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1. Introduction

1.1 Objective ad scope of the guidelines

These Guidelinesaim to provide guidance deeyissuesn economic valuatiomelated to

the implementation of the Water Framework Directive (WFD). Practical guidance on
undertaking valuation studies thate readily applicable for water policy purposes is
necessary given theconomic value of watethe important role ofwater economics in
underpinningthe WFDQ and the imited economicinformation andexpertise in many
river basin authoritiesThe Guidelines i@ targeted at expert practitioners and economic
specialists who carry out valuation studies, rather than policy advisors or policy/decision
makers. The latter are targeted through the AquaMoney policy brigdse
www.agquamoney.org)

The Guidelinesprovide guidance on how to address specific key issues in economic
valuation studiesf water resources and how, given a variety of difficulties encountered,
these values can be aggregated to determiweaad e r r €osabHconanecdvalue

The Guidelies look at how these values can be aggregated from the level of an
individual water body to river basin level, whilst accounting for changes in substitution
possibilities regarding water use as one moves upst@aghownstream or across
separate water bagB in a river basin. Included here is the useatdietransferand the
estimation of value functions that include factors relevant for such aggretfatagh
Geographical Information Systems (GIShe Guidelines are not about how to apply a
particularvaluation methodology (about which there are already many existing guidelines
T seeAnnex1 for an overvieyy, but rather about how to address the specific problem of
valuingwaterresourcesn the context oparticularlyArticle 9 and4 in the WFD.

The WFD has been criticized for-tlefined wording (Grimaud, 2004), in particular the
legal interpretation of cost recovery in Article 9 (Unnerstall, 200fgse Guidelines aim

to clarify, insofar possible, theconomic meaning of the terms used in Af&c9.
However, becausethe Guidelines weravritten by economic experts, ndawyers or
official representatives from European Member States implementing the thw&Dack

legal status to provide enforceable definitions and instructions regarding th@rédpro
cost accounting methodologihey advise practitioners on the economic interpretation of
important terms and concep®ich as cost recovery, where necessary with references to
relevant international peer reviewed literature.

Contrary tothe Watecoguidelines EC, 2002), most reviewsf Article 9 in the WFD

(e.g. Moran and Dann, 2008nhd alsathese Guidelines interpret cost recovery afulld

cost recovery. This is alsehat isimplicitly suggestedoy the fact that cost recovery
includes Genvironnental and resource codtdrticle 9 introduces mvironmental and
resource <costs i n mambergtataspshall thke acsourd ofithe g
principle of recovery of the costs of water services, including environmental and resource
c 0st s, igaccordancedh particular with the polluter pays principl€ost recovery

is a weltknown economic pricing principle, implying that the total privatel social
production costs of a good or service are recovéegl Renzetti and Kushner, 2004)

t ha



Environmental and resource costs are not defined in the Wi)early relatein most
casedo the social costs of activities that employ a natural resource such as\Waiier.

has important social value, but often no price, or if water is priced, thegfteze does

not reflect its real value to socieffhe issue here is one of translating westablished
theory into practice and the availability of reliable data and information about the social
costs and benefits of water resources.

The Guidelines focusn the economic valuation of this sociabn-marketvalue in order

to support the WFD objective of achieving good ecological and chemical status of water
bodies in river basin districts across European Member SidiesWFD is expected to
generate substtial nonmarket values (Bateman et al.,, 2006; Brouwer, 2008).
Notwithstandingsomeremainingrelevantkey issues in the calculation of private costs
such as the use of a standard accounting system to facilitatecotogsy comparisons of
financial costrecovery, this is where most methodological issues in water resource
valuation are foundincluding environmental and resource co&svironmental and
resource costs will be defined in more detail after this Introduction in Chapter 2.

The WFD environmetal objectivesare defined in Article 4If these objectives are not

met, Article 11 requires thatwater managers identify a cesffective program of
measures to reach them. If the costs of these measures are considered disproportionate,
paragraphs-3 in Article 4 provide water managers with a legal instrument to lower their
environmental objectives or delay their achievement in time.

The relevant valuation questions for policy and decisiaking here are:

1) What is thetotal economic value of the enwmnmental and resource costs
associated with water services in reaching the WFD objective of good chemical
and ecological statuga@rising fromArticle 9, paragraph)l

2) What is thetotal economic value of reaching the WFD objective of good chemical
and ecabgical status compared to the WFD implementation cqsis§ing from
Article 4, paragrapl3-7).

The economic valuation of the environmental and resource costs associated with specific
water servicesand (not) reaching the WFD objective of good chemical and ecological
status is a necessary precondition to be able to assess and (re)consider the level of cost
recovery of water services, including environmental and resource costs, through existing
or new water pring instruments. The economic valuation of the benefits of reaching the
WFD objective of good chemical and ecological statos the benefits foregonié the
environmental WFDobjectives will not be achieved is a necessary precondition to be
able to assss and (re)consider to what extent the identified program of WFD measures is
disproportionate from an economic point of viefaven though the WFD does not
explicitly ask for such an assessment of economic bengfitenly states that the
measures needéd reach good chemical and ecological status have to beftestive),

insight in the return value of the foreseen large investment programs in water quality
improvements across European water bodies helps to prioritize limited available budgets




for WFED implementation across water bodies within and between river basins in the next
decades.

In both cases it is important to point out that the economic valuation exercise may be
and in many cases will beinsufficient to conclude whether all costs are recovered,
including environmental and resource costs, or whether the WFD objectives are
disproportionatly costly. There often exist important reasons, for instance related to
equal access to water services for all, wby all costs aréully recovered and/or (crogs
subsidized. From the same token, if the total economic costs of WFD implementation
exceed their total economic benefits, this too does not imply that the Directive is
disproportionate. This requires consensvithin and between European Member States
and legislation that clearly defines disproportionate costs as costs exceeding benefits,
which is not the casen the WFD or any other European Directirthermore, the
Guidelines are not about how to evaluate appropriate levels of cost recovery, whether
water pricing policies provide adequate incentives for users to use water efficiently,
whether existing water prices include environmental and rescosts,or the definition

of disproportionate costs. The Guidelines advise practitioners how to assdegathe
economic value of the social (nomarket) environmental and resource costs related to
reaching the WFD objective of good chemical and ecologitaiusto inform and
support policy and decisiemaking regarding current or future levels of cost recovery
including environmental and resource costs

In both cases the same economic valuation methods may apply. Hencpetifec

policy questionin Article 4 or 9in the WFDdoes not in that sense influence the choice

for a specific valuation method or methodology. The choice for a valuation method and
the key issues surrounding the economic valuation exemcgsgrimarily driven by the
environmental gods and services provided by water quality and water flow
improvementsunder the WFD i.e. the definition of the water goods and services
providedunder good chemical and ecological statdsre, me of the most difficultbut
important issues faced by both economists and wadagerss to provide a description

and assessment of the links between the functions of aquatic ecosystems and the goods
and services that are of benefit to humans and from which they derive ecorabne.
Economists are unable to provide any guidance on how to value water services or
estimate the economic benefits of water quaditg flow improvements without at least
some qualitative description and assessmelated tocurrent paseling condtions and

good chemical and ecological status and the implications of reaching good chemical and
ecological status for different types of wag@ods and services

Much of the time and effort in the practical testing of the Guidelines went into the
devebpment of commorapplicable water qualitgnd environmental flodaddersacross

EU Member Stategogether with water scientistganslating the WFD objectives into
goods and serviceand explaining what good water status means for diffeyentps of
water users and nonuse®s.clear distinction has to be made between the definition of
water services in the WFDArticle 2, paragraph 38as abstraction, impoundment,
storage, treatment, and distribution of water, wastewater collection and treatment



facilities which discharge in surface wateand thebroaderdefinition of waterecosystem
goods and servicassed in these Guidelines

In the former case public or private agent providegartly) paid or unpaidervice to
households, a public institution or an economic actiiBgsed onavailable market
transactions, thdinancial costs of service provision (labour and capital costs) can be
compared with thdéinancial revenuegmarket prices, taxes and chargpajd by those

who use the servicevnlved (e.g. householMater supply and wastewater collection and
treatment) This then allows the assessmentlad level offinancial cost recoveryfor
example for drinking water supply or wastewatellection andreament

In the latter case, we refer to thquaticecosystem providing a variety of goods and
services to society at large, including households, public institutions and economic
activities based on thecasystemparadigmunderlying contemporargcience including
environmental economicsThe Guidelines address the economic valuation of the
intangible, noAmarket goods and services provided by the water system under good
chemical and ecological status as defined by the WFD and affected by thesevaiees
defined in paragraph 38 in Article Zheir economic valuation starts from the welfare
implications of the change in water service provision for different water users and
nonusers, not merely the financial costs of their provision through they wervices
defined in Article 2.

The economicvaluation of the environmental and resource costdated to thegoods
and servicesprovided by the/VFD includesmore than afinancial analysisof the costs
of water service provision as defined in paragraph 38 in Article 2

Rel ated to this is the 6éno deterioration ru
means that water status is not allowed to deteriorate, only to improve froncaoemet

(baseline) condition to the WFD objective of reaching good chemical and ecological

water status.The environmental and resource caats in that case equal to the benefits

foregone of not reaching the WFD objectives.

The Guidelines cover an extensive list of wateosystengoods and services, including
market (such as drinking water, commercial fishing, reeds, industrial process water, etc)
and nornrmarketgoods and servicgsuch as recreation, biodiversity, naturalksietc)

These are valued within a standard economic value framework that measur&sttileir
Economic ValueThe Total Economic Valuéramework is linked to the specific water
functions, goods and services mentioned above. Following on from this, itieliGas
consider the selection of appropriate economic valuation methods kawyd
methodological issues itheir implementationn the particular context of the WFD,
adding to the existing amount of guidelines listed in Annex 1




1.2 How to use thguidelines

The Guidelines have been designed to help expert practitioners and economic specialists
involved in implementing economic valuation studies understand and take account of the
key methodological and practical issues related to specific impletioentd the WFD.

To be able to use the Guidelines basic understanding and experience of applied
environmental economics and economic valuation, including statistics and econometrics,
is necessary. Advanced skills should not be required. The aim is\m@ra practical,

but theoretically sound handbook to guide valuation implementation. The Guid=dimes

be used alongside other economic valuation manuals such as those listed in Annex 1.

Producing conceptually valid and empirically accurate estimaftesivironmental and
resource costs and benefits is a demanding task, requiring more time, resources and
technical skills than is generally appreciated. The Guidelines cannot begin to reflect all of
the issues that can possibly be brought to bear on aspeswironmental and resource
costs and benefits in the context of the WFD. Nevertheless, the intended scope is to detalil
the key factors and requirements. Compromises will inevitably have to be made, taking
account of the limitations and restrictions mspd by timeandresources. Because of the
need to cater for the different levels of knowledge and experience in applying valuation
studies, specialists may find that they can skip sections which detail their own areas of
expertise. Nevertheless, all reesl@applying the Guidelines should be familiar with the
conceptual basis of the water valuation framework as it provides the logic and
justification for the practical valuation procedures outlined later.

The Guidelines are organised as follows.Chapter 2, to set the stage, the reader is
introduced to theconcept of water as an economic good and vlager valuation
framework used to assess environmental and resource impacts. The analytical framework
for water valuation assessment is outlinextusingon the concept offotal Economic
Value and theFunctional Approacho valuation. Included here is a brief discussion of
why the framework is relevant to the valuation requirements of WFD implementation
and the definition of environmental and resource cdste link betweerthe functional
ecosystem approach and TEV is further detaileGhapter 3, including a list of aquatic
ecosystem goods and servic@sis is followedin Chapter 4 by an overview of the
various valuation methods and techniques used ierwaisource valuation to assess
Total Economic ValueRecommendations over the type of valuation method chosen to
assess the differentater uses and services are given in this chapter

The Guidelines then look at the application of these valuatiethods and techniques to
value water resources in the specific context of the VHR® the practical case studies
carried out in AquaMoneyTlhe focus here is on looking at those key issues of importance
to the specific needs and circumstances related t® \Wiplementation. How these
issues are incorporated into the design and implementation of a valuation study is
outlined, accompanied by a discussion of validity and reliability issues. The focus here is
on taking account of the issues and complicationk that the values estimated are valid
and suitable for use in WFD policy implementatidnseparate section is also included
here focusing on the role of hydemonomic modelling in assessing the shadow price of
water in the context of water scarcity aedaurce opportunity costs.



The steps taken in an economic valuation stadg the key issues addressed in these
Guidelinesare presented in Figudel.

Figure 1.1: General steps in economic valuation and key issues addressed in
different chapters throughout the Guidelines

Identification
environmental change

\lf Chapter 7

Identification
goods and services

wl( Environmental values
Identification
beneficiaries
Resource costs \lﬁ
Chapter 6 Identlf!catlon
economic values
Value elicitation
| |
Primary valuation Value transfer
|
Content Instrumental Chapter 12
validity & reliability validity & reliability
Scale Substitution Sensitivity Proc.edural Payment Transfer
to scope ~ variance certainty errors
Chapter 8 Chapter 9 Chapter 10 Chapter 11
Chapter 13

—————————3>| Vvalue aggregation [€

The first steps in Figure.l are fairly straightforward and can be found baclseweral
general valuation handbooks and manuals (see Annex 1), except for the identification of
the goods and services generated by the WFD amenable to robust economic valuation.

Chapter 5 starts with an overview of existing nomarket values for different wate
services based on medaalysis. More than 150 stated preference studies were collected
worldwide andscreened for the values they produde attempt is made to explain the
variation in the value estimates based on differenc@$ ithe characteristicsf the water
services valued in existing studi€g) the characteristics of the beneficiaries of these
water services an(ii) the characteristics of the methodological approaches followed in




the existing studies. This is followed by an illustrationhef use of a metaalue function
for the purpose of water value mapping based on existingcpespean spatial data.

Chapter 6 addressethe important issue of water scarcity, which is especially a problem
in South European Member States. We demonsttegerole of hydreeconomic in
assessing shadow prices for fuiced water resources based on water resource scarcity
rents and the use of nonarket valuation to assess the economic use andis®nalues

of water resource conservation for domestic andrenmental purposes.

Chapter 7 starts with the translation of the WFD objectives into goods and services
through the development of a WHpecific water quality ladder in order to be able to
assess the economic values underlying the physical enviroainobainges due to WFD
implementation and facilitate their transfer across different river basin contexts. Chapter

7 discusses the use and usefulness of water quality ladders and presents an example of
such a ladder developed in AquaMoneSpecial attentionwill be paid to public
perception and understanding of the water quality ladder.

When aiming to estimate the monetary economic value of an environmental change for
policy appraisal purposes, two different approaches exist. Either an original (primary)
valuation study can be commissioned by the responsible authority or one relies upon the
values elicited in existing valuation studies addressing a similar policy problem in the
past (value transfer)lhe latter approach is very attractive as it is much péeand
quicker than conducting original valuation research. However, its use is not without
difficulty, and comes at a cost in terms of the error involved when using existing values
in policy and project appraisafpplying existing values will never be as precise and
accurate as carrying out original valuation results. The 4oéfdeere is one between the
extracost of conducting a primary valuation study and the cost of getting it wrong when
using existing valuem policy and project appraisal and corresponding decisiaking.

