to estimate values. The value
function therefore does not come from a single study but from a collection of studies. This allows the
value function to include greater variation in both siteratiristics (e.g. socieconomic and
physical attributes) and study characteristics (e.g. valuation method) that cannot be generated from a
single primary valuation study. Rosenberger and Phipps (2007) identify the important assumptions
underlying the us®f metaanalytic value functions for BT: Firsthére exists an underlying meta
valuation function that relates estimated values of a resource to site and study characteristics. Primary
valuation studies provide point estimates on this underlying funttimrcan subsequently be used in
metaanalysis to estimate it; second, differences between sites can be captured through a price vector;
thirdly, values are stable over time, or vary in a systematic way; and lastly, the sampled primary
valuation studiespovi de fAcorrecto estimates of wvalue.
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The complexity of applying these BT methods increases in the order in which they have been
presented. Unit BT is relatively simple to apply but may ignore important differences between study
and policy sites. Metanalstic function transfer on the other hand has the potential to control for
differences between study and policy sites but can be complex and time consuming if an existing
metaanalytic value function is not available (i.e. primary studies need to be edllexided in a
database, and a value function estimated). The complexity of the BT method does not necessarily
imply lower transfer errors. In cases where a high quality primary valuation study is available for a
study site with very similar characterigtito the policy site, simple unit BT may result in the most
precise value estimate.

BT methods generally transfer values either in terms of value per beneficiary (e.g. value per person or
household) or value per unit of area of ecosystem (e.g. valueeptard). The former approach
explicitly recognises that it is people that hold values for ecosystem services whereas the latter
approach emphasises the spatial extent of ecosystems in the provision of services. In practical terms it
is often difficult to dentify the beneficiaries of ecosystem services and many valuation methods do
not produce value estimates in per person/household terms (e.g. production function approach, net
factor income method). It is therefore often more practical to define valuésafafer in terms of

units of area.

6.2 Challenges in benefit transfer for ecosystem services at individual ecosystem sites
6.2.1 Transfer errors

The application of any of the BT methods described above may result in significant transfer errors,
i.e., transferred values may differ significantly from the actual value of the ecosystem under
consideration. There are three general sources of error in the values estimated using value transfer:

1. Errors associated with estimating the original measures of althe study site(s). Measurement
error in primary valuation estimates may result from weak methodologies, unreliable data, analyst
errors, and the whole gamut of biases and inaccuracies associated with valuation methods.

2. Errors arising from the transfef study site values to the policy site.-&iled generalisation
error occurs when values for study sites are transferred to policy sites that are different without
fully accounting for those differences. Such differences may be in terms of population
characteristics (income, culture, demographics, education etc.) or environmental/physical
characteristics (quantity and/or quality of the good or service, availability of substitutes,
accessibility etc.). This source of error is inversely related to thespmndence of characteristics
of the study and policy sites. There may also be a temporal source of generalisation error in that
preferences and values for ecosystem services may not remain constant over time. Using BT to
estimate values for ecosystem seeg under future policy scenarios may therefore entail a degree
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of uncertainty regarding whether future generations hold the same preferences as current or past
generations.

3. Publication selection bias may result in an unrepresentative stock of knowledgmsystem
values. Publication selection bias arises when the publication process through which valuation
results are disseminated results in an available stock of knowledge that is skewed to certain types
of results and that does not meet the informatierds of value transfer practitioners. In the
economics literature there is generally an editorial preference to publish statistically significant
results and novel valuation applications rather than replications, which may result in publication
bias.

Given the potential errors in applying BT, it is useful to examine the scale of these errors in order to
inform decisions related to the use of value transfer. In making decisions based on transferred values
or in choosing between commissioning a BT apglicabr a primary valuation study, policy makers

need to know the potential errors involved. In response to this need there is now a sizeable literature
that tests the accuracy of BT. Rosenberger and Stanley (2006) and Eshet et al. (2007) provide useful
oveviews of this literature. Evidence from recent studies that examine the relative performance of
alternative BT methods for international benefit transfers suggests that value function ahd meta
analytic function transfers result in lower mean transferrgrfe.g. Rosenberger and Phipps, 2007;
Lindhjem and Navrud, 2007).

It is not possible to prescribe a specific acceptable level of transfer error for policy deuiiong.

