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Glossary

(Note: see Box A for a more general discussioreominology and consistency with WFD.)

Administrative costs -all costs related to water resource managemeritdthaot lead directly to
the reduction of pollution or an improvement in teavironment. Examples include costs of
administering a charging system, permitting, cdntresearch, monitoring costs and reporting
obligations.

Baseline scenario projection of the development of a chosen set dbfa (cost and/or benefits) in
the absence of (new) policy interventions.

Benefit transfer - involves the application of unit value estimates)ctions, data and/or models
from existing studies to estimate benefits assediatith the resource under consideration, for
example, value of cleaner water.

Contingent valuation - valuation of commodities/benefits not traded in kets, for example, clean
air, landscapes and wildlife. The valuation is lbagspon the responses of individuals to questions
about what their actions would be if a particulgpdthetical situation were to occur. When the
average of responses has been calculated, witthtireggf necessary, the valuation of a public good
is ascertained.

Contour cultivation - contouring entails performing all tillage and plagtof crops on or near the
same elevation or "contour." It is applicable ofatieely short slopes up to about 8 percent
steepness with fairly stable soils. By plantingoasrthe slope, rather than up and down a hill, the
contour ridges slow or stop the downhill flow oftela Water is held in between these contours, thus
reducing water erosion and increasing soil moisture

Costs of environmental measurestotal costs of measures taken to improve the stdtuster.
Cost-benefit analysis- (often referred to as CBA, or in the United 8sa&s Benefit-cost analysis) is
an important technique for project appraisal: theepss of weighing the total expected costs against
the total expected benefits of one or more actogcts in order to choose the best or most
profitable option.

Cost-effectiveness analysis assessment of the costs of alternative optionshwalicachieve the
same objective. The costs need not be restrictgaitely financial ones. With a cost-effectiveness
analysis the least-cost way of achieving the ohjeatan be assessed. In the context of the WFD it i
used to select appropriate measures.

Discount rate -the rate used for discounting future values toptesent. In cost-benefit analysis,
there is a distinction between a private and aasaeite of discount. A private rate of discount
reflects the time preference of individual privatensumers and/or opportunity costs on private
capital market. A social rate of discount refleitte government’s view, which can be more long-
term as it attempts, in most cases, to take intowt the welfare of future generations (see Sectio
3.5.1).

Dose-response functions measure the relationship between exposure tatjwol as a cause and
specific outcomes as an effect.

Ecological status -an expression of the quality of the structure andcfioning of aquatic
ecosystems associated with surface waters, cledsifiaccordance with Annex V of the WFD
Environmental costs -represent the costs of damage that water uses engothe environment and
ecosystems and those who use the environment@on@e, a reduction in the ecological quality of
aqguatic ecosystems or the salinisation and degoadat productive soils) (WATECO).

Environmental benefits - welfare effects (mostly gains) from a changed (hgastproved) status

of water bodies. Benefits may be both positive favel gains, avoided damages) or negative (loss of
welfare, additional damages (= environmental costs)

Explorative CBA - aims to enlighten the debate on the costs and ieiéfan objective or set of
measures by discussing types of costs and bemeéffissome reference to indicator numbers. It is
distinguished from a full CBA that does estimate tiverall costs and benefits.

Fish migration - many types of fish undertake migrations on a laagoasis, on time scales ranging
from daily to annual, and with distances rangirgrfra few meters to thousands of kilometres. The
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purpose usually relates to either feeding or bregdin some cases the reason for migration is still
unknown.
Migratory fish are classified according to the éeling scheme:
= Diadromous fish travel between salt and fresh wgt@reek: 'Dia’ is between):

0 anadromousfish live in the sea mostly, breed in fresh wd@reek: 'Ana’ is up);

0 catadromousfish live in fresh water, breed in the §€&xeek: 'Cata’ is down); and,

0 amphidromous fish move between fresh and salt water during spam of life

cycle, but not for breedin@@reek: ‘Amphi' is both)

= potamodromousfish migrate within fresh water on{{sreek: '‘Potamos' is riverjand,
= oceanodromoudish migrate within salt water on{{zreek: '‘Oceanos' is ocean)
GAP-analysis -to identify the gap between the optimized allocatod water and the achievement
of good ecological status or potential.
Hedonic pricing - the hedonic pricing method is used to estimate @oanvalues for ecosystem or
environmental services that directly affect magkates. It is most commonly applied to variations
in housing prices that reflect the value of locavionmental attributes. The basic premise of the
hedonic pricing method is that the price of a me#tegood is related to its characteristics, or the
services it provides. For example, the price ofaa reflects the characteristics of that car—
transportation, comfort, style, luxury, fuel econgnetc. Therefore, we can value the individual
characteristics of a car or other good by lookihdi@v the price, people are willing to pay for it,
changes when the characteristics change. The lreddaing method is most often used to value
environmental amenities that affect the price sidential properties.
Heavily Modified Water Body - a body of surface water which as a result of playsitterations by
human activity is substantially changed in characts designated by the Member State in
accordance with the provisions of Annex Il of th&®/
Marginal benefit - the additional benefit from increasing consumptgrone unit or improving the
GES with one unit
Multi-criteria analysis - establishes preferences between options by refertenan explicit set of
objectives that the decision-making body has idiexti and for which it has established measurable
criteria to assess the extent to which the objestitave been achieved. MCA provides ways of
aggregating data on individual criteria to providdicators of the overall outcomes of different
options.
Non-use values are independent of the individual's present usa oésource and are variously
described as "existence values", the value fromwkmpthat a particular environmental assets exists
(for example, endangered species); and "bequeste¥al the value arising from the desire to
bequeath certain resources to one's heirs or fgemerations (for example, habitat preservation).
Net Present Value the sum of the present value (see below) of benefihus the present value of
the costs. Costs and benefits will occur in diffétrenoments in the future, whereas benefits often
occur later than costs. To enable comparisons sif@nd benefits, despite the different timeframes
in which they occur, use is made of the so calletiRtesent Value (NPV). In the NPV, all costs and
benefits are summed, using discount rates.
Present Value -the total value of a series of costs — or benefitwer the relevant time horizon. To
sum costs or benefits over time, a discount ratsésl that considers time preferences of indivelual
(normally one would like to receive benefits asrsas possible, whereas one would like to postpone
payments as much as possible). This time prefersntaken into account by applying a discount
rate (of, for example, 4% to 6%)..
Opportunity costs - the value of the alternative foregone by chogsirparticular activity.
Rent - in economic terms, the premium that the owner oésource receives over and above its
opportunity cost. A scarcity rent is an economitt that is due to something being scarce.
Resource costs the welfare losses due to the difference betweemtlnomic value of a current
water use and the optimal water use.
Resource benefits scarcity rents resulting from a more efficient aéevater resources, leading to
an overall welfare gain.
Sub-soiling -to plough or turn up the subsoil.
Travel cost method -is a means of determining value figures for thimdggch are generally not
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bought and sold, and therefore fall outside of tieeket’'s pricing system. The non-market assets,
which it is most often applied to, are ‘recreatiomasources which necessitate significant
expenditure for their enjoyment’. The basic prenuSéhe TCM is that, although the actual value of
the recreational experience does not have a @gethe costs incurred by individuals in travelling

to the site can be used as surrogate prices.
Use-value -is the value derived from the actual use of theewed¢source. Examples of use-values

are: water as an input into dairy production; thergy potential in water to generate electricityd a
water used for angling.

Water services - “all services which provide, for householdsblpinstitutions or any economic
activity: (a) abstraction, impoundment, storageatment and distribution of surface water or
groundwater, (b) waste-water collection and treatrfgcilities which subsequently discharge into
surface water.” (WFD, art 1(38)).

Water use - refers both to water uses as described abovaaynather activity with an impact on
the status of water (for example, in-land shipping)

Willingness To Pay- generally refers to the value of a good or sertica person in relation to

what they are willing to pay, sacrifice or exchamhgre
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Executive Summary

1 EXECUTIVE SUMMARY

1. An overview of current information on costs and begfits of WFD implementation

The objective of the study was to provide an owesviof the current information available
concerning the costs and benefits associated wehirhplementation of the WFD. All Member
States were surveyed on the basis of a questient@identify what studies on costs and benefits
associated with the implementation of WFD are avdd today, or have been started. In addition, a
literature review was carried out to obtain infotima about costs and benefits associated with
specific WFD measures or issues of particular @steto the European Commission, with a special
focus on agriculture. The survey and literatureewvllustrates that most Member States are in an
early stage of economic analysis. This means thaillirequire a long process to develop and use
information on costs and benefits for planninghe tontext of WFD.

2. Member States are in the early stages of gatheringformation on costs and benefits of the
WEFD.

The information provided by Member States or frow literature review indicates that:

a. The majority of the Member States have startegtbeess of assessing costs and benefits of the
WEFD. Most of these, however, are still at an eatlgge including the commission of first
studies and/or the development of tools. The objestof the planned or ongoing studies are
broad, including the analysis of costs and benafits cost-effectiveness.

b. Only a few Member States (United Kingdom, NetheadtanFrance) are far enough in the
assessment process to have produced first resudtestimates of costs and/or benefits of the
WEFD at a national or regional level. These reswitsbe further completed and updated.

c. For seven Member States that neither participatedhe workshops nor answered the
guestionnaire, there is no clear picture to whigtemt they have started economic analysis in
association with the implementation of the WFD.

The results of the early economic analysis stuft@m® the France, Netherlands, UK, are used to
gain insights into the methods and tools used. Sthdy provides an overview of the preliminary
(order of magnitude) costs and benefits estimalbesmain underlying factors and the uncertainties
that need to be accounted for. Published data twede handled with care because they are only
shapshots of the WFD process, based on assumpticgegnarios developed for specific purposes or
objectives. Most of these data and analyses atieeiprocess of being updated and/or revisited in
consultation with stakeholders. The informationtherefore often very specific to the particular
Member States (or regions), water bodies and issues

3. Factors determining costs and benefits.

There are a number of factors identified that ampartant for both costs and benefits. The size of
the gap between the reference situation (basicunes)s- and the required supplementary measures
required by the WFD to reach good ecological stdGES) or potential (GEP) is an important
factor. The gap size depends both on current statdghysical characteristics of the water bodies,
measures in the pipeline and the ambition level WD implementation. As both reference
situation and ambition level are uncertain or mayyy most studies analyse different scenarios.
Costs and benefits will both depend on the measelested. In addition, costs will largely depend
on the degree of cost-effectiveness and efficiasfcymplementation. Benefits will depend on the
type of water body and the functions it deliverdr(king water, recreation, ),.the number of users

of that water body and people affected, the exienthich there are alternatives available, and the
preferences of users and their income levels. lyinebme factors relate to parameters such as the
time horizon, discount rates, etc. that do not ddpmn the water body or ambition level, but may be
study specific.
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4. Costs of the WFD depend on the level of ambition anhcost-effectiveness.

The current data available are too specific andfmertain to indicate the likely costs of WFD

implementation. They do, however, offer some intsigh

a. The implementation of EU water legislation is likdb involve substantial costs, with large
variations and uncertainties. A main factor is gap between the reference scenarios (full
implementation of pre-WFD legislation) and scemafar WFD implementation.

b. In practice, the distinction between pre-WFD and DWfeasures is not always clear and
uncertainty is a key issue.

c. Both New and Old Member States are still likelyfdoe important increases in costs due to the
pre-WFD measures.

d. In the available case studies, the costs vary factar of up to 3, depending on the gap to be
closed.

e. As an indication of the order of magnitude, thstfiestimate for the Netherlands indicates that
the additional costs of the WFD, compared to theirtess as usual scenario, ranges from 5 to
30%. This range and early estimates for the UKcau#i that costs of additional measures
required by the WFD are likely to be smaller congpltto current costs and costs of measures in
the pipeline mainly related to pre-WFD measures.

f. There is a large potential for efficiency gainshé most cost-efficient measures (for basic and
additional measures) are chosen.

It should be noted that Member States do have silplity to apply the exemptions of the WFD for
instance prolonging the deadline for achievingdbgectives, and hence spreading the costs over a
longer time-period.

5. The WFD will deliver a wide range of benefits for dfferent beneficiaries.

The WFD will bring environmental benefits for theews of water bodies, including:

a. avoided costs for treatment of drinking water;

b. reduction of disposal costs for contaminated dregignaterial;

c. more and better opportunities for informal recr@aijwalking, cycling) and water sports; and,

d. improved health and living environments.

Most of these benefits are non-market ones, alth@ogne will result in reduced costs. In addition,
the WFD will deliver non-use benefits associatedhwan improved protection of nature and
biodiversity.

At the level of the water body, it will be morefaifilt to distinguish the benefits from the basrda
supplementary measures, as the benefits are rétated impacts of all measures combined.

The magnitude of these benefits are location asd specific, depending on the type and magnitude
of the improvements under WFD compared to the eefeg situation, the number of people affected,
their income and their preferences. The currendrinhtion indicates that no particular type of
benefit seems to dominate others, and that totedftise may be substantial.

Information concerning the size of the benefitoigy partially documented for a few Member
States. Even for Member States with relatively mofermation and experience, it is challenging to
improve tools and expertise to assess these beaeiit use them as an input into the WFD process.
The main challenges relate to the integration fafrimation from impact assessments with economic
valuation, the valuation of non-market “goods aedviges”, and the aggregation across different
benefit categories and water body types.
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6. Comparison of costs and benefits is a stepwise pess.

The study illustrates that the comparison of cestd benefits (where possible) has to account for

uncertainties and incompleteness. In the firstsstéhe process for the selection of measures, the
ranges for costs and benefits can be used to fgeh& most promising measures. Improved site or

region specific data is needed to carry out aitia §election of measures.

7. Costs and benefits of specific WFD measures and uEs.

This study looked into costs and benefits for a $mhected topics and measures that are specific to
the WFD. In general, the review of current inforipatindicates that there are measures with
different cost-benefit ratios. More site specifettal is needed to identify the most efficient paekag
of measures and understand how costs and beredfite to each other.

a) Administrative costs and benefits:

In comparison to previous legislation the WFD idivoed a number of provisions which lead to new
administrative tasks, in particular internationabperation, public participation, economic analysis
and data and information management. Only very dewlies are available on the information on
administrative costs of WFD. These studies have emadsumptions about administrative
requirements and how they are likely to be implam@runder the WFD. There is not enough
information to evaluate the efficiency of the adisiirative measures. On the other hand, increases in
administrative costs may be mitigated because ailability of resources and cost savings due to
more efficient planning and stakeholder involvement

Although in absolute terms the administrative co$twater management is assumed to increase (in
line with additional expenditures due to impleméota of policies in pipeline and the WFD), it is
reasonable to assume that administrative costdation to total costs will remain constant.

The proportions of costs and benefits indicate thase additional costs can be recovered if the
WEFD process succeeds in selecting more efficietips and measures compared to the reference
scenarios.

b) Wetlands:

Costs and benefits of wetland restoration or ptaiechave been well documented but are both
location and type specific. Costs will depend oa thquired infrastructure works and alternative
land uses. The potential benefits relate to welG@@as from flood protection, recharge and water
guality improvements and depend on physical faaieleged to water management and efficiency of
alternative measures. The benefits for nature deweént depend on the habitat types created
(which may vary from unique tidal systems to mooenmon wet nature types), whereas recreational
benefits depend on nearby population densitiesaaodssibility.

As the benefits from wetlands are very differemnging from flood protection, water quality,
hydro-morphology, biodiversity, amenity,... it is nstraightforward to take all these issues into
account in the more traditional process of thectiele of measures or a cost-effectiveness analysis.
A cost-benefit type of framework will help to idé@gtthese categories, but it will need further step
to quantify and monetise these, building on literatand site specific studies.

¢) Fish migration:
There is little economic assessment of fish migratmeasures as well as many remaining

uncertainties regarding their efficiency, althoudlere is sufficient technical analysis available to
build on. The literature review indicates how diffiet potential measures are likely to rank in terms
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of cost-effectiveness analysis, but the ranking ofenge for different locations.

Fish migration measures are of direct relevandhdechydropower sector, which needs to take into
account likely electricity production losses andtsofor the wider environment. Benefits relate to
improved recreational and commercial fishing and-nse values such as improved biodiversity.
There are not enough specific studies on benefitislo migration measures in Europe to draw
general conclusions on their relative importance.

d) Reducing agricultural diffuse phosphorous emissions:

The costs for reducing on-farm phosphorous emissi@pend on the gap between current status and
ambition level for the WFD. Several studies proved@mples of efficient phosphorous uses at little
or no additional cost (for example, better targewhfertiliser applications, use of phytase inraai
foodstuff etc.). High ambition levels may lead tistantial costs as they require the application of
more costly measures, including changes in land(asay from agricultural production). Most of
the nationwide cost estimates of achieving WFD dbjes to reduce phosphorous levels in inland
waters correspond approximately to 2.6% (DK), 2£24% (NL), 0.9 — 1.3% (UK 1999) and 1.0 —
5.6% (UK 2007) of the net value added of the adpucal sector. These are countrywide average
figures, hence the share will be higher for sontesectors of agriculture, and may effect particular
regions significantly.

The benefits of reducing P emissions relate pripnaoi the reduced risk of eutrophication. Several
studies however indicate a relatively high williegss to pay for the reduction of eutrophication.
However, as these studies refer to the impact lefrger set of measures, they cannot simply be
weighted against the costs of P reductions froricaljure.

€) Measuresin theagricultural sector to improve water quantitative status

One of the main impacts of the WFD on irrigationtevademand will be through the implementation
of the cost recovery principle for water servidesjuding environmental and resource costs, which
will augment the price of irrigation water. The w@adt costs and impacts will be region and crop
specific, and will depend on the marginal produttief irrigation water and the price elasticity of
crops. Water demand for higher value crops sudhuits and vegetables will be less affected than
for lower value crops such as cereals, sunflowersotton. The measures will especially affect
regions with water scarcity and relatively high @ew for irrigation (in terms of high water use per
ha of agricultural land).

The benefits of measures to improve water quaivitastatus relate to more efficient water
management and allocation of scarce water resogreescarcity rents), and include:

» a further development of sectors with higher prohty of water use, both agricultural and
non-agricultural;

» avoided costs related to temporary water scaraity seduced uncertainty about water
abstraction rights;

* a better knowledge base and improved institutiamstfie management of water scarcity
(also important in relation to adaptation strated@ anticipated climate change impacts);
and,

* benefits from avoided low flow conditions that aketrimental to amenity and recreational
functions and for the protection of water-dependeaisystems (such as wetlands).
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8. Recommendations.
General Recommendations

The use of economic analysis in the water sectprires a long term strategy and stepwise process.
Information gathered and analysed should be maddable for use by different stakeholders.
Improved information can be assessed at differefity levels and scales (river basin; national).
This requires a coherent framework and differeritding blocks based on the costs of measures,
administrative costs, effectiveness and bendfite. development and use of economic analysis will
require a combination of local knowledge with natitdde multi-disciplinary experts. Economic
assessment in the water sector can currently Huilther on existing generic guidelines for
economic assessment (e.g. from national financestrias,...)

Specific Recommendations

The development ddippropriate tools and capacitieswill be challenging. It is important to define
a wide set of competing measures so that costteféeess analysis can be used to select the most
promising ones.

Benefit assessmenwill have to integrate results from environmentapact assessment with
economic analysis. It will have to strive for coefginess which in turn will require — especially in
the short run - a pragmatic approach that buildsbenefit transfer, indicator data, and other
parameters such as the number/density of users.

Capacity building is essential to use results of economic assessmetite context of WFD
decision making at several policy levels. Issuese heelate to the use of these results for
communication with the public, development of ®giés to finance the programme of measures
and the development of the policy instruments tpl@ment cost-effective measures.

To progress efficiently, MS could profit frorimproved exchanges of information and common
efforts. Further work should involve national expertsliede areas and build on their work in the
Member States. At the EU level, the WFD Common bBn@ntation Strategy provides a platform
for sharing experiences as many Member States arleng on these issues now. The new Water
Information System for Europe (WISEould be used to share relevant data.

! For more information: water.europa.eu
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2 INTRODUCTION

2.1 Background

The European Parliament and the Council adopted Water Framework Directive (WFD)
(EC/2000/60) in 2000 in order to integrate existiegislation on water resources management and
to introduce several novelties. The WFD establishdsgal framework within which to protect
surface and ground waters using a common manageagmoach and following common
objectives, principles, and basic measures. It sEgrates the existing European water legislation
into a single, common framework.

The two main objectives of the WFD are (i) to restgood ecological and chemical status for all
water bodies across the Community by 2015 andd(iiptegrate water management activities at the
river basin level.