The magnitude of the errors involved are investigated Chapter 12. The
aforementioned water quality ladder was tested in five different European Member States
using an identical valuatiodesign to facilitate value transfer. Chapt@rfacuses in
particular on the lessons drawn for economic value transfer.

When conducting a primary valuation study to assess themaoket value of the
environmental and resource costs and benefits of Wiilementation, a number of key
issues have to be addresselden using saalled stated preference valuation methods.
These are the only methods able to captureaied noruse values, which are expected

to be of utmost importance in the economic analgthe WFD.These key issuesan be
categorized as relating to the content amtrumentalvalidity and reliabilityof water
resource valuatiariThe former refers to the question whetheremepirically valuewhat

we want to value theoretically in the context of the WFD, while the latter refers to the
particular value elicitation procedure, ilmwwe elicit the values.

AN good example of 6getting it wrongdé was the Axford
Agencywater abstraction application in the river Kennet was rejected due to a flawed economic analysis of
the nonmarket values based on value transfer (Moran, 1999).



Stated preference methods apgbcial surveyformas to elicit the values held by those
affected bythe environmental change, in this casewaer qualityimprovements in the
context of the WFDThese values may differ depending on how questions are phrased in
surveys or how the surveys are implemenilus is called procedural variance and a
prominent andh well-documented case of procedural variance reladewvhether values

for an environmental good are elicited in isolat{part) or in a specific contexiwhole)
Chapter 10 illustrates this case bgxamining differences found whemluing part of a

river basin like a water bodiffrst andthe whole river basirsecond or the other way
around Another key issue when using stated preference methods is that of the error
associated with values elicited wrdsimulated hypothetical conditions instead of
deriving economic values from actually observed market conditions and markéftdata.
uncertainty introduced through the use of stated preference methediiresssedn
Chapter 11 in an international river basin context.

Turning to content validity and reliability, key feature of the WFD is its focus on water
bodies at the scale of the river basin district. This poses interesting chalfemges
valuationin terms ofwhatshouldbe valued: the individual water bodies separately or the
river basin as a wholeChapter 8 presents a new approach developed in AquaMoney to
value water quality improvements at the level of the river basin district whilst accounting
for the particular watr qualitybaseline conditions arahanges hereiacross the different
sub-basins making up the whole basin district using-B&Sed maps.

A related issue is that of substitution effects when improving water quality of water
bodiesand the geographicalistribution of the population of beneficiaries around these
water bodies in a river basgontext Substitution effects have long been neglected in the
nortmarket valuation literaturddow to poperly account for ubstitution effectavhen
estimating the on-market value of simultaneous ecological quality improvements across
water bodies in catchments with multiple water bodies that provide a wide variety of
ecosystem servicesaddressed ihapter 9.

Sensitivity to scopegne of the acid tests in nanarket valuation since the publication of

the NOAA Blue Ribbon Panel recommendations (Arrow et al., 1998) refer to the

size of the water body or the basin where the WFD is implemeni¢dsothe size of

the water quality chang&@he WFD distinguishes different water quality levels from poor

to very good and requires that the economic analysis of water quality improvement is
carried out both at river basin and water body sdateexample of sensitivity to scope is
presented itChapter 10.

All these issuebave important implications for value aggregation procedures to calculate
a Total Economic Valudor the river basin as a wholaddressed inChapter 13.
However, also in the case of value transfer, the aggregation of the values found in the
existing literature requires careful thougholicy makersand engineerprefereconomic
values expressed in physical units like a hectare of (aadd/ dr a Qubic reter of water

( 0¥ as this usually facilitates direttansfer of the values across the relevant policy
area (in hectares) or abstraction level (i) they had in mind and hence the calculation

of a Total Economic ValueHowever,it is often forgotten hat economics is a social




science and especially economic values elicited throughmasket valuation methods

are based on revealed or expressedegfoom real people. Hendgke explicit link in

Figure 11 from the identification of beneficiaries to the aggregation db&l Economic

Value Besides errors in primary or secondary value elicitation methods, the aggregation
procedure is also an important source of error. One of the main messages from
AquaMoneg is the prescription of spatially explicit value functions insteasiraple unit
average values alue transfeandaggregation. @apter B illustrates the effect of using
value functionsn the aggregation proceduoa Total Economic Valuastead ofsimple
average values (common practice) with the help of anakennational river basin case
study focusing on ecological restoration of heavily modified water bodies

The Guidelines concludein Chapter 14 with a section with best practice
recommendations based on tipeactical experiencesand lessons learneth the
AquaMoneycase studies
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2. Water valuation framework

2.1 Water as an economic good

Water resources provide important commodity and environmental benefits to society. As
such, the management of water is an economic, social and political issue encompassing
all sectors of an economy, and involving traudfs between competing users, as vesll
between additional economic growth and aquatic ecosystem protection and further water
resource depletion and degradation. Any particular use of water will be associated with
opportunity costs, which are the benefits foregone from possible alterna@geotithe
resource. Decisiemakers are faced with balancing, for example, water demands from
agricultural irrigation for food production with the desire to protect rivers for fish and
wildlife habitat. Striking a balance between the complementarity lamdradeoff that

exists between economic growth and water resource degradation and depletion is what
defines the context that underlies the basic question of how we decide on the allocation of
water resources. Economic valuation contributes towards imagraadlocations by
informing decisioamakers of the full social costs of water use and the full social benefits
of the goods and services that water provides. The economic perspective on water
portrays it as a natural asset that provides a flow of googlsdignking water, irrigation

water) and services (e.g. hydroelectricity generation, recreation and amenity) that are
utilised by agriculture, industry and households. Provision of many of these goods and
services is interelated, determined by the quawntiand quality of available water.
Management and allocation of water as an economic good entails consideration of its
unique characteristics as a resource, which are discussed in brief below.

In terms of its more general characteristics, water is ysaabcarce resource that is
generally norsubstitutable (although at the limit there is an almost infinite supply of
seawater, which can be converted into fresh water at a cost of energy and some
pollution). It has the ability to be used repeatedly or #smeously for different uses and
hence competition and complementarity are important to its consideration. Water also
faces rising overall demand and use intensification.

Due to its physical nadxaleys iwar ea o singn drse st oou
that use of water is not easily controlled or prevented. Many uses of water involve the
withdrawal -soft ewagt efrr oméathe hydrol ogi cal Sys:

proportion of the water that is withdrawn is consumed. Consumption of water i
exclusive (or rival) in its use: consumed water is retained in plants, animals, or industrial
products, so is not available for other use. However, the majority of water that is
withdrawn is not consumed and is returned to the water system-dgerata later time

and a different location. Water in return flgwsan reenter the surface water system
further downstream, can percolate into aquifers, or evaporate, returning to the
hydrological system in gaseous form. Water withdrawals are not, therekutasiee
within a broad perspective on water use, but only within a narrow loeatrahtime
speci fic context. Wat er can-s@aursowe 6be fusamd t
hydrological system (e.g. in hydroelectric power generation or boating). Such uses
generally entail little or no consumption of water and hence areivaln though they
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may impact on the location and time at which water is available for consumption by other
uses.

Different uses of water will have different characteristics of demaladed to location,
quality, quantity and timing:

e locatoni s i mportant since water I's a #fAbul ky
economic value per volume unit tends to be relatively low. The conveyance of
water, therefore, entails a high cost per unitume and often this is not
economically viable. This can create values for water that are location (site)
specific and hence has implications for comparingjtatand asource uses.

e Quality of water is an important aspect since the quality of watertfieenature
and concentrations of pollutants) can exclude certain uses (e.g. drinking water for
household use), but have no impact on others (e.g. hydroelectric power
generation).

¢ Quantityof supply is a characteristic of water which cannot be reagégied.
There is a distinction between quantity and use, as well as between withdrawals
and consumption. The quantity of water available is variable and can be
unreliable. This can preclude certain uses of water (e.g. the development ef water
dependent ndustries) and can affect the value of water in some uses (e.g.
irrigation).

e Timing related to use is important since different uses will have particular
characteristics. Peak demand for water may not coincide with peak flows of
surface water, creatingné need for storage capacity which may be provided by
naturally occurring water bodies (lakes, wetlands or aquifers) or manmade
structures (dams).

Given these different characteristics of demand, any consideration of water as an
economic good, needs émsure its commensurability in terms of a common denominator
of place, form and time.

Given its fundamental preoccupation with scarcity, economics defines the conditions
required to secure the most efficient allocation of scarce water resources inty ofarie
contexts. The economic definition of arefficient allocation isone in which no
reallocation can make anyone better off without making at least one person worse off, a
condition that is described as OPwluesot 0 optir
water across all sectors of the economy. This is achieved through the allocation of water
to uses that are of high value to society and away from uses with low value. Efficient
allocation occurs in a competitive, freely functioning market whenplgups in
equilibrium with demand. Under these conditions, the marginal cost of the supply of
water (the cost of supplying an additional unit) is equal to the marginal benefit of the use
of water (i.e. the benefit of goods and services provided by ariamditnit of water).

Ideally, the marginal benefit and marginal cost are the same across all uses and equate
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with the market price. The relative efficiency of alternative allocations can be analysed

with respect to this, i.e. in terms of whether they prave a O Par et o i mprove
criterion of potential Pareto improvement forms the basis oftmarsefit analysis, which

is used to analyse the relative economic efficiency of alternative courses of action (e.g.

water allocations, new irrigation schemesjuction of water pollution etc).

The main problem when considering economic choices related to water is that a
competitive, freely functioning market does not exist for many water related uses. The
reasons for this, which stem from some of the chatiatitss considered in the previous
section, include:
e water is an essential commodity such that the value for a basic survival amount is
infinite;
water has natural monopoly characteristics;
e property rights for water resources are often absent and ditiicdefine;
water is a O6bul kyd commodity, t hereby r e
beyond the local area.

2.2 Economic value

Given the absence of a functioning market mechanism for many water uses and services,
and in line with the increasing wateonflicts and need for more efficient allocation, it is
necessary to have knowledge and information of the marginal value or benefits of the
resource in its alternative uses. The economic definition of value is defined in terms of
economic behaviour in theontext of supply and demand. Put simjtys the maximum

amount of goods or servideor money income that an individual is willing to forego
(willingness to pay or WTP) in order to obtain some outcome that increases his welfare.

If the outcome reduceselfare then this utility loss is measured by the minimum amount

of money that the individual would require in compensation (willingness to accept or
WTA) in order to suffer the changes (see B9x These sums of money are demonstrated
orimplied bytheboi ces peopl e make, and thus refl ecH
change in question. It should be noted that the WTP measure of the impact on social
welfare does not consider inequalities in the distribution of gains and loses among
individuals. WTHs constrainedby ndi vi dual s6 ability to pay.

Aggregated across those who benefit from a good or service and hence who will be
affected by any change in their provision level, the aggregate WTP or WTA amount
provides an indicator of their Total EcononMalue (see Box B). As we shall discuss in
section 2.5, economists have introduced a taxonomy of this TEV which captures the
variety of values emanating from the different uses of water resources.
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Box A. Economic Welfare Measures

A distinction canbe made between two types of welfare measures based on two different
of reference: the O6compensating surplus
equals the money income adjustment necessary tot keep an individual at his initied leekd
beforethe change in the provision level of the good, while the latter equals the money i
adjustment necessary to maintain an individual at his new welfaredtgethe change in th
provision level of the good. Four relevant welfare measures associated with welfare ga
losses can thus be distinguished:

1. WTP to secure a welfare gain (&%)

2. WTA to forego a welfare gain (BSa)
3. WTP to prevent a welfare loss (&%)
4, WTA to tolerate a welfare loss ()

The WTP measures have become the most frequently applied in valuation studies and h
given peer review endorsement, especially because they are constrained by income wher
is not.

In the contextbtheé no deterioration ruled i n tstatasis
not allowed to deteriorate, only to improve from socoerent (baseline) condition the WFD
objective of reachingiood chemical and ecological wastatus. This implies that only the fir
two welfare measurdS€Syte and ESyra) are relevant when valuing water resources in the W|

Box B.Demand Curve for Water: Economic Valueand Price

The ideaof willingness to pay and economic value (
Price be discussed in terms of the demand curve fq
product. This shows how much an individual is willi
A to pay for each extra unit of the product (i.e.
P> marginal value or benefit). The Total Economic Va|
B to society of a good or service is determined as
aggregate of al | i ndi v
o* Quality total willingness to pay for the product is given by
area under its demand curve (for the quality Q* thi
A+B). The price of the product, P*, peesents the
marginal value of a unit of water quality at Q* and is the amount paid in the marketplace
in the case of water, markets often either do not exist or are highly imperfect. Some indi
are willing to pay more than this price and sgaive an additional benefit over and above
amount paid. This additional benefit is known as the consumer surplus (given by area
average value of a unit of water quality can also be represented. When Q* units of water
are used, the avage value is equal to (A+B)/Q* and is larger than the marginal value (b
amount A/Q*). The figure illustrates how the price of a good or service and its economiq
are distinct and can differ greatly: water can have a very high value, but a wepyide or no
price at all.
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The aim of economic valuation is secure efficient water resource allocation including
pollution by providingthe same level ofvalue information that would normally be
afforded by prices for a market god¥ater valuatiorwould ideally be considered under

a general equilibrium framework, though this is in practice extremely difficult, such that

a sector approach is usually taken. Such a sector approach means that there may be
different ways of calculating values, which magsult in fundamentally different
definitions of value that differ between the uses being considered. In particular values can
defined in terms of:

¢ Average omarginal value concepts, which as discussed earlier are quite different
concepts. Marginalalues are stressed for the purposes of efficient allocation. In
economic terms, the allocation of water to alternative uses should be based on the
marginal value of water in those uses.

e Shortrun andlong run value contexts. In the case of same site anduygtion
processes, long run values will be smaller than short run values since in the short
run the costs of fixed inputs can be ignored as sunk costs, whereas in the long run
such input costs must be covered. Similarly, in the case of water demard, sinc
responses and adjustments are more constrained in the short run than in the long
run, then short run valuesayagain be higher than values in the long run. Since
public water policy decisions typically involve situations where the long run
context is moe appropriate then care must be taken in not attributing too high a
value to some water uses.

2.3 Economic cost

The cost of a productive activity consists, in theory, of the opportunity costs of the
necessary inputs. The opportunity cost of employing aatirgpthe higheshet benefit
generated had it been employed elsewhere. This is the cost to society of use of the
resource. Opportunity costs seek to measure the full societal cost of an activity or service
that employs a natural resource such as wdter.cbnsidered in terms of a change at the
margin, i.e. marginal opportunity cost, because management decisions usually entail
relatively small changes in resource use.

Opportunity costs consist of the following main components (e.g. Pearce and Markandya
1989¥:
e Direct economic user cost of water, such as for example the costs of labor,
equipment and materials used for abstraction or wastewater treatment. Such costs

% They distinguish also a third cost component, nareedycity rentdue to resource exploitation resulting

in its nonavailability for future use. The scarcity rent relates to the value of the opportunity foregone by
exploiting and using a water resource in the present period rather than at some time in the futare. It als
incorporates increases in the costs of future resource use and exploitation that occur as a consequence of
current use and exploitation. For example increases in costs of future groundwater pumping in alternative,
less easy accessible places. We excthiecategory here to keep things simple and to be able to simply
distinguish between private and social costs. The scarcity rent basically is another form of external cost
imposed on future generations instead of current water users.
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require adjustment for any subsidies, taxation and market imperfections in order
to reflect true opportunity costs (shadow pricing).

e External cost that arises from water use including abstraction and pollution. This
is the net value of any losses and gains in welfare that water use imposes on
others than the direct users. External costs abseause changes in one
component of the natural resource base affect other components and the
efficiency with which other activities can be conducted.