What can be considered an acceptable level of transfer error is dependentamtekein which the

value estimate is used. For use in determining compensation for environmental damage, there is likely
to be a need for precise estimate of value. On the other hand, for regional assessments of the value of
ecosystem services, higheansfer errors may be acceptable, particularly in cases where site specific
errors cancel out when aggregated.

6.2.2 Aggregation of transferred values

Aggregation refers to multiplying the unit value of an ecosystem service by the quantity
demanded/supplie to estimate the total value of that service. The units in which values are
transferred (either per beneficiary or per unit area) have important implications for the aggregation of
values to estimate total value. In the case that values are expresdeehekciary, aggregation
implies the estimation of the total WTP of a population by applying the individual WTP value from a
representative sample to the relevant population that hold values for the ecosystem service in
guestion. In order to do this, thenadyst needs to assess what the size of the market is for the
ecosystem service, i.e. identify the population that hold values for the ecosystem. In the case that
values are expressed per unit of area, values are aggregated over the total area ofstieeneicosy
guestion. This approach focuses more on the supply of ecosystem services than on the level of
demand and care needs to be taken that it is received services and not potential supply that is assessed.
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In this case, the effect of the market size &or ecosystem service needs to be reflected in the
estimated per unit area value.

Aggregation can also refer to summing up the value of different ecosystem services of the same good.
Summing across all services provided by a specific ecosystem providestimsate of the total
economic value of that ecosystem. This procedure should be conducted with caution to avoid double
counting of ecosystem service values. As long as the ecosystem services are entirely independent,
adding up the values is possible. Hee®e ecosystem services can be mutually exclusive, interacting

or integral (Turner et al.,, 2004). The interaction of ecosystem services and values can also be
dependent on their relative geographical position, for instance with substitutes that aréy spatial
dependent.

Aggregation of ecosystem service values over a large number of services can result in improbably
large numbers (Brown and Shogren, 1998)he estimated value of maintaining a single ecosystem
service is relatively large (say one tenthook percent of household wealth) then summing over all
ecosystem services that a household might be called upon to support might give implausibly large
estimates.

6.2.3 Challenges related to spatial scale

Spatial scale is recognised as an importanteige the transfer of ecosystem service va(titesn et

al., 2006) The spatial scales at which ecosystem services are supplied and demanded contribute to the
complexity of transferring values between sites. On the stgihy ecosystems themselves vary i

spatial scale (e.g. small individual patches, large continuous areas, regional networks) and provide
services at varying spatial scales. The services that ecosystems provide can bedraiff-site. For
example, a forest might provide recreationapapunities (omsite), downstream flood prevention

(local off-site), and climate regulation (global afte). On the demarside, beneficiaries of
ecosystem services also vary in terms of their location relative to the ecosystem service(s) in question.
While many ecosystem services may be appropriated locally, there are also manifold services that are
received by beneficiaries at a wider geographical scale.

Spatial scale raises a humber of challenges in conducting accurate BT. Most of these challenges are
dealt with in separate stdections but are mentioned here to highlight the erotisng importance of

spatial scale. Consideration of the spatial scale of the provision of ecosystem services and location of
beneficiaries is important for the aggregatainvalues to calculate the total economic value of these
services and for dealing with heterogeneity in site and context characteristics. The availability and
proximity of substitute and complementary ecosystem sites and services in particular has a clear
spatial dimension. Spatial scale is also highly relevant to the issue of distance decay and spatial
discounting.
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Important spatial variables and relationships for BT can be usefully defined and modelled using GIS.
Sociceconomic characteristics of beingries (e.g. income, culture, and preferences) that are not
spatial variableper secan also often be usefully defined in a spatial manner (e.g. by administrative
area, region or country) using GIS. There are a growing number of studies that utilise GIS
conducting BT (e.g. Lovett et al. 1997; Bateman et al., 2003; Brander et al., 2008).

6.2.4 Variation in values with ecosystem characteristics and context

Values for ecosystem services are likely to vary with the characteristics of the ecosys{ameasjte
integrity, and type of ecosystem), beneficiaries (distance to site, number of beneficiaries, income,
preferences, culture), and context (availability of substitute and complementary sites and services). It
is therefore important to recognise th@riation in values and make appropriate adjustments when
transferring values between study sites and policy sites with different characteristics and contexts.

