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AquaMoney

1. Introduction

This paper aims to provide a practical working wigifon for the concept of environmental and resewcsts
and benefits in the Water Framework Directive (WFDgspite their description in the 2002 Wateco
guidelines and the 2004 ECO2 information shebeir definition, estimation and use are stilirsunded by

a lot of discussion.

It's not so much the general idea that water ugggas a cost on the water environment and thoseusdno
this environment, which often remains unaccountadifi policy and decision-making, that is disputed.
Cause for debate is primarily (1) the explicit mistion between environmental costs and resoursesc{?)
their practical measurement, either through codbesrefit based approaches, and (3) the extent tohwh
these costs have already been accounted for itingkjzricing and financing mechanisms. The focushad
paper is on the first two points, with an emphasisthe distinction between environmental and resour
costs. We furthermore look at environmental anduase costs anbenefits in view of the fact that the two
are closely related. However, their assessmentsmase different purposes in the WFD. The extenthach
environmental and resource costs have already &emunted for through existing financial and ecoicom
instruments is beyond the scope of this writing.

The theoretical basis of the concept of environialeand resource costs and benefits will be briefly
addressed in this paper, followed by a proposaltf@ir working definition and a brief, preliminary
discussion of their practical estimation. A shoattéduction to the relevant policy context of eovimental
and resource costs and benefits in the WFD is pteden the next section first. A more detaileccdssion

of the relevant policy context of environmental amdource costs and benefits is found in AquaMoney
deliverable D14 due during the first half of 20@hich presents the results of the AquaMoney invgnod
policymaker demand for information about environtaéand resource costs and benefits across Europe.

1 ECO2 was a drafting group established in 2003 udarking Group B Integrated River Basin Managenierthe WFD Common
Implementation Strategy to address and advise thekMf Group B on the specific issue of environmaém@ind resource costs,
resulting in an information sheet.




2. Role of environmental and resource costs andflismn the WFD

Environmental and resource costs are introducetiibudefined) for the first time ever in environmoe
EU legislation in paragraph 1 in article 9 in thé&®/ which states thatiember states shall take account of
the principle of recovery of the costs of watewamss, including environmental and resource costsand

in accordance in particular with the polluter papsinciple’. Water services are defined in paragraph 38,
article 2 in the WFD:Water services means all services which providehdoseholds, public institutions or
any economic activity: (a) abstraction, impoundmettrage, treatment and distribution of surfaceaevar
groundwater; (b) waste water collection and treatintacilities which subsequently discharge intoface
water’ Cost recovery is a well-known economic pricingngiple, implying that the total private and sdcia
production costs of a good or service are fullyokered. In order to assess the level of cost regpeme
has to know the total production costs and the tliage costs are paid for by the different useth®ivater
service through existing pricing and financing meedems. Article 9 in the WFD also specifies thatewa
users provide an ‘adequate’ contribution to theslef cost recovery. However, what exactly congtuan
adequate contribution is not defined.

Although article 9 is the only place in the WFD, e environmental and resource costs are mentioned
explicitly, they are closely related to the econoamalysis underlying articles 4 and 11. If theiemmental
water quality objectives defined in article 4 aa met, article 11 asks water managers to ideftifost-
effective program of measures to reach them. Ifcthets of these measures are considered dispropalsti
paragraphs 3-7 in article 4 provide water managétis a legal instrument to lower their environménta
objectives or delay their achievement in time. Digprtionate costs are not defined in the WFD eitirel
clear international benchmarks, for instance fraimeo European Directives such as the IPPC or Habita
Directive, are lacking and hence also this congess rise to a lot of discussion. However, mosneenists

will argue that a comparison with the economic lighef reaching the environmental WFD objectivesin
important and necessary first step in order tolibe & assess disproportionate costs from an econmomt

of view, even though the WFD does not explicitlk &sr a cost-benefit analysis (CBA). This is al$e t
reason why AquaMoney refers to both environmental sesource costs argenefits, where the role of
environmental and resource costs and benefitslatioe to article 4 can be to show whether the sost
outweigh the benefits in a CBA, including the eomimental and resource costs avoided (=benefits) by
specific pollution control measures and/or the eunental and resource benefits involved. In thet-co
effectiveness analysis (CEA) underlying articleiLis important to highlight any environmental dagea
cost or other cost arising as a result of an ioieffit allocation of water and pollution rights asated with
specific alternative programs of measures.




3. Theoretical background

3.1 Total cost concept

The cost of a productive activity consists, in tlyeaf the opportunity costs of the necessary isplihe
opportunity cost of employing an input is the higthbenefit generated had it been employed elsewhere
This is the cost to society of use of the resou@portunity costs seek to measure the full sdcestst of

an action or policy option that employs a natuealurce such as water. It is considered in ternasobfange

at the margin, i.e. marginal opportunity cost, hseamanagement decisions usually entail relatiseigll
changes in resource use. Opportunity costs comphisee components (Pearce and Markandya, 1989;
Turner et al., 2004):

Direct economic user cost of water, such as formpta the costs of labor, equipment and materials
used for abstraction or wastewater treatment. Swdts require adjustment for any subsidies,
taxation and market imperfections in order to ifteue opportunity costs (shadow pricing).

External cost that arises from water use (abstmaar pollution). This is the net value of any less
and gains in welfare that water use imposes orviohails other than those engaged in the activity
(direct userf. External costs arise because changes in one cammpof the natural resource base
affect other components and the efficiency withalihother (production and consumption) activities
can be conducted.

Scarcity rent due to resource exploitation resgltimits non-availability for future use. The sagrc
rent relates to the value of the opportunity foreggby exploiting and using a water resource in the
present period rather than at some time in therdutit also incorporates increases in the costs of
future resource use and exploitation that occur esnsequence of current use and exploitation. For
example increases in costs of future groundwatemging in alternative, less easy accessible places.

If input and output markets exist and function wellg. perfect competition, full information, notesnal
effects), the opportunity costs are reflected mrtarket prices paid for the inputs. For example,drice of
the necessary labour, equipment or electricityramipce a good or service. However, in some caspsis
are used or outputs produced for which no markeits and hence also no market prices are availtable
reflect their opportunity costs or which are tradeddistorted markets, which do not reflect thel rea
opportunity costs of the inputs used or outputsipced. These inputs or outputs usually involve ated
public goods or services, i.e. goods or serviceghwvban technically and often also institutionatigt be
broken down in separate and individually purchasailits. Examples include natural resources sudiras
and water and their natural purification processetheir function as a disposal sink for emittedyiants.
Here, environmental damages caused by water ugenater abstraction or the emission of pollutanfgn
do not result in a private cost to individual agefuut in a social cost to society. Failure toveater charges
for irrigation on the basis of opportunity costs liar example been a classic cause of inefficiancthe
agricultural sector (Repetto, 1986).