If economic markets exist and function well, opportunity costs are reflected in the market
prices paidfor the inputs. For example, the price of the necessary labour, equipment or
electricity to produce a good or service. However, in some cases, inputs are used or
outputs produced for which no markets exist and hence also no market prices are
available to eflect their opportunity costs or which are traded in distorted markets, which
do not reflect the real opportunity costs of the inputs used or outputs produced. Examples
include natur al purification procenk®res or
emitted pollutants. Here, environmental damages caused by water use (e.g. water
abstraction or the emission of pollutants) often do not result in a private cost to individual
agents, but in a social cost to society. Failure to set water chargesgation on the

basis of opportunity costs has, for example, been argued to be a classic cause of
inefficiency in the agricultural sector.

Following the distinction abovesnvironmental and resource costsire defined here as

the total economic value of the environmental damage as a result of the gap between the
current and good chemical and ecological status of water bauikg]jingthe economic

value of the opportunities foregone under scarcity conditagross different water uses

and userslue to existing water allocation and distribution rules. Part of these costs may
be internalized through direct user costs (referred farigatecosts in the Introduction),

part of these costs will be external to&eferred to as social costs in the Introduction).
The Guidelines primarily focus on the economic valuation of the external costs not
observable through market prices as this is where most methodological issues in water
resource valuation remain.

A much misunderstood, but important issue related to economic valuation entails the use
of costs as determinants of economic value. As discussed above, the correct measure of
economic value is determined basednembenefits, as indicated by the area under th
demand curve. However, costs are often used as a proxy for benefits. This is based on the
misplaced assumption that costs are necessarily a reasonable approximation of benefits
and that the benefits are at least as great as the costs involved in gepaioiding or
compensating for damage. Such cost based measures of value are derived from the supply
of goods and services and should not be confused with delpgesed measures. Whereas
demand based valuation techniques attempt to derive recognised eseafsaconomic

value, such as consumer surplus or the measures of welfare shown in Box B, cost based
approaches do not. As such they do not correspond with the notion of total economic
value and measures of willingness to pay. Instead, these approachide prproxy of

value by considering suppbide aspects.
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Box C. Environmental and ResourceCosts

In Wateco (2002) and various working groups under the WFD Common Implementation S
(CIS), environmental and resource cdsave beersplit up in a separate environmental cost
resource costategoryin order to account for the different water management issues play
role across EU Member States, especially in South Europe where many water man:
problems are related to itsrlited availability. In the latter case water scarcity and correspor
inefficiencies in water allocation across user gro(the costs of foregone opportunitiese
referred to as resource co$tsg. PulidoVelazquez et al., 2008 Environmental costsvould in
that case onlyefer to the total economic costs (welfare loss) of the physical environm
damage to a water system (water body or river basin) as a result of the chemical and/or e
state of the water system.

The distinction betweerhé two concepts based on the characteristics of the water manag
problem (and the depletable nature of unsustainable water resource use) awperialifor
policy purposesThey usually require different valuation approaches. In many cases, res
costs are computed using hygroonomic models focusing on the efficient allocation of w
across different water users based fon instance daily water uptake in agriculture or indust
and by domestic householdsThe shadow price of water is derived through its marg
contribution to productiomnd consumptionHowever, in manyf these models, environment
demand of water isnainly included through the use of environmental standards impose
restrictions on eonomic productiorand consumptioractivities (Brouwer and Hofkes, 2008
Demand for environmental quality can be estimated through thenadtet valuation method
presented in these Guidelinelr a subsequent step the marginal Hnwerket value ol
environmental flow levels @nbe included ira hydro-economic model.

In the Guidelines, the most important point of reference for water resource valuation, in
the estimation oénvironmental and resource costs, is provided by the WFD objective ofimg
good chemical and ecological status. The environmental change valued cortbistdifference
between the baseline state of a water body or river basin and its good chemical and e
status as defined in the WFWater flow levels are, in pringie, an integral part of thi
environmental change as water quantity and water quality are intrinsically interwBye
definition, te total economic value of the environmental and resource costs itictjo@ssible
benefits foregone (opportunity costsych as loss of the economic benefits derived from
example, recreational opportunities, wildlife habitat and biodiversity conservation, i.
(indirect) welfare impacts of the environmental change on various relevant water uses and

Cod based estimates are widely applied due to the relative ease in their use and
availability of data. In addition they integrate well with the other types of economic
analysis used in the WFD, such as egfé¢ctiveness analysis. However, it is important to

be aware of the limitations in terms of the information they convey. Since costs do not
really measure total economic value, application of cost based approaches risks the

undervaluation of water resources and hence their upd®rision. Furthermore cos

based estimates can be an inconsistent estimator of value. This is because the higher the
level of water quality, the higher the incremental costs of further improvements usually
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are. Benefit estimates based on costs will thus incorrectly justify furtigovements

from higher levels of water quality compared to lower levels of water quality. Despite
these problems, use of cost based approaches can sometimes be useful where it is
possible to argue that any remedial work must take place because of Hwmne o
constraint such as an existing water quality standard. Under such a situation the costs of
achieving that standard are a proxy for the benefits of reaching the standard, since society
can be assumed as having sanctioned the cost by setting the cstddwlaever, if the
remedial cost is a measure of damage then thebeosfit ratio of undertaking the
remedial work will always be unitary. That is to say remedial costs are being used to
measure remedial benefits. In fact, use of cost based estimatepragy of benefits

means that there is nothing to compare costs within abevsfit analysis. To say that

the remedial work must be done implies that benefits exceed costs. Costs are then a lower
bound of the true value of benefits. As such, the usesik as a proxy of benefits would

not provide us with the necessary information to make any judgements regarding
disproportionate costs in the WFD implementation. Given the lack of welfare
interpretation and the inconsistency of costs as an indicator foe value of
environmental and resource cofte higher the water quality, the higher the incremental
costs),the emphasis in Aquamoney is on thelfare based(benefit) approaches to
valuation.

2.4 Water valuation framework

As part of the WFD river basin planning process, a number of steps can be distinguished
in trying to estimate the environmental and resource costs and benefits associated with
water use and services. This starts off with a physical characterisation of the
environmental damage caused, which provides the basis of the subsequent economic
assessment and valuation of this damage. The environmental impact assessment
determines the causes of aquatic ecosystem degradation using existingRathacty
methodology fameworks such as the Driving Ford&®essureStatelmpactResponse
(DPSIR) framework. This involves the input (knowledge, expertise and information) of
environmental experts and requires the analyst to:

1. Identify the significant pressure, which cauaewater body to change and not reach
the set environmental WFD objective(s). In principle, if there is no significant pressure
(reduction), there will also be no environmental or resource cost (benefit).

2. Assess the full impact of this pressure (redudton the water environment, in
relevant chemical and/or ecological terms. This requires the selection and description of
the relevant attributes or characteristics of the water system for the economic valuation
exercise.

3. Identify and, if possible,u@ntify the nature and extent of the damage involved, both

on the water environment and other water users (i.e. human welfare significance).
Damage is defined here as the difference between some reference and target situation and
the corresponding effechdhe provision and quality of the goods and services involved.
Essentially a doseesponse function is needed for this in order to determine how changes
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in the composition of the water environment lead to changes in the water system
functions affected antlence to the provision of benefits of these functions in terms of
goods and services.

4. Asses the human welfare significance of the damage in monetary terms. This economic
assessment, which follows the previous environmental impact assessment &iepesd is

on the establishment of market and 1market relationships regarding the changes in
provision and quality level of water system goods and services.

The above steps can be visualized in terms of the overall Water Valuation Framework

shown in Figue 2.1. Figure 2.1 shows how the economic valuation of environmental

damage costs and (avoided) benefits, which is the subject of the Guidelines, is positioned

clearly within the overall assessment framework and preceded by an environmental
impactassessmen The Guidelinesd focus is on the e
construction and estimation of the physical dessponse relationships underpinning the
environmental impact assessment.

Figure 2.1: Water valuation framework
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Figure 2.2 Framework for water resource valuation based on an aquatic ecosystem
functional approach and the concept of Total Economic Value
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The analytical framework and the methods and techniques detailed inGhietdines

are based on an approach that considkxsater resources as functional components of a
set of interrelated aquatic systems encompassed within catchment boundaries. The
valuation framework is guided by the concepflotal Economic Valuand the aquatic
ecosystenfunctional Approacho natural reource management. This interdisciplinary
framework examines the Total Economic Value of water resources via the linkage
between aquatic ecosystem structures and processes and the outcomes of the functioning
of such systems in terms of the beneficial gaants services provided to society. As such

the framework is able to appreciate the full functioning of the hgdadogical system

and the total range of functional outputs of goods and services that are provided. Figure
2.2 attempts to depict this Framerkdor Water Valuation.

The analytical framework can also be viewed in terms of a number of stages though
which any analysis proceeds:

STAGE 1 STAGE 2 STAGE 3 STAGE 4
Classification/ _ Water/Aquatic ~ Functioning Valuation
Characterisation of Y System Y Outcomes Y [methods/techniques
Water/Aquatic System Functions [goods/service]

The initial stage requires a working classification of the relevant aquatic system. This will
depend on the types of catchment systems and characterisations relé¢hargadicular

policy area. Once this classification is established the set of functions provided by the
particular aguatic system needs to be identified. The third stage involved the matching of
functions and/or combinations of functions with outcomedeirms of tangible and
intangible goods and services utilised or appreciated (i.e. welfare affecting) by human
society. The final stage is concerned with the valuation of the goods and services
provided by the aquatic system, through a variety of econoaliation methods and
techniques.
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3. Aquatic ecosystem functions and Total Economic Value

3.1 Aguatic ecosystem rfigtions

Aquatic ecosystems provide a wide range of goods and services of significant value to
society. Valuation of aquatic resources requires an understanding of water ecosystem
functioning that can be described through the hydrological and physical comporeents an

t heir associated i nteractions. 6Val ui ngo
essentially valuing the characteristics of the system, and capturing these values in an
economic value framework. One of the major challenges for such a framework is
integating the hydrological and physical components of aquatic ecosystems into an
economic valuation scheme. The aquatic ecosystem functional approach, along with the
Total Economic Value concept, provides the foundations for doing this.

The interactions anmgy an aquatic systems hydrology and physical components
determine the general characteristics and the significance of the processes that occur in
any given aquatic system. Processasr to the dynamics of transformation of matter or
energy. These processs enable the development and maintenance of the aquatic system
structure. Structure is defined as the tangible items such as the water stocks and flows,
plants, animals, etc, of which the aquatic system is composed. The structure is key to the
continuingprovision of human use outcom#st involve some direct utilisation of one

or more characteristics of the aquatic system. The processes in an aquatic ecosystem, on
the other hand, provide ecologically related services to humans, so that some aspect of an
ecosystem supports or protects a human activity or human property without necessarily
being used directly.Ecosystem structures and processes in themselves are therefore not
necessarily of economic value; such values derive from the satisfaction of heeds

and wants by the goods and services provided by the functions that are contingent on the
structures and processes. Aguatic system functions are the result of interactions among
characteristics, structure and processes. They include such action®aseelzarge and
discharge, flood control, nutrient retention, etc. The concept of aquatic system functions
and functioning provides the link between the aquatic ecosystem (functioning of)
structures and processes and the provision of goods and sehatemd of value to
society. It thereby creates an interdependent perspective of the aquatic and economic
systems. Although multiple definitions of functions exist in the literature, they have in
common that they all reflect an anthropocentric perspectivecosystem functioning,
where aquatic system characteristics, structures and processes contribute to human
welfare.

Aquatic system processes, both hydrological and ecological, will encompass changes that
transcend the local scale and the short timeogerin these linked hydrological
ecological systems, catchments provide a wide range of benefits and services that can
often be ignored or undemalued. Indeed, the extent or degree to which different goods
and services are deemed valuable is conditioneda liversity of catchment level
contextual factors. The human recipients of the aquatic system goods and services will
also be distributed across different spatial and temporal scales. Aquatic systems should
thus be seen within a catchment or river basiale context. Use of a catchment scale
with the functional approach allows us to more effectively consider water not just in
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terms of the reallocation of water supplies amongst water using sectors, but also with
regard to other dimensions, including wadgiality and supply reliability. Furthermore,

use of this approach allows better evaluation of all competing uses, in particular with
respect to return flows, and the implications of withdrawals or depletion in considering

values of water resources.

Implementation of the functional approach requires the practical coupling of economic,
hydrological and ecological models. The first step is to compile a complete list of all the
relevant characteristics that describe the system in the simplest and mosvelgznis
possible. They are a combination of generic and suecific features. A general list
would include such characteristics as the hydrological, biological, chemical and physical
features that describe an aquatic ecosystem. Hydrological informitioexample,
includes factors such as rainfall, ¥aff, infiltration, water balance data, depth to ground
water data, flow rates and direction, etc. Nevertheless, in principle the list is endless and
site-specific. Inherent in understanding the physicalure of the aquatic system is the
need to understand water quality as well. These characteristics singly or in combination,
give rise via aquatic system structure and processes to a padetddifunctions.

Many of these functions can be categoriaedording to whether they are hydrological,
biogeochemical or ecological functions:

e Hydrological functiongefer to an aquatic systems ability to store floodwaters, the
interactions between ground and surface waters and the storage of sediments.

e Biogeoclemical functiongefer to the export and storage of naturally occurring
chemical compounds that can have significant effects on the quality of the
environment.

e Ecological functionselate primarily to the maintenance of habitats within which
organisms live

Interactions between the functions will affect the quantity and quality of water in the
overall system at any time. The functions are often highly interrelated and these
interrelationships need to be accounted for when considering the linkages between
changes in the aquatic system and changes in economic valkse the
interrelationships between functions can be complex, some of this complexity can be
reduced where more aggregative impact/welfare effects are determined and then valued.

Neverthelessthe valuation of the functions of an aquatic system implies full knowledge

of the use outcomes of the functioning of that system. What counts is whether human
welfare is increased or decreased due to the provision of aquatic system derived water use
outcames. It is often the case that a combination of functions within an aquatic system
will combine to produce an outcome that is valued by humans. From an economic
valuation standpoint it is thus important to recognise that some relationships between
functioral outcomes are complementary, others competitive or even mutually exclusive.

The question is then whether all the benefits from aquatic ecosystems can be classified in
terms of use outcomes of goods and services? It is evident that there are stameslink
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between the types of benefits. For exampigrient retention is necessary to ensure
clean waterNevertheless each of these benefits provides a distinct positive value to the
overall system, although the need to ensure against double counting cannot be overstated.
An assessment of the complete range of benefits using a standard classification of use
outcomes is an essential step in deriving their vdtueompiling a comprehensive list of

water use outcomes, there exist a number of ways these can be classified. This can be
according to a variety of spatial and sectoral criteria. Tahle shows typial
classifications found in the water valuation literature that can be used to help compile a
comprehensive listing of water use outcomes

Based on a review of the use outcomes associated with these classifications and avoiding
overlaps, Table.2 shows dlisting of use outcomes in terms of the goods and services
that impinge on human welfare (across the top) and links these to some of the
hydrological, biogeochemical and ecological functions/combination of functions (left
hand column) typically found in amy aquatic ecosystems, from which they are
generated.