The characteristics of an ecosystem will influence the value of the services it providesarfipteex

the extent to which vegetation in coastal marshes attenuates waves and provides protection to coastal
communities from storm surges, depends upon the height of the vegetation in the water column
(which varies by time of year and tide), width of thegetation zone, density of vegetation, height of
waves (which varies by storm intensity), coastal bathymetry, and other factors (Das and Vincent,
2009; Koch et al., 2009). BT methods therefore need to account for differences in site characteristics.
In the case of the unit transfer method, study sites and policy sites need to be carefully matched. In the
case of value function transfer and matelytic function transfer, parameters need to be included in

the functions to control for important site chaemidtics. Ecosystem size is an important site
characteristic and the issue of Aaimstant marginal values over the size of an ecosystem is discussed
in this chapter

Ecosystems often have multiple and heterogeneous groups of beneficiaries (differ@ngngnot

spatial location and soceconomic characteristics). For example, the provision of recreational
opportunities and aesthetic enjoyment by an ecosystem will generally only benefit people in the
immediate vicinity, whereas the existence of a higklle¥ biodiversity may be valued by people at a
much larger spatial scale. Differences in the size and characteristics of groups of beneficiaries per
ecosystem service need to be taken into account in transferring and aggregating values for each
service. h conducting BT it is important to control for differences in the characteristics of
beneficiaries between the study and policy sites. Again this can be done by either using closely similar
sites in unit transfer or by including parameters in value fumstithat can be used to adjust
transferred values. For example, transferred values can be adjusted to reflect differences in income by
using estimated elasticities of WTP with respect to income (see for example Brander et al., 2006;
Schlapfer, 2006; Brandet al., 2007; Jacobsen and Hanley, 2008).
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BT should also account for important differences in context, such as differencesirailability of
substitute and complementary sites and servies.availability of substitute (complementary) sites
within the vicinity of an ecosystem is expected to reduce (increase) the value of ecosystem services
from that ecosystem. For example, in a rratalysis of wetland valuation studies Ghermandi et al.
(2008) find a significant negative relationship between #ilaesof wetland ecosystem services and

the abundance of wetlands (measured as the area of wetland withiknmar&@ius of each valued
wetland site). This issue is of importance to the scalimgf ecosystem service values.

6.2.5 Non-constant marginal alues

Many ecosystem service values have-ponstant returns to scale. Some ecosystem service values
exhibit diminishing returns to scale, i.e. adding an additional unit of area to a large ecosystem
increases the total value of ecosystem services lessahaadditional unit of area to a smaller
ecosystem (Brander et al. 2006, 2007). Diminishing returns may occur either because of underlying
ecological relationships (e.g., spee@sa curves) or because of declining marginal utility by users of
servicesIn contrast, other ecosystem services such as habitat provision may exhibit increasing returns
to scale over some range. For example, if the dominant goal is to maintain a viable population of
some large predator, habitats too small to do so may havediwétiue until they reach a size large
enough to be capable of supporting a viable population. It is therefore important to account for the
size of the ecosystem being valued and the size of the change in this ecosystem, by for esiagple,
estimated vale elasticities with respect to si{eee for example, Brander et al., 2007). The
appropriateness of this approach is limited by complexities in ecosystem service provision related to
nortlinearities, step changes, and thresholds (see chapter 2). Simg@leddjustments for changes in
ecosystem size will not capture these effects.

6.2.6 Distance decay and spatial discounting

The value of many ecosystem services is expected to decline as the distance between beneficiary and
ecosystem increases (so cdldistance decay). The rate at which the value of an ecosystem service
declines with distance can be represented by spatial discounting, i.e. placing a lower weight on the
value of ecosystem services that are further away (or conversely, making a dowdjuatchent to
estimated values held by beneficiaries that are located further from the ecosystem site).