3.2 Total economic value concept

Opposite the opportunity costs of water is the eatin value or benefit of a specific water use. Hare
distinction has to be made between market and rankehvalues. Market value is the value of wateemvh
sold on a market if there exists any. For exampdewsold on a market as a raw input in an economic
production process, for final domestic use (tapewabr the value of market goods and servicesigeavby
aquatic ecosystems, such as fish or reed. In egsere there exists no market, for example whemter
resource is treated as a common property, opersgcesource where property rights are not defimetb
enforced, and water use is non-exclusive and na@i-im nature (i.e. public good) or open-accessltesn
rivalry such as congestion, values can be meaghredgh individuals’ preferences for the consensmatr
improvement in water resource quality as well ahviduals’ loss of welfare owing to resource dejoletor
quality decline. The value people attach to ungatinatural resources such as water and the sethiess

2 An external cost exists when the following two ditions prevail (Pearce and Turner, 1990):
- An activity by one agent causes a loss of welfar@nother agent.
- The loss of welfare is uncompensated.




resources provide is measured in money terms thrthegyconcept of individuals’ willingness to pay TR)

or willingness to accept (WTA) compensation. Ofsihéwo, the WTP approach has become the most
frequently applied and has been given peer revimwosement through a variety of studieg(Cummings

et al, 1986; Arrowet al, 1993). One important reason for this endorsensethiat WTP is theoretically
constrained by income levels whereas WTA is noe WATP measure is therefore believed to produce more
reliable valuation outcomes.

Aggregated across those who benefit from natursbueces and their services and who will hence be
affected by any change in their provision levetluing quality level, the aggregated WTP or WTAcamt
provides an indicator of their total economic vall&V). Environmental economists have introduced a
taxonomy of this TEV, distinguishing between uséiga and non-use values, in order to account fer th
various reasons and motives people may have t@\eduironmental change. Use values are associatied w
the actual or potential future use of a naturabuese (e.g. drinking water, fish consumption, iatign
water). Non-use values are not related to any hotysotential future use, but refer to valuesdttal to the
environment and natural resource conservation basetbnsiderations that, for example, the envirantme
should be preserved for future generations or lsecplants and animals also have rights.

An aggregate measure of the impact on social welfimes not consider inequalities in the distributod
gains and losses among individuals. Willingnespdy relates essentially to individuals’ ability pay,
which determines the relative weights assigned htir tpreferences. Its use infers acceptance of the
prevailing distribution of income.

The monetary WTP and WTA measures indicate howgdsin the provision level of public environmental
goods, including quality changes, impact upon imlial welfare. The notion of individual welfareas the
core of neo-classical economic theory, from whicé values above are derived. In this theory, vahres
determined by what individuals want (individual ferences) and measured by the extent to whichdhey
willing to trade-off scarce means such as time anay income to obtain something (secure a gain),
preserve something (prevent a loss) or acceptnmpeasation when losing something (either foregaia g
or tolerate a loss). A change in welfare is evaldaas the money income adjustment (WTP or WTA)
necessary to maintain a constant level of welfefere and after these changes (Hicks, 1939).

A distinction can be made between two types of avelineasures based on two different points ofenter
(Hicks, 1943): the ‘compensating surplus’ (CS) d&hne ‘equivalent surplus’ (ES). The former equals th
money income adjustment necessary to keep an éhadivat his initial welfare level befothe change in the
provision level of a public environmental good, lghthe latter equals the money income adjustment
necessary to maintain an individual at his new arelflevel_aftethe change in the provision level of the
environmental good. Four relevant welfare measasssciated with welfare gains and welfare lossedea
distinguished (Bateman and Turner, 1993):

- WTP to secure a welfare gain (£9);

- WTA to forego a welfare gain (&Sa);
- WTP to prevent a welfare loss (&%);
- WTA to tolerate a welfare loss (GH).

The choice for one of these measures depands alia on the perceived distribution of property rights t
the environmental good or service involveag( Freeman, 1979; Knetsch and Sinden, 1984; Hanemann,
1991).

3.3 Costs and benefits

The distinction between costs and benefits is fasneconomic point of view based on the questionthdre
a change in water use results in a welfare gaenwelfare loss and to whom. A welfare gain to oae e

considered a cost to another and vice versa. Bimclion depends furthermore on the point of exfee or
starting point as illustrated in the previous settihrough the four welfare measures. Benefitsugreally

defined as any positive effect for which identifelaffected parties are willing to pay, whereagsease the




value of the opportunities foregone because ottmemitment of resources to a specific project dicgpor
the willingness to pay to avoid detrimental effgfsung, 2005, p.31-32).

From the discussion in the previous section, ithesome clear that in principle environmental asgburce
costsare measured based on the total cost conceptranm@mental and resource benefitased on the
concept of total economic value. However, in sorages the external cost or scarcity rent compoment i
opportunity costs may consist of non-market welfelnanges including benefits foregone, which are onl
measurable in money terms through direct or intirem-market WTP or WTA valuation methods, i.e.
based on the concept of total economic value.

An example is the case where a factory locatedregust along a river uses water from the river in its
production process to produce for example foodhendcal products and discharges wastewater (adtees
treatment) from this production process in the miwehich pollutes the water downstream. This peituit
water results in higher purification costs for #iing water companies located downstream and loss of
recreational fish stock. The higher purificationsto of the drinking water companies and the loss of
recreational opportunities are real welfare loggesare the opportunity costs of the factory’s wase. The
former can be measured through market pricesamencrease in the material, electricity and labmsts of
producing clean drinking water, while the lattemcerns primarily non-market values, which can be
measured through non-market based WTP or WTA aphesadepending on the distribution of the rights to
the river: does the factory have the right to gellfwhat is the anglers’ WTP to prevent this padia®) or do

the anglers have a right to clean water and athealtd diverse fish stock (what is the anglers’ WIDA
tolerate the welfare loss?). Hence depending opaolrg of reference, costs can consist of benéditsgone,
which can be measured through the concept of éatahomic valug This close relation between costs and
benefits is another reason why AquaMoney refetsoth environmental and resource costs ledefits. A
similar example would be the extraction of a lirditstock of available freshwater during the dry sienm
period by multiple water users along a river, wheeger extraction in the face of scarcity by oneevaiser
upstream (e.g. agriculture) results in opportueitgts to other for the same water competing watersu
downstream (e.g. drinking water or recreation).