Table 3.1: Classifications ofwater useoutcomes

¢ In-stream useb those uses occurring in a watercourse and dependent on flow
o Off stream uses those uses making use of water away from the wateseou

el nter medi at e T1(thpse osdsuhatane sniplpyedits reake final products
(to be eventually used by consumers)

¢ Final consumption usdsthose uses that provide consumptive human satisfactions

e Environmental service uséghose userelated to recreation and waste assimilation

¢ In-situ uses those uses of water that occur or exist as a consequence of water remaining in place v
the aquatic system
e Extractive usesthose uses involving removal of water from the aquatic syste

¢ Domestic uses those uses for domestic or household purposes

¢ Agricultural used those uses for increasing the productivity of agricultural land

o Commercial useb those uses for commercial and institutional purposes

¢ Industrial use$ those uses related water as a factor of production

¢ Power generation uséghose uses related to the production of power

e Ecosystem service usethose uses related to natural processes that contribute to the productivity of th
economy and the welfare of houselold

e Noni consumptive usesthose uses related to recreation and more intrinsic uses that are passive

e Consumptive uséesthose uses that cause diminishment of the source at the point of appropriation sug
it is not immediately available for arr use.

¢ Non-consumptive usesthose uses where there is no diversion from the water source or diminishment
the source

e Abstraction uses those uses for irrigation and other agicultural uses, domestic water supply and wate
industrial production.

e Fisheried those uses for commercial fish and shell fisheriessmonmme r ci a | Oherita
fisheries.

¢ Recreatiori those uses for recreation (canoeing, sailing, bathing, walking, picnicking, bird watettng

¢ Biodiversity and related landscape conservaititimose uses for conservation of species and related naty
process.
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Table 3.2: Aquatic systemfunctions and their useoutcomes interms ofgoods andservices

Outcomes
N

%
b Y
Y
Function

edimant ratention

Mutrient retention

W ater discharge

W ater recharge

Mutriant export

Trace element storage
Trace alement export
Carbon sequestration
Biodivarsity maintanance
Culture/haritags

Flood mitigation

=

[=

=
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It seems clear that all aquatic ecosystems to a greater or lesser extent provide some valued
goods/services but clearly different systems will yield different mixes of goods/services.
Nevertheless, similar systems mpyr ovi de qui te different mi x es
depending on their locational context. Locational factors serve to emphasise the importance of
assessing aquatic resources within their relevant catchments or river basins. Relevant eatchment
level ontextual factors that require consideration are shown in Box D.

Box D. Catchment-Level Contextual Factors Requiring Consideration in Valuation of Water Resources

e The size and characteristics of human settlements and their proximity to the aquasteatasd th¢
outcomes of the functions it performs.

e Accessibility of the ecosystem to humans.

e Land use in the vicinity of and downstream from the aquatic ecosystem.

e Configuration of downstream resources and local industries such as farming, manufactimimag,
tourism, forestry not limited to the catchment, but the local region.

e Size and distinctiveness of the aquatic ecosystem in comparison with other nearby ecosystemy

e Likely changes in human factors in the catchment in the foreseeable futur@ssuiddan expansiol
change in farming practices, increasing aquatic management, road building, river management

e Substitution possibilities at the regional scale and beyond

e The existence of aquatic management schemes within or nearby the ecosystem.

e Known or historical problems with the water environment, such as pollution of the river, flo
episodes, etc (including problems upstream and downstream)

We can now bring together in the following section the ecological and economic dimensions in
orderto make explicit the links between the outcomes in terms of goods and services provision
and their reflected Total Economic Value in society.

3.2 Total Economic Value

Aquatic ecosystems are natural assets that create flows of goods and services over time. As
outlined in the previous section, the key to their valuation is to establish the functions that they
provide and link this to the use outcomes that are valued bigtgo If that link can be
established, then the concept of derived demand can be applied. The value of a change in the
functions provided can be derived from the change in the value of the stream of b&inedits.

the multifaceted nature of benefits asgated with aquatic systems there is a need for a useable
typology of the associated values. As already discussed, the focus here is on economic values,
which depend on human preferences, i.e. what people perceive as the impact on their welfare.
Economicvalues are relative in the sense that they are expressed in terms of something else that
is given up (the opportunity cost). We need to consider how and to what extent the concept of
economic value captures the variety of aquatic ecosystem values.

Although a number of classification systems exist to describe the different types of
environmental and resource values associated with the goods and services provided by aquatic
resources, economists have generally settled for a taxonomy based on the cona#pt of T
Economic Value (TEV). TEV is determined as the sum of the components in Bigure
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The key distinction made is between use values and a remainder calesencaiue:

Use Values

e Direct use values arise from direct interaction with aquatic reseurteey may be
consumptive, such as use of water for irrigation, the harvesting of fish or they may-be non
consumptive such as recreational swimming, or the aesthetic value of enjoying a view. It is also
possible that 60di st ant oughs thed mediaa (e.g.etelevaisom and e d e
magazines), although the extent to which this can be attributed to a specific site, and the extent to
which it is actually a use value, are unclear.

e Indirect use values are associated with services that are providagubfic resources but

that do not entail direct interaction. They are derived, for example, from flood protection
provided by aquatic ecosystems or the removal of pollutants by aquifer recharge.

There is a further type of value that is relatedutmire direct and indirect uses. This is option
value:

e Option value is the satisfaction that an individual derives from ensuring that an aquatic
resource is available for the future given that the future availability of the resource is uncertain. It
can be regarded as insurance for possible future demairne ficestource.

Figure 3.1: Components of theT otal EconomicValue of water resources

Decreasing Tangibility to individuals

| >

TEV

Use Values Non-Use/Passive Values

Option Values
(future direct and Existence Bequest Altruistic
indirect usep Values Values Values
Direct Use Values Indirect Use
Values
Satisfaction of Satisfaction Satisfaction
Consumptive, e.g. e Environmental continued that the that the
irrigation, fishing services, e.g. existence of resource is resource is
Recreational, e.g. flood protection, the resource available to available to
swimming, boating removal of future others in the
Aesthetic and pollutants generations current
educational generation
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Non-Use Values

Non-use value reflects value in addition to that which arises from usage and are derived from the
knowledge that an aquatic resource is maintained. By definition, they are not associated with
tangiblebenefits that can be derived from it (though resource users may deris@malues).

Thus individuals may have little or nge for a given aquatic asset or attribute but would
nevertheless feel a 01l os s 6-use valuesare dinked totethiceag s wer
concerns and altruistic preferences, though it can be argued that these ultimately stem-from self
interest. However the boundaries of the Huge category are not clear cut and some human
motivations which may underlie the positibtnat t he asset shoul d be con
and labelled existence value, are arguably outside the scope of conventional economic thought.

In practice, what is at issue here is whether it is meaningful to say that individuals can assign a
guantifed value to the environmental asset, reflecting what they consider to be intrinsic value.

Nonuse values can be divided into three types of value (which can be overlapping): existence
value, bequest value and altruistic value:

e Existence value is the ssfaction derived from an aquatic resource continuing to exist,
regardless of whether or not it might be of benefit to others. Motivations here could vary and
might include having a feeling of concern for the asset itgeff. & threatened species) or a

fist ewardshipo motive whereby the Avaluero feel
e Bequest value is the satisfaction derived from ensuring that an aquatic resource will be
passed on to future generations so that they will have the opportunity to enjtheifurture.

e Altruistic value is the satisfaction derived from ensuring that an aquatic resource is available

to contemporaries in the current generation.

Economic values, given by TEV, can now be combined with the aquatic ecosystem functional
(and related goods and service outputs) approach to provide a comprehensive economic
assessment framework for water valuation. It is important to note that whatgsviadied is not

the aquatic ecosystem per se, but rather independent elements of goods and services provided by
aguatic ecosystems. The aggregation of all function based values provided by a given water
ecosystem vyields the TEV of that ecosystem. Tabdb@vs the comprehensive list of aquatic
ecosystem functional outcomes in terms of goods and service and links them to their respective
TEV components. As such it provides the final stage in integrating the physical components of
an aquatic ecosystem ane thEV of the goods and services provided by the ecosystem.

Table 3.3 also indicates whether the various categories of outcomes and TEV components are
commonly expressed as either stock (asset) values or flow values, or as bathpdtrtant to
distinguish between stocks and flows if one is to avoid the problem of double counting or other
errors. Flows of value, such as those from extractive uses, are those that recur over time, as
opposed to stock values, which are the value ofsaatahat yields flows of services (and hence
values) over timeFlow values and stock values are linked because a stream of values can be
converted into an asset value by calculating the present discounted value of the ifhetances

where values areommonly expressed as either stocks or flows, it is important to specify
whether the value is a flow or a stock.

It should be remembered that Total Economic Value does not, however, provide an exhaustive
assessment of the value of water resources totgottieneasures the extent to which goods and
services provided by water touch on the welf a
wellbeing or via production processes. It represents two fundamental sets of values: individual
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values and pragttion values. Individual values include recreational and amenity values, as well

as nonuse values (existence, bequest and philanthropic values) of goods and services provided
by water. Production values occur through the influence of water on the poodaod cost
functions of other marketed goods and services (such as use of water as an intermediate good in
irrigated crop production). The effects of this influence on the prices of other inputs and
marketed goods and services translate into changesdnivi dual s6 wel f ar e.

Table 3.3: Aquatic ecosystenfunctional outcomes, TEV andaccounting values

Function Outcome Terminology Total Economic Value | Accounting terminology
(Goods and Services) terminology
Use Non-use Stocks Flows

Values' Values

Waterfor residential use *

Water for landscape and turf irrigation

Water for agricultural crop irrigation

Water for livestock watering

Water for food product possessing

Water for other manufacturing processes

Water for power plants

Water transport

Prevention ofaline intrusion

Water/soil support for prevention of laf
subsidence

Natural erosion, flood and storm protection

Shoreline stabilization

Sediment removal

Transport, treatment and medium for wag
and other byproducts of human activities

Improved air quality through the support ¢ * * *
living organisms

Biological diversity provision (incl. habitat an * * *
nursery provision)

Recreational swimming, boating, fishir * *
hunting, trapping and plant gathering

Commercial fishing, hunting, trapping a * *
plant gathering

Bio-energy production

On and off site observation and study
leisure, education and scientific purposes.

Micro-climate regulation

Macro-climate regulation

Toxicant removal

Toxicant export

Cultural value provision

Historical value provision

Aesthetic vale provision *

Wilderness value provision

Other noRuse service provision *

L T T T
E I I S

* ok

* ok ok ok
* ok ok ok
* ok ok ok

*
* %
*

* X kX
*
*  F kX

E I . T

Y Includes option values (since these are concerned with future direct and indirect uses).
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In practical terms, assessment of TEV is limited to those components that it is feasible to
guantify. The ability to value aquatiecosystem goods and services is constrained by the
complexity of the aquatic ecosystem itself. T
so complex, and little understood in many instances, that reliable estimates of all outcomes
cannot be made. aspect of this complexity is that joint products are inherent in most water
ecosystem processes. Accounting for value must recognise all these joint product values.
Recognising the TEV of water even when one cannot develop quantitative separations of the
various components is still important since delineation of what can and cannot be quantified can

still provide insights for policy and management decisions.

Applying the framework terminology shown in Tal#2 and Table€3.3 on a catchment or river

basin basis also provides a consistent methodology for an aggregate accounting of water
resources. By estimating the TEV of the goods and services generated by aquatic ecosystems on
a catchment or river basin basis, an aggregate measure of the TEV can beedeasoounting

for all aquatic resources. Changes in the use of water within the catchment or river basin, for
example, leading to changes in the quality or quantity of water in the catchment or river basin,
can be assessed using the change in TEV spéeifhat catchment or river basin.

The valuation framework must still take into account how time, institutions, water quality and
guantity, hydrological, ecological and biogeochemical factors interact to affect the value of
aquatic resources. There mudso be recognition of any distorting impacts of government
policies and regulations (e.g. agricultural S
water. Some of these issues will be considered in more detail in the following sections.

In conclusion, a typology of values based on the TEV concept is an appropriate way to represent

the multifaceted nature of the benefits associated with aquatic ecosystems; and despite some
grey areas around the precise demarcation of use angseoralue cagories, such a distinction

is meaningful and practical. We now look at the methods and techniques used to assess the TEV
of water resources
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4. Economic valuation methods

4.1 Water resource valuation methods
There are numerous difficulties amuoblems in any attempt to estimate the various values
associated with water resources. Renzetti (2002) outlines the following five particular problems:

e The paucity of market transactions in water. Even where markets do exist prices may not
reflect the scial marginal costs of supply.

e The variety of regulations and legal institutions related to water will influence the
allocation of water and, thus, distort its value, e.g. trade barriers and subsidies.

e In general the value assigned to the use of watarfisction of its quality. Whilst the
impact of changes in water quality on its value are relatively well understood, there are
many uses of water where such knowledge is incomplete, e.g. between water quality and
its many ecological functions.

e Unwanted egess supplies of water can result in WTP for water that is actually negative,
e.g. water related to flooding or erosion problems.

o Difficulties related to the application of netassical valuation techniques due to the
cultural and religious roles of wattdrat are emphasized by some societies.

Despite these difficulties a range of valuation methods and techniques exist and have been
applied to estimate the value of water resources. The various techniques presented here include
the estimation of demand a&s and the area beneath them, analysis of market like transactions,

use of production approaches that consider the contribution of water resources to the production
process, estimation of the costs of providing alternative sources of water, as well other
techniques used to estimate environmental resources more generally. The methods and
techniques reflect the extent to which the good and services provided by aquatic ecosystems
touch on the welfare of society #-beintp(eg.asas di 1
consumer goods) or via production processes (e.g. as intermediate goods).

However in applying these techniques to estimate water values, Young (2005) notes a number of
general difficulties as follows:

e Data related to water use are often not available and expensive to collect.
Values for water are usually site specific
which can exhibit high conveyance costs.

¢ Methods and assumptions across water resouregmastandardised
The time frame of water use is important since it relates to the fixity of certain inputs and
hence differences in long run and short run values.

e The measure of water value has to be commensurable in terms of a common denominator
of place, form and time.

¢ Quantity and quality measures for water are not standardised. e.g. withdrawals versus
depletion or consumption for efitream uses. But neither of these relevant {stieam
uses. need to account for form, timing and location

e Uncertainty (scientific and economic) related to water use may be quite high. Benefit
estimation requires forecasting the behaviour of a number of economic, technological and
social variables over a long time period. Highly unpredictable factors can be influential.
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The aim here is to provide an overview of all the techniques before focussing on the practical
application of some of those techniques that are of particular relevance to Aquamoney. Further
details of the underlying theory and application of all thénejues is provided in general texts
including, Braden and Kolstad (1991), Freeman (2003), Bateman et al (2002), Mitchell and
Carson (1989), Champ, Boyle and Brown (2003), Kanninen (2007), Bockstael and McConnell
(2006). In addition, Young (2005) and Retiz€2002) provide a more detailed survey of the
application of valuation techniques to water resources. A useful summary of all of the various
methods and techniques used to value water resources is provided in Annex 2.