Aggregation of transferred values across beneficiaries without accounting for distance decay may
result in serious ovesstimation of total values. Aflustrative example can be found in Bateman et

al. (2006), who compare different aggregation methods and assess the effect of neglecting distance
effects. Instead of simply aggregating sample means, they apply a spatially sensitive valuation
function thattakes into account the distance to the site and the-sooimomic characteristics of the
population in the calculation of values. Thereby, the variability of values across the entire economic
market area is better represented in the total WTP. They thahaot accounting for distance in the
aggregation procedure can lead to overestimations of total benefits of up to 600%.
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The rate of distance decay is likely to vary across ecosystem services. Direct use values are generally
expected to decline withistance to an ecosystem but the rate of decay will vary across ecosystem
services depending on how far beneficiaries are willing to travel to access each specific service, the
differentiated availability of substitute services, or the spatial scale ahwbimsystem services are
6deliveredd by an ecosystem. The mar ket size or
specific ecosystem will therefore vary across services. For example, beneficiaries may be willing to
travel a large distance to weunique fauna (distance decay of value is low and people in a wide
geographic area hold values for the ecosystem and species of interest) whereas beneficiaries may not
travel far to access clean water for swimming (distance decay of value is high dadabilay of

substitute sites for swimming and only people within a short distance of the ecosystem hold values for
maintaining water quality to allow swimming). Naise values may also decline with distance
between the ecosystem and beneficiary, althahg relationship may be less related to distance than

to cultural or political boundaries. The spatial discounting literature suggests thaseamlues

should have much lower spatial discount rates than use values (Brown et al., 2002). In some cases,
nonuse values may not decline at all with distance, i.e. the rate of spatial discounting is zero. This
might be the case for existence values for certain charismatic species that are known worldwide.

Loomis (2000) examines spatial discounting for thesprvation of a range of threatened
environmental goods in the US (spotted owls, salmon, wetlands, as well as a group of 62 threatened
and endangered species). The first finding from this research is that WTP does fall off with distance.
However, there arstill substantial benefits to households that live more than a thousand miles from
the habitat areas for these species. This implies that limiting summation of household benefits to
nearby locations results in a large undstimation of the total benedit These results have two
implications for BT. First, WTP is not zero as one moves beyond commonly used political
jurisdictions such as states in the U.S. and possibly within single countries in the European Union.
Given the available data there are no neet ascertain how values change across countries. Such
crosscountry comparison of values of ecosystem services is an important avenue for future research.
Second, while values per household do not fall to zero at distances of a thousand miles drisnore, i
important to recognize that there is a spatial discount, so generalizing values obtained from an area
where the species resides to the population in a wider geographic area would overstate WTP values.
The limited data discussed above suggests theyeoma 20% discount in the values per household at
1,000 miles and a 40% to 50% discount at 2,000 miles for high profile species or habitats.

6.2.7 Equity weighting

In conducting BT between study and policy sites with different secomomic charactestics it is
important to take account of differences in income levels. Generally there is an expectation that WTP
for environmental improvements is positively related to income. Adjustments to transferred values
can be made using estimated income elagtic{ie.g., Brander et al., 2006; Schlapfer, 2006; Brander

et al., 2007; Jacobsen and Hanley, 2008). An argument can also be made, however, for the use of

58



Chapter 5: The economics of valuing ecosystem services and biodiversity

equity weighting to reflect the greater dependence of the poor, particularly in developing coamtries,
ecosystem services, specially provisioning services (food and shElery weights correspond to

the intuition that o6a dollar to a poor person i s
the marginal utility of consumption is deulng in consumption: a rich person will obtain less utility

from an extra dollar available for consumption compared to a poor person.

Equity-weighted ecosystem service value estimates take into account that the same decline in
ecosystem service provisiom someone who is poor causes greater welfare loss than if that change in
service had happened to someone who is rich. Using local or regional data instead of national data for
such an exercise is important in order to avoid smoothing of income inezgidliti using larger
regions to calculate average per capita incomes. Use of equity weights is particularly appropriate in
the context of transferring values for ecosystem services from developed to developing countries,
given the huge difference in incométhose effected and the difficulties to assess the true welfare
loss (Anthoff et al., 2007).

6.2.8 Availability of primary estimates for ecosystem service values

The scope for using BT for estimating the value of ecosystem services is limited byildugildyaf

high quality primary valuation studies for all relevant ecosystem types, ecosystem services, and socio
economic and cultural contextémportantly, data from poorly designed empirical studies will
compromi se the r obugarnbeasge oifn ,Bapgrapricbbedespribeughsie 6
issue). Some types of ecosystem are welbresented in the economic valuation literature (e.g.
wetlands and forests) whereas for others there are relatively few primary valuation studies from which
to transfer values (e.g. marine, grassland and mountain ecosystems). Similarly, some ecosystem
services are better covered in the valuation literature than others. For example, recreation and
environmental amenities are wedlpresented whereas valuation stgdfor regulating services are
uncommon. There is also a relative dearth of ecosystem service valuation studies conducted in
developing countrieChristie et al., 2008)This represents a major gap in the available information
base for BT since dependenae and preferences for ecosystem services, and consequently values,
are likely to be substantially different between developed and developing countries.