Finally, it is important to point out the differemdiere between price and value. Price and valugware
distinct concepts. Wategrer seor water of a certain quality has value, but mayehno price. Alternatively,
water (of a certain quality) may have a price, thig price does not reflect the true economic atiwater

(or the value of a specific quality level). Henbe heed to calculate and impute shadow prices &benuse
and the goods and services provided by aquaticystayas under circumstances where existing prices ar
believed to undervalue or overvalue the resourckemmonomic efficiency is an important guiding pipie

in water (allocation) management. For the estinmatibshadow prices different methods are availableve

will see in section 5. These estimated shadow prie@ subsequently be used to calculate the ttabenic
value of a specific water use (e.g. the amount afew consumed times its shadow price), including
environmental and resource costs and benefits térwese. Furthermore, existing pricing systems lman
modified based on these shadow prices to allow @oan market mechanisms of supply and demand re-
allocate scarce resources, including water, acdifsrent water uses and users and reduce possible
inefficiency in current resource use.

Sltis important to point out that irrespective mfoperty rights, there is always a damage cost @salt of water pollution if it
involves a welfare loss to some party!




4. Practical working definition

Although no explicit distinction is made in the skig environmental economics literature between
environmental andesource costs (for an overview see Schaafsm®emdver, 2006), the terms have been
interpreted and defined as two separate concepk®iVateco guidance and subsequently also in @@2E
information sheet. In the Wateco guidance’s glosséaterms, environmental costs are definedtls tosts

of damage that water uses impose on the environamhiecosystems and those who use the environment
(e.g. a reduction in the ecological quality of atjgeecosystems or the salinisation and degradatbn
productive soils) Resource costs are defined #ee' costs of foregone opportunities which othesuséfer

due to the depletion of the resource beyond itarahtate of recharge or recovery (e.g. linked be over-
abstraction of groundwater)Resource costs are furthermore set equal tocgacosts’.

Similar definitions are used in the ECO2 informatisheet where environmental costerisist of the
economic value of the physical environmental dantagés of aquatic ecosystem degradation and depleti
caused by a particular water use (e.g. water algdiom or the emission of pollutantgnd resource costs
are defined asthe opportunity costs of using water as a scar@uece in a particular way (e.g. through
abstraction or wastewater discharge) in time andcgh

The distinction between environmental and resowwsts in the Wateco guidance seems to be based
primarily on the question whether the water reselscdepletable (non-renewable) or not, while tiOR
information sheet introduces the notion of use aaduse values into the equation, where environrhenta
damage costs could be argued to refer to non-dgesvattached to a healthy functioning aquatic ¥xtesn

and the opportunity costs of those who use the margironment to the corresponding use vdlugse
ECO2 information sheet proposes to use the outcaintlee gap analysis in the WFD (i.e. the estabtishe
difference between the expected water status i 281l good chemical and ecological status in 28%5he
basis for the economic valuation of physical envinental damage costs. Both the Wateco guidancéhand
ECO2 information sheet use the term ‘opportunitgtgoto describe and delineate resource coststaad t
seems to be considered a distinctive feature betwagironmental and resource costs. However, dilven
definitions above, the concept of opportunity c@stslescribed in the previous section may equpliyyao
both environmental and resource costs.

Hence, the concepts basically seem to be definadnnore or less distinctive way along the linesitfer:
their natural characteristics and depletable nadara result of (non)sustainable water use, and/or
the economic and institutional conditions (e.g.ewatllocation and/or pollution rights) under which
a variety of cost types arise as a result of sjgegifiter use, including the current and future
opportunity costs of water use.

A distinction based on terms such as ‘depletiorsefliin the Wateco guidance for resource costs) and
‘degradation’ (used in the ECO2 information sheetdnvironmental costs) and a corresponding distinc
between renewable and non-renewable (stocks oBrweasources along the first line depends on alaila
information and indicators regarding practical aqkrational threshold levels of water use (e.gwlat
point does degradation turn into depletion of airatresource?). This type of information (e.g.rastion

rate < regeneration rate; emission rate < absaorpéte) is not always available or clear-cut incfice given

the functional complexity of aquatic ecosystems.diatinction along the second line depends on the
estimation of demand for and supply of water incefeequantities and qualities, at different locais now

and in the future.

4 According to the ECO2 information sheet, resouragts equal the difference between the economimvialterms of net benefits

of present or future water use (e.g. allocatiorewlfission or water abstraction permits) and the @wun value in terms of net

benefits of the best alternative water use nowmahé future. Resource costs arise in this senlydfalternative water use generates
a higher economic value than present or foreseenefuvater use (i.e. the difference between negfitsris negative). There may be
a variety of reasons why this is the case, inclgidistitutional ones such as historical water @usion rights or the current or future
distribution of pollution permits. Contrary to tdefinition in the Wateco guidance, resource costsrathe ECO2 information sheet
not necessarily confined to water resource depledialy in terms of water quantity or water qualifthey arise as a result of an
economically speaking inefficient allocation of watand/or pollution over time and across diffeneater users in view of the fact

that alternative water use generates a higher egien@lue in terms of net benefits.




For practical economic valuation purposes, we st from the notion that:

1) water is an economic good, meaning that thegetésnmporal and spatially defined demand for water
of a certain quantity and quality and water caruged in alternative ways, i.e. there is scarcitg, t
core of any economic analysis;

2) water as an economic good has — by definitidrertise it would not be considered an economic
good — both an economic value and an opportungy, co

3) resource costs are distinguished separately fowironmental costs to account for the fact that
across Europe important differences exist in teomgater quantity and water quality management
issues;

4) resource costs refer to competing and/or cdifichumanwater use, primarily as a result of its
limited quantitative availability in time and spadeut not exclusively as there exists a close
relationship between water quantity (scarcity) asader quality;

5) environmental costs refer to all physical envinentaldamage costs related to the chemical and
ecological status of a water body or river basimarily as a result of water quality problems, but
not exclusively as there exists a close relatignbleiween water quantity and water quality;

6) physical environmental damage is measured iatipeaas the difference between the baseline state
of a water body or river basin and its good ecaalgstatus as defined in the WFD.