To this purpose Member States have identified rbesin districts and designated the competent
administrative authorities. The next step is todpice River Basin Management Plans, which is an
ongoing process until 2009. The implementationheSe management plans will then take place in
three phases: 2009-2015, 2015-2021 and 2021-2027.

The preparation of the River Basin Management Riamslves two important steps:

* Gap analysis: evaluation of the gap between th&edegood ecological status and the
reference situation (current situation and takiogpant of likely developments).

* Identification and selection of measures to clbsegap. Distinction is made between the so
called “basic measures” which are already requiogdthe “old” water directives and
“additional measures”, to be taken if the basic sneas are insufficient to reach the desired
objectives.

The WFD gives an important place to economic methtmbls and approaches. Economic elements
of the WFD include:
* The polluter-pays principle enshrined in the cesorery article and the 2010 water pricing
requirement with the purpose of achieving sustdenafater use(Article 1 WFD);
» Establishing the principle of cost recovery, inchgdlenvironmental and resource costs
(Article 9 WFED);
» Selecting the most cost-effective combinations esures to achieve the WFD objectives
(Article 11 WFD); and,
* Assessing whether achieving the WFD objectives dibal disproportionately costly,
leading to a request for exemptions (Article 4 WFD)

At the EU level guidance on the approaches to dpuey River Basin Management Plans are being
developed in a Common Implementation Strategy (Gt#king use of experts from Member States
and stakeholders. The WATECO (2002) guidance dectsifocuses on the implementation of the
economic elements in the broader context of theldpment of integrated river basin management
plans.

2.2 The Water Framework Directive in the context of previous EU
legislation

The Water Framework Directive is the most comprehenand influential piece of water-related
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legislation in Europe. However, it does not mank bieginning of European legislation in this area.
European Water Policy can be traced back to thedd@hd the first Environmental Action
Programme. Since then, two generations of wateteel legislation can be discerned: the first
generation, from 1973 — 1988, legislation mainlgused on the protection of water for human use.
This included drinking water standards and emissiontrols for particular harmful substances
(Hansen and Kraemer 2000). These early instrunvesits mainly intended to protect public health,
but also to harmonise environmental legislatiokimope, so as to remove trade barriers and reduce
distortions to competition. The first generationlirded the following Directives:

1975 Surface water directive (75/440/EEC) andatsgthter directive (79/869/EEC)
1976 Bathing water quality directive (76/160/EEC)

1976 Dangerous substances directive (2006/11/EG364/EEC))

1978 Fish water directive (78/659/EEC)

1979 Shellfish water directive (79/923/EEC)

1980 Groundwater directive (80/68/EEC)

1980 Drinking water quality directive (80/778/EE&H) its revision (98/83/EC)

The second generation of water-related legislatiompleted the initial phase with a set of more
specific measures, relating to urban wastewateatrtrent (in the 1991 Urban waste water treatment
directive 91/271/EEC), or limitation of manure spmg (in the 1991 Nitrates directive
91/676/EEC). The Directives’ main focus was on yo@dn prevention, in order to limit and reverse
the environmental degradation from sewage polluasrnwell as nitrates and phosphate emissions
from agriculture. While the Directives mainly adegtcommand-and-control approaches, such as
compulsory timetables for the provision of treatimg@ants in all urban areas, the set of instruments
also included informative instruments (for examplgrmonised labelling and packaging of
pesticides), voluntary measures (for example, ttee®f good agricultural practice) and economic
instruments (for example, fees on water discharges)

In this sense, the Water Framework Directive (WEB)Id be considered as the third generation of
water policy in the EU. Negotiations on the WFDrtgd in the early 1990s; the Directive finally
entered into force in 2000. The WFD responded taonblr States’ difficulties to implement the
existing Directives in a cost-effective way, antraduced several innovations into European water
policy, such as integrated water management at besin scale, the use of economic concepts,
principles and approaches, and the prominent igengo public participation.

The Water Framework Directive encompasses and ramiegy previous Directives in terms of
objectives and approaches. Thus, the WFD’s goddsstzbjective encompasses the various quality
objectives established by the previous Directivisthe same time, the WFD extends the focus of
European water policies in several respects:

» The WFD provides a unified framework for the proéi@e of still and standing surface
waters, groundwater and coastal waters, in contoaite segmented approach in previous
Directives;

* Whereas previous Directives were predominantlyefad) at public health objectives, the
WFD objective of good status also includes the fionéng of aquatic ecosystems;

» The WFD adds new foci for water policy, most noyal#garding quantitative aspects of
water management. In relation to emissions, the Widntains the existing approaches
(emission limits for emissions into the water adlvas emission levels for maximum
allowable concentration of pollutants in the wateshd unifies them as a combined
approach;

* In terms of target groups, the WFD continues toresklindustry and farmers (as previous
legislation did), but also included private houdde@nd navigation as water users.

In this way, the WFD has taken over several requérgs of previously existing Directives. As a
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consequence, several of the “old” Directives wéfecéively replaced by the WFD, such as the 1975
surface water Directive and its related directisesmonitoring and exchange of information; the
Directives on fish water, shellfish water, and grdwater; and the Directive on dangerous
substances. These Directives will therefore beaieple

The relation between the WFD and the second-geaerafater protection Directives (on nitrates
and urban waste water) is somewhat more complex.implementation of these two Directives will
provide a major contribution to the achievementhef good status required by the WFD. Measures
required under the Nitrates Directive and the UWWB included as “basic measures” in the WFD
programme of measures. Formally, the two Directitresnselves, as well as the objectives and
requirements they established, will continue teseaiongside the Water Framework Directive. In
the practical implementation, synergies can be eghiii the Directives are implemented in an
integrated manner.

2.3 Objectives of the present Project

The objective of the Project is to provide an ow@w of the current information available
concerning the costs and benefits associated wélmplementation of the WFD, The project is the
outcome of a statement from the European Commission

“ ... the Commission in its report under Article 13) (will, with the assistance of the
Member States, include a cost-benefit study” (GBRE, 22.12.2000, p.73)

This study focuses on the relationship betweenWh&® and the agriculture sector for particular
issues and addresses the costs and benefits dicspegasures not included in “old” Directives.

2.4 Scope and outline

This study sets out to describe the types andatterfs underlying the costs and benefits associated
with WFD measures — for some key issues. The repees an overview of what has been done by
MS in assessing the costs and benefits associatiedh® implementation of the WFD, with a focus
on cost-benefit analysis at national level. Theoreighlights some of the economic tools and
approaches currently used by Member States anddesovanges of potential costs and benefits
based on different case studies. On the basisi®fréview of current information a number of
recommendations are put forward. The aim is to preda readable report that is accessible to the
non-specialist.

Given the information available today, a cost-b&nahalysis at the European level is not yet
possible because:
» the final objectives of the WFD have not yet begecHied,, and neither are the measures to
achieve these objectives;
» the baseline against which costs and benefits talve measured is not well defined;
» there is no overall common framework for the agsess of costs and benefits against a
common baseline; and,
» effectiveness of costs and benefits have not ye&t besessed.

As a number of studies are available related tb bosts and benefits of the implementation of the
WEFD or certain aspects of the WFD, this study nesighe types of costs and benefits to be
expected, provides some indications about the sraemagnitude of costs and benefits, identifies
some potential steps to take in the future and asipes some of the most critical issues. In more
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concrete terms this study provides an overview of:

the methodologies for the assessment of the codtbenefits of WFD implementation;

how far Member States (MS) have proceeded in asgesssts and benefits;

indicator data and first lessons learned from $etecase studies, that allows us to illustrate
some of the main issues MS will be facing for impémting the WFD;

how costs and benefits of the additional requirégmehthe WFD relate to the requirements
of the ‘old’ directives.;

the important issues in relation to the agricultsegtor in relation to water use and
phosphorous emissions;

lessons to be drawn from the existing studies fave assessments of costs and benefits;
and,

the added value of the WFD in relation to previaager directives.

The study does not specifically address the is§tieeachemical status of waters as this is being
addressed by a complementary study on Priority t8obes, prepared in the context of the recent
Commission proposal

2 For more information see: http://ec.europa.eufenvient/water/water-dangersub/surface_water.htm
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3 METHODOLOGIES FOR THE ASSESSMENT OF COSTS AND
BENEFITS

3.1 Introduction

There are several methodologies for economic aggdraif policies and projects, including cost

assessment, benefit assessment, cost-effectivanalsis, cost-benefit analysis, financial analysis

economic analysis, These different tools are wefingéd and distinguished, but it may be less clear
for non-economists In addition, the applicationeobnomic analysis to the implementation of the
WED requires attention to issues that are veryedrgpecific, such as gap analysis, valuation of
environmental benefits, which are issues an ecostomay be less familiar with. Therefore, this

section aims to introduce and define the most agiexoncepts and issues, with a focus on the
assessment of costs and benefits and cost-beneliysis related to the WFD implementation in

Member States. It does not aim to give a methododbguidance or an in-depth discussion on all

issues, nor does it attempt to be complete in addre all feasible methodologies.

The report introduces concepts and issues fronpaldwn perspective, and gradually introduces
more detail and context specific information.
Generic definitions and issues:
1. What is a cost-benefits analysis of WFD implemeaotét
2. Methods and issues related to cost assessment
3. Methods and issues to benefit assessment.
Issues directly related to costs and benefits diDwW
4. Factors determining costs WFD implementation
5. Factors determining benefits of WFD implementation
6. Comparing costs and benefits of WFD.
Issues related to costs and benefits of specifiDWifeasures:
7. Costs and benefits of specific WFD measures.

In order not to overload the current section, seonethodological issues will be addressed in the
following section where current studies or morec#fpeissues are discussed.

Textbooks and guidance documents describe methutisemjuired data for economic assessment
from an ideal-world perspective, whereas availailelies have to cope with real-world limitations
concerning the availability of data, time and budge additional studies, etc.

In case the same terminology has a different megaininhe context of the WFD than in economic
analysis in general, we follow the terminology lné WFD: this is discussed in Box A.

3.2 Cost-Benefit analysis of WFD implementation.

Cost-Benefit Analysis (CBA) is a tool to perform eoonomic evaluation of alternative management
and policy options by comparing the predicted biersfagainst the expected adverse effects of that
action, , both assessed against the same refesgnagon. We can distinguish the 5 essential steps
of a CBA (Eigenraam, 2000):
1. A good definition of the scope of the analysis.
2. A clear definition of the package of measures tevmuated.
= definition of the baseline or reference scenario
= definition of the objectives (qualitative/quantite)
= definition-selection of the package of measures
3. Tools and data to assess the costs of the measures.

11
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4. Tools and data to assess the benefits.
5. Comparison of costs and measures in a CBA.

The general steps necessary to perform a CBA ofAthter Framework Directive are presented in
Figure 1. All CBAs start with a problem definiti@nd the determination of the baseline scenario.
The problem or target in this case are the requangsnstipulated in the WFD. The baseline scenario
is the business as usual case or the position wherevould like to be in the absence of the
Directive. This means that the likely developmetiiat take place between now and 2015 are
included. Likely developments include exogenousettguments (for example, change in industrial
emissions due to economic growth), the impact ¢d™evater directives such as the Nitrates and
Urban Wastewater Directives, and the impact ofomati policies which are in the pipeline. Based on
the gap between the baseline scenario and the VdgDirements, a Program of Measures is
designed. Article 11 and Annex Il of the WFD raguthat the most cost-effective selection of
measures is implemented, which means that econeffi@ency is an important basis to select

measures. A next step in the selection processistensf the assessment of the impacts of this
program.

Cost-benefit analysis should aim to identify, assasd monetise all impacts:

» Costs should refer to the total economic costs lwisi@ measure of the welfare losses due to
the implementation of policies or projects. It imbés the direct, financial costs that relate to
expenditures for the additional investments, opamat and administration costs of
additional measures. In addition, there may bectirffects which are reflected in
expenditures, such as foregone opportunities anmldeitmore there may be indirect effects in
different sectors of the economy (see Section B.3.2

* Benefits are the welfare gains realised by implamgrthese measures. They can take the
form of market effects (e.g. avoided treatment ssostturns in commercial fisheries) or of
non-market effects (e.g. improved amenity, infornegkeation) through a better provision of
“goods and services” by water bodies reaching teebetatus (for example recreation,
bathing) or through improvements in use of scaeseurces.

Cost-benefit analysis requires the aggregatiorosfscand benefits over time:

* The assessment of costs and benefits needs tofimedl®ver a particular time period.
Achievement of good status is designated as the3@Eb. However, many actions need to
be taken before that to achieve this target. Theeethe base year to start the comparison
needs come early in the process.

» the time horizon needs to be long enough: typiBaiod100 years.
* both costs and benefits are aggregated over tisnag discount rates.

After the estimation of both costs and benefiteythre compared systematically to assess the net

benefit of implementing the planned measures. Diheistness of these conclusions are tested by
conducting an uncertainty and sensitivity analysis.

12
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BOX A: Definitions and terminology in WFD and econanics

This study can be regarded as being at the cralstoetween environmental economics and W

FD

analysis. Some important terms have a very diffemgganing in environmental economics literature

compared to how these terms are defined in the VARD related documents (for examp
WATECO guidance document). As this study is oridritevards a broader public involved in WH
implementation, we have chosen to be (as muchssilppe) consistent with WFD terminology. Th
has implications for the following terms:

le,
D
(S

=  \We use the termcbsts of environmental measuresfor the costs of environmental measures

(although in economics these costs are often exfdrr asenvironmental costs’).
= We avoid to use the terfanvironmental costs’ because it has a different meaning in literat
on the estimation of costs of measures and WF3 testiere it relates to loss of welfare due {

poor status of water bodies. When it is used im tdport, it follows the WFD and WATECO

terminology (“environmental costepresent the costs of damage that water uses enpoghe

ure
O a

environment and ecosystems and those who use ¥irerament (for example, a reduction in the

ecological quality of aquatic ecosystems or thensaltion and degradation of productive

soils”).

» “environmental benefits” is used to describe the welfare effects (mostipygdgdrom a changed

(mostly improved) status of water bodies. Benefiitay be both positive (welfare gains)
negative (loss of welfare).

= “scarcity rent” is the term used to describe the benefits relatedrmore efficient use of watg
resources. In other studies, this may be refeoes resource benefits or avoided resource ¢

= Environmental economics uses the terrgedds and servicésprovided by water bodies t
describe the different benefits of improved statdiswater bodies, and will make furth
distinctions between goods (for example, drinkiregex) and services (for example, recreatic
We only use the term “goods and services” togethéne methodology section when we re
to the literature. For the rest of the report wentyause“benefit categories to describe thes
different “goods and services”. This is to avoishitsion with the termwater services” which
is defined in WFD, as “all services which provider households, public institutions or a
economic activity: (a) abstraction, impoundmeidrage, treatment and distribution of surfa
water or groundwater, (b) waste-water collectiod &meatment facilities which subsequen
discharge into surface water”. (WFD, art 1(38).

= We follow the WFD definition of Water use” which refers both to water uses as descri
above and any other activity with an impact ondtatus of water (for example, shipping).

Note: the WFD Art. 9 requires “environmental arsaurce costs” to be reflected in the wa

pricing, as specified in of the WFD. Indicators rteeasures these costs are not necessarily

opposite or mirror image of the Benefits of WFD lempentation and should not be confused.

= |ndicators to assess “environmental costs” forghepose of pricing policies can be based
both on the costs of environmental damage orjgfittformation is not available, on the costs
measures to avoid this damage (damage avoidant®) (sse WATECO, ECO2).

= For any CBA of WFD measures the costs of enviroriaigumotection measures are compare
the benefits defined as avoided the environmerdabadjes that are is addressed through
measures. A comparison between costs of envirormhg@mbtection measures and bene
assessed through damage avoidance costs wouldakeat sense, as both sides would be e
by definition.

= Benefits of WFD implementation refers to the beasedi the specified measures, which may
take away all environmental damages.
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WFD requirements x5 Baseline scenario
Good ecological status/potential old water Directives, exogenous
developments

Program of Measures

sessrssrenmmsnnesnsnnsdy Solection based on common sense
or cost-effectiveness

v ’

Costs Benefits
Investment, maintenance, ... Recreation, amenity, health, ...
| |

!

Cost-Benefit Analysis

seanamnnnnnn o nnnnnn g COmMparison of costs and benefits,
with sensitivity and uncertainty
analysis

Figure 1: Necessary steps to perform a cost-beaaftysis of the Water Framework Directive.

3.2.1 GAP analysis results in scenarios

For any assessment of costs and benefits, a obsaription of the objectives of the projects are
essential. In the context of the economic apprak#ie WFD, this relates to a detailed description
of the GAP between baseline scenario and WFD dfsgechs there is uncertainty for both elements,
and ambitions related to WFD objectives may diff¢udies have used scenarios that represent these
differences.

The literature review shows that GAP analysis feenlelaborated in different ways:

* in the 1999 WRC study for the UK, two GAPS are mefi: a minimum and a maximum:
both referring to different baselines and differantbition levels. The minimum GAP refers
to a maximum implementation of measures alreadyezljrin combination with a low
ambition level. The maximum GAP refers to a minimumplementation of measures
already agreed and a high ambition level (see &eél);

* in other studies, different scenarios for GAP aeéred referring to a fixed baseline with
different ambition levels (see Figure 2).

Differences in the GAP analysis may reflect theerefice scenario, the ambition level and the
number of water bodies affected. In addition, ddfeces may apply to the timing of measures and
how fast different ambition levels for WFD implentation can be reached. Achievement of good
status is designated as the year 2015. Alterngtivetther objectives can be planned for 2027 or
some time in between.

GAP analysis is an important issue and it is furtliecussed in Section 3.3.1 as well as in Se&ion
for both costs and benefits. It seems evident thatGAP-scenario should be identical for the
assessment of costs and benefits. It is alreafigudifto distinguish additional WFD measures from
baseline scenarios for cost assessments, aneviersmore difficult to distinguish the environmdnta
benefits of additional WFD measures from the improents of the status of waters that will occur
under the baseline scenario. Therefore, some stusigmate the benefit from going from the
current status to reaching good ecological stdthese benefits may not be directly compared to the
costs of smaller GAP closures, but may be veryfbktp gain insight in the factors that determine
benefits. This is further discussed in Section @ &ection 5.
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high baseline mall GAP

Low ambition

Low baseline Large GAP )

High ambition

One common baseline

Scenario 1 Low ambition

L ]
Scenario 2 mid ambition <]%

Scenario 3 high ambition

Figure 2: Schematic presentation of different agymites to GAP definitions

3.2.2 Purpose and accuracy of the assessments

The scope of the analysis and required accuracgsneebe adapted related to the context of the
decision to be taken and the availability of infatran. Following the guidelines for the CBA of
infrastructure projects in the Netherlands, we diatinguish 3 levels (Eigenraam, 2000):
A) “Explorative CBA”": description of the type of cosiad benefits to be expected from the
envisaged objectives, with some reference to inolicaumbers.
B) “Indicator-number CBA” based on indicator numbérattindicate the order of magnitudes
of all aspects, for the specified packages of megsu
C) Full CBA: a full analysis of costs and benefits (@fifferent variants) for the selected
packages of measures.

The choice depends on the scope and nature objbetives, the level to which the objectives and
measures are already clearly defined and the timebadget constraints. An explorative CBA is
especially useful at the start of a longer progassrder to identify which types of measures are
more likely to have good CBA ratios and which fastbave to be taken into account. An indicator
number or full CBA is required towards the endltd process to make final selections on measures
(see Figure 3).

As Member States are still in the process to furttiefine the objectives of the WFD, and
availability of tools and data to assess costsbemefits is limited, the information available tgda
likely to be more at the level of an explorativeaor indicator CBA. This status has to be taken into
account for the interpretation of the results aoddomparing costs and benefits. This is further
illustrated for the CBA of the WFD in Section 5.4.
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star enc

measure
selected

many
directions &
potential

measures

decision process

Explorative indicator full
assessment of based assessment
cost and benefits assessment

time

Figure 3: Schematic presentation of the role diedént types of CBA following the stepwise
decision process to select measures

3.2.3 Availability of tools and indicator data

An indicator or full CBA is only feasible when tlappropriate tools and data are available. If not, a
CBA study would first require a more research tyfeanalysis to develop these tools. In this
context, it has to be noted that for the economadyesis of water problems in Europe, these toads ar
not readily available.