There is also a (understandably) limited availability of primary valuation studies that estinug® val

for changes in ecosystem services outside of the context of the current availability of substitute and
complementary ecosystems. The marginal value of changes in ecosystem service provision in a
situation where the overall level of provision is grediljinished is therefore beyond the domain of
general observations and therefore principally unknown. This has implications for the possibilities for
scalingup ecosystem services values across large geographic areas and entire stocks of ecosystems.
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6.3  Scaling-up the values of ecosystem services

The challenges encountered in conducting reliable BT discussed above relate to the transfer of values
to estimate the value of individual ecosystem sites. When using BT to estimate the value of an entire
stockof an ecosystem or provision of all ecosystem services within a large geographic @adbeso

0 s ¢ aul pi 6hegyalue of ecosystem services over an entire region or biome cannot be found simply
by adding up estimated values from smaller ecosystem aif@®blem that becomes much worse in

the presence of nonlinear socioecological dynamics. kscgke changes in the provision of
ecosystem services will likely result in changes in the marginal value of services. Therefore; scaling
up to estimate the tat economic value in a large geographic area requires taking account of the non
constancy of marginal values. Adjustments to these values can be usiageestimated value
elasticities with respect &cosystem scarcity (e.g., Brander et al., 2007).

Coneeptually, the economic value of a loss in the provision of an ecosystem service can be expressed
as the area under the demand curve for the service that is bounded by-thange level of
provision and the posthange level of provision, everything elseing equalFor some ecosystem
services it may be possible to make general assertions about the shape of the demaltdisurve.
possible to make general assertions about the shape of the demand curve for some ecosystem services.
For example, in cases wte ecosystem services can be relatively easily and cheaply provided through
humanengineered solutions, or degraded or lost without much loss of utility, the demand curve
should be relatively easy to draw. However, for critical services essential tim $ustan life and for

which no adequate substitutes are availdBldns et al., 2003a; Farley, 2008)ch estimations are

much harder. Therefore, our capacity to predict future demand for scarcer environmental goods or
services, whose dynamics moreover are hardly predictable, will ligetain very limited.
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Figure 5. The demand curve for natural capital (Farley, 2008)Figure 5 depicts a stylized

demand curve for critical natural capital with an economic or ecological threshold.

In region 1, where stocks are abundant and makgidue is low, marginal values remain reasonably
constant with respect to changes in stocks. Over this range of service provision, the value of changes
in supply can be reasonably well estimated using constant marginal Wlestary valuation may
facilitate decisions on allocation between conserving or not natural cdystdle overall level natural

capital declines (region 1), marginal value begins to rise steeply and neditdl stocks are less
resilient and approaching a threshold beyond i@y cannot spontaneously recover from further

loss or degradation. Marginal uses are increasingly important, and values are increasingly sensitive to
small changes in stocks (inelastic demand). Hemgar, this range the use abnstantmarginal values

to assess changes in ecosystem service supply could result in large errors in valuation (usually
underestimates given that currently observed marginal values are low but risings). It is thus risky to
transfer constant values from a site associated witkval lof capital in region | to another site
associated with region Il. Further as Farley (2008) nowmssarvation needs should determine the
supply of the natural stock available for being exploited and hence its price. In region lll, capital
stocks havepassed critical ecological thresholds. If not close subsitute for such ecosystem exists for
those valuing it, marginal values are essentially infinite, and restoration of natural capital stocks
essential (Farley, 2008). In region lll, standard valuagzhniques, including benefit transfer are not
useful any more

The problem of dealing with neronstant marginal values over large changes in the stock of an
ecosystem becomes more difficult in the presence of nonlinear ecological dynamics. Similar to the
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difficulty in accounting for threshold effects in valuing (and transferring values to) individual
ecosystem sites, we lack knowledge of how ecosystem service values change followhsgdiErge
losses.The difficulties of conventional micreconomic methaglin dealing with these complexities
call for alternative approaches to be combined with Fi&¥ed approaches which would aid decision
processes at higher scales, such as deliberative and multicriteria methods (Spash and Vatn, 2006).