So in conclusion, environmental costs are defineck las the total economic costs (welfare losshef t
physical environmental damage to a water systente(waody or river basin) as a result of the chemica
and/or ecological state of the water system. Thesiphl environmental damage is measured through the
difference between a water body or river basin’sent and good chemical and/or ecological state. By
definition, the total economic costs include polestienefits foregone (opportunity costs), suctoas bf the
economic benefits derived from, for example, retioeal opportunities or wildlife habitat and biodrsity
conservation. That is, related to and includechenénvironmental costs are also the (indirect) otgpaf the
physical environmental damage on various relevatémuses.

Resource costs explicitly refer to the economiaigadf the opportunities foregone of water use snbigst
current or future alternative use (in order to dvbaving to measure all possible current &ndre water
uses) due to specific current water use and resoexploitation (rights), resulting in its physicabn-
availability (scarcity also in terms of a specifjuality) for current or possible future alternativge. They

are measured in terms of the matlfare loss of current water use and therefoctude both the economic
value of current water use and the highestnomic value of alternative current or futureewaise (i.e.
benefit foregone). Resource costs are specifidalked to water availability (scarcity) in order tvoid
overlap between environmental and resource costsiraview of the fact that in the field of ‘resoerc
accounting’ water resources are usually includedaastock resource and the accounts measure their
abstraction levels.

Finally, environmental benefits are defined asttial economic value of the goods and servicesigeav

by aquatic ecosystems when implementing the WFEBluding the use and nonuse values associated with
drinking water quality, irrigation water, commeicand recreational fishing opportunities, wildlif@abitat

and biodiversity. Resource benefits are the econdmnefits associated with the use of availableswvat
stocks and flows of a certain quality at a certaire and place.

These costs and benefits can be measured withetheohdifferent valuation methods. A brief ovewief
the available economic valuation procedures wilpbvided in the next section.




AquaMoney working definitions environmental and re®urce costs and benefits

Environmental cost

Total economic market and non-market based vale#fgve loss) of the (physical) environmental damiag
a water system (water body or river basin) as altre$ the chemical and/or ecological state of gystem,
including the benefits foregone measured throughdifference between the baseline state of a vimidy
or river basin and its good ecological status dimele in the WFD (see definition environmental bigisie

Environmental benefit

Total economic market and non-market based val@fgve gain) of the goods and services providea by

water body or river basin as a result of reachirgpad chemical and/or ecological state as definethe
WEFD, including their use and non-use values.

Resource cost

Total economic market and non-market based valuelfgve loss) of the opportunities foregone
alternative water use and exploitation of a watshybor river basin as a result of the limited aadaility of
water (of a certain quality), including the futusenefits foregone as a result of water resourcéetiep,
measured as the difference between the economie wélcurrent and the economic value of best altera
use now and it the future (see definition resobeeefits).

Resource benefit
Total economic market and non-market based valatfgve gain) of water extraction and exploitatidrad

water body or river basin now and in the future.

D
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5. Practical estimation of environmental and resewosts and benefits

Economic valuation studies of the environmental mesdurce costs and benefits associated with #gfsp
scope of the WFD are rare or non-existent in Eurape elsewhere. For that reason, a first preliminar
overview is presented in this section of existingremic valuation methods that may be used andéfilu
for the estimation of environmental and resourcgts@and benefits in practice (including the Aquakion
pilot case studies presented at www.aquamoney.bi@)ever, before discussing these possible valnatio
methods, first an overview is provided of curremagbical problems with the assessment of (full)tcos
recovery of water services.

5.1 Current problems with full cost recovery asses#

Besides possible environmental damage not accodotethrough market prices, i.e. market prices only
reflecting the private opportunity costs and na fhll social opportunity costs as explained intisec3,
Renzetti and Kushner (2004) distinguish a numbeotber reasons why a government agency or firm's
private accounting of the costs of its activitiesyndiffer from the full economic cost of those aities.

First, there may be accounting guidelines set mgioivernment regulations, which dictate the wawiich
costs are recorded. For example, utilities may feeemted from assigning a competitive rate of retas
part of the opportunity cost of its purchased Gdgjbods.

Secondly, a water utility may receive subsidiesrirother agencies. These could include direct sidssid
such as capital grants from senior levels of gawemt or indirect subsidies as might occur if a ripail
water utility were to receive services from the/'sifegal department without charge.

Thirdly, analysts and utility regulators may disagin how completely they wish to see an agencyentov
full cost accounting. For example, some may ardaeit is sufficient to see that operation and nexiance
costs are fully accounted for. Others may argué dparating and maintenance plus capital costs imeist
fully accounted. Still others would argue that aésdernal costs such as environmental damageshand t
opportunity cost of raw water supplies must beuded.

A fourth factor that inhibits implementation of fudost recovery is a lack of standardized guidalifar
these types of accounting. Although there existarge body of economic research devoted to meagurin
whether a household, government agency or firmé@acting of the costs of its activities accuratelffect
the costs borne by all of society, such as roadspartation or the generation of electrigitihere is a
limited literature that is concerned with applyithg principles of full cost accounting to water ssivage
utilities.

Fifth, because of the novelty of this approach tatew and sewage utility accounting, there may be
difficulties in collecting the data needed to estiemssome cost components.

Other important issues that play a role when trymgssess the level of cost recovery of waterices\and
which add to the level of complexity and uncertaiwhen trying to assess cost recovery of watericesv
include:
In some cases there does not exist a clear diedatianship between the service in question, the
provider of the service and the user of the servia@ example, the management of rivers and
watercourses (e.g. dredging) serves both commegaidlirecreational shipping and flood control.
Flood control management is another example ofpitewvision of a public good, which cannot
technically be broken down in individual units asuadd to individual beneficiaries.
In other cases, there exist interdependencies batwater services and their costs. For example, an
increase in the level of sewerage provision legelg. increase in connection rate) will also result
an increase of water treatment costs.

® In Europe, a major EU funded research study watemiaken over the past 10 years to estimate therrett costs to the
environment and human health of electricity prothurctfrom fossil, nuclear and renewable sources €EE: Externalities of
Energy).