An important distinction to make ibetween markediased valuation techniques and smarket

based valuation techniques. Market valuation means that existing market behaviour and market
transactions are used as the basis of the valuation exercise. Economic values are derived from
existing market prices for inputs (production values) or outputs (consumption values), through
more or less complex econometric modelling of d@sponse and/or damage functions.
Examples include the economic value of fish, which is sold on a fish market (miaakgtis),

the costs of replacing impaired environmental riparian functions such as nutrient retention and
export through the installation of a wastewater treatment plant (replacement costs) or the costs of
a water filter on tap water (avertive behavioufdtsive expenditures). The economic value of
water use and exploitation such as surface or groundwater abstraction for agriculture, the food or
paper industry, the energy sector or for drinking water purposes can also be measured directly
through existingmarket prices for intermediate or final water products (e.g. drinking water
price). Here, the market price is multiplied by the quantity of water consumed to yield the total
market value. The market price may have to be adjusted to provide social or sineEdswbut
otherwise they are likely to provide a relatively simple means of assessing economic value. In
some cases, human resource use may also include recreational activities, which depend on water
availability. Examples are fishing for fish speciesthwspecific water depth requirements,
surfing, or white water rafting, but also the recreational activity swimming can be considered a
function of water availability. In some cases recreational values can be derived from existing fish
permits or entranckees.

When the water resource is depletable {remewable), and current use limits future use
opportunities resource accounting methods like the net price method may be used, where a
6scarcity rentd is cal cul at e dadewsprice bfehe datef f er er
resource and its marginal extraction costs.

Many water resources are not traded in markets and therefore rempncad It is then
necessary to assess the economic value of any environmental damage (avoided with the help of
existing pollution abatement and mitigation measures) with the healpreait andindirect non

market valuation methods. Nanarket valuation means deriving economic values in cases
where such markets are nreristent or distorted. Direct methods (also called stated preference
methods) refer to contingent valuation (CV), discrete choice expetsn(€E), and contingent
ranking (CR) techniques, where individuals are asked directly, in a social survey format, for their
WTP for a prespecified environmental change. WTP can also be measured indirectly by
assuming that this value is reflected in tlsts incurred to travel to specific sites, such as with
recreational visits (travel cost studies), or prices paid to live in specific neighbourhoods (hedonic
pricing studies) (also called revealed preference methods). The latter two approaches are based
onpreferences being 6reveal edbd through obser:
application to where a functioning market exists. CV, CE and CR, being based on surveys that

33



elicit oO6stated preferenceso, tultiang, écludihgenongeot e nt |
or passive use benefits that are not associated with any observable behaviour. The legitimacy of
these methods and results is still contested, especially in the context-osexaalues, and
conducting surveys can sometimes &dengthy and resourgetensive exercise. Of these
methods, CV is probably the most widely applied method in contemporary valuation research
(Carsoret al, 1995; Bateman et al, 2002).

Water use and exploitation can likewise be estimated when no watketnexists by, for
example, measuring the value water adds as an essential input factor in production processes. In
this case, the economic value of water is derived, indirectly, through more or less complex
production function approaches, where outputaidunction of labour, mamade capital,
intermediate input and natural capital including the water resource. Regressing output on these
input factors yields a marginal value for water use. This marginal value can be used to estimate
the total economic vae of water use simply by multiplying it with the quantity of water use.
More complex integrated water modelling approaches also exist, where limited water availability
and other key water system characteristics (e.g. water balance, water flows, seasatiah v

etc.) are coupled with and integrated in economic production and consumption functions,
yielding shadow prices and opportunity costs of different existing and/or future water use
patterns.

Sometimes, investments by public (especially governmbaties in water resources may
represent a surrogate for aggregated individual willingness to pay and hence social value. These
O6public pricesd paid for resources have been
them, as for instance the costsd#signating a wetland ecosystem as a nature reserve. For a
variety of reasons, these are unlikely to accurately reflect aggregated individual values, although
techniques exist for attributing economic val

Fdlowing on from the discussion of valuation techniques infitlse part of this chaptemwe now

look at the applicability of the various techniques to value water resources from aquatic
ecosystemsAll valuation techniques have strengths and weaknessesh@vn in the summary
tables in Annex 2), and the decision on which technique to use for a particular application
requires experience and judgment on the part of the analyst. As with most methods and
techniques in economics or any other field, it is ingoar to apply the techniques in their
appropriate context and to be aware of the pitfalls involved.

Table 41 summarises the valuation techniques commonly used to value water resources and
provides a brief description of which technique is most usefulvfoat type of water use. In
addition, table 5 shows the various aquatic ecosystem use outcomes of goods and services along
with the change in welfare that they generate. Taldehows for the general categories of water
functions/services the applicablaluation techniques used to evaluate changes in welfare.
Annex 4 provides a more detailed discussion of the application of the possible methods and
techniques for the valuation of outcomes according to the various classes of aquatic ecosystem
functions.
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Table 4.1: Valuation methodologies elating to water

Valuation Method | Description Value Measure Method useful for which type of
water use
Market based | Observed prices from transactions for lease| Depending on study: Margin{ At source or at site WTP fq
transactions sales of water rights. May require shad| value based on price; not Max WT| agricultural, industrial, municipal an
pricing sometimes average value; environmental uses
Derived demand| Econometric procedures used to derive vg Marginal value, net average vall At site demands for municipal uses
functions from househol dés o r | and gross average value depend

function based on observations on water
behaviour.

on study

Production and cost
functions

Water treated as an input into the productior
other marketed goods. Econometric analy
used to relate output or cost of production
marketed good to water inputs.

Estimates Producers surplus wh
can be converted toeh averag€
value

At site values for agricultural an
industrial production uses

Residual
imputation/ change
in net rents/ value
added

Makes use of budget analysis of value ad
measure from inpubutput models to estimalt
net producer s 0 tributakeotor
water/increment of water. Water treated as
input into the production of other goog
Calculate the total returns and subtract off
nontwater related expenses.

Estimates Producers surplus wh
can be converted to net averg
value; Maginal value also.

At site or at source valuation
offstream intermediate agricultural a
industrial uses

Mathematical
programming and
optimisation

Constructed residual models for deriving
producersd rents or

water va fixed price optimisation models

Calculate shadow price or margin
values for all constraints includin
water; Optimisation models estimg
mar gi nal val ues
allocation of water.

At site or at source valuation
offstream intermediategaicultural and
industrial uses

Choice Modelling

Construction of a hypothetical market by dirg
surveying of sample of individuals to ma
choices among alternative proposed policies

Average, Marginal or Total valu
can be estimated depending
purposeof study

At source valuation of environment
uses and at site valuation of residen
water uses

Hedonic Price

Method (HPM)

Derive an implicit price for an environment
good from analysis of goods for which mark
exist and which incorporate particul

environmental characteristics.

Marginal value if second stage
analysis  undertaken, otherwi
average value of water derived

At source demands for change in wa
quality/quantity revealed b
transactions residential/far
properties.

in




Travel Cost Method
(TCM)

Costs incurred in reaching a recreation site
proxy for the value of recreation. Expens
differ between sites (or for the same site o
time) with different environmental attributes.

Usually consumer surplus based ¢
hence average valuef owater;
sometimes marginal value

Valuation of recreational uses a
derived at source valuations f
changes in water supply

Contingent
Valuation (CVM)

Construction of a hypothetical market by dirs
surveying of a sample of individuals to st:
WTP amaint for proposed policy

Average, Marginal or Total valu
can be estimated depending
purpose of study

At source valuation of environment
uses and at site valuation of residen
water uses

Defensive
Expenditures/
averting behaviour

Costs incurred inmitigating or avoiding thg
effects of incurring an external cost. Frequer
represents only a lower bound measure
benefits of policies from reducing th
externality.

Frequently a lower bound estimg
of WTP; Marginal or Average valu
depending on nata of study

Valuation of reduced water pollutio
from biological or  chemica
contaminants

Replacement/
Restoration
Costs/cost savings

Potential expenditures incurred in replacing
good/service that is lost; for instance by the
of next best alterrive; Costs of returning th
degraded asset to its original state.

Net average value based on mar
price of replacement; Can be used
proxy for Marginal value

At site or at source valuation
intermediate agricultural and industr
goods and instrearservices such 4
hydropower and transportation. Al
for household uses

Adapted from Turner et 8[2004) and Young (2005)

36



Table 4.2 Impacts of aquatic ecosystem use outcomes of goods and services on human welfare and

applicable valuation technigues

Outcomes of Goods and Services Providel

Effect on Economic Value

Potable water for household use

Water for landscape maintenance and peat soi

Water for crop irrigation

Water for livestock consumption

Water for foodprocessing

Water for other manufacturing processes

Cooling water for power plants

Water transport
Prevention of saline intrusion

Water/soil support for prevention of land
subsidence

Natural erosion, flood and storm protection

Shorelinestabilization

Sediment removal

Transport, treatment and medium for wastes al
other byproducts of human activities

Improved air quality through the support of
living organisms

Biological diversity provision

Recreational swimming, boatinfishing
hunting, trapping and plant gathering

Commercial fishing, hunting, trapping and plan
gathering

Energy production

Change in welfare from change in availability of potal
water.

Changdan human health or health risks.

Change in cost of maintaining public or private property.

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

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

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

Change in value of manufactured goods or production cog

Change in cost of electricity generation.

Change in economic output.
Chang in cost of maintaining public or private property

Change in cost of maintaining public or private property

Change in cost of maintaining public or private property
Change in cost of maintaining public or private property
Change in human health bealth risks.

Change in animal health or health risks.

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

Change in animal health or health risks.

Change in economic output or production costs.

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

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

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

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

Change in economic output
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On and off site observation and study for leisur,
education and scientific purposes.

Micro-climate regulation, Macrglimate
reguation

Toxicant removal,

Toxicant export

Cultural value provision
Historical value provision
Aesthetic value provision
Wilderness value provision

Other nonuse provision

Change in quantity or quality of on/off site observation

study activities

Change in human health or health risks.
Change in animdiealth or health risks.

Change in economic output or production costs.

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

Change in human health or health risks.
Change in animal health or health risks.
Change in personaitility or well-being
Change in personal utility or welleing
Change in personal utility or weltleing
Change in personal utility or welleing

Change in personal utility or wetleing

Table 4.3 Water uses andapplicable valuation methods

Waterfunction/service flow

Applicable valuation technique

Agricultural use

Fisheries use

Municipal use (Includes municipal domestic, ru
domestic, commercial, and institutional water us

Industrial use

Commercial use
Recreational use
Ecological use

Buffer use

Subsidence Avoidance use
Existence values

Bequest values

DD; PF; RI; RCS; OM; MT
DD; PF; RI

MT; DD,; ABC; RCS; ABC; CVE;

DD; PF; RI; RCS; OM
DD; PF; RI; RCS

TCM; HP; CVE

PF; RCS; ABC; CVE
OM; RCS; ABC; CVE
PF; HP; RCS; ABC; CVE
CVE

CVE

Key: (MT =

Imputation; PF= Production/Cost Function;

Market Transactions; DD= Derived Demand; OM =

RCS =

Optimisation Models; RI
Replacement Cost/Cost Saving; CVE = Contingent

Residual

Valuation/Choice Experiments; TCM = Travel Cost/Randdtitity Model; ABC = Averting Behaviour/Avoidance

Costs; HP = Hedonic Price)
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4.2 Choosing between valuation methods

Some of the general points to consider when choosing a valuation technique are shown in Annex
3. Neverthelesshe choice of technique when catering water resources will most frequently

be related to the following issues:

e Type of water use outcome/good or service to be valusedme techniques are more
appropriate to certain uses than other technicgees @ble 41 and4.2).

e Type of valuedo be estimated whilst use values are estimated by all of the various
techniques, nomse values can only be estimated by stated preference methods.

e The purpose of the valuationcertain purposes will require valuation techniques based
on the estimationof marginal values, whilst others will require values based on
estimating total values as given by consumer (or producer) surplus. The various types of
values (average, marginal, total, etc) generated by the techniques are shiabie il

e Data and infamation availabilityi existence of data from existing/secondary sources. In
general, cost data will be more readily available than benefit data (though see the section
on use of cost based approaches below).

e Accuracy of results required the degree of wertainty surrounding the outcome of
different methods differs significantly and may be decisive when choosing a specific
method for a specific purpose. For example, the acceptable level of uncertainty is much
higher in a prdeasibility cost benefit appisal than when wanting to establish the
6correctdéd water price | evel based on curre

e Resources and time available to undertake the gtutlg various techniques can differ
greatly in terms of the resource and time required torntetkkea study.

All valuation techniques have strengths and weaknesses, and the decision on which to use for a
particular application requires experience and judgment on the part of the analyst. Some further
general points for the analyst to consider whnaking this choice are set out below.

First, it is often possible to use more than one valuation technique and compare the results. All
methods involve some uncertainty; if the analyst has multiple estimates, he or she will have
greater confidence in thealue of the proposed change. Several of the valuation techniques
typically use data from a household survey (for example contingent valuation, travel cost and
hedonic property pricing methods). When a technique requires that primary data be collected
with a household survey, it is often possible to design the survey to obtain the data necessary to
undertake more than one valuation method. Household surveys are required for contingent
valuation, opportunity cost and travel cost studies. Such surveys néeddesigned with the

goal of producing value estimates using multiple methods.

Second, different valuation techniques may measure different things. In this sense they should be
considered as complimentary rather than competing tools. For example, tingeonvaluation
methodand choice experiments atke only available technique for measuring use (or

passive use) values. Suppose that estimates of use value of a national park and wildlife reserve
were obtained using a travel cost model and estanaitenonuse value were obtained from a
contingent valuation survey. These value estimates are not substitutes for one another; both may
be useful for policy makers. Similarly, revealed preference methods measure the perceived
benefits to individuals; thego not capture the value of effects of which people are unaware. For
example, if individuals do not know that a cancausing substance is in their drinking water,
they obviously wild!l not take action tto adv @i d
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that an analyst can follow to determinew much they would be willing to pay to avoid such a
risk. However, using the damage function approach, an analyst could estimate the reduced cancer
deaths that would result if the carcinogenic substam®se to be removed from the water supply.

Third, it is important to consider the needs of the user(s) of valuation studies. In some cases
clients have preferences for the use of one valuation technique over another. For example,
estimates obtained fromatrel cost or hedonic property pricing methods may be considered too
theoretical or too complex. A particular client may feel that contingent valuation estimates are
too subjective and unreliable to support policy debate and discussion. The analyst carrying
policy work must be sensitive to such concerns.

Fourth, the analyst should consider not only
|l nformation elicited on peopleds values for e
to a wde variety of groups in society. In choosing a valuation technique, thought should be given

to how the information obtained will be received by the public and interested parties other than

the immediate client. Information from valuation studies couldubs e d i doan®top
hierarchical planning process or it could contribute to democratic dialogue or a participatory
political process. A technique such as contingent valuation bears a resemblance to a referendum
or voting process. Whereas the final decisim a policy or project may not be determined by an

el ection, the process of eliciting informatio
participation in decisiomaking. Analysts need to be aware of the consultative nature of the
valuationtask and sensitive to the political implications. They should choose techniques that
inform and facilitate public debate. One useful step is to hold public hearings or meetings with
local community leaders to explain the findings of valuation studies.

Fifth, the cost of carrying out a valuation study or set of studies must be weighed against the
value of the information in helping to make a better policy or project decision. Clearly more
money could be spent on a valuation study than a policy decisiomnisar But it is also
important to keep in mind that many policies and projects have-sage environmental
implications that extend far into the future. In this case there is a substantial risk that too little
money will be spent on the use of valoatitechniques.