This is a different situation to energy or air giyailssues, for which a longer tradition of economi
analysis has resulted in the elaboration of adeqteatls. The example of air quality shows that if
tools are available, these tools can be used ddirmyiblocks to inform different types of decision
making and policy questions at national and intigonal levels. In 2005 a cost-benefit analysis was
set up for the Clean Air for Europe (CAFE) prograenimihe analysis aimed to compare three policy
options (A, B and C) and the maximum technicallgsible reduction (MTFR), with a business as
usual scenario. As health benefits largely exceadmtement costs, all options had net benefits.
However additional costs relative to benefits strto increase steeply at around the mid-range.
This argued in favour of choosing a level betwdenlow (option A) and mid range (option B). This
analysis succeeded in comparing area specific obsteasures with monetized area specific health
benefits for several policy options between 2000 2020 for the entire EU. This was possible due
to the existence of European reference models aathadologies in the field of emissions
modelling (RAINS, TREMOVE, PRIMES), dispersion mdaey (EMEP) and the monetization of
impacts (Extern-E).

Similar data have been used to develop indicatwrsrivironmental costs of energy use in electricity

and transport. These indicators have been intebrateeconomic models to assess energy and
transportation policies at the EU level and withieamber States.
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3.3 Methodological issues related to costs assessment.

The different steps for cost assessment are susacaim Figure 4. In this section we deal more in
detail with GAP analysis and costs assessmentsthencklationship to cost-effectiveness analysis.
Issues related to aggregation will also be furthiscussed in Section 3.5, as they are also relevant
for benefit assessment.

\

GAP p Cost assessment

==

Cost-effectiveness analysis
Selection of instruments/delivery
mechanisms

Aggregation
interpretation

Figure 4: Steps for cost assessment

3.3.1 Issues related to GAP analysis.

To assess the costs of the implementation of th®Wihe needs to separate these from the costs
incurred by pre-WFD implementation. In practicdstimeans that a baseline or business as usual
scenario needs to be developed, describing the emst effects of the implementation of existing
pre-WFD policies. By comparing the results of thi implementation of the baseline scenario with
the WFD requirements, the need for additional messand their costs can be assessed.

Different types of costs can be distinguished aglthdated, as follows:
» costs of already implemented water related poli¢eessting water supply and sanitation
infrastructure);
» costs of water policies that need to be implemeatmbrding to the existing pre-WFD EU
legislation, but not yet implemented completelyd,an
» costs of additional measures needed to achieviatgets of the WFD.

The first two types of costs are often referredisothe costs of the “baseline” or the “business as
usual” scenario. This is more or less in line whie so called “basic measures” referred to in the
WEFD (article 11.2 and 11.3), as the third type a$ts relates more or less to the “supplementary
measures” as defined in the WFD (article 131.4)

Another angle can also be applied to delineata® costs:

» assess the costs of implementing source relateel wegulation (for example Urban Waste
Water Directive, Integrated Prevention and Pollut@ontrol Directive for larger industries);

» assess the additional costs to achieve the pre-\iFdatives on ambient quality (Bathing
Water, etc.).

The following example illustrates that this apptod@s also difficulties. Imagine as a theoretical

3 Although in the WFD the issues of “cost recoveayitl the “polluter pays principle” are also includedhe
distinction between “basic” and “supplementary” sug&s.
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example two different Member States and the deweémt of the costs of the implementation of
three types of water related policies (“sourcefféet”; WFD). In the more advanced Member State,
by 1990 large sections of the source related mslieire already implemented, and also a start is
made with effect related policies (e.g. the Bathiigter Directive (76/160/EEC)). For this Member
State, by 2010 all source related policies are @meinted, and by 2015 all effect related Directives.
By 2000 the implementation of the WFD starts anlil & ongoing after 2015. For the other - less
advanced Member State - by 1990 only 50% of souetsed policies is implemented and the
implementation of effect related policies startyy@re after 1995. By 2015 in this Member State the
source related policies are implemented, whilstitti@ementation of the effect related policies and
WED is still ongoing.

If one uses this approach to GAP analysis, theemphtation of WFD in practice will be mixed
with both source and effect related water polici€his makes it a special challenge for the
implementation of the WFD, as by the time that WBasures have to be prepared, the outcome of
the other policies for future years is unknowngltisi especially the case for the ecological quality
water, which is difficult to predict). So not ortlye costs of baseline and WFD implementation will
be mixed, but it will also be harder to relate agrtactions to particular Directives (Article 10 of
WEFED).

In practice, for each Member State the implemetatif the WFD will require different measures.
It may be so that due to the implementation ofexisting pre-WFD EU water directives, almost no
additional measures are needed. But in other MerSteges, the goals of the WFD can only be
achieved by additional measures, on top of the/pF® Directives.

The implementation of WFD measures may interach wiher water related measures (resulting
from pre-WFD or national legislation). In this cagewill not always be easy to separate costs. Ex
post, it will be even harder or impossible to digtiish which costs can be related to the
implementation of policies in the pipeline or theddional requirements of the WFD (due to the
statistical limitations). This also implies, theved, that it will be difficult to monitor the costd the
implementation of the WFD.

3.3.2 Definition of costs

The costs of any measure linked with the implent@niaf environmental protection measures can
be classified as follows:

« financial costé(also referred to as direct costs); and,

» wider, economic costs (including external effectsgnges in output, prices, etc.).

As economic appraisal (CBA or CEA) is aimed atdhecation of scarce resources, it should aim at
estimating cost in terms of economic social welf&m®@r this purpose opportunity costs are relevant
(HM Treasury 2003, RPA 2004). This would requinedsts to look into a broad range of direct and
indirect impacts, which include (RPA 2004):
* the costs of complying with the requirements (idahg any savings in costs arising
from the adoption of ‘win-win’ measures);
* any welfare losses to consumers, including gaindosses arising from changes in
product quality or availability (assessed in teohshanges in consumer surplus);
* induced effects to the wider economy as a resulteafijustments to changes in the
affected industry or sector;

* In the financial costs of environmental measura3 s excluded (as it can be reclaimed), but otages are
(normally) included as they form a real cost. Duedlculation conventions, subsidies and revermaes tiser
charges are also excluded in the assessment otfal@ost.
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» transaction costs effecting industry and regulag@sociated with structural changes to
systems, education and training, etc;

* any environmental costs arising from the introducif a measure;

 the costs to government agencies in administerimgnitoring and enforcing
requirements.

The relevant costs categories to include for thelyars will depend on the type of measure and
sector. A common pragmatic approach is to stamffioancial costs, correct for transfers (such as
VAT and subsidies), and look at other cost categowhen important. In many cases, the financial
or direct costs based on market prices will be degaate indicator. This category is discussed in
section 3.3.2.1. For some measures or sectorgaaldar category of costs will be important, and this
will require specific analysis. This is discussedeéction 3.3.2.2 and will especially be important
impacts on agriculture (see also Section 9). Otnelact categories such as lost opportunities may
also be relevant for some specific measures (¢agnwpportunities for shipping or hydro power are
limited (see section 3.3.2.2 and Section 8). Emvirental costs may be relevant for limiting
hydropower, as discussed in Section 8. Administeatosts for governments are discussed in
Section 7.

3.3.2.1 Financial costs

To assess the financial costs of the Water Framewurective, the environmental protection
expenditureslinked with the implementation of measures havieeg@stimated.

For expenditures to be classified as environmetwal criteria are relevant:
» the measure should be taken with the main objettiyrotect or improve the environment
(excluding for example health at the workplace);
» the measure should lead to additional costs. Thdudes measures that are taken for
economical reasons (profitable measures).

Moreover, a division can be made between investsnantl operational and maintenance costs. By
annualising investment costs (depreciation plusrastt payments) and adding this to the operation
and maintenance costs, total annual costs cantioeaésd for environmental protection. In a CBA,
usually the investments and annual operationakcas summed in the Present Value of all future
costs (this may be 40 years or even °L0@pplying a discount rate. If the results of st
assessment are used for cost-benefit analysigcthreomic parameters (time horizon, discount rate)
should be geared to those used for benefit assatsme

Financial costs are often estimated by dividingabi&gons needed to implement a policy, in concrete
measures (mostly technical, sometimes adminisgativnanagerial). For each of the different types
of measures estimates are made (this can be d&ttem up, or top down by cost-engineering
studies). The more experience there is with thelempntation of certain measures, the more
accurate cost estimates may be.

Table 1 gives an overview of the types of meastivescan be related to the implementation of the
WEFD. The costs of these measures are normally fpuggtimated by applying unit costs (for

®> The definition of annual expenditures differs framnual costs in the sense that annual expenditures
normally refer to investment expenditures made icegain year and the operational and maintenance
expenditures in the same year. Annual costs, omttier hand, refer to annualised investment expaed

and annual operational and maintenance costs (wdriethe same as annual operational and maintenance
expenditures). See further, section 3.5

® In studies for entire UK and for the region of aod a 40 year discounting period has been applitda
discount rate of 6%, whereas in a study for thenbidtnds a 100 year discounting period is used a9
discount rate. See further, section 3.5.
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example expressed in costs per km river bank, €g& removed, etc.).

Table 1: Overview of possible measures for theemphtation of the WFD

Type of measure Addressed status:
MUNICIPALITIES

decoupling of rainwater sewerage Chemical

storage basins Chemical

sewerage / wwtp remote buildings Chemical

ecological management water Ecological
WATERBODIES / REGIONS

dredging Ecological / Chemical
ecological management water banks Ecological

improve wwitp's Chemical

fish passages Ecological

restore natural water table levels Ecological

STATE

policy making (also for air / soil) Chemical / Ecological
main ecological structure Ecological
AGRICULTURE

use less pesticides Chemical

less use of nutrients Chemical / ecological
biological agriculture Chemical / ecological
reduce water use Ecological

storage of rainwater Ecological

ecological management water banks Ecological
INDUSTRY

decoupling of rainwater sewerage Chemical

use of environmental friendly building mat. Chemical
CONSUMERS

dog toilets Chemical

centralised car washing Chemical

no discharge dangerous substances sewerage |Chemical
Source : TME

3.3.2.2 Indirect costs

An assessment of only financial costs in a CBAasvéver not sufficient, as they only form the
basis for the assessment of economic costs. Econowsts refer to wider economic impacts (also
referred to as indirect effects). For exampledife to WFD measures agricultural products become
more expensive, less will be sold and processéectafg not only farmers, but also the industries
linked and the consumers.

An assessment of economic costs can be made by asmacro economic model (for example
PRIMES). This however, requires structured datdecbbn and processing (comparable with
RAINS), and is currently not available for water ttre EU. And for certain sectors (especially
agriculture) such models often lack the detail ¢ally make clear the (sub)sectoral effects. So
instead of making use of such complex models, aftdinect impacts on sectors or groups that are
(thought to be) heavily affected are assesseddtors impact studies. Examples of indirect effects
for agriculture are discussed in Section 9.
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Another example relates to the impacts of fish atign measures on hydro electricity power plants,
which may lead to less hydro electricity productsomd less income for the affected hydro electricity
power company . In addition there could be indiregtacts on the electricity sector with additional
costs, and environmental costs if hydro electripibyver is replaced by more polluting alternatives.

3.3.2.3 Estimated costs (ex ante) and real costs (ex post)

It is often argued thagx-antecost assessment overestimate the costs, an@éxhaistcosts from
environmental directives differ fromx-antecosts. This is clearly shown in several studieshmn
costs of environmental policies (see IVM, 2006; RIV2000; TME, 1995). For a follow-up, real
costs needs to be monitored. Monitoring the cobtthe implementation of the WFD will be far
from easy. As shown in Section 6, the informationcosts of water related policies in the EU is
incomplete, and still is being developed. Sepagatime costs of pre-WFD and WFD policies
remains a difficult (statistical) task.

The accuracy of the cost estimates will be bettethé assessment has already taken cost-
effectiveness into account (looking for cheapersueas) and if the most efficient policy instrument

or delivery mechanism is chosen. For this purptieemethodological framework developed in the

UK corrected costs in function of the delivery magism used (Metroeconomica, 2006). On the
other hand, cost assessment approaches need éatdonm cost-optimism bias if they are based on

indicator numbers.

3.4 Methodological issues related to benefits assessrhen

3.4.1 Environmental and other benefit categories.

The WFD will deliver a wide range of benefits. Thegn be grouped in categories following
different points of view. A first classification given in Table 2 and identifies five types of biése
which are very different in nature and require afiéint approaches for their assessment. The
information status is also mixed, with the besbinfation currently being related to environmental
benefits. The methodological issues related toethenefit categories will be further developed in
this section.

Table 2: Different types of benefits related toithplementation of the WFD

Benefit type Definition Information status discussd
in Section
Environmental| Improved status of water bodies anilethods : good 5,7,8,9

related aquatic systems (expressed Data: limited to a few
terms of increased “goods andlS and to specifig
services”) measures

Scarcity rent More efficient use of water resourcedlethods an datd: 9
emerging, limited tg
a few case studies
Administrative| More efficient water related polisiePoor, based on 7
and avoided costs at the end of thessumptions
policy cycle (control)
Indirect More opportunities due to mor&Qualitative -
efficient water use and improved
technologies
Social Avoided conflicts, improved cohesipQualitative -
through river based planning
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Source: VITO

In Section 6, an overview is given of the differedgpes of environmental benefits. So far,
environmental benefits have been the best studidddacumented, whereas the other benefit types
have only really been assessed theoretically.

3.4.2 What are the environmental benefits of the WFD?

Environmental benefits refer to welfare gains amdided costs for citizens, administrations and
companies (for example, drinking water companiesie to a better provision of “goods” (for
example, drinking water, fish, hydropower) and {s@es” (for example, recreation, control of the
water cycle), as a result from an improved (ecaagistatus of the water bodies within a river basi
or country. Most of these benefit categories eetatnon-market benefits, although some of these
benefits will also be market ones, for examples kesatment costs to produce drinking water from
polluted ground- or surface waters, improved coon for inland shipping. The impact of benefits
can be related to other secondary issues (for eeanmetlands and more natural river banks
contribute to the regulation or capture of 8fnissions and other air pollutants).

Impacts may also be negative, either directly éoample, less opportunities for shipping or port
activities; limitations for hydro-electricity gersgion) or indirectly (for example, less fish protion
because of lower nutrients in inland waters). ddifion, there may also be some overlapping with
scarcity rents, but this is only important in redatto the possibility of double counting.

3.4.3 How to assess and value environmental benefits?

The different steps for benefits assessment anensuized in Figure 4. First we will discuss impact
assessment and valuation issues, and we will disG4s® analysis when we look at two different
methods (bottom-up and top-down). Issues relateaggyegation will also be further discussed in
Section 3.5. This section does not intend to ds@ugletail the methodological issues and methods
related to valuation, but focuses on their apgbeafor benefit assessment of WFD. The WATECO
guidelines offer more information on definitionsdattustrations of the methods themselves.

A Aggregation

GAP ﬂA/ Impact assessment b valuation j/ interpretation

Figure 5: Steps for benefit assessment

3.4.31 Impact assessment using an environmental services framework.

An improved ecological status of water bodies irrdpe will improve their capacity to provide
environmental goods (for example, drinking watésh,f hydropower) and services (for example,
recreation, control of the water cycle). The vabiethese additional goods and services are the
welfare gains or environmental benefits of the WHBis assessment framework using ecosystems
services allows to link ecological and impact assest with environmental economics. In Figure 6
the ecosystem services approach is illustrategéntédom the Millennium Ecosystem Assessment. It
shows that an improvement of ecological statusreaalt in the improvement of four categories of
benefits:
1. provisioning functions: which relates to an imprdvgrovision of goods. In this context,
drinking water and fish are relevant examples, tvhidl be reflected in the related markets.
2. regulating functions: relate to an improved puafion of water-related systems (e.g. in
wetlands) that allows cost savings for emissiorterbant, better water regulation (drainage
and retainment of water), which allows costs saviiog water-management, capture of O
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or air pollutants which allows costs savings irt tiza.
cultural functions : improved services relateddoreation, education, etc.

supporting functions, (e.g. nutrient recycling).esk improvements may be important from
an ecological point of view, but it can not be meed directly in economic terms.
However, it is accounted for as they support tiheiofunctions.

a bottom-up type assessment will require a detakeskssment of each function. This is
explained later when we discuss this methodology.
a top-down assessment will also have to make sopadt assessment, but that is likely to

be less detailed.

ECOSYSTEM SERVICES

Provisioning
FOOD
FRESH WATER
WD AND FIBER

FUEL
Supporting Regulating
A CLIMATE REGULATION
Haptlitii FLOOD REGULATION

DISEASE REGULATION

ARY PRODLIC W
M LT WATER PURIFICATION

Cultural
AESTHETIC
SPIRITUAL
EDUCATIONAL
FECREATIOMAL

LIFE ON EARTH - BIODIVERSITY

|
|
|
|
|
|
|

Potential for mediation by
socieeconomic factors

I High

COLOR VS WIDTH

Lo == Weak
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Source: Reid, 2005 , WRC, 2005.

Intensity of linkages betwean ecosystem
sorvices and human well-baing

CONSTITUENTS OF WELL-BEING

Security
FERSONAL SAFETY
SECURE RESOURCE ACCESS
BECURITY FROM DISASTERS

Basic material

for good life
ADECUATE LIVELIHODDS
EUFFICIENT NUTRITIOUS FOOD
ESHELTER
ACCESS TO GOODS

Health
ETRENGTH
FEELING WELL
ACCESS TO CLEAN AIR
AND WATER

Good social relations
SOCIAL COHESION
MUTUAL RESPECT
ABILITY TO HELP OTHERS

Freedom
of choice
and action

OPPORTLUNTY TO BE
ABLE TO ACHIEVE
WHAT AN INDIVIDUAL
VALUES DOING
AND BEING

Soumnze: Millenniurm Ecosystem Asseasment

Figure 6: Example of the ecosystems services asses$ramework (used for the Millenium
Ecosystem Assessment)

3.4.3.2 Valuation

These goods and services can be valued using mauiikes or other price indicators that reflect the
value for their users. It can build on a wide eigrere and literature in the field of environmental
economics. The steps and required information sgudised in more detail in Section 6. The
terminology used in this type of studies mirrore 8categories mentioned above, but in addition
distinction is made between use and non-use bengfit overview of the different categories of the
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total environmental benefits is given in Figure 7:

Direct Use benefitsThe first category refers to those benefits forcgmeusers of “goods or
services” from water bodies. Typical examples ar@ided costs for treatment of drinking
water, which benefit water companies and their coress more, and better opportunities for
informal (walking, cycling) and water-related restien, and more valuable natural
environments. The welfare gains for these direetauss reflected in their willingness to pay
for the related service, and reflects the prefezerend values of current society for that
service.. This can be estimated based on:

0 market prices, direct: some benefits are direclydal on market prices, for example, the
value of fish production, avoided treatment costswater purification, permits for
recreational fishing, entrance tickets for swimmiagilities.

o0 market prices, indirect: some benefits are reflbtlepeoples’ willingness to pay higher
prices for properties or rented accommodation nealéan water; the willingness to
pay travel costs to reach recreational fishingliftees etc. Hedonic pricing or travel cost
studies are used to estimate the willingness to Ipased on these market prices
(revealed preferences).

0 surveys: the willingness to pay for a service can dstimated based on survey
techniques in which these users are asked directlndirectly how much they are
willing to pay to make use of that service, or &obetter service. (for example, for the
improvement of recreational fishing, informal readien, etc...) (stated preferences).

Indirect Use benefitsVater bodies with a good status will improve thgutation functions
of a water system and related ecosystems. The mesvant function is a better
management of the water cycle to improve water lyuppd to limit or prevent economic
losses associated with droughts and flooding. Aerodxample is the capture of g@nd
other air pollutant emissions by wetlands and muatural river banks. A clear set of
definitions and an accounting framework are reqliceavoid double counting. Some of the
impacts may already be accounted for in directheseefits (water supply, nutrient removal
by wetlands and more natural river banks), wheothsr benefits (reduced flood risk, €O
capture) are not.

Non-use benefitsThe non-use value of improved ecological stafusaider bodies refers to
the value European citizens attach to improvemeintespective of their own use. It
includes:
- option values: referring to potential future us&uea for the current generation (for
example, protection of groundwater as potentiatc®tor drinking water);
- existence values: knowing that our water resouraed biodiversity are well
protected; and,
- the bequest or inheritance values: passing wellepted water systems onto the
next generation.

These benefits can only be estimated by meansregygs in which people are asked for
their WTP to improve or conserve a specified wétedy (for example, groundwater) or
environment.

Use benefit types are diverse and their valuatasesbased on a wide variety of approaches. Non-
use values, however, are only based on statedenekes techniques, e.g. using contingent valuation
surveys (Figure 7).

There is a trade-off between different “goods ageises” a water body can deliver. Some may be
so far developed or exploited that good statushoerd'goods and services” are limited. In this ¢ase
the economic assessment of WFD will show both bssel gains. Examples are the benefits of
improved conditions for fishing, amenity and or reation at the expense of less hydropower
production. It should be noted that article 4 WHDvides procedures for finding the sustainable
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balance between such tradeoffs, for instance atiosl to new modifications of water bodies.