Not all costs are always clearly visible. For extenpnvironmental and resource costs. Or costs are
financed through different financial channels arddifferent institutions (e.g. local tax revenues
and general income taxation).

Cost recovery accounting and assigning costs ferdiit user groups may involve substantial extra
administration costs, especially when there argelarumbers of different users. These costs may
exceed the benefits of the development of a newnamed adequate contribution mechanism or the
modification of an existing contribution mechanism.

5.2 Economic valuation of environmental costs agwkfits

Any assessment of environmental costs or bendhissswith and is based upon an environmental impac
assessment, hence requiring the input (knowledgeerase and information) from environmental expelt

the case of an assessment of the environmenta assbciated with water use, a first step is tatifjethe
significant pressure, which causes a water bodghange and not reach the set environmental WFD
objective(s). In principle, if there is no signiiat pressure (reduction) and a water body is ajyread good
state, there will also be no additional environraknbst (benefit).

A second step is to assess the impact of this ymegseduction) on the water environment, in rehéva
chemical and/or ecological terfnghis requires the selection and description ef tlevant attributes or
characteristics of the water system for the econaaluation exercise.

A third step is to identify and, if possible, gunthe nature and extent of the damage involvedh lon the
water environment and other water users. Damadefiaed here as the difference between some raferen
and target situation (see section 4) and the quoreing effect on the provision and quality of gueds and
services involved. In principle, a dose-responsmatge function is needed for this, estimated based o
existing dose-pathway-response frameworks suchh@sDriving Forces-Pressure-State-Impact-Response
(DPSIR) or the Source-Pathway-Receptor (SPR) fraomiew

In the next steps, the extent of the environmed#ahage (reduction) and the associated welfare dosse
(gains) are measured in economic terms. The ecanwatiie of environmental costs or benefits is often
referred to as environmental values. This valuelmmeasured in various ways, based on the ideattdn

of the goods and services (functions) impairedhgypressure involved (e.g. water used for drinkiager
production, irrigation, food processing, recreatiatildlife habitat etc.). The various steps areugiized in
Figure 1.

Depending on the nature of the specific environ@leflliogeochemical and/or ecological) change in the

water system, the presence of a market where tbdsgand services involved are exchanged and data
availability, economic values can be estimated gigilirect or indirect market and non-market based

valuation techniques.

Market valuation means that existing market behavand market transactions are used as the ba#lie of
valuation exercise. Economic values are derivethfexisting market prices for inputs (productionues)

or outputs (consumption values), through more es leomplex econometric modeling of dose-response
and/or damage functions. Examples include the enanealue of fish, which is sold on a fish market
(market analysis), the costs of replacing impaeedironmental riparian functions such as nutriet¢mtion

and export through the installation of a wastewaatment plant (replacement costs) or the cdsisaater
filter on tap water (avertive behaviour/defensixpenditures).

6 Alternatively, also geo-morphological and ecol@adicestoration and rehabilitation measures areilpesswhich do not really
reduce a pressure, but repair and restore a watems.
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Figure 1: Economic valuation of environmental c@std benefits

Alternatively, the economic value of the environita¢mlamage (avoided with the help of existing piadho
abatement and mitigation measures) can be estimwitidthe help ofdirect and indirect non-market
valuation methods (e.g. Johansson, 1987; Mitchadl Garson, 1989; Freeman, 1993; 2003). Non-market
valuation means deriving economic values in cadesravsuch markets are non-existent or distorteikcDi
methods (also called stated preference methodgr ttef contingent valuation (CV), discrete choice
experiments (CE), and contingent ranking (CR) teples, where individuals are asked directly, irnaia
survey format, for their WTP for a pre-specifiedvieonmental change. WTP can also be measured
indirectly by assuming that this value is reflectiedhe costs incurred to travel to specific sifieavel cost
studies) or prices paid to live in specific neighfmmds (hedonic pricing studies) (also called ricka
preference methods). The latter two approaches ureasnvironmental use values through revealed
preferences, while CV and CE are believed to be ibhlso measure non-use or passive use valumgthr
stated preferences. Of these methods, CV is prpklel most widely applied method in contemporary
valuation research (Carsenal, 1995; Bateman and Willis, 1999).
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5.3 Economic valuation of resource costs and benefi

The economic value of water use and exploitatiai @ surface or groundwater abstraction for aljtica

the food or paper industry, the energy sector pdfmking water purposes can be measured dirdaibugh
existing market prices for intermediate or finaltgraproducts (e.g. drinking water price) or indihgc
through the value water adds as an essential iiggtr in production processes if there exists raiew
market. In the former case, the market price igiplidd by the quantity of water consumed to yitid total
market value. In the latter case, the economicevalfiwater is derived through more or less complex
production function approaches, where output igrection of labour, man-made capital, intermediateut
and natural capital including the water resourcegrssing output on these input factors yields eymal
value for water use. This marginal value can beluseestimate the total economic value of a change
water use by multiplying it with the change in wag@antity use assuming a constant marginal valubeo
estimated change. More complex integrated watereltind approaches also exist, where limited water
availability and other key water system charadiesge.g. water balance, water flows, seasonahtian,
infrastructure and institutional conditions eta:¢ @oupled with and integrated in economic productnd
consumption functions, yielding shadow prices apgootunity costs of different existing and/or fugur
water use patterns (e.g. Andreu et al., 2005)

When the water resource is depletable (non-ren@jabhd current use limits future use opportunities
resource accounting methods like the net price atethay be used, where a ‘scarcity rent’ is caledats
the difference between the market or shadow pfiiteeowater resource and its marginal extractiosto

In some cases, human resource use may also inckaleational activities, which depend on water
availability. Examples are fishing on fish specieth specific water depth requirements, surfingwald
water rafting, but also the recreational activityiraming can be considered a function of water aiity.

In some cases recreational values can be derived dxisting fish permits or entrance fees, butnfiorst of
these recreational activities usually no markestsxiHence their value has to be derived via ictinen-
market valuation techniques, of which the travedtcoethod seems to be the most important one itoast
the associated use value. However, also stateeérprefe methods like contingent valuation or choice
modelling approaches may be applicable.