4.3 Valuetransfer
An alternative to carrying out a new original valuation study is to use existing economic value
estimates from previous studies o cal |l ed &6ébenefits transfer6.

of previous environmental gation studies to new policy or decistamaking contexts. In the
literature, benefits transfer is commonly defined as the transposition of monetary environmental
values estimated at one site (study site) to another site (policy site). The study stéoréier

site where the original study took place, while the policy site is a new site where information is
needed about the monetary value of similar benefits. The most important reason for using
previous research results in new policy contexts is thahves a lot of time and money.
Applying previous research findings to similar decision situations is a very attractive alternative
to expensive and time consuming original research to inform degrsading. The decision of
whether to undertake an origingtudy or to use existing value estimates can be considered in
terms of the acceptability of errors produced by benefits transfer and the level of precision
sought, i.e. the purpose of the study and when transfer errors may be too big for this puepose (se
Box E).
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Box E. Transfer Errors in the Value Transfer Literature

Although benefits transfer is used extensively in practice, relatively little published evidence
about its validity and reliability. The table below gives an overview of water related studies,
tested the reliability of the transfer of WTP wedu Although not complete, the table shows that r
studies test the reliability of transferring contingent values. Three studies investigate the transf
of travel cost studies. The estimated benefits in these studies are related to diffescoit tyater use
such as recreational fishing, boating or other recreational water use. Also the study by Bergla
(1995) and Parsons and Kealy (1994) look at water quality improvements for recreational use.
column presents the range of s&r errors found in these studies. So, a transfer error of 50%
that transferring the value from a study s
value at the policy site. The range of transfer errors refers to the transfegrafje WTP values ar
WTP functions.

Study Estimated benefits Transfer errors
(%)

Loomis (1992) sport fishing benefits 51 40
Parsons and Kealy (1994) water quality improvements (171 75
Loomis et al. (1995) water based recreation 171 475
Berglandet al. (1995) water quality improvements | 181 45
Downing and Ozuna (1996) saltwater fishing benefits 11 34
Kirchhoff et al. (1997) white water rafting benefits |61 228
Morrison and Bennett (2000) wetlands 47 191
Rosenberger and Loomis (2000) water recreation 07 319
VandenBerg, Poe and Powell (2001) | water quality 07 298
Barton (2002) beach bathing water quality | 11-26
Barton and Mourato (2003) beach bathing water quality | 9-129
Brouwer and Bateman (2005) flood control benefits 47 51

Table E : Errors found in water related economic valuation studies testing benefits transfer

From Table E it is difficult to say how large the errors can be expected to be when using

economic value estimates in new decisiaaking contextsln some cases they can be very low
other cases they can be as high as almost five times the value, which would have been found

valuation research was carried out. No distinct differences can be found when comparing
errors for contigent valuation and travel cost studies.

The errors reported in Table E have to be considered in the light of the purpose for which {
(policy or decision maker) wishes to use previous valuation results. In some cases a transfe
50 percentmay be considered too high, in other cases such an error may be acceptal
acceptability of the error will depend on subjective judgement by the user, the purpose and 1
the evaluation (e.g. CBA, pricing/cost recovery, environmental liabgity) the phase of the polig
cycle in which the evaluation is carried out.

Three important sources of error can be distinguished:

i) the error incurred when estimating the original unit value;
i) the error incurred when transferring the original unit valudémew policy context;
iii) the error incurred when aggregating the transfer unit value to the whole popula

beneficiaries and calculation of the TEV.

Source: adapted from Brouwer (2000) and Rosenberger and Loomis (2003).
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Several necessary conditioagould be met to perform effective and efficient benefit transfers
(Desvousgest al.,1992).

First, the policy context should be thoroughly defined, including:

1. Identifying the extent, magnitude, and quantification of expected site or resource ifrgracts

the proposed actian both quantity and quality terms

2. Identifying the extentspatial distribution and characteristickthe population that will be
affected by the expected site or resource impacts.

3. ldentifying the data needs of an asses#nor analysis, including the type of measure (unit,
average, marginal value), the kind of value (use,-us®) or total value), and the degree of
certainty surrounding the transferred data (i.e., the accuracy and precision of the transferred
data).

Secad, the study site data should meet certain conditions for critical benefit transfers:

1. Studies transferred must be based on adequate data, sound economic method, and correct
empirical technique.

2. The study contains information on the statistical isrghip between benefits (costs) and
socioeconomic characteristics of the affected population.

3. The study contains information on the statistical relationship between the benefits (costs) and
physical/environmental characteristics of the study site.

4. An adequate number of individual studies on a recreation activity for similar sites have been
conducted in order to enable credible statistical inferences concerning the applicability of the
transferred value(s) to the policy site.

And third, thecorrespondence between the study site and the policy site should exhibit the
following characteristics:

1. The environmental resource and the change in the qaadifgprquantity of the resource at the
study site and the resource and expected changeeineiource at the policy site should be
similar. This similarity includes the quantifiability of the change and possibly the source of that
change.

2. The markets for the study site and the policy site are similar, unless there is enough usable
informationprovided by the study on own and substitute prices. Other characteristics should be
considered, including similarity of demographic profiles between the two populations and their
cultural aspects.

3. The conditions and quality of the recreation activiigeziences (e.g., intensity, duration, and
skill requirements) are similar between the study site and the policy site.

Study quality is an important criterion, which can be assessed in a number of ways. Above all,
one can look at the internal validity tie study results, that is, the extent to which findings
correspond to what is theoretically expected. This internal validity has been extensively
researched over the past three decades in valuation studies. Studies should contain sufficient
information toassess the validity and reliability of their results. This refers, among others, to the
adequate reporting of the estimated WTP function, including the applied statistical techniques
and the definitionof variables. Desvousges et #1998 suggest the ftowing criteria for
assessing the quality of a study site values for use in benefits transfer:
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e Scientific soundnessdata collection procedures, empirical methodology, consistency
with scientific or economic theory, statistical techniques;

¢ Relevance change in environmental quality, baseline environmental quality, affected
services and commodities, site characteristics of affected commodity, duration and
timing of effects, exposure path and nature of health risks, Socioeconomics
characteristics of thaffected population, property rights;

¢ Richness in detaH definition of variables and means, treatment of substitutes, cost of
time (in Travel cost e&tediteso)f, npaarkteitooi pia.t
affected people)

Thus, while benefit trasfer provides a quick and cheap alternative to original valuation research,
some conditions must be met if it is to provide reliable results. Above all, the local circumstances
and conditions in the new decistamaking context need to be close enough He bnes
prevailing in the original research. The risk of obtaining misleading results may be controlled
and reduced by integrating more explanatory variables into the transfer. However this also
increases the data requirements and the complexity of thgsianalso, the possibilities of
conducting a sound and reliable benefits transfer hinge on the number, quality and diversity of
valuation studies availablethe larger, the better and the more diverse the existing set of studies
is, the more likely ther will be a primary study that is close enough to the policy site for results
to be transferable.

4.4 Hydro-economic modelling

The complexity of interactions between water and the economwylsare captured through
formal, mathematical models linking relevant hydrological and biogeochemical structures and
processes to economic Ol awsé of supply and d
services. Historically, these models have been dpedldy hydrologists and civil engineers,
focusing on single and multiple objective decisioaking and tradeffs (e.g. Dudley, 1972;

Braat and Lierop, 1987; McKinney and Cai, 1996; Andreu et al., 1996; Rosegrant et al., 2000;
Cai et al., 2003). Being thlargest freshwater consumer in the world (FAO AquaStat, 2007),
agriculture (irrigation) has been the prime focus of many of these models, going back to the
1960s when resource economists developed the first optimal control groundwater (demand
management) odels for irrigated agriculture (Burt, 1964, 1966). These models often include a
detailed hydrological moduleand in some cases also hydraulic and biogeochemical modules

to control for the hydrageological heterogeneity in a basin area. Node netwaeksypically

used as graphical delineations of water flows and stocks in a watershed or river basin into
different water quantity and/or quality balance (monitoring) stations linked to specific water
demand and supply. For each geterenced node, a watdemand and supply function is
estimated based on t{geslogxa and bicggpthendcal kcharacteristicé. s h'y
In the case of agriculture, the demand and supply functions are for example based on an
agronomic model, such as a crop yielddtion, which depends on factors like soil, crop acreage,
rainfall, crop evapdranspiration and irrigation system characteristics. Economic behavior is
usually included through a profit maximization objective function, where fixed and variable
production osts are subtracted from the yield benefits subject to the natural resource constraints
such as land and water availability. The latter is obviously dependent on thegeydiogical
conditions involved, including water supply and water quality constraints

43



The key to integrated hydmconomic modelling is that water systems perform economic
functions, they can be used as a source and a sink foremm@mic activity, and hence have
economic value. Usually after some degree of transformation, watérecased as a source for
economic consumption like drinking and recreation, and in economic production as an input
factor in crop and food production, energy, paper, or metal production. At the same time, water
is also used as a sink for the negativeplyducts of economic production and consumption
processes such as the emission of polluting substances into surface and groundwater bodies. The
interaction between the hydrological and economic realm works both ways: water is transformed
for economic use antthe impact of economic use on water availability and quality consequently
has implications in both the short and long term for the transformation process to modify water
for economic use.

In the literature, a distinction is made between two differentagmbes to integrated hydro
economic model development, i.e. (1) models which allow for an effective transfer of
information from one component to the other: the compartment or modular approach and (2) the
holistic approach based on one integrated modedaiBand Lierop, 1987). In the modular
approach a connection is built between the hydrological and economic model, and output data
from one module usually provides the necessary input for the*othegrinciple, the modules
operate independently of eaother and systems of equations are solved in an exogenous way
(input variables from one model into the other are exogenous). In holistic models, variables that
are exogenous in a modular approach are solved endogenously in a system of equations (Cai and
Wang, 2006).

Under the modular approach, a loose connection exists between the different hydrologic and
economic components. The various sabdels can be very complex and the main problem is to
find the right transformation of data and information betwsabmodels. In the holistic
approach there is one single unit with both the hydrologic and economic component tightly
interwoven in a consistent endogenous model. In order to be able to solve the complexity of
simultaneous equations the different compasidrave to be represented in a very simple way
(McKinney et al., 1999). So, whereas information transfer between the various compartments or
submodels is one of the most important technical obstacles in the modular approach, the most
important issue in # holistic approach is to find one single technique and denominator for the
variable quantities and represent both the simplified hydrological and economic component in a
meaningful way.

Linking hydrological and economic systems through holistic or modular models raises a number
of important methodological and operational (programnrt@apnical) issues and challenges.
McKinney et al. (1999) identify thefollowing limitations to integratedhydro-economic
modelling:

. Hydrological models are often based on simulation techniques, whereas economic
models usually use optimization techniques.
o Different spatial scales: water bodies, watersheds or basins usually are the geographical

unit in hydrologcal models, while economic models often refer to administrative boundaries of a
region (county, province, state) or a country as a whole.

% The term hydrologial is used here to mean both water quantity flow models argduiphysical water quality and
water allocation models.
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. Different time intervals and horizons: time scales in hydrological models often refer to
days, months or seasons (suer and winter), while in economic models the time scales
(intervals and horizon) are usually longer than that (years).

In practice, most hydroeconomic models are based on a simple economic optimization
algorithm subject to detailed surface and groundwiidw processes and their impact on one or
multiple economic sectors, i.e. starting from the middle hydrology block in Figure 1 where the
arrow points to the left to the economics block. Although they are driven by certain institutional
and/or economicdirces, their main focus is on the water system and the effect of for example
water allocation problems on economic sectors. Tdreybased on detailed node networks of
water and substance balances throughout the river basin, linked to an economicthaivily

a demand function. This demand function often depends on fixed (exogenous) technieal input
output parameters of the economic production process involved (e.g. irrigation demand from
agriculture), and reflects at best a partial economic equilibsystem of demand and supply
equations.

Few integrated hydreconomic models exist which are primarily driven by economic conditions
and tradeoffs and their impact on water system variables through water extraction and/or
emissions to surface and grounderabodies, i.e. starting from the ldfand side economics
block in Figure4.4. These modelsre based on economic demand (consumption) and supply
(production) functions, which are related to different forms of water use where water is an
essential inpuin consumption and production processes. Examples includeonpuit models

of direct and indirect water use (e.g. Velazquez, 2006; Okadera et al., 2006).

Figure 4.4: Disciplinary dimensions underlying integrated hydreeconomic modelling

Institutional, SocieEconomic, Technological, Environmental
Driving Forces

J 4 4

Ecological state variables

Single secto Single secto
Water Water Abstraction/ Input loads

S Habitats Species
quantity quality Emission

Multi sector Multi sector Water & Transport Food web/ Biomass
Water Water Sediment & Trophic productivity/
guantity quality flows Decay structure Energy flows

Even less models exist which focus on the effect of changes ihyecology state variables on
economic starting point conditions and economic adaptation and mitigation processes, i.e. the
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feedback arrow from hydrology and/or ecology to the economicmysteFigure4.4. These
modelsincorporate changes in the water system and their effect on the economic system. Most of
these types of models are partial economic equilibrium models, based on production function
approaches, where water is one of the inpatdrs and changes in the availability or quality of
water in the production process at hand is assessed through estimated physiedilecise
relationships, which are related to market prices in order to arrive at a marginal value of water
use.

Finally, someti-medelosmetare distinguished as a se
Generally, metanodels are used to construct and develop general frames around specific
problems analyzed with the help of a variety of data, expert judgments and moetalmaddels

integrate simulation results from suofndels (e.g. an economic optimisation and a water quality
simulation model) in a caussfect framework. They are called matedels because they only

include the results of underlying models, where undeglymodel response surfaces are
summarised for example in conditional probability distributions. Tikeegomewhere between

the holistic and modular approach. The-baophysical and economic components are linked,

but the model is usually not solved oriapzed simultaneously.
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5. Meta-analysis of normarket value$or water services

5.1 Introduction

Existing noamarket valuation studies were collected and their results synthesized in-a meta
analysis. The results presented here focus on contingent valuation studies of different ecosystem
services provided by water resources, including the service$ ahecpart of th&esources For

the Future (RFF) water quality ladder (Vaughan, 1986; Mitchell and Carson, 1989; Carson and
Mitchell, 1993) such as boating, fishing, swimming and drinking (see Chapter 7 for a more
detailed discussion of water quality lads)e

154 contingent valuation studiegre collected and revieweldat estimate values for ecosystem
services related to surface water quality. The studies were published between the years 1981 and
2006. The locations of study sites are largdeiyndin North America and Europe with a small
number in Central America, South East Asia, China and Australia. The geographic distribution
of study sites is presented iigure 51. There is clearly an absence of availabkdue
information for large areas of the world, particularly South America, Africa and most parts of
Asia.

Figure 5.1: Locations of the water valuation study sites
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In terms of ecosystem services valued in this literature, both use arnss@ommlues are well
represented in the datdable 51 presents the number of value observations for the set of
ecosystem services included ihe data. Many of the value observations are for multiple
ecosystem services. The ecosystem service that is best represahtedaita is noruse value
related to preservation or improvement in water quality unrelated to any current or potential
future wse of the resource. Most contingent valuations comprise an element-of@malue in
combination with use valugbut it is difficult to assess the size of this component of total value.
Direct use values related to water are also well representdt studies These are mainly
related to recreational activities. Provisioning services such as drinking water and irrigation are
less well represented. This arguably reflects the priorities for water use at the locations where
valuation studies have been dosted.
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Table 51: Water service categories valued in lakes and rivers studies.