Studies show two different approaches to estinfeetvironmental benefits of the WFD:
* a“pottom-up” approach that aims to identify andess all the different benefit categories in
detail, combining impact assessments with WTP aneralata for economic valuation; and,
* a “top-down” approach, which assesses the totaéfiilsnn a more comprehensive way,
asking citizens for their WTP to improve water st

—1 Fish production
— Water supply — Market, cvm
_ — hydro
— Directuse —
recreation -—— Travel costs, CVM
—{ amenity H Hedonic, CVM
— Use values —
Water cycle || )
management Avoided damages
Total Indirect use i or control costs,
economic | Capture of CO2, air | |  repair costs
value pollutants
Non-use Option value
— — existense values CVM
values
bequest values

(Source: Hanley et al., 1993)

Figure 7: Methods to value different environmeitt@hefit categories of the WFD

3.4.3.3 Benefit assessment of WFD using bottom-up impact assessment.

The first approach is a bottom-up approach thdovic the overall approach of a classical CBA,
trying to identify, quantify and monetize the ditat benefit categories to assess the total ecanomi
value. It involves the following steps, which andine with the overall approaches for a CBA:

a) development of (packages of) measures to closeG#ie, setting out from the analysis of
pressures and impacts;

b) assessing the physical effects of measures: howures affect the status of the water bodies,
(physical-chemical, hydro-morphological, biological..). This step requires the use of
integrated modelling and environmental assessnashintques. The results of this assessment
step need to be consistent with the input requinésnéor the benefit assessment step (see
below), and can either be quantitative (conceminatiof pollutants) or more qualitative (quality
classes...);

c) benefit assessment: how changes in the status tef Wwadies affect “goods and services”. It
requires:

» an accounting framework to identify all relevanesisind impacts, and to ensure consistency
and avoidance of double counting.

» ideally dose-response functions or at least inféionzon threshold values that describes and
guantifies the extent to which “goods and service®’ affected by changes in the status of
water bodies.

» data related to current, future or potential useng uses of the different “goods and
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services” (for example, volumes of surface or gowater used for drinking water; number
of hikers, bikers, anglers, ....; number of houses@lriver banks, etc...). Data may relate
to the observed number of people or indicator nunfb® example, typical number of
anglers per km river);

reference data for valuation of these “goods owises”: given the complexity of the
analysis it is unlikely that for all the relevargrn®fit categories new empirical research on
this step will be undertaken. There is a need ftlan a set of reference values that are
based on data from literature, and which have laelpted for use in a specific river basin.
This adaptation called benefit transfer involvesgadures to select the most relevant
sources of information and include corrections ¢banges (for example, income, year,
currency,...);

rules for the aggregation of benefits over différeategories, type of users, dealing with
timing of benefits and discounting over time, etc.

Examples of this approach for the UK, France aed\tetherlands are discussed in Section 5.3.

26

TOOLS
STEPS . .
and information
reference GAP WEFD objectives
Measures

Impact assessment
water quality-ecolgical
models,...

Impact on status water bodies

Goods and services affected
Valuation of changesNumber of users-
non users affected

Benefits of the programme of
measures

accounting framework
Dose-response info

data on current/future uses

Reference values

Figure 8: Benefit assessment of WFD using bottonmgact assessment steps and tools
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The result of this approach is the total benefita package of measures (a value per year or period
for a water body, basin or country). These measumayg reflect different accents or levels of
ambition related to the good status of water bodiesse benefits can directly be compared with the
costs associated with the same package of measusbauld be noted that this type of analysis is
not required by the WFD itself: the Directive mgrepecifies that the most cost-effective selection
of measures should be adopted to reach the gotus sihjective, which suggests the use of a cost-
effectiveness analysis. Yet, in contrast to a lldwn cost-benefit analysis, this does not require
guantification of benefits in monetary terms.

A typical characteristic of this type of bottom-wgpproach is that it is difficult to make an
assessment of the total economic value becausdiktely that information for (important) impact
categories will be lacking due to missing elemantthie analysis chain (info on impacts, dose-
response, number of users, valuation,...). The nunobgyotential benefits identified is always
greater than the number quantified and monetizegl(€ 9). This is further illustrated in Section
5.2. However, gualitative information and othedigators can be taken into account, especially at
the level of an indicator CBA and when a limitednher of types of measures or rough ambition
levels need to be selected (see Section 5.4).

Identification
Quantification

monetisation

Figure 9: Reduction of scope in the bottom-up inigasessment.

Some of the benefit categories have close reldtipaswith water quantity management and may
also be seen as scarcity rents / resource bel@éipending on definitions used). For example, a
better preservation of ground water resources walprove non-use values for groundwater
(according to option, existence and bequest vallBetjer flow management may lead to improved
fish migration and fish production (market), reci@a amenities (angling, boating, swimming,..).

3.4.3.4 Benefits assessment of the WFD using top-down surveys.

Surveys are another way to assess the willingnegsay of European citizens to reach a good
ecological status of a water body(ies). The appgroaoks simpler as it does not require the
development of measures, nor their detailed impasessment. In addition, it does not require an
accounting framework to deal with potential ovepeng and assumptions inherent to benefit
transfer techniques. It requires an assessmengaod description of both current situations (or
reference situation) and the good status as eradséy the WFD. This information is used to
develop a questionnaire that asks people direciyttieir WTP to reach these objectives. The
description of the good status and developmertefjuestionnaire will however also require a GAP
analysis and will have to make assumptions abouDW#élated measures and their impact. The
survey is directed towards a representative saroplehe inhabitants for which the benefit
assessment is made.

The approach (Figure 10) suits the concept of tHeDWas it is a framework directive which
specifies qualitative goals and provides procedues further specifications. Of course, the
approach assumes that the respondents have a gdedsianding of the current status of water
bodies and the expected improvements due to the \EKperiences indicate that respondents need
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to be presented with questions and descriptions éte clear and easy to understand (Brouwer,
2004).

The approach is adopted by investigators estimativey benefits of nature development or
conservation, especially for nature types where-usmn values are likely to be dominarthe
approach has also been used to assess benefitairgrollution, but it is regarded as being less
reliable as detailed assessments using air qualiigteling and dose-response functions for health
impacts are well established.

STEPS TOOLS

Analysis of objectives
compared to current
status

WEFD objectives
I

&

WTP survey

Questionnaire
description of current
Perception of respondents status and scenario’s
how WFD objectives will affect their

uses and non-uses values

Preferences of the respondents (wtp)
for uses and non-uses

I

Benefits of reaching WFD objectives

Survey
interpretation of results

Figure 10: Benefit assessment of WFD using top-dawwmeys: steps and tools
3.4.4 Scarcity rents: main issues

3.4.41 What are scarcity rents?

Scarcity rents measure the value of a scarce resawer and above its opportunity cost, i.e. the
next-best alternative use. They are a measureasfoesic benefits resulting from a more efficient

use of water resources. One of the objectivese¥¥kD is to ensure resource efficiency, which is a
vital concept of sustainable development. Resowftieiency means that water resources are
directed towards uses with a relatively higher gadded per volume used.

Resource efficiency is especially an issue in i@tatto situations where water sources are
overexploited (WATECO) or where they are not altedaefficiently due to inefficient water rights
or pricing mechanisms. Typical examples are the afsgrigation water in agriculture or flow
management for fish migration (see Section 9). Ebheopean CIS Drafting Group Eco 2 uses a
wider concept and refers to resource costs asiffezathce between the economic value of current
water use and the optimal use of water.

" However, for wetlands, bottom up approaches a@faéquently used (see further).
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There are different levels of ambition or interpten of what resource efficiency and integratiébn o
resource costs in water pricing can mean in pracfideinz, 2005). The most ambitious
interpretation is that WFD objectives include tlohiavement of an optimal water use and all water
sources are allocated to these economic and/oroemeental uses with the highest value added. A
less ambitious interpretation is that water quansitmanaged in a way to ensure the good status of
surface and groundwaters, and that related measwrgdead to improved water efficiency as water
is allocated towards uses with higher added-value.

3.4.4.2 How to assess scarcity rents?

Scarcity rents are assessed by differences in adilad between reference and WFD scenarios on
the basis of new measures. Water uses refer botater use in different markets (agriculture,
industry, drinking water,...) and the provision ofveonmental “goods and services”. This
assessment is closely linked and may show ovenldthsthe assessment of environmental benefits
and costs.

* If WFD measures affect a sector, for example, afitice, the differences in total output
from the sector in the reference and the WFD soemavill already be reflected in the cost
assessment. A sector will adapt itself - some sgotdll be reduced, others may further
develop - as illustrated for measures related taitihg phosphorous emissions and
improving irrigation management (see Section 9).

* Measures are also likely to affect the provisioneolvironmental “goods and services”
(shipping, recreation, water production) and thiera natural overlap with assessment of
environmental benefits. These issues are alreadysted above.

» If the measures lead to a further development férmint sectors with higher value added
per m3 water used, this is an additional benefit @xample, from low value uses in some
agriculture sub-sectors to other uses in tourismmawstry). It requires integrated modelling
of water supply and demand under different scesgnaassess this benefit. As a matter of
overall welfare, scarcity rents only play a roledases that constitute a case of market
failure / inefficient allocation. Resource benefiisly a role when they are generally not
incorporated into market prices, and it will theref be necessary to rely on assessments of
foregone demands and economic values.

* There are a number of issues which may deservesiuattention:

* it may be misleading to evaluate water efficienoy & whole sector or typical use
(drinking water for households) on indicators basedaverage value added or prices
paid, because within the sector or use there magrige differences. The provision of
drinking water to households has a very high addedlse for applications related to
food production, drinking, bathing but this wateuesce is also used for lower added-
value including toilets, cleaning, etc...

= |n most cases, the reference scenario is likelynerestimate potential costs related to
the unsustainable use of water resources.

It is more difficult to assess the scarcity remiattwould result if water uses were allocated i th
most efficient way, because it would require a nhodeich is able to describe all the alternative

options for demand and supply of water. Contrargrisironmental benefits, one cannot rely on a
description of the ‘ideal state’ and the use of/eyrmethods.

3.5 Aggregation and comparison of costs and benefits

This section deals with the main methodologicaliessrelated to the aggregation of costs and
benefits over time, spatial issues, and indicatmmpare total costs and benefits.
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3.5.1 Aggregation over time, time horizon

The PV or present value is an indicator for thaltetlue of costs and benefits of a measure for the
relevant time period. The relevant parameters laeptittern of costs and benefits over time, time
horizons and discount rates used.

Cost-benefit analysis needs to look at the totatscand benefits of measures over a relevant period
of time. On the cost side, the first years willuig investments for all types of measures, whidh w
be followed by a period with mainly operation andintenance costs, until the replacement
investments are required. The benefits will onlgrtsto take effect if the measures have been
implemented, and in some cases there may be solag loefore they take full effect. The time
horizon should be long enough to account for at€and benefits.

When we aggregate costs and benefits over timeyaeed to reflect that we value future costs and
benefits less than immediate costs and benefitshiSgurpose, discount rates are used. For a CBA
of WFD implementation, a social discount rate ipleggl that reflects the social time preference,rate
and which is different and usually lower than fioahdiscount rates (HM Treasury, 2003). For long
time horizons, a time declining discount rate maydnquired to better reflect the goal of sustdmab
development (HM Treasury, 2003, Turner 2007).

Most Member States have their own guidance orttoadon what time horizon or discount rate to
apply. Odgaard (2005) has shown that both timé&bios and discount rates used for Cost-benefit
analysis related to transportation projects diabstantially between Member States (Odgaard
2005; Heatco, 2006). It is to be expected thatdBA in the water sector similar differences will
occur. Studies discussed in Section 5 use inddBmteht long time horizons and discount rates. The
time horizon ranges from 40 years for the UK (WRI®99) to a 100 year period for the
Netherlands. Discount rates typically vary fromvietn 3% to 6%. These differences need to be
accounted for when comparing results.

As the PV over a specific period may be hard terjmtet, this indicator is often expressed as annual
costs or benefits (or annualised costs and bejefitsch is based on the PV divided by the number
of years.

3.5.2 Aggregation of benefits over water bodies.

Most literature on benefit assessment evaluatesrthacts of improvements of a single water body
(e.g. lake, river ) or even a specific stretch oivar. The WFD will affect however a large number
of water bodies within a river basin. This raisesegiions on how to use the information from
literature for the assessment of benefits of thedWPeople living close to the water body are likely
to use the river more and have a higher willingriespay for improvements of water quality and
river morphology, but people living further awaywever will still enjoy (lower) benefits (see
section 5.3.8). The value of improvement of a rivasin is likely to be smaller then the sum of the
improvements of all individual water bodies. On dtker hand, a larger improvement may generate
benefits that a single project is unlikely to askieMore natural river banks over a full stretchaof
river and tributaries may create more opportunif@se.g. networks for recreation. Widespread
opportunities for angling and bathing may chandathaThese issues have been well identified and
discussed (e.g. Chegrani (2005) but as there tie Kcientific evidence on how to improve
aggregation, this is one of the issues dealt witthé ongoing EU FP6 research project AquaMoney
(www.aguamoney.ong
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3.5.3 Indicators to compare costs and benefits

There are several indicators that can be usedrmpare costs and benefits. In financial analysis and
project appraisal a number of indicators are useth &s internal rate of return (IRR) or NPV (net
present value) that require a great accuracy df bosts and benefits. In the context of assessment
of costs and benefits of WFD this type of indicatavill be less useful. For policy appraisal it is
more common and useful to discuss the total vafumsts and benefits next to each other, taking
into account omissions and uncertainties. In Sedhiothis use is further illustrated. The use & th
Benefit cost ratio (BCR) may be useful to compaiffei®ent measures or projects. An example of
this use is also given in Section 5.

As explained above, some of the benefits of WFDcast savings, and may be either accounted for
on the cost side or the benefit side of the equaBixamples may be:
» Costs savings due to more efficient water useahateflected in lower total costs of WFD
measures;
» Cost savings for emissions abatement measuresshanknproved purification functions
due to wetland restoration or protection; and,
* Administrative benefits due to better planning atakeholder involvement.

3.5.4 Definition of the spatial level of analysis

An economic appraisal is made for a certain taggatip, often the regional or national economy and
society. As river basins are likely to crosscut adsirative boundaries, it will require special
attention to ensure that assessments at natiodalegional level are consistent with assessments at
the level of (sub)basins. This issue is furthercutsed throughout the report, especially in the
context of the need for economic appraisal to indalance between information collection and
guidance at national, regional and river basinlleve

As indicated above, the definition of the gap scesais difficult, and the assumptions made for
assessment and costs may be different. Such ditfesewill make comparison of costs and benefits
difficult.

3.5.5 Equity issues

One of the major issues to improve acceptabilit€BRA analysis is to account for equity issues and
distributional effects, which can be dealt withdifferent ways (Turner, 2007) First, equity impacts
can be dealt with by giving more detailed inforraation the division of costs and benefits for
different target groups, which may be sectors,amegi income levels, etc. In addition, the numbers
that relate to costs and benefits may be adaptedlifferent income groups. It follows from
economic theory that the utility or welfare of peopeople is more affected if they are confronted
with the same level of for costs or benefits abaicpeople. To account for that effect, cost and
benefits indicators can be equity-weighted, whickans that costs (benefits) for lower income
groups are given a higher weight, and some indigaimbers are available for that purpose.
National guidance documents for CBA assessmentlikely to reflect different opinions and
traditions related to equity weighting.

We are not aware of studies that apply these dooretactors in the framework of studies for costs

and benefits of WFD assessment. It is more likelybé an issue for the selection of specific

measures and policies, for example, impacts orkitignwater prices. It has to be noted that these
equity considerations are different from adaptimgédit indicators for differences in income and

purchasing power, as part of a benefit transfex 8etion 6).

For the CBA of the WFD, three issues in relatioedaity are relevant:

31



Methodologies for the assessment of costs and ienef

» distribution of costs and benefits between upstraadhdownstream regions;

* some sectors may be harder affected, which magleeant for agriculture. Therefore, this
study focuses in Section 9 on some of the imp&disedNVFD on agriculture;

» the impact on poorer groups or regions affected

Equity issues are relevant for the discussion efaffiordability of measures and disproportionality.
This is an important issue for implementation of BVBut it is not the objective of this report to Hea
with this topic.

3.6 Summary of key points

The overall methodological framework for cost-bénahalysis of environmental policies is well
established and it has been used successfully my m@as. The application of such a framework to
the WFD requires further tools for estimation osisoand effectiveness of different measures, and
tools for benefit assessment at the level of therrbasin and/or national level. Such tools were no
available at the start of the WFD, but have to beetbped building on the existing guidelines,
studies and reference data from other areas.

Some of the main issues and uncertainties arear@d¢or both costs and benefit assessment, (as well
as for other types of assessment of the WFD):

» specifications of the baseline scenarios - andhatwextent some measures are attributed to
pre-WFD legislation or the WFD;

» the level of ambition for the specification of thebjective of GES/GEP and the
implementation timing;

» the cost effectiveness of new types of measuresnfoch experience with large scale
applications is limited;

» the CBA of WFD needs input from both specialiseiergists such as environmental
economists, ecologists, hydrologists and enginesrd, local expertise at the river basin
level; and,

» Comparing costs and benefits will have to take atoount the uncertainties in both costs
and benefits and their comparability.

Methods for the assessments of environmental herae® well established although the valuation of
non-market benefits adds additional uncertaintiesmgared to market benefits. Experience and
literature refers mostly to individual cases stadfer one service or water body) and is mostlyedon
in the richer, northern EU Member States. For thedfits assessment of the WFD, two approaches
have been used:

» afirst approach is to identify and value all thiéedent benefit categories for specific water
bodies. These bottom-up approaches build furtheghemmpact assessment of measures and
on data on literature for valuation. For the WFDjdglines and tools are needed to use
these data to estimate the full economic valuengrovement of all water bodies within a
river basin and country. The UK, France and Ne#me$ have started to develop and use
such tools, which highlight both the difficultieschusefulness of the results.

* a second approach is to assess benefits for abasn or country in more generic terms
using stated preference methods (surveys). Theskodse produce the overall range of
benefits but provide little information to seleaividual measures or prioritise between
locations.

* An improved allocation of water uses in the coneiXVFD may lead to in terms of higher
added values per m3 water used. Methods to estithase scarcity rents in the context of
the WFD are less developed and there are no gnedetind indicator data.

Given the status of the GAP analysis, the compésiof the issues, and the lack of ready to use
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tools or indicator data, it is very difficult to ke a full detailed cost-benefit analysis of WFD
implementation today. Assessment of costs and hiermee more likely to be explorative, describing
and assessing the relevant factors, and built dicdator numbers where available. This information
may already be very useful to guide further word analysis.

In this context, comparing costs and benefits gshawt rely on summary indicators used for

financial or project appraisal, but should takeocaet of omissions, uncertainties and qualitative
information. This will also allow to discuss equisgues if information is available.
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4 OVERVIEW OF STUDIES AND REPORTS ON COSTS AND
BENEFITS OF WFD IMPLEMENTATION IN THE EUROPEAN
UNION

4.1 Approach

A questionnaire survey of Member States was camwigdto obtain an overview and produce an
inventory of studies and reports on costs and lisnef WFD implementation in the European
Union The questionnaire asked for studies alreadypteted but also for studies in the pipe-line.

A workshop in November 2006, with representativesifthe MS and stakeholders, was held in part
to provide clarification on the objectives and @xtof the survey. Participants were given the

opportunity to ask questions, provide commentsh@work plan and suggest case studies to be
included in this Report. The draft conclusions evdrscussed in a second workshop in April 2007.

Further information was collected at and after therkshops. Stakeholders also provided

information on specific issues.

Some limitations have to be taken into account.

» First, the major focus was on studies at the natitmvel, or at the level of large river basins,
and studies that deal with costs and benefits dfiphelissues and sectors. The overview of
studies and material has been further completeld etiter types of studies related to the
specific measures of WFD, but this was not thedamfthe questionnaire.

* The focus of the overview is the implementatioM&fD, and not costs and benefits.

* The major focus is on completed studies that hawdyzed results in terms of numbers. It
does not intend to give a complete overview of issidhat address single or pure
methodological issues.

» Second, the overview of studies and reports isagpsot in time of available information.
We collected information on available studies uiMiay 2007. It should be noted that
information in this area is expected to grow anande rapidly, as a several Member States
have launched studies.

* For our analysis, we mainly relied on published anttlic data, which are nearly always
someway behind the latest numbers and insightedijy for the Member States that have
published numbers, it should be reminded that tbes are in the process of being updated.
Only for some selected issues, were we able tongse updated information.