An overview of existing monetary environmental \alan methods is given in the annex to this paper.
Based on the estimation of the environmental dancagts (avoided) and opportunity costs of limiteatev
availability, through direct and/or indirect valicat methods, existing pricing and financing meckars can

be reviewed to assess to what extent the estindsrthge and opportunity costs are internalized Her t
purpose of cost recovery. Estimation of the totalnemic benefits of reaching the target situationlgding
damage costs avoided) also allows assessment actiromic efficiency of existing pollution abaterhen
measures and water distribution patterns throughh @B assessment of the most efficient level (and
corresponding prices) of pollution control and watdbstraction and the economic justification for
derogation in relation to disproportionate costs.

7 A distinction is generally made between ‘holisticid ‘compartmental’ integrated models (e.g. Mcl€yet al., 1999).
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6. Glossary of terms

Benefit

The benefit of a project, programme or policy is positive (expected) aspect of an outcome, inolyttie
improvement in environmental protection or enviremtal quality which will flow from it, but also ithading other
improvements - for example, in cost savings, sdmalefits such as health, convenience, or genediédre.

Cost

The cost of a project, programme or policy is thiéfalue of any resource in its best alternatise (opportunity cost).
This may be estimated by the financial expensagiad by an operator or proponent in meeting theirements
placed upon them by the authorising body, or apeasges incurred by a Government body in carryirigtsu
activities; similarly, the cost of a programme ofigy is the expected financial expense of impletimgnthe
programme or policy by those it will affect. Coatso include any environmental, resource, humatitheaother
social impacts which are detrimental in nature.t€oxlude any capital (and the opportunity costhis capital) and
recurrent expenditure, administrative costs, moimgpand enforcement costs, and research and develat costs.
Economic costs include market and non-market cpstgte and social ones.

Cost recovery
Extent to which the production or supply costs epacific good or service are covered by the regenu

Damage
Physical deterioration or degradation of the plalsénvironment or detrimental impact of human atés on the
environment and those who use the environment.

Damage cost
Welfare loss associated with the deteriorationegrddation of the physical environment.

Economic analysis

Term used in the World Bank project evaluatiorréitare to refer to evaluation of the social (costied with private)
profitability of alternative investments or progranin the project evaluation literature ‘socialddeconomic’ are used
interchangeably. Profitability means efficiency andudes both monetized and non-monetized benefits

Economic rent

Non-observable income imputed to an input in lishiseipply. Rents were originally attributed onlydad, but are
nowadays used for any resource in scarce suppkgllihg rent is measured as the difference betwkemarket or
shadow price for a resource unit and its margirtabetion cost.

Economic value

The monetary measure of the welfare associatedthétichange in the provision of some good. It istade confused
with monetary value unless the latter is explicitBsigned to measure the change in welfare, norfimiancial value,
which may reflect market value or an accountingvertion. As Freeman (1993), notes the terms 'ecaneatue’ and
‘welfare change' can be used interchangeably.

External cost

An externality is said to exist when the action®é individual affect the well-being of other inidiuals, without any
compensation taking place through the market. kKample, the discharge of a CSO will be a negatiteraality to
recreational users to the extent that it will lé@@n aesthetic degradation of the river corridonfhich they will not
receive any compensation which would leave thenasfivell as if the CSO discharge had not happened.

Financial analysis

Term used in the World Bank project evaluatiorréitare to refer to evaluation of the private padiitity of alternative
investments or programs from the perspective opthete individual or firm affected by a projeBrofitability is
calculated in terms of actual prices, costs andmags paid and received and therefore reflectadtual transfer of
income.

Foregone benefit
The value sacrificed when one resource use opighdsen over another.

8 Definitions used here originate from Brouwer et{2004) and Young (2005).
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Internal cost
Welfare loss, which has been compensated.

Marginal cost

Additional, incremental cost of producing one monét of a good or service. Measurement of margioat depends
on the time frame considered. Short term margioat may often be derived from variable cost (fatraple the extra
labour and raw materials). Measuring long term maigcost may entail modification to relevant assatd costs
which are considered fixed over a shorter periadhsas the capital cost of a factory. The measuneofenarginal
cost crucially depends on the unit of productionsdn, particularly in a network industry. The maagicost of an
additional unit of water is different from the margl cost of an additional connection to the netwfor instance.

Market price
The price at which a commodity is bought or sold imarket.

Market value
Value of a commodity when sold on a market.

Nonmarket valuation
The study of economic behaviour for the purposassigning economic values in contexts where mamiegs are
absent or distorted.

Nonuse value
Value assigned to a good or service by knowingigte even though someone will never actually tiseow or in the
future.

Opportunity cost
Refers to the benefit forgone because the resoproetding the service can no longer be used iir thext most
beneficial use. It is measured by the value ofrés®urces in their most valuable alternative use.

Private good
Effectively a good that can be marketed.

Public good
Good where the provision of the good for one indlivil also makes it available for others and itaspossible to
prevent others from using it.

Revenue
Monetary benefits derived from the sale of a googewvice.

Shadow price

A concept which seeks to express the real valgmofls and services. It may reflect opportunity £assome cases, or
an aggregated 'willingness to pay' for somethingther cases. Estimates of the costs of resourbiEhwepresent their
true opportunity costs, in circumstances when atlexbmarket prices do not. In perfect markets, siagkices will
simply be equal to market prices, but distortianghie market, such as the presence of monopoly pome taxes
which do not correct externalities, lead to a diegrce between market prices and shadow prices.

Social benefit
The benefit that accrues to individuals from ecoiwoactivity other than those who are the generatbthe benefits. It
is the difference between the total and privatechienthat arise from a project.

Total economic value

Total economic value of an environmental resousamade up of, i) use values and ii) non-use valuss.values are
composed of a) direct use value, b) indirect useegand c) option values, whilst non-use valueswade up of a)
altruistic, b) existence values and c) bequesteslu

Use value
Value assigned to goods or services, which areafigtused, now or in the future.

Value added
The value generated in a firm’s production processasured as the difference between the valudiohs output and
the value of the inputs purchased from other firms.
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Welfare cost
Any negative effect on human well-being (or benefit

Willingness to accept
A monetary measure of the value someone accepisuld accept in compensation for a specified Idgbe quantity
or quality of a good or service.