Current available stlies measure the value of ecosystem services around present levels of overall
provision (studies usually focus on one ecosystem site, with the implicit or explicit assumption that
the level of provision of services from the remaining stock of ecosystemst ishanged). Large
changes in the overall level of provision are therefore beyond the domain of our observations and are
therefore principally unknown. This makes the assessment of the value of large or complete loss of an
ecosystem service impossibleroSsing ecological thresholds in critical natural capital (region III)
may involve large changes welfare that render the estimation of marginal and total values essentially
meaningless since they approach infinity. Scalipgecosystem service values asr@s range of
service provision may be possible, particularly if adjustments are made to reflecbmstancy of
marginal values over the stock, but it is important to recognise the limitations of this approach to
estimate the value of large scale or cagtplosses of (critical) natural capital.

7 Conclusions

This chapter has addressed some of the most important theoretical and practical challenges of
assessing the economic value of ecosystem services. For example, it has tackled some critical issues
regarding the way values may be scaled up geographically totatf¢ralue for ecosystem services

for ecosystems, regions, biomes or indeed the entire world, an approach upon which other chapters (7
and 8) of the TEEB report are based. It has athktresed some of the most important challenges for
valuation studies, especially with regard to confronting problems such as high uncertainty and
ignorance and taking into consideration dynamic behavior of ecosystems.

The role of valuation and the TEV approach

This chapter has provided an overview on the rationale behind economic valuation of ecosystem
services, the available methods and tools, and some key challenges. Since many ecosystem services
are produced and enjoyed in the absence of market transathieins;alue is often underestimated

and even ignored in daily decisiomaking. One of the ways to tackle this information failure and

make the value of ecosystems explicit in economic decimaking is to estimate the value of
ecosystem services and bivetsity in monetary terms. We have suggested that the economic value of
ecosystems resides basically in two aspects. The first is the total economic value of the ecosystem
service benefits at a given ecological state. The second is the insurance \diag ithaéhe resilience

of the ecosystem, which provides flows of ecosystem service benefits with stability over a range of
variable environmental conditions.
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The value of ecosystems is generally estimated using tlalledl total economic value (TEV)
approach. The TEV of an ecosystem is generally divided in ars& nonuse values, each of which

can be further disaggregated in several value components. Valuation methods that follow the TEV
approach can be divided into three main categories, directetmaplproaches, revealed preferences
and stated preference techniques, the latter of which is being increasingly combined with deliberative
methods from political science to develop formal procedures for deliberative group valuation of
ecosystem values. Tée have been described briefly, discussing some of their strengths and
weaknesses, as well as some of the aspects that have been subject to criticism.

Through the use of synthesis tables, each method has been analyzed in terms of its relative capacity to
deal with specific value components and types of ecosystem services. An extensive literature data
base has also been provided specifically for the key biomes forest and ecosystems. Building on a case
study data base, we have reviewed how these biomedbawereated in the literature on economic
valuation of ecosystems and provided quantitative data on which specific methods have been used for
specific ecosystems services and value types. This chapter has also addressed several challenges
valuation practioners are faced with when adapting valuation methods to various institutional and
ecological scales, such as valuation across stakeholders and applying valuation methods in developing
countries.

The role of uncertainty

Regarding uncertainty inherent t@luation methods, this chapter has dealt with various types of
uncertainty The standard notion of uncertainty in valuation conflates risk and Knightian uncertainty.
This chapter has also acknowl edged t headicalore pr
uncertaintyoé or 6i gnorancebd. This <chapter has
uncertainty is applied in the valuation of ecosystem services and biodiversity and the implications of
recognising radical uncertainty especially in theecaf dealing with ecological resilience.

In addition, three sources of uncertainty pervading valuation of ecosystem services and biodiversity
have been taken into account: (i) uncertainty regarding the delivery or supply of ecosystem services
and biodiersity, (i) preference uncertainty and (iii) technical uncertainty in the application of
valuation methods.