 For a few Member States that did not participatethi® workshops nor answered the
guestionnaire we had to rely on public informativailable. For these countries, we do not
have a good idea to what extent economic analysis nas been made.

4.2 Overview of past and planned studies and reports byype and
Member State

The information provided by Member States or frow literature review indicates that the majority
of the Member States have started the processsessiag costs and benefits of the WFD (Table 3).
Most of these, however, are still at an early siagkiding the commission of first studies andwe t
development of tools. The objectives of the planoedngoing studies are broad, including the
analysis of costs and benefits and cost-effects®ne

Thirteen Member States, and one Bundesland froom&®y answered the questionnaire and/or
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provided additional studies and reports to the ntbwg. From other Member States we received
information through verbal communications at the tWorkshops or through other means. In total
there are about 180 studies in the inventory tlied, largest part electronically available or prexd
as hard copies. The list is compiled on the basishe questionnaire and an internet survey.
According to the questionnaire survey there are aldeast 25 studies ongoing or planned.

We have chosen to include only the studies abasts@nd benefits directly related to the WFD in
the inventory. The types of policy orientated stsdand reports related to the economic analysis of
WEFD implementation are the development of tools arstiruments to perform cost-effectiveness
analysis (CEA) and cost-benefit analysis (CBA).a#gke number of the studies and reports provide
guidance on how to perform CEA, the valuation oamees etc. They also include a few practical
examples, but are not always applied to rivernzsasMost of the studies in the inventory are about
specific measures or specific regions/water bodiag, are generally not carried out at the national
level.

The studies about costs of specific measures/regioncern mostly about methodologies for CEA
for example, Germany, Latvia, cost-effectivenessnesures in a certain river basin for example,
Belgium, and impacts of the WFD on a certain seéborexample, WFD and Hydropower in
Austria.

The studies on benefits include different valuatio@thods to monetize the (non-) market benefits
from wetlands, cleaner water, recreational fistseril®od protection measures...

The cost-benefit studies are either CBA studiea specific measure, for example, dam removal,
wetland restoration, fish migration and hydropoveerthe valuation of different WFD measures in a
certain basin, for example, Odense river basina€id river basin.

A large number of the studies on costs and benefitspecific measures, for example, wetland
valuation studies, exist also but are not directiated to the WFD. Including these into the
inventory is beyond the inventory scope, althougtytcould be of some relevance to the WFD (see
Section 8). As not all questionnaires were returaesivered there may be studies in some Member
States performed that are not aware of, althoughb&eve that the most important studies are
accounted for.

The Member States who answered the questionnaweysall have a number of studies in the pipe-

line (Table 4). The studies cover a wide rangessifies concerned with WFD implementation, but at
differing levels. Some MS need to start studiesuadomethodology and data collection, whereas
others are starting to develop cost-effectivenesalyaes of different measures. There are also
studies about costs and benefits of programs ofumnea planned. All Member States that answered
the questionnaire indicate that they will do or toydo some kind of monetary estimation of the

benefits, but most of them also have indicated it will use other indicators as well.

For six member states that did not participateh® workshop nor answered the questionnaire

(Bulgaria, Cyprus, Greece, ltaly, Latvia and Roraaxniwe cannot judge to which extent they have
also started economic analysis.
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Table 3: Studies in the inventory already finislbedngoing

Member State® Source of Nation-wide estimates Case studies/Specific
information WFD measures
First exercises
CBA | Costs | Benefits | CBA | Costs | Benefits
Austria X* X X
Belgium X X X X
Bulgaria
Cyprus X** X
Czech Rep. X*
Denmark X X
Estonia X*
Finland X X
France X X X X X X
Germany X X X X
Greece X** X X
Hungary X X X X
Ireland X* X X
Italy X**
Latvia X** X
Lithuania X*
Luxembourg X**
Netherlands X X X X X X X
Malta X X
Poland X*
Portugal X X
Romania X** X
Slovak Rep. X X
Slovenia X
Spain X X X X
Sweden X X X X
UK X X X X X X X
Norway xX*

° and Norway, that also participated to the worlgsho
INFORMATION PROVIDED: X = based on questionnair&xinformation gathered via workshop
or via other source (x**)

36



Overview of studies and report on cost and benefiFD implementation in the European Union

Table 4: Studies in the pipe-line in Member Staties answered the questionnaire

Member State | Costs Benefits CEA CBA
Belgium X X X

Denmark X X X X
Finland

France X X X X
Hungary X X X

Germany X X X

Luxemburg X X X
Malta X X
Portugal

Netherlands X X X X
Slovak Republig X X X X
Slovenia X X X X
Spain X X X X
Sweden X X

UK X X X X

4.3 Available aggregated data are very first estimates

The first focus of our search for studies and deta related to aggregated studies at a nationell, lev
in order to have a more overall view. Only Franibe, Netherlands and the United Kingdom have
taken the first steps towards a national assesswiemosts and/or benefits of scenarios for
implementation of the WFD. In addition, the UK add have compared costs against benefits in the
context of their own requirements for cost-benefsessment or regulatory impact assessment
(Table 3). These studies and data are used ingp@st to illustrate approaches, identify factansl

the orders of magnitude at a national level.

The data in the studies used reflect the understgrmh costs and benefits at the moment of the
study. They have to be considered as an inputamptbcess of implementation of the WFD, rather
than an estimate of the outcome of that processsd ktudies were and are the first steps in atonge
process and they will be further developed in tbeniag years. A specific characteristic of this
process is the interaction between information gatly and assessment and at local level (river
basin, water boards, ...) and nation wide assessment.

Especially the first studies that estimated cosid lenefits for the UK are relatively old (1999-
2004) and builds on assumptions that reflect th#etstanding and data availability of that time.
Since then, assumptions have been updated andmaion and data has evolved, but no new
nation-wide assessment of costs and benefits walsped. In this report, we use the ‘old series’ of
studies to get an insight of the factors drivingteand benefits. The data are rather illustratine,

do not reflect latest views and data. A new natidte assessment is planned later this year (2007)
(Figure 11). The first study in the UK was therstar a long series of economic studies and debate
It involved a wide variety of different administi@is and stakeholders and addressed a wide range
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of issues (methodology, data collection, consistemith existing guidelines and approaches, etc).
The wide scope and need for collaboration is dlsstiated in the fact that (part of) the research
was organized through a Collaborative ResearchrBnoge for River Basin Planning Economics
supported and steered by a range of relevant astmations and stakeholders. (see web address
below for further information) These results wik Imput for an nation-wide assessments of costs
and benefits later in 2007 The process aims at the development of toolsdatabases to facilitate
the assessments of costs and benefits at thelasin level, as required in the river basin plagnin
guidance by 2009 (Defra, 2006). In between, assasts of costs of specific issues have been
made, e.g. in the context of the regulatory impesgessment of environmental quality standards
(Defra, 2007).

Information used for this study

A
—
2009
1999 2004 N t2'007'd assessm. of
First RIAof L Updates atonwi ef costs &
implementation [ 7| based assestsmg.L 0 benefits at
WFD on WRc Iggiesfits river basin
(scope: UK) 1999 / planning
Assumptions on gap Futher research
available tools & ) data collection
data updated understanding on GAP
1999 2004 2007 2009

Data and reports available and used in this study

Planned major new reports

Source: Vito, based on information from Defra

Figure 11: Overview of major past and planned assesnts of costs and benefits in the UK and
information used in this study

The data on costs and benefits for the Netherlareisaken from the first strategic costs and benefi
analysis for the WFD, and related documents, wiscpart of a longer term strategy with yearly
reporting on progress in understanding of costlaemefits (see Figure 12).

8 Defra, personal communications, 2007
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Figure 12: lllustration of the process and repogiperiods for implementation of the WFD in the
Netherlands.

During the surveying period for this report, therere no new aggregated data made available, but it
was made clear at the consultative workshops tleat mformation will become available
throughout Europe from the ongoing studies. As &ferrto aggregated sources for the UK, NL and
France, the reader may check for updated informatighe following places:
* new information on costs and benefits of implemioma of the WFD in the UK:
http://www.defra.gov.uk/environment/water/wfd/indetm
* economic analysis for the support of WFD implemgata in the UK:
http://www.defra.gov.uk/environment/water/wfd/ecamos/index.htm
« overview and updated information for Dbenefit asses® in France
http://www.economie.eaufrance.fr/rubrique.php3utbriqgue=62 (in French )
» gives an overview of environmental and resourcefisnn France and includes:
- overview of different methods and guidelines
- summary overview of results of studies for France
- database with summary overview of each study
» overview of updated information on implementatioh for the Netherlands, including
updated ‘Decembernotas’ (in Dutch): www.kaderrighitater.nl.

Although it has to be recognized that the numbbenselves may be outdated, they will still

provide useful insights in the factors that deteencosts and benefits and the most important
methodological issues. For the purposes of thisrtepve only use the numbers to give an idea
about the order of magnitude of costs and benedits, how they relate to the costs of current
measures and measures in the pipeline.

4.4 Summary of key points

The overview of information illustrates that the W/Ras given an incentive for economic analysis
in the water sector, both for Member States witth aathout a tradition for this type of analysis in

the water sector. However, this process of assegsaofecosts and benefits is still in the early
phases, at least when it comes to results of Stulla are both specific enough to be related¢o th
WFD and generic enough to draw more overall commhssat river basin or nation level. Only a few
Member States have made first, nation wide assedsm&s an input into an ongoing process of
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economic assessment.

Most Member States however have only recentlyetisstudies on assessment of costs and benefits
of WFD implementation. The scope of these studiewide, including cost-effectiveness analysis,
assessment of benefits in monetary and other itwtigand cost-benefit assessment. It is too early t
evaluate to what extent all Member States will hdneenecessary tools and data to complete these
ambitious objectives. The results from the firstdé#s in UK, Netherlands or France illustrate the
complexity of the issues and the need for furtlsseasments.

The results of the early economic analysis studegsied out by France, the Netherlands, and the
UK, are used to gain insights into the methodstaots used, the preliminary order of magnitude of
costs and benefits estimates, the main underlyamofs and the uncertainties that need to be
accounted for at a particular time.

Published data need to be handled with care bed¢aageare only snapshots of the WFD process,
based on assumptions or scenarios developed faifisgeurposes or objectives. These data and
analyses are in the process of being updated asigitee in consultation with stakeholders. The
information is therefore often very specific to tparticular Member States (or regions), water
bodies and issues.
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5 FACTORS DETERMINING COSTS AND BENEFITS OF
ACHIEVING “GOOD ECOLOGICAL STATUS”

5.1 Introduction

There is little specific and reliable information the costs and benefits of the implementatiomef t
WEFD in Member States. Although Member States afiget to draft river basin management plans
by 2009, including an analysis of the cost-effemtiess of proposed measures to achieve the WFD
targets, only very few Member States have drafeclithentation on the costs and benefits of the
implementation of the WFD. From this scarce infotiorg still some conclusions may be drawn on
which factors influence the costs and benefithefimplementation of the WFD.

5.2 Factors determining costs of achieving “good ecolagpl status”

5.2.1 Introduction

In Section 3 an overview of the costs of environtaeprotection and the likely WFD costs is
presented. A distinction is made betwgen
* “business as usual’ and/or “baseline costs”, winiclude already implemented measures as
well as measures that should be implemented acwptdipre-WFD legislation; and,
» “additional costs”, which includes all costs on topthe baseline costs needed to comply
with the objectives of the WFD.

In the following sections, the current informatiavailable on these costs and the underlying factors
is assessed.

5.2.2 Current information

In most Member States of the EU, little is knowntba current costs of water management. Many
Member States still struggle to collect basic infation on the costs of environmental protection,
which is requested by the “Joint Questionnaire awiBnmental Protection Expenditures” of
Eurostat/OECD. In some of the EU Member Statesr{@ery, France, Netherlands, the UK)
detailed guidelines have been drafted on how tesasthe cost-effectiveness of policy packages.

In the Netherlands, the entire United Kingdom amel tegion of Scotland, attempts have already
been made to assess the full costs of the implatnentof the WFD. In the UK , this assessment
was already undertaken in 1999 (WRc, 1999), fortl&cd a CBA was undertaken in 2002
(Andrews). As indicated above, these studies giveesindications, but given that they are based on
outdated assumptions, they provide information axtdrs rather than up-to-date information. For
the Netherlands a first estimates of costs wasighdd in 2005 (MVW, Decembernota 2005), with
an update and assessment first assessment ofteen&006 (MVW, Decembernota 2006) (see also
Section 4.3).

In addition, during the accession period for thev Mdember States, many studies were carried out
on the costs of implementation of EU environmedtedctives. In some of these studies, some rough

° This is not necessary exactly the same distinet®is made in the legal text of the WFD, refertimgbasic
measures” and “supplementary measures” (see se:8pn
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assessments were made on the potential costs ohghementation of the WFD. However, as the
methodologies used in these studies have a widatizar and basic data are often partial, no firm
conclusions can be drawn.

5.2.3 Current efforts in water management

Incomplete information on water related environmaéependitures in various Member States can
be derived from replies provided by the Member &tain a voluntary basis to the Eurostat/OECD
joint questionnaire (Figure 13). More recent isedifor certain Member States to update or fill in
gaps of at least some of the data.

O public
| private
O specialised producers

2
|

%
|

%6 6\(\'& T T T T
3

» 0 50 100 150 200 250
cost per cap (€)

source: based on Eurostat/OECD (replies provideth®yWember States on a voluntary basis), with
additional information from Metropolitan Consulti&youp (2006), SCB (2004), Broniewicz (2006)
and ESA (2006)

Figure 13: Annual per capita expenditure on watellated environmental protection expenditures in
selected Member States of the EU (mostly for 19@92800)

A subdivision is made between public expendituigsf@¢r example, sewerage and treatment are
operated publicly), private (in case industry ori@agture have costs) and expenditures of so called
“specialised producers” (these are (partly) praedi producers of (mainly) environmental services,
for example, the exploitation of sewerage systemd waste water treatment plants). Figure 9
reveals large differences between Member StatemeSof these differences are linked with
differences in the level of implementation of watelated policies. The recent Commission report
on the implementation of the UWWTD indicates thagre are large differences in the degree of
implementation by Member States. The only MembateStwith high levels of compliance of close
to 100% are Denmark, Germany and Austria (Euro@amnmission, 2007).

It seems logical that in Member States with a hideeel of water services, more is spent on these
services than for example the new Member Statast th® large differences shown in Figure 13
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may also point at differences in availability chtstical data (for example, the Eurostat/OECD data
for UK reveal that only about € 15 per capita pearywould be spent on (environmental) water
management, other sources show much higher expessit

5.2.4 Costs of implementation of pre-WFD water directivesn relation to the WFD

As explained earlier, the WFD implementation oftgres side by side with the implementation of
the pre-WFD water policies. Figure 14 gives a lougpresentation of these (existing) costs. The
baseline or business as usual is important, agséisghe reference base for the comparison of
additional costs of the WFD, and enables the dafioe of costs. For example, for the new Member
States it was estimated that compliance with theemgirectives of the EU (excluding WFD) a total
investment of about € 16 billion was needed (byrting 1990s) (Jantzen et al., 2000).

To illustrate the baseline situation, Figure 14vehidhe situation regarding urban waste water in
Poland during accession negotiations.

100% -
90% - not collected not collected not collected
% - not treated
0% not treated not treated
70% treated
60% - discharge treated
50% freated discharge
discharge
40% -
30% 1 | treated remowved
20% treated removed
10% treated removed
-
0%
CcOoD Ptot Ntot

source: TME, 1998

Figure 14: Implementation of the urban waste walieective in Poland (1996), collection and
treatment/removal of 3 substances in urban wasteny&OD, P total and N total)

Figure 14 clearly shows that about 10 years agdandohad still a long way to go in the
implementation of the UWWTD. Approximately 70% aoban waste water was treated, while 30%
was not being treated (including direct dischargks)an also be seen that the treatment efficiency
was low, at least for P-total and N-total. As aufiesonly for COD more than 50% of the total
discharges were actually removed, for P and N nhesh To achieve the standards of the UWWTD,
additional infrastructure was needed.

Figure 15 shows that in the baseline scenariotaltige implementation of the UWWTD, additional
annual costs will increase by almost € 900 milli@n year. Taking the additional costs into account,
for a country like Poland the additional per cagitats of the full implementation of the UWWTD
(which is included in the baseline) can be estich#ébebe € 23 (price level 2000).
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Figure 15: Estimated additional annual costs of itn@lementation of the urban waste water in
Poland between 2000 and 2010, million €

As shown in the previous section and in “old MemBtates” such as France, Netherlands and lItaly,
there are still actions being implemented basepresWWFD legislation.

5.2.5 Costs of the implementation of the WFD

Preliminary studies have been carried out on ttetscof implementation of the WFD in a few
Member States. Three examples will be discusses’her
* an assessment for the UK (WRc, 1999), also refarad the Third consultation paper on
the implementation of the EC Water Framework Dikect(2000/60/EC) (DEFRA/WAG
(2003));
* an assessment for region of Scotland (Andrews (2@01,
» assessments for the Netherlands (RIZA (2005), M\O®52 2006a; 2006b ).

These studies have some common elements:
e costs as well as benefits are assessed;
* a top down approach is used, in which for the diffé sectors involved an assessment has
been made on the actions to be taken and the expeasts; and,
» use of different scenarios to express uncertaiahcerning the implementation gap (except
in the Scottish study).

A major common element is that all the studies jm®wonly preliminary results, indicating a
possible direction in which costs may develop. &ample, the UK study is already 8 years old and
was conducted before the WFD came into force. titimah, the Scottish study is also dated but is in
the process of being updated. So, although itngpteig to compare the results of these 3 studies,
this would not be useful as the number of obsemuatis small and the results are not comparable.
Moreover. the way in which the results of the costlyses are presented in the various studies, also
poses some problems. In the study for the entirg(1909) and the region of Scotland (2002), a PV
is accounted, summing and discounting the costs ayeriod of 40 years with a 6% discount rate.
In the RIZA 2005 study annual costs are estimatdtbreas the MVW (2006b) study presents the

10 Also a study for Zagyva-Tarna River Basin Manage@an in Hungary has been reviewed, but this
interim report does not yet produce total cosinestés (DHV/Atkins (2006)).
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PV for the summed and discounted costs over a &80 pyeriod with a 4% discount rate. Even if a
comparison is to be made, this is not made eaghdway the results are presented in the original
studies. Therefore, the comparison of the studiésnited to the expression of the PV of the costs
per inhabitant.

5.25.1 Casestudy: the entire United Kingdom
In 1999, in the UK a first assessment was madaefcbsts and benefits of the implementation of
the WFD. The study addresses the so called “gapiidsn the implementation of the pre-WFD
directives and the additional requirements of tHeDA
* administrative, planning and monitoring gap (tadizrussed in the section on administrative
costs and benefits);
* water status gap.

In the baseline scenario (business as usual) tywmaphes have been followed:
* a pessimistic approach concerning the further implgation of pre-WFD legislation on
water status (no improvement);
* an optimistic approach, assuming improved watelityua

Also for the implementation of the WFD directivedwptions are assumed:
* minimal requirements concerning ecological and dbahstatus;
* maximal requirements.

Comparing the Baseline with the WFD implementagoanario, two assessments have been made:
* a minimal gap analysis (comparing optimistic baselwith minimal EU requirements)
+ a maximal gap analysis (comparing the pessimistseline with the maximal EU
requirements).

The results of this top down cost assessment asgrsim Table 5.

Table 5: Estimated costs of the implementatiom@M/FD in the United Kingdom carried out in
1999, in million£, Present Value at 6% (over 40 years)

Cost-benefit item smallest gap largest gap
Point source municipal 1,328 5,059
Point source industrial 403 1,522
Diffuse sources 1,198 3,463
Rivers Habitat 96 725
Low flows 27 273
Other 24 24
Water Status total 3,076 11,066

Note: these estimates reflects the understandirgsit of the WFD for the entire United Kingdom
in 1999.
Source: based on WRc (1999), page 164

The results show, that the total discounted cagiansiderable, but also differ largely in the two
assessments, expressing the uncertainty of thesmssat. Largest costs are linked with municipal
point sources (43-46%), diffuse (agricultural) sms (31-39%)and industrial point sources (13-
14%). Measures to improve the ecological qualityvafter cost less than 10% of total costs. Per
inhabitant, the PV of all costs can be estimatdaetieert 50 andt 185 per capita~€ 75 - € 275).

5252 Casestudy: theregion of Scotland
In the study for the region of Scotland (AndrewB02), the costs have been assessed on basis of a
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top down gap analysis. The result of this analygikich describes the difference between the
Business as Usual case and the requirements dVHi2, is a list of quantified gaps (for example:
“10 major hydro schemes requiring measures underW#D but aiming at good ecological
potential rather than good ecological status” d5,600 (500,000 * 1.25) ha of land area requiring
measures to reduce diffuse pollution of surface gralindwaters”) and an assessment of costs,
based on the gap analysis.