Willingness to pay
A monetary measure of the value someone pays oldvpaty for a specified change in the quantity aalijy of a good
or service.
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Annex: Overview economic valuation methods

Below an overview will be given of existing mongtagnvironmental valuation methods. First, a brief
description of selection criteria is given, follodvby a brief summary of each method. This anndased
on chapter 4 (Guidelines for Economic Valuation) @eorgiou, S., Whittington, D., Pearce, D.W. and
Moran, D. (1997). Economic values and the envirammia the developing world. Edward Elgar,
Cheltenham, UK. | am grateful to Stavros Georgind his co-authors for allowing me to use this chapt
this paper. The annex is supplemented with infalondtom Schaafsma and Brouwer (2006).

Choosing between valuation methods

All valuation techniques have strengths and weadessand the decision on which to use for a pdaaticu
application requires experience and judgment orp#reof the analyst. Some general points for thedyat
to consider when making this choice are set ouviel

First, it is often possible to use more than onkiatéon technique and compare the results. All mdsh
involve some uncertainty; if the analyst has migtigstimates, he or she will have greater confidendhe
value of the proposed change. Several of the vialugchniques typically use data from a housebatgey

(for example contingent valuation, travel cost dredlonic property pricing methods). When a technique
requires that primary data be collected with a kbofd survey, it is often possible to design thevey to
obtain the data necessary to undertake more thavanation method. Household surveys are requoed
contingent valuation, opportunity cost and travedtcstudies. Such surveys need to be designedhvétgoal

of producing value estimates using multiple methods

Second, different valuation techniques may meadififerent things. In this sense they should be ictared

as complimentary rather than competing tools. B@mle, the contingent valuation method is the only
available technique for measuring non-use (or passse) values. Suppose that estimates of use valae
national park and wildlife reserve were obtainethgis travel cost model and estimates of non-usgeva
were obtained from a contingent valuation surveyese value estimates are not substitutes for oothem
both may be useful for policy makers. Similarlyealed preference methods measure the perceiveditsen
to individuals; they do not capture the value ofeets of which people are unaware. For example, if
individuals do not know that a cancer-causing st is in their drinking water, they obviously lwibt
take action to avoid this risk. There will thusre‘behavioural trail’ that an analyst can follosvdetermine
how much they would be willing to pay to avoid suchisk. However, using the damage function apgrpac
an analyst could estimate the reduced cancer déehsvould result if the carcinogenic substanceevie

be removed from the water supply.

Third, it is important to consider the needs of tiser(s) of valuation studies. In some cases ¢liaave
preferences for the use of one valuation technioyee another. For example, estimates obtained fravel
cost or hedonic property pricing methods may besictaned too theoretical or too complex. A particula
client may feel that contingent valuation estimatsstoo subjective and unreliable to support pdliebate
and discussion. The analyst carrying out policykaoust be sensitive to such concerns.

Fourth, the analyst should consider not only tlentk needs, but also the needs of the publiarinétion
elicited on people’s values for environmental imgment is often of great interest to a wide variety
groups in society. In choosing a valuation techejqthought should be given to how the information
obtained will be received by the public and intezdsparties other than the immediate client. Infation
from valuation studies could be used in a ‘top-dokiararchical planning process or it could coniti to
democratic dialogue or a participatory politicabpess. A technique such as contingent valuationsbeea
resemblance to a referendum or voting process. &dsehe final decision on a policy or project may e
determined by an election, the process of elicitimfigrmation on people’s preferences involves dater
degree of participation in decision-making. Anadysieed to be aware of the consultative nature ®f th
valuation task and sensitive to the political iroptions. They should choose techniques that infanah
facilitate public debate. One useful step is talhmliblic hearings or meetings with local commurégders

to explain the findings of valuation studies.
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Fifth, the cost of carrying out a valuation studyset of studies must be weighed against the vafube

information in helping to make a better policy @ojpct decision. Clearly more money could be smena
valuation study than a policy decision warrantst Bis also important to keep in mind that manyiges

and projects have large-scale environmental imjidina that extend far into the future. In this ctwe is a
substantial risk that too little money will be spen the use of valuation techniques.

Summary of valuation methods
Brief summaries of the main techniques and théatixe strengths and weaknesses are presented.below

Contingent valuation (CV)

Applicability

Extensive, since it can be used toide values for almost any environmental changes Ekplains its

attractiveness to ‘valuers’. Together with choigpexriments only method for eliciting non-use valuges

Procedure

Involves administering a carefully wordgestionnaire which asks people their WTP and/diAW
compensation for a specified environmental charfgeonometric analysis of survey results

is

generally required to derive mean values of WTR bidd to estimate the determinants of respondents’

WTP. Literature tends to suggest that most sensédalts come from cases where respondents
familiar with the asset being ‘valued’.

Validity

The literature has identified various fasnof potential bias. ‘Strategic bias’ arises if p@sdents
intentionally give responses that do not refleeirtttrue’ values. They may do this if they thirtkete

are

is potential to ‘free ride’. However, there is lieil evidence of strategic bias. ‘Hypothetical bigs’

arises because respondents are not making ‘raabdctions. Costs of studies usually limit the nein
of experiments involving real money (criterion ditly), but some studies exist. Convergent validity
good. Construct validity — relating value estimatesexpectations of values estimated using o
measures —is debated, especially the marked diveegen many studies between WTP and W,
compensation.

Reference

Mitchell, R.C. and Carson, R.T. (19893iny Surveys to Value Public Goods, The Contingd
Valuation Method. Resources for the Future, WagbimgDC, USA.

Contingent ranking (CR)

Applicability

Extensive. Limited number of studiexist and are confined to ‘private goods’ — thatg®ods
purchased in the market place. It is unclear hoteresive the range of application could be
environmental goods.

Procedure

Individuals are asked to rank severatraltives rather than express a WTP. Alternatieed to differ
according to some characteristics and price. Metbodld be extended to a ranking of hot

characteristics with some ‘anchor’ such as the @quiee being used to convert rankings into WTP|

Validity

Not widely discussed in the literature,tlibeoretically questionable compared to choiceegrpents.
See Bateman et al. (2002) for a more detailed diSon. Too few studies exist to test other valig
measures but initial results suggest CR WTP excEste/TP.

Reference

Bateman, 1.J., R.T. Carson, B. Day, Mhadzann, N. Hanley, T. Hett, M. Jones-Lee, G. Logres
Mourato, E. Ozdemiroglu, D.W. Pearce, R. SugdenJr&lvanson (2002), Economic Valuation wj
Stated Preference Techniques: A Manual, EdwardrE@zeltenham, UK.