The uncertainty regarding the delivery of ecosystem services makes stated preference methods
complex. This may be the reason why there are feameles where stated preference approaches

have considered the issue of uncertainty in an explicit way. Stated preference methods have generally
resorted to measuring respondentso6é risk percept
damage functios are based on risk analysis instead.
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Preference uncertainty is inversely related to the level of knowledge and experience with the
ecosystem service to be valued. This source of uncertainty has been more widely acknowledged in
stated preference approacltior instance by requesting respondents to report a range of values rather
than a specific value for the change in the provision of an ecosystem service.

Lastly, technical uncertainty pervades valuation studies specially with regard to the credilbiléy o
estimates of nomse values through stated preference methods and the non conclusive issue of the
large disparity betweeWVTP and WTA value estimates. It has been suggested that combining
valuation models and a preference calibration approach mie lveay forward to minimise technical
uncertainty.

The value of ecosystem resilience

The discussions in this chapter mostly address contemporary economic valuation techniques and
estimates produced with these techniques. However, it should be borirdithat these valuation
techniques, which assume smooth and small system changes, may produce meaningless results in the
context of ecosystems characteristics and dynamics such as ecological thresholds, resilience and
regime shifts. Addressing these issuemains an important challenge in environmental valuation.
Further advancements in these fields would require both a better knowledge of ecological processes
and innovative valuation techniques.

The value of the resilience of an ecosystem is relatedetdenefits and costs that occur when the
ecosystem shifts to another regime. An analogy can be drawn between the valuation of ecosystem
resilience and the valuation of a portfolio of assets in that the value of the as$ethmigcosystem

and its biodversity i depends on the probability that a shift occurs as well as the benefits and costs
when it does.Current knowledge about biodiversity and ecosystem dynamics at this point is
insufficient to implement such portfolio assessment and monetary analifdie misleading when
ecosystems are near critical thresholds. At the policy level, it is better to address this uncertainty and
ignorance by employing safe minimum standard approach and the precautionary principle.

Using benefit transfer

With regad to the use of secondary data, the approach of value or benefit transfer (BT) has been
discussed, both in terms of its main advantages and limitaBdns the procedure of estimating the
value of one ecosystem (t lséng\valpabdnestingatefromtaeitijar b y

tr

ecosystem (the O6study sited). BT methods can be

complexity: i)unit BT, ii) adjusted unit BT, iii) value function transfer, and iv) raalytic function
transfer BT using any of these methods may result in estimates that differ from actual values, so
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called transfer errors. The acceptable level of transfer error for deaisikimg is contexspecific,
but if a highly precise value estimate is required it is meoended to commission a primary
valuation study.

BT can be a practical, timely and low cost approach to estimate the value of ecosystem services,
particularly for assessing policy scenarios involving a large number of diverse ecosystems. However,
since maginal values are likely to vary with ecosystem characteristics,-®acinomic characteristics

of beneficiaries, and ecological context, care needs to be taken to adjust transferred values when there
are important differences between study and policg.site

Important site characteristics include the type of ecosystem, the services it provides, its integrity and
size. Beneficiary characteristics include income, culture, and distance to the ecosystem. It is important
to account for distance decay effectddatermining the market size for an ecosystem service and in
aggregating per person values across the relevant population. It should be noted that the market size
and rate of distance decay is likely to vary across different ecosystem services from ¢he sam
ecosystem. It is also important to account from differences in site context in terms of the availability
of substitute and complementary ecosystems and services.

In cases where a high quality primary valuation study is available for a study site vyitimédar
characteristics to the policy site, the unit transfer method may produce the most precise value
estimate. In cases where no value information for a closely similar study site is available, value
function or metaanalytic function transfer provida sound approach for controlling for site specific
characteristics.

Transferred values are generally expressed either per beneficiary or per unit of area. The former
focuses the analysis on the demand for the service and the latter focuses on thé\ggpgdation of
transferred unit values across the relevant population or ecosystem area needs to be undertaken
carefully to avoid double counting values or misspecifying the market size for an ecosystem service.