Table 6 summarises the total costs in Scotlanthisimplementation of the WFD (as Present Value,
with a discount rate of 6% and over the period 2602042). It should be stated that after these
estimates were published, “Scotland has sincetutsti new policy and regulatory regimes”, and
currently it is believed that the cost estimatesgrobably an overestimation (DEFRA, 2697

Table 6: Estimated costs of the implementatiom@M/FD in the Scotland carried out in 2002, in
million’£, Present value at 6% (over 40 years)

Sectors Subsectors Additional costs
WFD (PV)
Agriculture | Irrigators 17
Arable and livestock 253
Industry Food and drink n.a.
Pulp and Paper 9
Mining 103
Forestry 16
Fisheries 15
Power 115
Water services 146
Industry other (PHS/PS) n.a.
Public Moadifications (flood defence) 76
Contaminated land 17
Urban drainage 33
Households | Rural sewage 21
Total 838

Note: these estimates reflects the understandirgpsts of the WFD for the region of Scotland in
2002.
Source: Andrews (2002), Table 4.2

The results show that in the region of Scotland ¢bsts of the implementation will also be
considerable (almo4tl billion, or € 1.5 billion). Per capita, the dissted costs arg 164 & € 250).
This figure is comparable with the “high” assesshienthe entire UK.

5253 TheNetherlands
In the Netherlands, there is an ongoing efforthia framework of the preparation of a CBA for the
WEFD, which is still to be considered as very ii{fsee also Section 4.3). In 2005, the total costs
the implementation were assessed, distinguishiedalfowing costs:

» costs of water policies as of today (current l@fedosts);

» additional costs due to policies in pipeline; and,

* minimal, average and maximal implementation of\¥feD.

The costs have been assessed using a top-dowraahproaking rough estimates for various types

1 Defra, personnal communication, 2007
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of measures (more or less comparable with the apprim the UK).

Table 7: Estimated annualised costs of the impléatien of current and policies in pipeline for
water related directives, and estimated additiorwdts for minimal, average and maximal
implementation of the WFD carried out for the Neldreds in 2005, in € million

additional costs
Types of measure current PIP | minimal WFD | average WFD | maximal WFD
Sewerage 1050 780 0 0 0
WTTP 780 0 75 200 275
Industry 380 0 75 80 125
Agriculture 520 220 180 190 200
Morphological measures 240 230 75 275 475
water soils 40 160 0 25 75
drying soils 40 60 0 0 0
Total 3050 1450 405 770 1150

Note: these estimates reflects the understandicgsit of the WFD for the Netherlands in 2005.
PIP = projects in the pipeline
Source: based on MVW, 2005.

The results of the assessment show a few integeisSnes:
» the current costs and costs of policies in pipaiiominate the picture;
» the costs of the WFD are relatively limited compiate the costs in the “baseline”, which
include both “current” and “policies in the pipedihcosts

As the figures in the table are annual costs, tkes@ot easily be compared with the results of the
studies for the entire UK and the region of Scatldhthe same calculation rules as in the UK and
Scottish studies would be applied on the aboveiseghe PV of total costs over 40 years with 6%
discounting), the PV can be estimated at betweém2€billion (minimal WFD) to € 17.6 billion
(maximal WFD). This is between € 375 and € 1070qgagita. This is about 4 times higher than the
preliminary assessment for the UK!

Baseline costs (current implementation of wateriges| and “policy in pipeline”) dominate the
overall costs of water quality directives in thetihglands (Figure 18)

121t should be stressed that the assessment ialifitised on preliminary top down cost estimatestanno
means the final assessment of costs of the impletan of the WFD in the Netherlands, which is aigaing
process.
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DIVISION OF COST OF WATER DIRECTIVES IN NL
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Note: these estimates reflects the understandirogsis of the WFD in the Netherlands in 2005.
Source: based on MVW, 2005.

Figure 16: Division of estimated costs of wateiatetl issues in the Netherlands (Current costs,
costs of policies in pipeline, Water Framework Dtree)

Figure 16 shows a possible division of all (anngaBts of water related legislation. Of the potdnti
100% costs, currently slightly more than 50% iseadly implemented. The implementation of
“Policies in Pipeline” would add some 50% to tiiereas on top of that the WFD may add almost
the same annual amount (if implemented to the mamijnCosts are then subdivided over different
sectors (Figure 17).
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Note: these estimates reflects the understandirogsis of the WFD in the Netherlands in 2005.
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Figure 17: Division of annual costs of water reldfgolicies over different sectors in the
Netherlands, 2005.
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It can be seen in Figure 17 that most costs oWWR® implementation in the Netherlands would be
linked with morphological measures, waste watatinent plants and agriculture.

Recently, an update has been published on the obdtse implementation of the WFD in the
Netherlands (MVW, 2006b). This update is based 6no#tom up” approach. Each of the 7 water
regions in the Netherlands has provided cost-essnéor their region (based however on a top-
down approach). The total discounted cBstthe implementation of the WFD between 2009 and
2027 were estimated at being between € 7.3 bi(liomted objectives, phasing of measures) and €
26.6 billion (maximal objectives, no phasing). tjasted to 40 years and 6% discount rate, the PV
of the costs can be estimated at roughly betwedrbbillion and € 16.6 billion. This would be
between € 275 to € 1000 per capita.

In comparison with the estimates for the UK Waled &cotland, the Dutch estimates are high, but
one should be aware of the differences in the \WwayRV has been calculated (in Netherlands a 4%
discount rate over 100 years is applied, in UK/Walad Scotland a 6% discount rate over 40 years).
If similar discount rates are used, for example, $lcottish costs per capita would be somewhere in
the range of € 400 per capita, quite close todhes$t estimate for the Netherlands.

Compared with the “top down” assessment of 200&5dtestimates are somewhat (about 10%-30%)
lower'®. Although, the cost-estimates differ from the iearftop down” assessment, the general
picture has not changed much. For some sectors eowéhere are quite large differences,
especially for the agricultural sector. Whereasda#dy estimate was in the range of € 180 - € 200
million per year additional costs for the agricudtusector, the new estimate of 2006 excludes
additional costs for the agricultural sector. Thaiimreason for this is that measures concerning
phosphate are now assumed to be part of “pre WFsmes™. In 2007 some pilot projects will be
carried out to obtain more information on effectiges and costs of additional measures for the
agricultural sector.

5.2.6 Uncertainty

Cost assessments for the WFD are preliminary. Thegevarious factors that make it difficult to
assess costs of the implementation of the WFD. e&nestudy shows that estimated costs and
realised costs often can differ by several fac(ee® IVM et al., 2006). On top of factors discussed
in that study, for the WFD some additional factorgke it even more difficult to correctly assess the
costs of implementation:

» although the objectives of the WFD are relativaipe (good chemical and ecological
quality of water), an operational approach towasadhieving these objectives may be
difficult as it is difficult to set objective tarte

* Current knowledge of the effectiveness (and the teagxpress effectiveness) of measures
makes it difficult to make an integral assessmécbst-effective measures; and,

» Cost may also depend on the operational way ofdmphtation: regulatory approach costs
are in many cases assumed to be higher than nizaketl approaches. For example, in the
US some results have been achieved with a moreeffestive way of dealing with storm
water by tradable permitting systems. In the canvéxthe development of tools to improve
the costing of measures, the UK collective reseprogrammé has developed indicators to

13 The NPV is calculated on basis of a 100 year peaitd a discount rate of 4%.

4 An exact comparison is not possible as the 20Q6rdis are reported as annual costs, whereas in the
assessment of 2006 the NPV has been calculated

!5 This was not the case in the 2005 assessment.

16 Collaborative Research Programme for River Basin lanring Economics,
http://www.defra.gov.uk/environment/water/wfd/ecamos/index.htm
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account for cost differences from different implenagion regimes or delivery mechanisms
(Metroeconomica, 2006).

5.2.7 Analytical review

The data presented in this section on costs ontidementation of the WFD are preliminary and
are by no means the final cost-estimate. The langeamples of cost estimates however show that
the implementation of the WFD will most likely coraequite substantial costs to society. They also
show, that apart from the implementation of the WM2mber States most likely are also occupied
with the implementation of the pre-WFD legislatioalso leading to considerable costs. The
additional costs of the WFD, compared to the bissres usual scenario (which includes also the
costs of policies in pipeline) can be roughly estied at some 5 — 30% (this estimate is based on the
example for the Netherlands).

The three studies reviewed have in common thatnafysis has been made of possible measures
that can be taken by different sectors. Assessniaws been made of the magnitude of measures
and the costs linked to the expected implementafidns analytical framework proves to be
effective in identifying the major cost drivers fttre WFD implementation. Additional efforts are
however needed to improve the estimates of thescdisked with bridging the *WFD
implementation gap”.

The preliminary results show that the sectors ta likely to be affected by the WFD are
agriculture (31-39% of total WFD costs in UK, 33% $cotland, 25% in the Netherlands (2005
assessment)), the waste water sector (43-46%aifdosts in UK, 18% in Scotland, 20-25% in the
Netherlands), industry (13-14% of total costs in,l3% in Scotland, 10-20% in the Netherlands)
and the public sector that implements measuresipoave ecological status (4-9% of total costs in
UK, up to 15% in Scotland and 19-41% in the Netralk).

Based on data for the Netherlands, the additiooatscof the WFD, compared to the business as
usual scenario (which includes the current costsvafier quality policies but also the costs of
policies in pipeline) can be roughly estimatedahe 5 — 309%. As for other Member States such a
comparison cannot be made, no conclusions candvendrom this, other than that the WFD will in
most cases add some costs to the baseline.

In case “pre WFD” measures in a Member State waldd lead to full compliance with the WFD,
the WFD would not add costs to the baseline. Ire ¢ase WFD” measures would by far not be
enough to achieve the objectives of the WFD, amlutii costs can be linked with the implementation
of the WFD.

For all Member States, the costs may be 10s abhiuros (discounted costs) or € 100 or more per
EU citizert®. A more precise figure cannot be estimated atrttuisnent for several reasons:

e Current studies show preliminary results, in anaing process of policy definition and
implementation. The cost estimates so far only giggy rough indications of the actual
costs of the WFD;

* even within consistent national study frameworles riinge between low and high estimates
is large (about a factor 3); and,

» comparing the results of the studies for the Nédhels and the UK, the results vary also by
a factor 4 (possibly indicating either an underaation for the UK or an overestimation for
the Netherlands).

" |deally, a better estimate would have been passiblother member states (for example UK) also Idiou
provide reliable estimates on the costs of thesaoisthe “baseline” costs (“pre WFD costs”).

®This is based on the observation for only 2 Men8teates (UK and NL), which represent about 15% of EU
population, for these 2 countries total discourtests are estimated between € 9 - € 30 billioncppita
between € 75 and € 1000.
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5.2.8 Evaluation and lessons learned

The analysis shows that the main factors influepdhe costs of the implementation of the WFD
are:

» Baseline scenario for GAP analysis: In theory,dbsts of current water policies, additional
costs of policies in pipeline (which may be considde), and the costs of the
implementation of the WFD can be separated, and thu‘level playing field” for
comparison purposes established. However, in pgdinis will be hard. In each Member
State, all the cost components of water policyl exkrlap in the coming period of 10 — 20
years, and some costs that should be regardediagpan the pipeline may be mixed up
with actual WFD costs.

* GAP analysis and specification of WFD objectivedhieTway targets are defined and
interpreted, especially for “ecological good statusake it difficult to assess which set of
measures is effective (due to complex ecologiciltioms which are by far not yet fully
understood). Targets may also be influenced byr#selts of assessing the Costs and
Benefits of WFD related policies (for example, itigcation of excessive costs);

» The WFD requires a cost-effective implementatiorpolicies. However, the way in which
cost-effective approaches will be implemented isautain. Uncertainty of effectiveness and
thus cost-effectiveness of (individual) measurekesat difficult or impossible to even give
a rough estimate of the total costs of the implaat@n of the WFD. Case studies are too
scarce to draw conclusions on.

» Policy instruments / delivery mechanisms: regulatar market based. The instrumentation
of the implementation is also a decisive factotttmncosts that actually can be addressed to
the implementation of the WFD.

5.3 Factors determining benefits of achieving “good edogical status”
5.3.1 Introduction

In Section 3 an overview of the benefits of envinemtal protection is presented. In the following
sections the current information available on thediits and the underlying factors are assessed.

5.3.2 Current information

The benefit categories and assessment methodeseeleed in Section 3.3. The section identifies a
bottom-up and a top-down approach to apply thesbads for the benefits assessment of the WFD.
In this section we describe and analyse furtherfabtors determining the benefits, building on the
results of available studies. In the first part, wilt focus on the different benefits categoriesing
examples that are not necessarily linked to the WFD

Table 8 gives an overview of the information uskdllustrates that information on nationwide
studies of implementation of the WFD that has b&temtified or received is limited to three
countries (Netherlands, the United Kingdom and EegnAll these studies are first estimates, and
were made in different contexts, serving diffenemtposes.
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Table 8: Overview of the main information sourcesdifor benefit assessments of the WFD

Study Relation with WFD Approach used as input [for
CBA
NL 1, 2003 GES Top down
NL 2, 2006 3 ambition levels Bottom-up X
UK 1, 1999/2003 Small-large GAP Bottom-up X
UK 2, 2003 Additional measures| Bottom-up X
Fr; 2005 GES Bottom-up
EC, 2000 Pre-WFD Bottom-up
Literature Specific measures “Top-down/’

* The UK1 study (WRC 1999 and updates) provides méiion on the regulatory impact
assessment (RIA) of the transposition of the WF2003. It builds on a large body of
specific valuation studies in the UK. In SectioB #.is explained that this study is an input
to the WFD process and that the results will bésesl/later this year (2007). The results are
further discussed in table 9 and the use in théezoof the RIA is documented in Table 17.

* The UK2 study (Environment Agency, 2003) relatedhte assessment of the benefits of
additional measures considered by the water bofbiestheir investment programme
(PRO4). The benefit estimates were used by the bir&nmental Agency to evaluate the
benefit-cost ratio of these additional measurethahigh not strictly related to the WFD, this
information is useful because some of the measueesimilar to the WFD requirements. In
addition, it is one of the few occasions in whiabstebenefit analysis of water related
environmental policy has been used at the natimeale so that it shows both the
possibilities and the limitations of such exercisdhe use of the results is further
documented in Figure 20.

* The NL1 study (Brouwer, 2003) uses a top-down domesaire approach to ask the
inhabitants of the Netherlands how much they atingito pay for the improvements to be
expected from the WFD. Similar studies have beedenfiar groundwater (Brouwer, 2006)
and sedimentation issues. The results are distussEable 9 and the arguments in Table
13.

e The NL2 study (MVW, 2006b) discusses a bottom-updgtof the benefits of three
scenarios of the implementation of the WFD in thethérlands, as an input into the
nationwide cost-benefit analysis. It builds on glilges and key numbers for assessment of
environmental impacts in CBA. BOX C gives a moreaded description of steps and tools
used in this study, as well as their results. Hsellts are summarised in Table 9.

* In France, a rough estimate of potential benefith® WFD was made in 2005, in order to
set priorities for future studies on benefit asswsg (Chegrani, 2005). The study builds on
a literature review for France and the benefit sssent guidelines (BAG) from the
Environment Agency of the UK (see study UK 2). Tesults are also discussed in Table 9.

Because these studies do not cover all the beraBigories and Member States, information from
literature and other impact assessments will be tseeomplete the picture. There is a wealth of
case studies that illustrate the environmental fitsnef specific measures (wetlands, limiting
eutrophication, more efficient water use and wajeantity management). These benefits are
described and discussed in Sections 8 and 9. Mds$tese studies have in common that they are
specific points along a trajectory towards a bafitalerstanding of the benefits of the WFD, to be
used for the selection of the Programme of MeasufFesy should be seen as inputs into this
process, not as final products of it.
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As the information is limited to a few of the oldelhber States in NW-Europe, the results of these
studies are unlikely to be representative for thleadS a whole, but are very good illustrations @& th
type of benefits and the analysis of the factoed tretermine their magnitude. The analysis of these
factors in the next paragraph will also illustratieich approaches and assumptions had to be chosen
in order to make these first estimates.

Scarcity rentsThe studies mentioned in Table 8 do not really eskliscarcity rents. In some of the
cases, water quantity measures will improve enwremnial conditions, and these are accounted for
in the environmental benefit studies. So far, sbaments have especially been discussed in the
context of irrigation (see Section 9).

5.3.3 Generic overview of total benefits

5.3.3.1 Introduction

The first studies that are available indicate theep of magnitude of benefits to be expected, the
most important factors and remaining difficultid@ble 9 gives an overview of studies and their
results. All results are recalculated in orderrespnt results on a common basis, euro per househol
per year, which is a common indicator to expressefis of environmental improvements. The
details of the calculation are documented in anexdiscussed above, these studies are built on
assumptions on both the status of water bodigseimdference scenarios and/or the standards which
are needed to deliver good status. These assumpgfient the state of understanding of these issues
at the time of the study, which may have been &srtleveloped since then. We therefore summarise
the results to give the reader an idea about tther @f magnitude. In the following sections, welwil
rather focus on the driving factors than on thdesoaithe benefits.

Top down studiesA first set of studies use a top-down approachvimch European citizens are
asked how much they are willing to pay to ensurgemwsystems reach good ecological status or an
important improvement of water status. Case stutibesNorthern Ireland, the Netherlands and
France indicate that this willingness to pay vafitesn 15 to 100 € per year and per household for
improvement of surface and ground waters. The raagumption underlying these studies is that
the questionnaires can describe the impacts of WhBjBctives and measures adequately and that
people have a good understanding of the all théiaddl “goods and services” that could improve
the ecological status of water systems. It may iffecult to single out the benefits from WFD
compared to improvements of e.g. water quality Emdiscape from other policies or directives
(pre-WFD, cross compliance under the CAP, natuveldpments under NATURA 2000,...) More
studies are in the pipeline based on this appr@aghfrom the UK).

Bottom-up studiesstimate the benefits of a specific set of measoméding on impact assessment
to analyse the physical effects and use monetaey fdam literature to monetise these effects. The
impact assessment can be simply based on some @ssusr(France) or can be more sophisticated
(UK 2, NL 2). For France, a first estimate has besde of the order of magnitude of the likely
benefits of reaching Good Ecological Status (GES)the entire country. The environmental
benefits are estimated to be 45 euro/householdiygianncertainties are large as the main purpose
of the exercise was to identify priorities for tugt research. The result is dominated by the
Willingness to pay (WTP) to protect groundwatere(darther). In the UK, the studies for England
and Wales result in benefits ranging from 37 to€¥Bousehold/year whereas the estimates for
Scotland range from 90to 230 €/household/year.

In the Netherlandsa first study on the benefits of different amhitievels illustrates that benefits of
a more ambitious plan will be much higher compat@dhe minimum ambition level (MVW,
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2006b). Estimates vary from 1.6 billion to 6 billieurd® depending on the level of ambition (a
factor three between the low and strong ambitieel)e In addition, minimum and maximum ranges
are estimated for each GAP scenario, adding -20 %20 % to each value (MVW, 2006) . These
estimates correspond to a yearly benefit of aroliddto 30 euro per household for the three
implementation scenarios (low, medium, high amhitevels).

Table 9: Overview of the rangd benefit estimates from different studies

Country, Scope Results Method Source *
€/hhlyear

UK

12 | Engl/Wales, Impl. WFD, GES ~ 37 * bottom-up | UK 1, 2003 (2)
idem ~ 65-90 bottom-up | Env. Agency (2)

3 Scotland, Impl. WFD, GES ~90 — 160 - 280 bottgm-u Hanley, 2001(3)
NL

4 Benefit GES ~ 90-105 |top-down | NL 1, 2004 (4)

5 CBA : 3 ambition levels GES ~ 10-30 Bottom-up | NL 2, 2006 (6)

6 Ground water protection ~ 35-72 top-down | Brouwer, 2006 (7)
France

7 ground water/water supply ~40 top-down | Fr. 2005 (5)
GES surface waters ~5 bottom-up | Fr, 2005 (5)
Subtotal all categories ~ 45 mixed Fr, 2005 (5)

* Source refers to the list of studies mentionedale 8.

Note: Numbers have been recalculated from original tatarrent prices (2006) in € per household
per year, taking into account exchange rate, ioftatnumber of households and estimating
annualised benefits based on estimates of pressoe vover a period of time. Sources and
assumptions are documented in Annex 1.