Drinking water
Irrigation
Nature conservation
Fishing
Boating
Swimming
Walking
Other recreation
Health
Amenity
Non-use

151
128
119
10
29
4
21
275

185
228
89
76
139
209
237
513
135
129

111
237
100
66
212
114
230
283
88
155

As expected, there is considerable variation in mesloes across ecosystem services, with

services related to health and drinking water receiving the highest mean values and services
related to boating and fishing receiving the lowest. The standard deviations of all mean value
estimates are high, indicagirconsiderable variation in values within each category of ecosystem

ser vi
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especially
deviation is higher than the average valk®r some ecosystem services the number of

obsevations is very low (e.qg. irrigation and health).

Figure 5.2: Average willingness to pay values across European countries for water
protection and conservationin general
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A third of the total number of observations relates to European valstidies. On average and
irrespective of the specific water service, a European household is willing to pay 105 Euros per
household per year for additional water conservation. However, this value varies significantly
across European countries, with the lesthaverage values found in North Europe (Finland,
Iceland and the UK), and the lowest average values in Greece and the Baltic States (Latvia and
Lithuania) (Figure 5.2). The available WTP values display especially a relatively large variation
in Germany a can be seen from the size of the standard error also shown in Figure 5.2.

WTP is expected to depend on a variety of factors, includipthe characteristics of the water
bodies the public were asked to value in the available stu@gshe charactéstics of the
population of beneficiaries who were asked to value the change in water provision and quality,
and(3) the characteristics of the method used to elicit the contingent values.

Average values differ significantly for the different water typeswhich the environmental
changes were valued (Figure 5.3). Wetlands were valued significantly higher than rivers and
rivers higher than lakeddowever, the variability in wetland values was relatively high.
limited number of studies involved sea watprality changes (primarily changes in bathing
water quality), which received the lowest average value.

Figure 5.3: Averagewillingness to pay valuedor different water body types
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The studies screened here followed very different reporting formats for both the valuation design
and the valuation results. In many studies, important information about specific study
characteristics was missinghe most important missing information waslear description of

the change in water quality that could be translaterla standardised measufdée expectation

is thatthe stated WTP for a change in water quality is partly dependent on the magnitude of the
proposed change in qualitfzor thosestudies where information was available about the
particular change in water quality away from the baseline level, this information was converted
into the 16point water quality index used B¥an Houtven et al(2007) This was only possible

for 54 studis (35% of the identified total number of studied)eTescription of water quality in
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these studies was standardizedhis 10 point index. Th index is based on the water quality
ladder developed by Vaughan (1986), which translates descriptions ofquatity in terms of

associated suitability for a number of activities into a 10 point index. For example, water quality
i's considered fiboatabl ed has a water

t hat

of

5.

1, and

i s wi imdexavélue ef @.0Teanteanrvalule #orsa 1 ainit change in

the 10point water quality index is 89 USD per household per.yd&e median value is

considerably lower at 35 USD. Figused presents WTP per year by the change in water quality.

A clear relatimship between the two is not evident.

Figure 5.4: WTP per year by change in water quality index
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One of the most important population characteristics in WTP studies is ability to pay. What
people say they are willing to pay can in principle not exeeedt they are able to pay. The
relationship between average WTP and average household income in the different studies is
presented in Figure 5.5. As expected, higher WTP values seem to go hand in hand with higher
income levels.

Figure 5.5: WTP per year by average household income
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Another important finding is that the way rorarket values are elicited has an important influence on the

size of the values. WTP values can refer to a change that secures a future welfare gain or that prevent a
future welfare lossAs expected, these two different WTP values are significantly different from each
other. People are willing to pay almost twice as much for a welfare gain than to prevent a welfare loss. An
important reason for this may be that peogdenot like to pay extra for something that they consider
theirs already. On average across all studies investigated, public willingness to accept a welfare loss is the
same as public willingness to pay to secure a welfare gain.

Figure 5.6: Average valwes for different welfare measures
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Other relevant results include the effect of the survey method (Figure 5.7), elicitation format
(Figure 5.8) and payment vehicle on stated WTP (Figure 5.9)-tBdaee interviews generate,

on average, significantlgigher WTP values than mail or telephone surv@®menended (OE)

and payment card (PC) CV studies generate on average significantly lower WTP values than the
in the CV literature recommended dichotomous choice (DC) or iterative bidding (IB) procedures
(Arrow et al.,, 2003). Finally, no significant differences can be detected between using the
existing water bill or income taxation as the payment mode in existing valuation studies.
However, using a voluntary fund results on average in a significantly rsgited WTP.
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Figure 5.7: Average WTP values for different survey modes
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Figure 5.8: Average WTP values for differentvalue elicitation procedures
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5.2 Metaanalysis results

Fromthe 54 selected studies that provide complete information on all the explanatory variables
that we include in the statistical metnalysiswe are able to code 388 separate value
observations. We therefore obtain multiple value observations from singlesstwith an
average of 7.2 observations per study. Separate value observations from a study were included if
they represent different study sites, sample populations, ecosystem services, elicitation formats,
or estimation methods. These characteristicsatue observations are explicitly coded in the
database and can be controlled for in the raetlysis.

Value estimates from contingent valuation studies are reported in a wide variety of currencies,
temporal units (e.g., per day, per visit, per moptkesent value etc.), and for different categories

and groupings of beneficiaries (e.g., per person, per household, per visitortegcyalue data

was standardizetb a common format, namely as willingness to pay (or accept) per household
per year for a&hange in water quality in USD 2007 price levels. This is the dependent variable in
the metaanalysis. Values that are originally reported as WTP per person have been multiplied by
the average household size for the country in which the study is lod&bees that are
originally reported as WTP per other unit of time (e.g., day, month, lump sum) have been
converted to annual values using appropriate multipliers or by calculating annualised values
using time horizons and discount rates reported in therlymog study when available. Values
reported in other currencies or for price levels other than 2007 have been converted to USD 2007
prices levels using PPP adjusted exchange rates and GDP deflators obtained from the World
Development Indicators (World B& 2010). Also value estimates of willingness to accept
(WTA) compensation for negative changes in water quafigyincluded

The explanatory variables used in the estimation of the value function include two measures of
water quality. These are thaitial level of water quality and the change in water quality
described in the contingent valuation scenario. The values for the majority of the explanatory
variables are coded from information contained in the primary valuation studiaselves. In
addtion we used GIS to compute a numberspttially defined variables for each study site.
These are the population within a 50km radius (capturing the number of potential beneficiaries
within this vicinity), the area in hectares of lakes and rivers wiahti®km radius (capturing the
abundance of this ecosystem within the vicinity of the study site and therefore the scale of the
good valued), and the length of roads within a 50km radius (capturing the accessibility of the
study area). The source data foedh variablesre theSocicEconomic Data Center (SEDAC)
Columbia UniversityGlobal lakes and wetlands database GLWD, BA® - UN SDRN.The

full set of explanatory variables used in thetaregressiorare listed in Tabl&.2 together with

a short desaption anddescriptive statistics for each variable.

The metaregression model is estimated by ordinary least squares regression (OLS) using SPSS
16.0. The estimated model is presented in Tal#leThe overall model fit is good. The adjusted

R? value of 0.592 indicates that almost 60% of variation in the dependent variable is explained
by variation in the explanatory variable included in the model.

The estimated coefficient on the water quality change variable is very small and positive but no
statistically significant.One would expect the scale of change in water quality to positively
influence willingness to pay for the change, but we do not find evidence of this. This may
indicate insensitivity of respondents to the scope of change akaofaunderstanding of the
described change. The coefficient on the base water quality variable is negative and statistically
significant at the 1% level, indicating that WTP for water quality improvement is lower when
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water quality is already high. Therotlary is that the public is willing to pay more to improve

bad water quality.

Table 5.2: Meta-regression results (dependent variable: WTP/household/year in 2007 USD)

Dummy | Mean Std. Coefficient | Std. p<

deviation estimate error
Constant -0.806 0.952 | 0.398
Water quality change | Abs value| 2.288 1.261 0.003 0.047 | 0.949
Baseline quality level | Abs value| 3.220 1.349 -0.349 0.042 | 0.001
Nonuse value yes 0.707 0.456 0.528 0.103 | 0.001
Drinking water yes 0.044 0.205 0.730 0.265 | 0.006
Irrigation water yes 0.008 0.088 -1.207 0.480 | 0.012
Nature conservation yes 0.206 0.405 0.222 0.156 | 0.156
Recreational fishing yes 0.388 0.488 -0.282 0.125 | 0.025
Recreational boating yes 0.329 0.470 -0.311 0.123 | 0.012
Recreational swimming yes 0.306 0.461 0.154 0.112 | 0.170
Recreational walking yes 0.026 0.158 -0.258 0.371 | 0.487
Amenity yes 0.054 0.226 -0.811 0.271 | 0.003
Rivers yes 0.470 0.500 -0.080 0.163 | 0.625
Lakes yes 0.080 0.271 -1.154 0.225 | 0.001
Local scale yes 0.126 0.332 -0.396 0.207 | 0.057
Regional scale yes 0.522 0.500 -0.644 0.180 | 0.001
National scale yes 0.229 0.421 -0.220 0.179 | 0.221
Welfare measure=CS yes 0.740 0.439 0.283 0.142 | 0.046
In person interviews yes 0.558 0.497 -0.231 0.233 | 0.322
Mail survey yes 0.339 0.474 0.084 0.206 | 0.684
Telephonesurvey yes 0.051 0.221 -0.299 0.327 | 0.361
Fund yes 0.072 0.259 0.765 0.211 | 0.001
Income taxation yes 0.136 0.343 -0.631 0.192 | 0.001
Municipal taxation yes 0.129 0.335 0.514 0.198 | 0.010
Openended question yes 0.265 0.442 -0.063 0.212 | 0.766
Dichotomouschoice yes 0.154 0.362 0.602 0.217 | 0.006
Iterative bidding yes 0.375 0.485 0.226 0.208 | 0.279
Payment card yes 0.152 0.359 0.425 0.232 | 0.067
Payment per day yes 0.021 0.142 0.759 0.365 | 0.038
Payment per trip yes 0.021 0.142 2.048 0.420 | 0.001
Paymenper month yes 0.136 0.343 1.252 0.199 | 0.001
Payment not specified yes 0.023 0.151 -1.233 0.303 | 0.001
Household income Natlog | 10.651 0.596 0.504 0.087 | 0.001
Population density Nat log | 13.203 2.335 -0.049 0.035 | 0.161
Lake density Nat log 4.005 1.761 0.057 0.034 | 0.091
Road density Nat log 9.208 1.194 0.109 0.066 | 0.102
Adjusted Rsquare 0.592

N

388
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Regarding the set of binary variables indicatingwlaer services valued, we find that nenose

values and drinking water uses tend to be higher valued than other services (the omitted category
is other recreation activities). Irrigation, recreational fishing and boating, and amenity values
have lower values.

The negatie signs on the binary variables indicating lakes and rivers show that WTP for water
quality improvement is lower for these types of water bodies than for other types (the omitted
category is other surface water including sea and wetlands). The coefbcietite rivers
variable, however, is not statistically significant.

The spatial scale of the valuation scenario described in the contingent valuation is found to
influence estimated WTP. Local and regional scenarios are found to result in statistically
significant lower WTP than international scenarios (the omitted category).

The estimated coefficient on the binary variable indicating the welfare measure compensating
surplus is positive and statistically significant at the 5% level. The survey formaisuseshd

not to have a statistically significant influence on estimate WTP. The payment vehicle on the
other hand does have a significant influence, with income tax resulting in lower WTP. Similarly
the elicitation format has an influence on estimated Waikh the dichotomous choice format
producing higher values.

The temporal period for which payments are made (as described in the hypothetical payment
scenario) has a strong influence on the WTP elicited. Shorter time periods (day, visit, month) are
shown to result in statistically significant higher WTP than scenarios that used annual payments
(the omitted category).

The positive sign on the income variable indicates that WTP increases with income. In other
words, water quality is a normal good. Givdre double log specification of the regression
model, the coefficient in this case can be interpreted as the elasticity of WTP with respect to
income. WTP for water quality improvement is found to be positively related but inelastic with
respect to income.

The coefficient on the population variable is negative but not statistically significant. The
variable measuring the area of lakes and rivers in the vicinity of each study site is positive and
statistically significant at the 10% level, indicating thegpgondents are willing to pay more for
water quality improvements in locations with a higher abundance of lakes and rivers. The
estimated coefficient on the roads variable is positive, possibly indicating a positive accessibility
effect, but is not statisally significant.
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5.3 GIS based value mapping

In this sectiona methodologyis describedfor spatial value transfer for water quality
improvements using GIS and metaalysis The approach will bélustrated with an application

to value water quality improvements in major European rivers. The results of this value transfer
approach can be represented on maps in order to communicate the spatial distribution of benefits
derived from improvements in water qugkduch as foreseen in the WFD

There are a number of published matealyses of the economic valuation literature on water
quality (Johnston et al., 2003; Johnston et al., 2005; Johnston et al., 2006; Van Houtven et al.,
2007) These constitutehe starthg point for our analysis and provide a selection of
specifications of water quality value functiofsom theexistingliterature we selected to use the
metaanalytic value function provided by van Houtven et al. (2007). This function provides a
specificdion for explicitly valuing changes in water quality described udaggha® $1986)
common 16point scale which had, contrary to the results presented in the previous section, a
significant effect on WTPThis function has been adapted to estimate salu&uros instead of
dollars. We also amend the value function with a distance decay term taken from Bateman et al.
(1999) in order to adjust values for the distance between beneficiaries and the water body under
consideration in the analysis

where WTP is annual WTP per household per year in 2003 Euros, WQB the initial (baseline)
water quality measured in 4fbint scale, WQC the change in water quality also measurko

point scale, Income average household income in thousands of 2003 Euros, and Km the
kilometres distance from a water body.

In order to be able to apply the médtenction in GIS, spatial data are needed. The information
sources for this GIS data alisted in Table 5.3together with their basic characteristics and
source information. In theext stepsve describe how #se source data areprocessed before it
could be used in a spatial analysis that applies the value transfer fuslotioa In thesesteps

we also provide the most relevant details regarding the incorporation of the value transfer
function in the GIS based spatial analysis. All GIS operations where carried out with ArcGIS
software, version 9.3 from ESRI.