Scalingup refers to the use of BT to iesate the value of an entire stock of an ecosystem or provision

of all ecosystem services within a large geographic area. In addition to the other challenges involved
in using BT, scalingip values requires accounting for the soomstancy of marginal vads across

the stock of an ecosystem. Simply multiplying a constant per unit value by the total quantity of
ecosystem service provision is likely to underestimate total value. Appropriate adjustments to
marginal values to account for largeale changes iacosystem service provision need to be made,

for example by using estimated elasticities of value with respect to ecosystem scarcity. This approach
may be useful for estimating total values over a certain range of ecosystem service provision but is
limited by nonrlinearities and thresholds in the underlying ecological functions, particularly in the
case of critical natural capital.
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Final words

It should become clear that techniques to place a monetary value on biodiversity and ecosystem
services are fraughvith complications, only some of which currently can be addressed. Despite these
limitations, demonstrating the approximate contribution of ecosystems to the economy remains
urgently needed and the contribution of this chapter should be understood lighhi Valuation
exercises can still provide information that is an indispensable component of environmental policy in
general. As Kontoleon and Pascual (2007) state, ignoring information from prefbeseme
valuation methods is thus neither a realistor a desirable option. Instead, poliogkers should
interpret and utilize the valuable information provided by these techniques while acknowledging the
limitations of this information.

In this context, chapters 7 and 8 of this report intend to stobaypmakers that there is a probability

of massive losses due to depletion of natural capital cldser we believe we are to a threshold, the
more important it is to improve valuation methods to estimate what is at stake. This will emphasise
the importace of ensuring that natural capital stocks remain far from critical thresthioisidikely

that new technigues and combinations of different methodological approaches (e.g., monetary,
deliberative and multicriteria methods) will be needed in orderdpgsty face future challenges and
provide more accurate values that would benefit decisiaking processes.

Koch et al. (2009) call for such a new decisinaking approach to ecosystem services management.
They recommend a number of actions that havieetdaken to move in that direction, among them
filling existing data gaps, especially using comparative studies; to develop ecological modelling to
understand patterns of ndinearity across different spatial and temporal scales; and to test the
validity of assumptions about linearity in the valuation of ecosystem services at different scales. A
closer collaboration between ecologists and economists may then contribute to develop valuation
techniques that are better suited to dealing with the compleioredhip between ecosystems and the
services they provide to the local and global economies. Last but not least, future valuation
practitioners of biodiversity and ecosystem services should make explicit the procedures and methods
used in their studies agll as openly acknowledge any obstacles that they may have encountered.

" Economists usually conflate risk and uncertainty (in the Knightian sense). For instance Freeman (1993: 220)
defines O6individual which anrindieidual ts ynéertdinoas td which af awo ioromore i n
alternative states of nature will be realizedo. | n tF
way following Freeman (1993) butort h&i gndrfaemrcaesd duwe et
also acknowledged explicitly.

" A number of studies have used information on uncertainty with regard to preferences to shed light about the
disparity between hypothetical values and actual economic behaviour (e.g., tAkteP@08).

v See Akter et al. (2008) for a theoretical framework based on cognitive psychology to select explanatory
variables in econometric models aimed at explaining variations in preference uncertainty beyond the more
intuitive variables.
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VAnaltemati ve strand assumes that there is an dAunderl yir
address both lack of accurate understanding of what is the nature of the ecosystem service and uncertainty about

the values that have already been meas(Wan Kooten et al., 2001: 487).

“TheNat i onal Oceanic and At mospheric Administration (1
chaired by Nobel laureates in economics such as Kenneth Arrow and Robert Solow.

Y If only the supply of the good is gartain, the option value is positive if assumed that individuals are risk

averse (Pearce and Turner, 1991). If other sources of uncertainty also exist, such as preference uncertainty, the
sign of the option value is indeterminate.

" Most studies that havflecused on the value of bioprospecting are based on bepsfitinalysis by allowing

explicit weights to various opportunity cost, such as land conservation, as opposed to the option value or
expected benefits from t hea genigsnetic matariagl, det of the associated f u | p
research and development costs such as biological material screenings (Pearce and Purushothaman, 1992;
Simpson et al., 1996; Rausser and Small, 2000; Craft and Simpson, 2001).

™ There is some evidence thatmay be easier to do valuation studies in developing courfistington,

1998) response rates are typligahigher, respondents are receptive to listening and consider the questions

posed, and interviewers are relatively inexpensive (allowing larger sample sizes).

*An alternative approach to BT is based domatidrprefer el
intensive approach and thus this chapter does not cover it (see: Smith et al. 2002).
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