5.3.4 Overview of the factors that determine benefits

To have a better understanding of the results imeati above, it is necessary to understand the
factors that affect the total value of the benefasd how they are assessed in practice. We
distinguish between six factors :

a) GAP analysis and magnitude of the improvement efstiatus;

b) scope : water bodies and their use

C) scope: study approaches number of benefit categassessed

d) number of people affected;

e) preferences, willingness to pay, and income optaple affected;

f) avoided costs for water management or other se@ods

g) aggregation of the results over time and over fiewater bodies

A good understanding of the factors is importantooth the interpretation of the results of avdéab
studies and for the design and priority settingiiew studies.

5.3.5 GAP analysis and magnitude of the improvement of t status

The total benefit will reflect the magnitude of timeprovement between the reference situation and

19 Present value of benefits over a 100 year pefiwdneasures introduced between 2009 an 2027bmeé
for details
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the envisaged status. The scope of the GAP claskkely to differ a great deal between Member
States.

Table 10 summarises the indicators, definitions asslimptions to define GAP closure and estimate
the related benefits. For France, as a first appratkon, it is estimated that WFD will affect 30 to
60 % of the water bodies that aim to reach the tonbievel of GES . The study for the UK uses a
small and a large GAP that starts from differeriemence levels (based on different assumptions
about yearly improvements), reaching different pathts (ecosystem class 2 or 3). Consequently, in
the large GAP, a longer length of rivers will bepimoved, for both water quality and morphology.
The study in the Netherlands assumed that all seirfaaters would benefit from the WFD
implementation and makes a distinction between ttiree ambition levels (moderate, high,
maximum).

Table 10: Factors that describe the GAP and ambitavels

MS Indicators GAP definition
small large
France| number of water bodies 30% 60%
end status GES GES
UK km length improved
chemical 11% 39%
morphology 17% 38%
end status RE 2 RE3
NL Moderate | high maximum
number of water bodies 100% 100% 100%
end status Moderatg high maximum

GES = good ecological status.
REZ2, RE3: River ecosystem class based on a ctzsiin system in 5 steps.

5.3.6 Will benefits continue to increase as water statusnproves?

Literature suggest that benefits will increasenwieonmental status improves from fair to good

or to very good. The differences in benefits betwdee small and large GAP in the UK study

are a factor 4 and relate to both differences mliguand km river length. It is to be expected

that benefits will be larger for river basins orterabodies that have at current a poor or very
poor status (this is illustrated in Table 11). Blgo river basins with already a fair or good statu

are likely to gain benefits from further improverhen

It is nevertheless true that in many cases the higdith benefits from the construction of
sewage and waste water treatment infrastructunes dleeady been reaped. If the large amounts
for replacement investments are accounted for erctist side, one would also need to account
for these types of benefits, which may be hugelificult to estimate.
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Table 11: Value to householders for improvementsater quality for three scenarios

from very | Description of scenario WTP per

poor to household  per
year (€)

Poor Small improvement - a few species of fish, such as 54

roach would begin to be seen in the river, and more
plants such as reeds and rushes would grow in &terw
and along the river edge. Water suitable for bgatin

Medium: Medium improvement - water quality is now improved 8,1
such that some game fish species such as perchdyoul
migrate up the river and the number and types s¥#dts
such as mayflies and dragonflies, which live in and
around the river would increase. These would dtfrac
greater numbers of birds and other wildlife. Wageod
enough for fishing as well as boating.

Good: Large improvement — the water quality in tiver is 13
restored to what is was before the industrial nevoh.
i.e. with trout and even salmon. Water suitablpaddle
and swim in.

Source: Georgiou et al., 2002

The bottom up study for the Netherlands concluded the benefits between a low and high
ambition level are substantial, but that the magbenefits of further improvement (a maximum

scenario) are minimal (whereas the costs doubliels $uggest that the law of declining marginal

returns may apply for higher ambition levels. Ofige, this depends very much on the definition of
the “high” and “maximum” scenarios and which asstioms are made for the impact assessment.
The lower benefits from the maximum scenario ardédoexplained by the low impacts of these
measures, not on the valuation of the impactsdtit@an, it has to be noted that in the maximum

scenario there is an important negative impactamraercial fishing due to lower concentrations of

nutrients in the river. Furthermore, the study wwafirst attempt to identify, assess and value the
benefits and both the impact assessment and thatiai part of the benefit study are under review.
Consequently, one cannot draw definitive conclusioom the current results.

5.3.7 Water bodies affected and relevant benefit categaes.

The relevant benefit categories of improving watatus will be very context specific and relate to:

» the natural characteristics of the river, that watermine the type of goods and services it
can delivers: the relevant recreational benefiegaties will be different for a river with
wild water that attracts sport fishing from a cainer that runs through the city or from a
lake suited for swimming. The same reasoning gaesother benefits like regulation
functions, importance for biodiversity preservaticgtc. The benefits may be already
different for upstream and downstream area’s fersime river.

* how the river interacts with the people living neaand further away: the relevant benefit
categories may be different for a similar type aitev body if is located in a densely
populated area or a more remote one. It will alspetid on the proximity of other water
bodies that deliver similar goods and services.

This variety and the a wide range of potential fiewategories makes it difficult to draw general
conclusions from the existing literature on theatige importance of different categories. In
addition, the comparison of relative importancéenefit categories is hampered as studies differ i
the number of benefit categories assessed and pgsosused. A comparison of the scope of three
bottom-up studies for the UK, NL and France illagts that studies are seldom complete in the
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sense that they address all the potential beregfigories for all water bodies, and that they ssigge
that different categories may dominate.

This variety leads to three important conclusions:

1. The first is that benefits are context specific ane has to consider the broad range of potential
benefit categories. This conclusion is explainethgigjuantitative and qualitative data from
different available studies.

2. A second conclusion is that available studies i&edyl to be incomplete, which leads to an
underestimation of the total benefits (unless thtegories assessed are overestimated). This
limitation needs to be accounted for in the usthefresults.

3. Third, one can not use data or results from congpdcific studies and use them in other
contexts. The use of these data will require bénednsfer adjustments, whereas there are
currently no practical guidelines available to distin the context of benefit estimation for the
WEFD.

5.3.7.1 Overview of benefit categoriesin available bottom up studies.

Table 12 gives an overview of the benefit categociensidered in the three bottom-up studies, and
their relative importance. It suggest that allfeérh are incomplete, in the sense that for somefibene
categories no data are available. As these typesudies typically build on available data, it is
logical that they are incomplete. As an example, fitst nationwide studies for the UK was rather
detailed for rivers (km river length affected), kit not include — or was incomplete — for other
water bodies, either because there were not enstighies to build on (estuaries and especially
lakes) 2 or it was unclear to which extent the WFD measumeuld affect these water bodies
(groundwater, coastal waters). Nevertheless, inptioeess of benefit assessment, it may be very
useful to start from the full list of potential imgts, and try to give an indication of the relative
importance, even if this requires other methods lete better to give some indication of potential
importance. A benefit category may not have besessed because it is thought not to be important
or because the data or tools for impact assessam@htmonetisation are not available. It is as
important to illustrate the level of completenessew presenting the data on benefits. Table 17 gives
an illustration taken from the UK RIA (regulatonypact assessment) whereas the Section BOX C
(p. 68) gives an illustration taken from the stgatecost-benefit assessment of the Netherlands.

5.3.7.2 Discussion of different benefit categories.

Use benefitsTable 12 shows the relative importance of user fitspnand the different categories. .
We listed the protection of groundwater bodies tiar€e as a separate category as it reflects both
use values (drinking water) and non-use valuesdopfalue for water production). shows that it is
more likely that user benefits will dominate, rattie non use values. The importance of use values
indicates that it is crucial for water managersdentify the users and potential beneficiaries of
protection measures. It is remarkable that in noosintries very little data are available related to
the use of water bodies, which illustrates thatewatanagers can hardly have a good understanding
of who the potential beneficiaries of their progeeate. Improving on this understanding will create
opportunities to optimise protection measures ideorto maximise benefits. This may require
additional investments, for example, to improveesstbility for recreation. Although it may be a
large effort for water managers to instigate a bheassessment, it is likely that they will profiom

this in the stakeholder process, and find suporttfe implementation of measures more readily.

It is recommended to include a wider range of padenses, rather than just building on the current
uses of water systems, because the WFD may crgguertonities for new functions. Typical
examples are the opening up of covered riverstiascor new opportunities for bathing in surface

20 appendix, page 33
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waters that are now considered unsafe for bathing.

Table 12: Overview of benefit categories assesaddtzeir relative importance in a few nationwide
studies on benefits of the WFD

Benefit categories UK(1) NL(2) | FR(3)
Environmental: Use values
Avoided costs water supply NA NA 28 9
Fish (commercial) -6 %
Formal recreation 16 % 3%
Informal recreation 6 %
Angling 13 %
In-stream/water sports
Health (bathing, indirect ) NA NA
Amenity 24 % 42 % NA
Improved regulation functions: NA
Efficiency gains in water managemg NA NA
(flooding, droughts)
CO; storage, air quality 35 % 33 %
Improvements of flow management
Non-use values
Conservation-biodiversity/bequest 21 % 17 % 9 %
Protection groundwater sources 60| %
Subtotal 100 % 100 %| 100 %
TOTAL NA NA NA

NA: not available
References: based on : UK (1): Environment Agehty(2): Ruigrock et al., 2006, FR(3):
Chegrani 2005.

Avoided costsMost of the benefits will be related to non-marketifare increases for users and

non-users, not reflected in market prices. In aaiditthe WFD is likely to lead to large amounts of

avoided costs related to water supply, floodingl for the treatment of contaminated river sludge.
It is surprising to note that these avoided costgehbeen less quantified in most studies. It is not
clear why these avoided costs have been less fjgdrih most studies and whether that is due to
lack of information or whether it reflects a feglithat these may be less relevant.

Some explanations of the differenc&be differences in the studies indicated in TéalRereflect
both differences in the availability of informatiothe focus of the study, and real differences
between river basin characteristics. As an examwipthfferences in approach, the bottom up studies
for the NL and UK do not include groundwater, as itinclear to what extent groundwater will be
affected by WFD measures. On the other hand, tldyd$or France indicates that it is potentially an
important benefit category, building both on stsdigased on willingness to pay for improved
groundwater protection as based on avoided coste/dter supply. Additional studies for the NL
confirm similar high benefits from a better protentof groundwater in the NL.

On the other hand, the differences in scope andtsamay reflect real differences between Member
States related to the physical characteristichefwater system, socio-economic environment and
uses of water bodies, such as accessibility of mmddies for recreation and local habits. It isidad
that numbers are lower for the UK and France, dasathavater bodies are affected, or at least not
over their full length. The relatively high bensfior the NL, especially for the high and maximum
ambition level, reflects that the NL is basicallyaage river delta, with high population densitydan
where most people live close to the water.
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Negative benefitsAs Table 12 shows, the environmental impacts of WiBasures may be
negative. The negative estimate for commercialifggshin the Netherlands reflects that some
valuable commercial species now profit from thehHyel of nutrients in surface waters. A drop in
nutrient levels will especially benefit speciestthae commercially less valuable. Other examples
are impacts of measures affecting hydropower opraissions, etc. (see Section 8).

Benefit categories in questionnaire studieBhis overview has shown that it is challengiogbe
complete if a detailed bottom-up assessment isechds top-down questionnaire approach is likely
to be more complete for the assessment of use @amaise values, provided the description of the
potential benefits is adequate and complete, aat ghople interviewed can paint themselves a
picture of a future of water bodies with good s$atiirom this perspective, one would expect that
top-down studies result in higher values, but tla@eenot enough case studies to test this hypsthesi
In many cases top-down questionnaire studies ameiatomplete because people are likely to be
unaware of the potential benefits of improved ratiah functions such as flood protection, £O
storage, etc.

On the other hand, these top down studies can fiihie potential importance of benefit categories
that get less attention in bottom up approaches. fdrticipants of the Dutch questionnaire study
ranked health impacts as their top concern, whereakh benefits for bathing were estimated to be
very small in the bottom-up study (see Table 13)wklver, the bottom up study only accounted for
the improvement of the small amount of lost swingnoteys in open air swimming locations,
whereas the participants to the questionnaire nmeye ha much broader concept in mind of
opportunities for a safe dip into surface waters.

Table 13: Arguments for the willingness to paympiove water quality, as indicated by
participants of the WFD Benefit estimate for thehedands

Public benefits improved water quality

1) Public health & safety (349)

2) More bathing/recreational activities (322)

3) Improved environment for plants & animals (292)
4) Landscape amenities (217)

5) Future generations (184)

6) Safe drinking water (123)

7) Less stench/diseases (69)

8) Other benefits (202)

Source: Brouwer, 2003

5.3.8 The number of people affected

As discussed above, it is important to identify theneficiaries of WFD measures, both for user
values/non-use values. Studies show that the ingmnent of the status of water bodies is especially
relevant for people living relatively close to tieater body. The estimation of the number of
beneficiaries for the specific benefit types, esggdcnon-use benefits, turned out to be one of the

59



Factors determining costs and benefits of achielgogd ecological status”

major problems in using the BAG for benefit estiimatin the UK (Fischer, 2004). The relevant
distances depend on the type of benefit categasig®r body and the vicinity of other water bodies
offering similar “goods and services”:

* improvement of amenity and living quality is onlevant for people along or very close to
the river banks or lakes. In some cases, rivertsvibee covered for public health reasons or
to hinder undesirable odours may be opened agaithag the number of people affected
may be higher than data on the current number afsé® along rivers may be an
underestimation of the potential effect.

» improved conditions informal and in-water recreat@are especially relevant for people
living in the vicinity of that water body. Water dies that are suited for water recreation
(boating, surfing, sailing) will recruit users fraagreater area.

+ distance is also relevant for non-use values becaus attach more value to natural
environments nearby and feel more responsible wepr nearby nature for future
generations. The relevant range will depend ortyihe of ecosystem: it may be limited to a
few km for more natural riverbanks whereas uniqeglamds will have a nationwide or even
European interest. Relevant distances from the BKSBre given in Table 14.

Table 14: Maximum distances for the assessmeheafumber of people affected by non-use values

Importance of the river |  Improvements | Relevant distaces (km)
Local Minor 30
Moderate 40
High 60
Regional minor to moderate 60
High 120
National/International minor to high 60 to 150

Source: UK Environment Agency, 2003

* The relevant range will also depend on the vicimtyother water bodies offering similar
“‘goods and services”, both use and non-use. Thigspecially relevant for benefit
assessment of the WFD because it affects all veaidies and river basins. Literature, on the
contrary, often focuses on more isolated measungsaving one or a limited number of
water bodies. If benefit assessments of the WFRI®wn theses studies, there is a potential
overlap and risk for double counting.

* In the end, all households within a river basin rbapefit from the improvement of water
bodies, either as a user, or as a non-user. Tabipves an example of how households in
the Loire Valley in France are making use of theeri (Some of the specific user groups
(for example, kayak) are likely to be small buttwa high willingness to pay. For other
groups, for example, informal recreation, the WTRyrbe low but because the group is
large the total benefits may be important.

e These issues are well identified, but needs furtkeearch to solve it. The issues and
experiences in UK and France are discussed in-dgp@hegrani (2005).

* For specific uses like angling, surfing, canoeioge is more likely to find data on actual
use. If the benefit estimate uses data of presssd, ut is likely to underestimate the total
benefit because improved conditions are likelyttcaat more users.

60



Factors determining costs and benefits of achielgogd ecological status”

Table 15: Users and non-users of the Loire Valley

Beneficiaries in the Loire % of households
Use 66
Walking 45
Angling 9

VTT (mountain bike) 7
Kayak 5
Non-use 34
TOTAL 100

source: Chegrani, 2005

* The empirical evidence to estimate the relevangeaor distance is limited and there are two
approaches to deal with it. The first relies ontadise decay functions that describe the
number of potential users as a % of total poputasind in function of the distance to the
water body. This is used in the UK guidelines fenéfit estimations (Environment Agency,
2003). As an example, Figure 18 shows a distancaydiinction for the benefits of the
River Mimram in the UK. It illustrates how both us®d non use values decrease with
distance.

Figure 18: Distance decay functions of WTP forfillerecovery of River Mimram

WTP for full recovery of River Mimram
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Source: Gibbs, 2002, cited in Cascade, 2006

» The second approach relies on fixed distanceshiohnone value is used for all the people
or properties within a certain boundary. This anheecommended if the original studies do
not result in distance decay functions but jusglginvalues, as is the case for France.
Second, it is less data intensive to implement.

» As different studies use different assumptions, amison is hindered. If studies at the river
basin are to be aggregated towards national stuthesestablishment of guidelines is
required to facilitate both the benefit assessna@at the aggregation and interpretation of
results.
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5.3.9 Preferences, willingness to pay and income of theepple affected

Today, there are a large number of case studiethdive estimated the willingness to pay (WTP) for
different use and non-use values. Overviews oféhalts of these studies are given in the guideline
for the UK, France and the Netherlands and inditee. The ongoing EU FP6 project AquaMoney
will deliver an overview and analysis of the bestl anost relevant studies (www.aguamoney.org).

These studies confirm that people are willing tg pa an improvement of the status of different
water bodies and the associated improvements alsyarinking water, fish), services (recreation,
amenity,..) or preservation of related ecosystefte valuation builds on different approaches,
using market prices to value avoided costs (fomgle, cleaning of drinking water), estimates of
how good water quality affects housing prices,inglhess to pay for specified services like walking
or angling, etc. (see Section 3). These studiesvaib account for the number of people affected,
depending on the type of water, service and populatensity. The amount of the WTP will depend
on different factors:

» the willingness to pay for a good or service degemthe quality-quantity of that good, the
preferences of the people, the costs for altereaservices and disposable income. It
requires further research steps and specific appesato estimate to what extent people are
prepared for a financial engagement to improvesttuation (see Section 3.3). The available
indicators for this willingness to pay may eithefate to a specific service (angling, living
nearby water, protection of biodiversity, ...) ortte full range of services and the total
economic value.

» As discussed above, the willingness to pay wilbalepend on the distance to the river or
water body. If benefit estimates relates to dadanfiiterature, the procedures and data used
to estimate the number of people affected for #eecstudy and the WTP data used should

be consistent.

* Figure 17 illustrates how WTP declines with diseamna the river, for both users and non-
users. The figure shows that there is WTP up tistarite of 130 km from the water body.

* The WTP will be higher for more important improvertee (for example, from very poor to
very good) compared to smaller improvements (framodgto very good) (see Table 11 for
an example). Typically, WTP study estimates retelmatstatus or improvement, which is
described in qualitative terms. There may be aicdiffy to match the results of impact
assessments (for example, in terms of pollutioncentrations or indicator classes for
biological quality or fish indexes) with the degtion of the improvements used in WTP
studies (example is given in Table 11 for 3 différienprovements).

+ Compared to market data, valuation based on gpagésrences will be more uncertain and
controversial due to the hypothetical nature ofrttethods.

* For non-use benefits uncertainty may be even highet is related to a more abstract good
or service, compared to e.g. recreational benefigpical ranges in the case studies for
France, NL and UK are 5 to 10 €/hh/year for houkihaffected.

» Although there is a large literature, it is incoetl (i.e. not all water bodies and categories
are studied). Therefore, it may be needed to makghr assumptions to avoid too many
benefit categories not being accounted for. Therégdenefits for the Netherlands are
mainly based on assumptions related to the impga@{kD improvements on house prices
and how many houses are affected (5 % increase8 fdr of the house stock). One can
discuss the assumptions, but at least these rosyinages show that it is a potentially
important benefit category and may deserve furdttention for the selection of measures or
priority setting for further studies.

* An important shortcoming of water related WTP dat&urope is that so far most data are
available for NW Europe and much less for SoutharrEastern member states. Some
studies are available for new Member States, aed tlonclude that the methods to value
e.g. water quality improvement, work as well ingbaountries as it does in the US or NW
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Europe (Ready 2002). So, this unbalance in infaonas likely to improve in the coming
years, as our inventory in chapter 4 has identifired most Member States have launched
new studies. In addition, EU wide research initeg like Aquamoney (see above) will
enlarge both the number of studies to draw on atidyain insight in how to use these data
in other countries or contexts.

Compared to most Member States, it was more eaggtablish guidelines and indicator
data for the UK, France or the Netherlands becthesehad studies in their country to build
on. It is logical that using these data in othetpaf the EU will increase uncertainties, but
it is unavoidable to build on this literature ifrisdit assessment is to have a momentum in
the EU. Furthermore, it is to be expected thatttheaMoney project will provide insight on
how these data can be adapted for benefit estimatioother river basins and socio-
economic contexts (benefit transfer).