The main criteria br the spatial data selection have been:

free of cost or within a reasonable budget

partEuropean extent and consistency

availability of metadata/documentation describing data characteristics and quality aspects
currency (less than 10 years old and limége differences between datasets)

scale and maximum scale differences (1:100.000 to 1:250.000)

These criteria where applied in a rather loose way as this staglyn the first place aimed to
finding a suitable method for value transfer to an Europede and to a lesser extent to directly
obtaining reliable results. However, the biggest sources of error, uncertainties in spatial accuracy
and attribute accuracy and so on in source data and methodology applies! fareas possible
indicated and discssd.
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Table 5.3: Spatial data sources

GIS datamodel/

Coordinate system and

Nr Data set Download source/owner format extent Scale/resolution Year
1 Administrative ESRI maps & data 2008 Vector polygon / ESRI Geographic 1:200 000 2005
boundaries (NUTS 3) Shape (WGS84)
European Union
2 Population density European CommissioitDG Raster Lambert Azimutal Equal  1:100 000 2001
disaggregated with JRC, Ispra, 2007 ESRI grid Area / 100 meter grid
Corine land cover http://dataservice.eea.europa.e (ETRS89) cells
2000 dataservice/metadetails.asp?id: European Union
(inhab/km2) 018
3 Europe NUTS 3 Gross European Spatial Planning Tabel NUTS 3 administrative NUTS 3 2002
domestic product Observation Network (ESPON) (MS Excel) units administrative
(GDP) per capita in  http://www.espon.eu/mmp/onlin European Union units
2002 e/website/content/tools/832/85(
file_1525/04_ wealthand_produ
ction_nuts_3.xls
4 Large Rivers WISE, WISE (Water Information Vector line / ESRI ETRS89 1:1.000.000 Date not
code REF1a, feature System folEurope), European Shape EuropearJnion provided
type a): Rivers with a Environmental Agency (EEA)
catchment area > http://www.eea.europa.eu/data
50,000 km2) andmaps/data/wiséargerivers
andlargelakes
5 CCM-River and European Joint Research Centi Vector line / ESRI ETRS89 1:250.000 2008
Catchment Database, (JRGEU) Shape European Union
v2l http://ccm.jrc.ec.europa.eu/php.
ndex.php?action=view&id=24#
6 Waterbase rivers WISE (Water Information Personal Geodatabas ETRS89 1:250.000 19822007

Measurement stations

/ quality

System for Europe), European with XY coordinates

Environmental Agency (EEA) of point locations

http://www.eea.europa.eu/data measurment stations

andmaps/data/waterbaswers
3/waterbaseivers-quality

European Union
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Step 1:Selection of rivers

For the classification of large rivers in the member states of the European Union weeused
Water Information System for Europe (WISE) from tBeropean Environmental Agency
(EEA)*. More specifically we usedne of the WISE Reference GIS datasets that are based on
data reported to the European Commission by Member States under Articles 3 and 5 of the
Water Framework Directive. The specificlayeew used i s t he feature | ay
REF1a, feature type a): Rivers with a catchment area > 50,000 km2). Because this dataset has a
low positional accuracy of 5000 meter (scale 1:10.000.000), mainly meant for cartographic
background purposes,enused it in combination with the CCM2 dataBasehich has a much

higher positional accuracy. This database forms also the basis for the WISE river and lake data
layers and is described in detail by Vogt et al. (2007a) and Vogt et al. (2007b). From this
additional CCM database we selected the riversesponding with the previously selected large

rivers in the WISE water database, using a table selection on the specific river names. We have
controlled the completeness of this selection by overlaying both GIS layers and visually
comparing them. Wherever courses (e.g. for the Kemijoki river in Finland) or river naming

was different we have chosen to select and combine the segments (using spatial selection,
editing, merge and dissolve operations) and/or naming from the WISE water database, except for
the cases where the courses didndédt correspond
water quality measurements.

Table 5.4: Selected large European rivers and countries through which these rivers run

River Country Code River Country Code
Danube DE, AU, HU, HR, RS, BG, RC Odra Cz, PL, DE

Douro ES, PT Po IT

Dvina RUS, BY, LV Rhine CH, FR, DE, NL
Ebro ES Rhone CH, FR

Elbe Cz, DE Sava SLO, HR, BIH, CS
Guadalquivir ES Seine FR

Guadiana ES, PT Tagus PT

Kemijoki FIN Tisa UA, RO, HU, CS
Loire FR Vistula PL

Nemunas BY, LT, RUS Vuoksa RUS, FIN

The resulting map | ayer with | arge Eulywmpean r

does not contain the last Dutch part of the Rhine river, which was added latesegthented

* WISE (Water Information System for Europe). See the WISE pontgt://water.europa.éen/welcomeand
http://www.eea.europa.eu/daaad maps/data/wiséargeriversandlargelakes. Definitions are from the WISE GIS
guidance document (No. 22). Water Pattern Europe, scale 10 million, version 2, from EUROSTAT GISCO
database; Water FrameworkrBgtive article 3 data on rivers and lakes from countries; Joint Research Centre
catchment database CCM1

® CCM (Catchment Characterisation and Modelling) River and Catchment Database, version 2.1 (CCM2). The
CCM2 database is produced by the European Réstearch Centre (JREU) and covers the entire European
continent, including the Atlantic islands, Iceland and Turkey. It includes a hierarchical set of river segments and
catchments based on the Strahler order, a lake layer and structured hydrological ¢edes based on the
Pfafstetter system. CCM data are made freely available for -coommercial use. Website:
http://ccm.jrc.ec.europa.eu/php/index.php?action=view&id=24#
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river based on the water measurement stations, see sections B&leR(. large riversncluded
in the analysis with a catchment area bigger than 50.000 km2 are listeabl@5.4. The
Danube, Guadalquivir, Nemunas, Po and Rhine basins are also AQuaMoney case study sites.

Step 2: Mapping of water quality

Water quality data for major European rivers were obtained from a database contaiinngln
monitaring stations available vi&VISE. The available water quality measurements at these
stations are point measurements and the measures of water quality are in principle only
representative for the river water directly around the monitoringpstabound estimations of

water quality based on this data of larger river segments depend on many factors, such as the
number and spatial distribution of monitoring stations and characteristics of the river, its
tributaries and the river catchment.

Thedat a and information from the WI SE dat abase
SoE data collection processo6 and are primaril
with the EEA's Core Set Indicators, upon which EEA assessment reportasae. Rivers

dataset include physical characteristics of the river monitoring stations, proxy pressures on the
upstream catchments areas, as well as chemical quality data on nutrients and organic matter in
riverso (EEA, 2009b) .

From the WISE Water portah Personal Geodatabase (Waterbase rivers v9.mdb) can be
downl oaded containing 4 di fferent tabl es. T |
coordinates and the characteristics of a number water measurement stations, this table was
exported tothe shapf i | e 6 Ri verstations_ waterbaseWl SE_v?9
river measurement stationBarallel with the production of the large river dataset we selected
from the shape file ORiverstations wmsthatr baseV
are located in or directly connected to one of the large rivers. Because of possible errors and
different naming conventions between the Large Rivers data set and the water measurement
station | ocations, we us enmbkasturdment $tatiand rdap layerias e r n a
the main indicator for the determination of the river for which the water quality measurements

are valid.A visual check of the results was performed by overlaying the water measurement

point stations with the Large Rivemsap layer. Where measurement stations were located too far

from the main river course (approximately more than 2 km from the main river course) they were
removed from the databas€&€hese operations resulted in a selection of 329 water quality
measuremenstations (in map layer RS_WISE_LR_LEAproj.shp) that were located along the
selected large European rivers, Begures.10.

As can be seen on the miapFigure 5.10the distribution of the river measurement stations is

not equal for al | rivers even though o6the
geographically spread across the country so that the catchment with the longest length of river
haspr oportionally more stationsd®é and Othe tota

area at a density of 1 river station per 1,00
France, the Odra in Germany, Poland and the Vistula in Polarmrhuch lower number of river
measurement stations than other large rivers in Europe.

From the 4 tables from tH&ISE Water portal Personal Geodatabasalsoextracted the table
Quiality. The data in this table contains information on a number of different measures of water
quality (e.g. total nitrogen, total Phosphorus, BOD, COD) for a number of years-Z008%

and a variety of aggregation periods (annuamser, winter). Weehooseto use a measure of

61



water quality defined as the annual 2003 average of Phosphorus equivalents (mg/litre). Data on
total Nitrogen levels are converted to Phosphorus equivalents using a conversion factor of 10 to
1 and added to mearements of Phosphorus to give a total measure of phosphorous equivalent.
In a small number of cases, data on annual mean Nitrogen was not available. In such cases we
approximated the annual mean from the minimum and maximum Nitrogen levedses wher

data on either Nitrogen or Phosphorus for a monitoring station were missing, this monitoring
station was omitted from the database to ensure consistency in the measurement of pollution

levels.

Figure 5.10: WISE River measurement stations of European Large Rivers
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There are a small number of cases for which a single monitoring station has multiple water
guality observations. In general, multiple observations of water quality were of similar
magnitude. Mitiple observations were filtered out of the database to ensure that each monitoring
station has only one water quality measurem&heé Phosphorus equivalent measure of water
quality is then used to compute a-ddint water quality index (Vaughan 1986) using the
categorisation ifmable5.. The derived river water quality index value per point measurement is
thenlinked to differentsegments of the selectaders.
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Table 5.5: P-equivalentvalue rangesand corresponding water quality index(WQI) values

MIN MAX wWQl Water Quality Ladder
0.005 0.077 9.5 Drinkable
0.077 0.150 8.5 Drinkable
0.150 0.216 7.5 Swimmable
0.216 0.271 6.5 Swimmable
0.272 0.334 55 Swimmable
0.334 0.414 4.5 Fishable
0.414 0.511 35 Fishable
0.513 0.653 2.5 Fishable
0.653 0.905 1.5 Boatable
0.907 5.953 0.5

After the calculation of a general water quality index on the basis of the available measurements
in the selected stations for the year 2003, this water quality index had to be linked to
representative sections of the selected European larges. Obviously the water quality
measurements cannot simply be interpolated along river courses between water quality
measurement stations, as changes in water quality can both be gradual as radical, e.g. where the
different water quality of a connect#ubutary river strongly influences the water quality in the
main river course, or where the river enters a different catchment area. As there are no simple,
formal and accepted ways to assign point based river quality estimates over an entire river
netwak, we have chosen to draw borders between river quality levels halfway in between river
quality measurements with the help of Thiessen polygons Kgpae 511), followed by
intersection of rivers in different segment on the basis of the Thiessen pdiggmadaries.
Consequently a spatial join operation (pdine) was used to link the relevant attribute
information of the different measurement stations to the spatially corresponding river segments.

Figure 5.11: Rivers segmented on the basis of location in Thiessen polygons of water
guality measurement stations Attributes of water quality measurement stations are
assigned to corresponding river segments.
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All automatically drawn Thiessen polygongre checkedoy hand and where Thiessen polygon
intersection led to incorrect segmentation and naming of rivers, these river segments were
corrected by hand. An example of this process is showigure 5.12vhere Thiessen polygons
resulted in wrong segmentation anammng of two sections in two different rivers. From the
colours of the river segments Figure 5.12(right), it can be seen that river segments are
assigned to the correct water quality measurement stations after they were initially wrongly
segmented byhe Thiessen polygons. Also the spatial join operation between river measurement
point stations and the created river line segments had to be checked and where necessary
corrected manually, because in many cases the point measurement stations do nct interse
exactly with the river segmentshe resulting map layer with large European rivers segmented
measur ement st a

on the basis of water

gual ity

Figure 5.12: Left: wrong partition of river segments (indicated by red arrows) by Thiessen

polygons. Right: corrected partition (by hand) of river segments
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After this editing procedure river water quality information from the WISE data portal could be

linked to the different river segments.

Because the map layer with large European rivers segmented on the basis of water quality

(6CCMI rWI Se_WS4. shpd)

cont ai

ns

t wo

denti fica

ID) that correspond with the WISE water measurement stations, water gui@rtyation from

these stations can be linked to the different river sections. In this way a new field could be added
OCCMI r WI Se_WS4. shpo: WQ bas
quality index figure (between one and zero) based enctimbined parameters in the water

guality table in the file Waterbase_rivers_v9.mdb. Next, another field was added in which the
difference between the current water quality and the desired water quality (index value 0,9) is
calculated. This new field isamed WQchange. Records in which the resulting values were
negative (meaning that already a water quality higher than the 0,9 index was present) were set to
zero. Two more fields were added in which all values were multiplied with 10 as the next

to the map | ayer

analysis stp requires integer values.
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Because for many of the measurement stattbesiecessary water quality measurements for
estimating a general water quality index for 2003 were misdimg resulting map layer

contained many records without a water qualieix As a consequencenly 133 measurement

stations of European large rivers are suitable for calculating a general water quality index for the
year 2003. Therefore the records with missing water quality information were removed from the
attribute tableat er whi ch the map | ayer was named 6C(
only contains large river sections with a corresponding water measurement station with a water
quality index for the year 2003.

On the basis of the map layer CCMIrWISe_WQ.shp an Euwlidalocation procedure was

carried out to calculate for each grid cell on the European land territory a water quality index
value based on the quality of the most nearby river segment of a large river that contains a water
quality index value. The attribue f i el d OWgbasex106 was wused
operation (the field used to assign values to the source locaB@tguse not all river segments

have a water quality value assignéite consequence of this operation is that assigned values

often do not concern the water quality of the most nearby river, but only of the most nearby
segment of that river (or another river). Because no maximum distances are used another
consequence is that also grid locations very far from large rivers andeinaotintries without

selected large rivers get water quality index values assigiedresulting map with allocated

water quality index values was divided by 10, to get back the required index values between 0
and 1 named 6éwqg_bas sgayediffigare 5.18.sul ti ng map i s d

Figure 5.13: Basis river water quality map in 2004
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To derive the water quality change mapsimilar procedure was used as for deriving the water

guality baglinemap. The only difference is that the water quality change map is calculated with
a Euclidean allocation based on the attribute added field Wqgchanx10, which indicates the

difference between the currefiiaseline)water quality and the desired water qualitith an

index of 0.9.The resulting map with allocated water quality index values was divided by 10 to

get back the required index val
is displayed irFigure 5.14.

Figure 5.14: River waterquality change from basis to 0.9 index scale.
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Step 3: Socieeconomic mapping

To produce a map with the distribution of households in Eyragmpulation density mais

usedas a basisThe JRC 2000 population density maps chosen andisaggregated from the

2000 European CORINE Land Cover database (inhabitants geanktf0 x 100 m grid cells).

The 100 meter population density grid of the EEA data service for the year 2001 was chosen
because of its EWide extent in combination with ¢hhigh horizontal resolution of 100x100

meter cells. The downscaling method that was used to produce this grid and conclusions on the
accuracy of this dataset are described in an unpublished paper available on the EEA dataservice
website (Gallego, 2008). Awe chose to work with a resolution of 200 meter grid cells, we
aggregated the 100 meter population density grid to a gridcell size of 200 meters. Next, we
converted the population density to the number of inhabitants per 200x200m gridcel (divide by
25). To calculate the number of households per gridcel, we divided the number of persons by the
average European household size, which is approximately fhineeresulting raster layer is
named O6pophhdé. The r &iguel5l5.ng map is displayed

Figure 5.15: Household distribution in 2000
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To produce asimilar map with the distribution of GDP per householtie map with
administrative boundaries of NUTS 3 areas (ESRI maps & data 2008gdand linkedto the

table data from ESPON with Gross domestic product (GDP) per capita in 2002 per NUTS 3
region in Europe. This vector map grid was rasterized to 200 meter grid cells so each grid cell

was assignedn average per capita income based on the specifigrgphical NUTS3 area to

which the specific grid cell belongeAs we need for each cell the average GDP per household
instead of the average GDP per captib grid cells were multiplied by three (the approximate
European average household size). Tovgatl ues i n t housands of Eur of¢
divided by 1000T he resul ting raster hathenapisdsplageaimed 069
Figure 5.16.

Figure 5.16: GDP per household in 2002 (in 4
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