Choice experiment (CE)

Applicability

Extensive, since it can be used taide values for almost any environmental changepdrtant
advantage compared to CVM is the valuation of emvitental attributes, making it possible to der
marginal economic values for a range of environ@lechanges. This explains its attractiveness
‘valuers’. Requires substantial knowledge of ecoewio analysis. Together with CV the only meth
for eliciting non-use values.

Procedure

Individuals are asked to choose between @ore alternative options or situations, inchglia
baseline option or situation. Alternatives consifthe same attributes, including price, but diéfer
attribute levels. Implicit WTP value derived fronmaice behaviour modelled through multinom
regression analysis.
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Validity

Use and applicability is increasing in thigerature over the past 5 years. From a welfhestetical
point of view superior to contingent ranking. Imggort methodological issue include the independe
between attributes and the orthogonal design oéxiperiment.

ncy

Reference

Hensher, D.A., J.M. Rose, W.H. Green85R®Rpplied Choice Analysis, a Primer, Univerdisess,

Cambridge, UK.
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Market based approaches: dose-reponse, replacemeatd opportunity cost approaches

Applicability | Extensively used where ‘dose-responsgationships between pollution and output or &mpare
known. Examples include crop and forest damage #imrpollution, materials damage, health impacts
of pollution, output losses from soil erosion, seetation from soil erosion. Limited to cases where
there are markets or where shadow prices can beatst — that is the method cannot be used to
estimate non-use values. Replacement cost approatte widely used because it is often relatively
easy to find estimates of such costs. Replacenmasit approaches should be confined to situations
where the cost relates to achieving some agreeidoanvental standard, or where there is an overall
constraint requiring that a certain level of enwmmental quality is achieved. Opportunity cost

approaches are very useful where a policy preclategss to an area — for example estimating
forgone money and in-kind incomes from establishnoéa protected area.

Procedure Dose—response: takes physical and ecaldigks between pollution (‘dose’) and impacegéponse’)
and values the final impact at a market or shadieee pMost of the effort usually resides in the non
economic exercise of establishing the dose—resplarise Multiple regression techniques often used

for this.
Replacement Cost: ascertain environmental damadjéhan estimate cost of restoring environment to
its original state.

Opportunity Cost: ascertain functions of displatatd use and estimate in-kind and money incomes
from those uses. May require detailed householdeysrto establish economic and leisure activities i
the area in question.

Validity Dose—response: theoretically a sound ap@ino Uncertainty resides mainly in the errors ia tose—
response relationship for example where, if thagteare threshold levels before damage occurs?| Are
there ‘jumps’ (discontinuities) in the dose—damegjationship? An adequate ‘pool’ of studies may pot
be available for cross-reference. Criterion vajidibt relevant since presence of ‘real’ marketsisgn
to be a test in itself — that is revealed prefeesrio the market place are being used as the ajgteop
measure of value.

Replacement Cost: validity limited to contexts whagreed standards must be met.
Opportunity Cost: sound measure of damage done diyem land use that precludes other activjty.
More sophisticated estimates would include losiscomer surplus.

Reference Baumol, W.J. and Oates, W.E. (1971). Ube of standards and prices for protection of |the
environment. Swedish Journal of Economics, 73: 42-5
Young, R.A. (2005). Determining the economic vatiievater. Concepts and methods. Resources for
the Future, Washington DC, USA.

Surrogate market based: avertive behaviour

Applicability | Limited to cases where householdsrepenoney to offset environmental hazards, but troese be
important — for example noise insulation expendisurrisk-reducing expenditures such as smoke-
detectors, safety belts, water filters, and soHas not been used to estimate non-use values though
arguable that payments to some wildlife societiesld be interpreted as insurance payments| for
conservation.

Procedure Whilst used comparatively rarely, theraeggh is potentially important. Expenditures unalegh by
households and designed to offset an environmeistaheed to be identified. Examples include naise
abatement, reactions to radon gas exposure —fon@ggpurchase of monitoring equipment, visitg to

medics, and so on. Econometric analysis on pamkkarvey data is sometimes needed. Can be fairly

expensive.

Validity Theoretically correct. Insufficient studiéo comment on convergent validity. Uses actupkesditures
so criterion validity is generally met.

Reference Dickie, D., Gerking, S. and Agee, M. ()981ealth benefits of Persistent Micropollutantr@ol: the

Case of Stratospheric Ozone Depletion and Skin [@anfisks’, in Opschoor, J.B. and Pearce, D{W.
(eds), Persistent Pollutants: Economics and Pdiicydrecht: Kluwer.
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Surrogate market based: travel cost method

Applicability | Generally limited to recreational eg and their characteristics. Distinction van bedenbetween
individual, zonal and random utility based travelstc models. WTP derived from travel costs,
including travel time. Cannot be used to estimate-nse values.

Procedure Detailed sample survey needed of tragetle households, together with their costs ofdrag the
site. Complications include other possible benefitde travelling, and presence of competing sites
Validity Theoretically correct, but complicated whehere are multi-purpose trips and competing sBesne

doubts about ‘construct validity’ in that numbertops should be inversely correlated with ‘pricd’
trips —that is, distance travelled. Some UK studieshot show this relationship. Convergent validity
generally good in US studies. Generally accepttbtficial agencies and conservation groups.

Reference Ward, F.A. and Beal, D. (2000). Valuirgure with travel cost models, A manual. EdwardaElg
Publishing, Cheltenham, UK.

Surrogate market based: hedonic property pricing méod

Applicability | Applicable only to environmental atiutes likely to be capitalised into the price afuking and/oji
land. Most applied to noise and air pollution amijhbourhood amenity, but also to water quality and

flooding. Does not measure non-use value and iir@ohto cases where property owners are awatre of

environmental variables and act because of thewitasavertive behaviour).

Procedure Approach generally involves assemblyagszsectional data on house sales or house wiiteates
by estate agents, together with data on factoedyliko influence these prices. Multiple regressjon
techniques are then used to obtain the first estimian ‘implicit price’. A further stage of analg is
required since the multiple regression approacls dog identify the demand curve directly.

Validity Theoretically sound, though market failarmay mean that prices are distorted, that is nmnkay
not behave as required by the approach. Data cagand factors determining prices often diffi¢al
come by. Limited tests of convergent validity bahgrally encouraging results.

Reference Freeman, A.M. Ill (2003). The measurenwnéenvironmental and resource values. Theory and
methods. Second edition. Resources for the FuiMashington DC, USA.
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