The results of the Eurobarometer inquiry among Bean citizens indicate that in all
Member States water related issues rank very higbng environmental concerns. This
suggests that European citizens share a commoremgneven if they may live in very
different environments and socio-economic cond#ioAlthough this does not mean,
however, that they will share an identical williregs to pay, it does offer perspectives that
benefits transfer may well work (within certain Inolaries).

Today, there is little information on how enviromme valuation data may differ between
NW-Europe and other parts of Europe, and espedialthte new Member States. There is
some information in studies related to WTP to liutrophication in the Baltic (see Section
9). This study confirmed lower WTP values in Polaadnpared to Sweden, but the results
are too specific to use that ratio as a generaajme. Malzubris, Senkane and Ready found
much lower values for WTP for water quality in hatithan one would expect to find in old
Member States, reflecting the lower incomes amithis specific case - share of pensioners
(Malzubris 1997, Ready 2002).

Willingness To Pay depends on preferences and shgp® income. One of the issues
benefit transfer will have to deal with is the @mtion for differences within Europe related
to disposable income and price levels. This renmikportant for the interpretation of the
data for NW Europe. The correction for differencetowever rather straightforward and
has been used before for example the estimatitimedbenefits of the environmental acquis.
This also suggests that WTP will increase as Eanopeget richer thanks to economic
growth. This should be accounted for (see further).

In many cases, the uncertainty added by using bemahsfer for monetary valuation is
likely to be small compared to the overall uncetias of the benefit estimations and is
unlikely to be larger than the benefit transferduseother environmental policy domains.

5.3.10 Avoided costs for water management

Improvement of status of water systems in Eurogkamable the avoidance of a range of costs for
water supply, flood risk protection, treatment hidgie, etc. This may be of special importance in
the context of looking for win-win situations widdaptation measures for global warming, which
will create greater pressures for water manageh@enexample, floods and droughts).

The measurement and valuation of these markeketeladsts is rather straightforward. As
measures will often serve different purposes, th&g however be an issue of attribution of
these benefits to WFD or not. This is not a probleEmn the evaluation of individual
measures, but it needs to be avoided to mix cagtdbanefits of measures related to flood
protection that are taken both for WFD and othasoas.

The impact of cleaner surface or groundwater onscts production of drinking water
depend on the cost of cleaning contaminated groandurface waters used for production
of groundwater.SVW (Samenwerking Vlaams Water, @erfation grouping all drinking
water companies in Flanders) recently estimated tthal costs of removing nitrates,
sulphates and pesticides from drinking water, whiehsummarized in Table 16. These cost
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reductions will lead to lower consumer prices fp tvater. Also other direct abstractors of
groundwater benefit from an improved groundwateanligy through reduced costs in
treating the abstracted groundwater.

Table 16: Overview of the costs to purify groundwditom some selected pollutants in Flanders

Substance Avoided cost
(investment + operational cost)
Nitrates 0,40 €/ m3
Sulphates 0,30 €/ m3
Pesticides - big production units 0,005 €/ m?3
Pesticides - small production unitg 0,10a0,15€/

Source: SVW, federation of drinking water compamieElanders ,
cited in Manuel Dierickx Visschers , 2003.

*  WFD measures will improve the regulation functiafisvater systems to retain rainwater,
store and drain water, which will avoid damagedl@bding and droughts, or will avoid
costs for other measures related to flood or dropgitection.

Hydro morphological measures can contribute to dlgwotection, which may lead to
important economic benefits in terms of either dedi damages from flooding or avoided
flood protection measures. These benefits will bezanore important because of climate
change. This is illustrated by a cost-benefit stidst compared a base line (current
situation) with different options for flood protémt for the tidal area in the Scheldt river
basin in Belgium. An example are the flood protattbenefits from a strategy combining
controlled inundation areas and the creation ofames. A strategy that combines dykes,
flood protection walls and controlled inundatioeas will deliver the same flood protection
benefits as a more technical solution, a stormesbegrier near Antwerp, at one third of the
total costs. Total benefits will further increadethe controlled inundation areas are
combined with the creation of wetlands, as furitiiscussed in next paragraph and Section
8.

* Wetlands and more natural river banks will capt@f@, and air pollutants. These benefits
are quantified based on either in terms of avoidechages or avoided control cost. The
study for the Netherlands suggests that in padictiie capture of air pollutants may be an
important benefit. It has to be noted that althottghcontribution of wetlands and reeds to
nutrient recycling can be important, these caneoadcounted for because improvements in
water quality and related effects are already ausalifor via the other impact categories.

» Better water quality will lower costs of water mgement as costs of treatment of
contaminated sludge are very important.

* The beneficiaries will be the water sector, admiat®ns, insurance companies, and the
transportation sector. Households will benefit iadily through cheaper prices for water
supply or water services, lower insurance premitoniooding and lower taxes.

The examples listed above are generic ones. Itdejlend on the context to what the extent these
costs can be avoided, and whether the avoided castbe attributed to WFD related measures. The
analysis should also look into both potentially idable and additional costs.

The WFD measures may however also lead to additioosts in other policy areas. This is
especially the case for measures that result ierg@roduction from hydro-electric plants.
* The value of marginal losses in hydropower produrctdepends on the market for
electricity, and if 1 kWh of hydro is lost, it wilave to be produced using different sources.
For this loss, both internal and external environt@kecosts are relevant, especially since
hydro has low external costs for €@nd air pollution per kWh. The marginal production
costs are different for peak and non peak conditihich in turn depend on season and
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time of day. Guide values for France indicate défees of a factor 3 for replacement costs
per KWH™. Similar guide values have been developed foctisés of CQ. It has to be noted
that depending on the context, the avoided cosiseceto CQ and other pollutants may
already be reflected in prices for ‘green’ or remble energies through permits or
certificates.

5.3.11 Need for guidelines and indicator data to facilita¢ benefit assessment

The description of the different factors illustréte complexity of estimating benefits. The factors
illustrate that the exercise not only needs a wtigktiplinary approach linking impact assessment
with economic analysis, but also requires inputiaif and information that is only available atrive
basin level. On the other hand, one cannot do &f lotiginal valuation studies for all basins and
uses involved. Therefore, guidelines are requiodukelp the multidisciplinary teams to build on data
from literature and similar studies.

The studies in the UK (2) and NL(2) and Francedaih national guidelines and indicator data that
have been established to facilitate these typssudies. These guidelines include a general
accounting framework, a set of rules of thumb, iawdécator data to facilitate the benefit assessment
and to ease comparability of results. The guidseluteveloped for France serve a similar purpose. In
Box B the procedure of the UK guidelines is desmlibT hese guidelines and indicator values need
to steer the benefit transfer because all of tbsgies will have to rely on data adapted from
literature to value the impacts. In this conteggults needs to be adapted to account for diffesenc
in impacts, setting, income etc. between the comiethe original study and the impact valued.

Today, clear scientific guidance is missing on howet the best reliable data based on benefit
transfer, and how big the added uncertainty isthesEU AquaMoney project aims to develop such
guidelines in view of application in the contexttbé WFD, the scope to use benefit transfer isylike
to improve in the near future. Nevertheless, tigeaences in the UK, the Netherlands and France
indicates that some rough approaches are likdigtonavoidable to get a first idea of the benefits
and the beneficiaries.

In both the UK and Netherlands, the results ofbeefit estimation are first steps on a longer road
to improve decision making by taking account infatimn concerning benefits. The results are not
final outcomes of the process, but rather a fingut into that process.

5.3.12 Evaluation and lessons learned

The information on benefits of the WFD in Européngsted. Only three countries that have a longer
and extensive tradition in benefit assessment Inaade first studies. The review of these studies
show that for even these countries it remainsaiiffito get a complete picture of the full benefits
As these studies will be further used in the WFDcpss in these countries, it is expected that the
overview will become more complete and more aceurathe coming years.

These first raw and incomplete data show that liisrefe very diverse and include avoided costs for
water supply and management, benefits for watataelrecreation (angling, kayak) and informal
recreation (walking or cycling), amenity benefity fpopulations close to rivers, non-use benefit
related to improved protection of biodiversity, efatesources and water systems. The available data

2L Directive cadre deau, calcult du colt des pertes des deplacements de productible
hydroelectrique, guide des bonnes pratique en prasars guide.
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does not suggest that one of these single catsgiominates the total benefits.

The factors that determine benefits include deéinitof GAP and ambition levels, the relevant
benefit categories for the affected water bodies,ftumber of people affected and their willingness
to pay, and the scope for win-win measures withewaupply and management. The order of

magnitude of the benefits quantified is 10-100 €4whold/year.

This variety in benefits is good news for water agers because a wide range of people is likely to
benefit from the WFD measures, especially through-market benefits. The other side of the coin
is that it makes benefit estimation a complex amallenging task, especially in Member States that
have no tradition in economic benefit assessmemiess studies and expertise to build on. As a lot

of studies have recently started, it is expectad tthe data and guidelines will improve.

BOX B: Guidelines for benefit assessment.

UK Environment Agency:

The guidance documents for benefit assessment (BveE developed by the EA (Environm
Agency, 2003) to mvide guidance for assessment of social costs andfils of water qualit
and water resources schemes that are assessedl firattework of business plans of the
water industries for 2004 (PRO4). This documentdsuon a wide set of previous guide
both related to benefit and economic assessmegemeral and application to water rela
issues. Although these guidelines were not develdpe WFD implementation as such, tr
address the relevant issues and are further deactiopsziew of applicabn at river basin level fc
development of measures for the WFD and curreminitg phases. The guidelines follow a ¢
by step approach building on benefit transfer fonetary valuation because of the large nur
of schemes (more than 450) to beleated (Figure 19). An evaluation of the guideliaes! theil
use is described in (Horton 2004).

France:

Following a seminar between the ministry and emmmental economists in 2001, France
developed a similar strategy for benefit assessmeiie famework of the WFD. Guidelines f
benefit assessment were developed and a datab#seefdrence material was developed
great deal of attention was paid to the issuegygfenation. A first overall estimate was me
especially to identify priorities for further reseh.

The Netherlands:

A guidance document for CBA and strategic CBA fofrastructure and policy assessir
(Eigenraam et al, 2002) has been completed wittedjnes (Ruijgrok et al, 2004) and indica
data (Ruijgrok et al, 2006) take into account environmental issues. The lati@udes indicato
data for water related issues, which have beerfarsthe strategic CBA of implementation
WFD scenarios. More recent initiatives aim to helpter managers at the local level w
economic analysis and cost-benefit assessmentdetsvater, 2007).
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BOX C: Netherlands: benefits as part of the strateg CBA, Dec. 2006 Objectives

Objective: To make a first overall inventory and assessmefiteofefits of improved water qualil
related to the implementation of the WFD in thehidelands (MVW(2006b), and annex; Ruijgr
et. al. (2006) , Ruijgrok et. al. (2007)). It aitos

= identify and describe the types of benefits;

= indicate the order of magnitude of the monetaryefis) and,

= identify action plans for further research.
The study reflects the understanding and dataadbiy in 2006 ( MVW(2006b))
Context: Part of the strategic cost-benefit analysis ofplementation of the WFD, versig
December 2006. Annex to the “Decembernota 2006pokcy document to discuss the ma]
orientations and choices to be made related toemehtation of WFD, taking into account ot}
objectives, especially related to water quantityhagement.

Approach
The study follows in general lines the approachStategic costs benefits analysis as describe
Section 3. Box C1 illustrates how the study on lfiienéts within the overall CBA framework an
indicates the main steps of the approach. It ac@ssess benefits of different packages of meas
reflecting three different ambition levels.
The approach uses 5 main tools or elements ofrmdtion, which build on the overall analysis
cost and benefits for the CBA (a, b) and is closatked to the assessment of impacts
effectiveness of measures (c) and on guidelinesimdidator-data to account for environmen
impacts in CBA in general. The tools are:

a) definition of ambition levels and related measures;

b) definition of scope of the analysis, time framecdunt rates, etc.;

c) tools for impact assessment (water quality modedpert judgements) to assess the impact

of the measures on the chemical and ecologicalsstat
d) dose-response functions used to estimate howahesstf water bodies affects “goods an
services” delivered by the different water bodiEse dose-effect relationships are expres

in terms of a % attainment of a maximum benefitifércategories, depending on physical-

chemical, hydro-morphologic and biologic charast&s of each water body;

e) indicator data for (the maximum) welfare gainsdach good or service affected (for
example, average costs for treatment of drinkinter€/m3); indicator for change in
amenity values related to prices of houses and puwithouses affected, ....)

The maximum scenario refers to a 100 % achieverokemood status (or potential for heav
modified bodies), except for eutrophication the sugas are insufficient to reach good status.

Ambition Contribution to reaching good status
Surface waters Groundwater
ecologic eutrophication chemical
limited ++ + ++ ++
substantial +++ ++ ++ +++
maximal ++++ ++ ++++ ++++

er

2d in
d
sures
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and
tal

d
sed
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STEPS Tools

3 ambition levels

f GAP
reference (low, mid, high):

Measures for each ambition level

" Water Q models, expert

i} judgements

Impact on waterquality
chemical and ecological status

Timeframe,
discount
rates, ...

Dose-response
relationships

Benefits

@‘ ‘ ‘ Indicator data per benefit
category

CBA — -

based on MVW 2006
Units: Present value in 2006 of the total net bigshébr a period 2009-2027, discounted at 4 %.
benefit will only start once the improved statuseached, they start in 2015 (to be checked).

Results

As

Table Box C 1 (below) shows the benefits of implatagon scenarios for the WFD in the
Netherlands.

The benefits accounted for relate to commercidirig and improved non-market services from
water bodies. A number of benefits could not bengtied, especially because the impacts of
the measures on the status of the water body cmtilde assessed.

The benefits quantified vary from 1.7 to 5 billi6rfor the limited, substantial and maximum
ambition level. The benefits increase substantladiyyveen a limited and substantial
implementation (three times higher), whereas theimam implementation only adds another
10 %. It suggest that the economic law of dimimighieturns is applicable to these measures.
The uncertainties in the impact assessment ar@a2d %. The uncertainty related to dose-
response functions is estimated to be less impor@rcourse, the overall uncertainties,
including issues not accounted for or uncertairgieshe indicator values are much higher but
not specified.

The net impact on fish production is negative, bseassome species profit from the higher
nutrient levels in the reference and lower ambisoanarios. This effect is especially important
in the maximum scenario (- 20 % of total benefits).

Improved status of water bodies will improve amesifor nearby residents, which will be
reflected in increased housing prices (estimatéd%tfor houses along the banks).

More natural banks (15 m width) contribute to captof CQ and pollutants (PM, NOQSQ)),
are estimated to generate substantial benefitgliforhabitants.

The non-use values for biodiversity are based iodiaator figure for WTP of 11 € per
household/year (for maintenance of the biodiversitsiver banks covered with reed, applied to
all households within a 10 km range).
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= The impact on health benefits from bathing is leditas current number of health problems i
already limited.

= The contribution of the bequest or inherence véduélean’ waters has only a limited share i
total benefits (valued at 5 € per household/ye#iniwilO km of water bodies).

The information related to the total benefits frtme 3 programmes of measures. The benef

individual (packages) of measures is not discussetbcumented.

These figures are present values (PV) for a 100 yeaod, discounted at 4 %. Taking into acco
the number of households fohet Netherlands, these benefits correspond betweamds 32
euro/household/year, which is lower than the resofitthe top-down CVM study. It has however
be noted that these data are first estimates whrehboth incomplete and uncertain as
assessment was based on indicator numbers andofigh assumptions had to be made.

Table Box C 1: 2006 estimation of the Benefitsropiementation of WFD in the Netherlands, |
over a 100 year period at 4 % for measures takievelea 2009-2027, in million euro.
Benefit categories limited substantial maximum

Ambition level

Benefit categories

accounted for limited substantial maximum
fishing -86 -5% -282 -6% -948 -19%
health for bathers 2 0% 6 0% 17 0%
recreation 254 15% 711 16% 873 17%
Amenity 704 42% 1900 42% 2309 46%
regulation functions

(climate, air) 554 33% 1496 33% 1818 36%
non-use values

biodiversity 265 16% 715 16% 869 17%
Bequest values 0 0% 29 1% 78 2%
Subtotal 1693 100% 4575 100% | 5016 100%
% of max value 34% 91% 100%

benefit categories not
accounted for

Cleaning drinking water pm pm pm
Agriculture pm pm pm
flood protection pm pm pm
Shipping pm pm pm
food safety pm pm pm
TOTAL P.M. P.M. P.M.

P.M. = pro memory (not accounted for)
Note: these estimates reflects the understanding 2006 of benefits of WFD implementation.

UJ

t of

unt

to
the

Source: MVW, 2006, main report; Ruijgrok (2007)

5.4 Diverse contexts to compare costs and benefits

Cost-benefit analysis can have two roles in thest@t making process (Turner, 2007). It can have

the role of a decision rule to select projectsdicges that contribute most to welfare. Alternatiy

it may be part of a comprehensive policy analysid affer insight in impacts from an economic

perspective. In the context of economic appraséte WFD, the second type is most important.
Economic analysis helps to improve decision makingdentification, quantification and analysis

70

of



Factors determining costs and benefits of achielgogd ecological status”

the costs and benefits. This economic informatian serve as different building blocks and
information can be used as inputs for differenteymf policy questions. The level of detail and
accuracy required will depend on the context aruisdEns to be taken. In Section 3 we have already
indicated that current studies are rather at thellef indicator assessments, which will help to
identify directions for further research and deltatselect the most important problems, candidate
measures, etc.

In this section we illustrate this type of usesrefults of economic analysis with two cases of

comparison of the costs and benefits, that we dgsliin Sections 5.2 and 5.3:

a. discussion of the overall costs and benefits of WWRplementation in the UK (UK, RIA, 2003);

b. discussion of costs and benefits of different aimbitevels (NL, CBA, 2006); and,

c. Incontrast, we illustrate the use of cost-beraafdlysis in a context of evaluation of a wide
range of schemes ( UK, PRO4).

5.4.1 Discussion of overall costs and benefits in contesf RIA, UK

The contextThe regulatory impact assessment of the transposof the WFD in England and
Wales (UK) used quantitative and qualitative infiation on costs and benefits. In the regulatory
impact assessment, this information is completeti wiher information such as the impact of the
costs (and benefits) on small firms and their cdmipeness.

Methods:The RIA builds on the study by WRc (1999) and algtan the costs for measures in
agriculture (RPA, 2003). The WRc study was anahiissessment of the potential impacts of the
WEFD in the UK and can be considered as a typicdicator number CBA. The most relevant
methodological issues and factors were discuss&tations 6.1 and 6.2. In the context of the RIA
the results of the 1999 study were updated for &rdyand Wales. These updates are more accurate
as more was known about the final contents of thHleDWAnd the evolution of water quality
legislation. It is however still mentioned thatist impossible to accurately estimate costs and
benefits of the programmes of measures as costbenefits depend on the iterative technical and
economic work the Directive requires. Also, theeextto which derogations are used is also very
uncertain. It is noted that the RIA no longer ubessmall and large GAP assessment.

Results:The summary table of costs and benefits of the t@gdRegulatory Impact Assessment for

England and Wales is summarized in Table 17. Takdet illustrates that costs and benefits
guantified are of a similar order of magnitude, that the RIA paid attention to both the quantified

and non-quantified costs and benefits. The sumtaditg illustrates that the objective of the RIA is

to be informative about the potential range of €a@std benefits, and to put them in perspective.
There are no judgements to be made on what typmeeakures to be taken or what ambition levels
are appropriate.

Interpretation: This economic analysis helped to identify areasfimther research, and the UK
developed a long time strategy to improve tools daid for economic assessment. As indicated in
chapter 4, in 2007, that new information will beddor a new nation wide evaluation of costs and
benefits of the implementation of the WFD will beade. The economic information in that study
will be more important for the further selectionméasures.
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Table 17: Indicative costs and benefits of the priognes of measures necessary to achieve planned

targ

ets of the WFD

Benefits

Costs

Overall assessment :
The WFD will
proportion, but by no means all, of t
remaining damages to the wat
environment.
Not all
guantified.
The level of quantified benefits
considered tounderestimate the actual
level of benefits.

» Benefits are based on early estimates
the status gap which is known to ha
declined considerably in some areas
this would reduce benefits.

* Where benefits can be quantified 4

potential benefits can &

Overall assessment :

tackle a substantialThe costs of compliance with the WFD th

hean be quantified at this stage amount
doetweer£450 and £630 million per annum.
These costs may beunder or

everestimates.

» Costs are based on early estimates of
sstatus gap which is known to have declir
considerably and this would reduce costs.
» Costs are based on measures which

5 bt necessarily be the most cost effective
vdo not take account of derogations wh
amdll allow disproportionate costs to |
avoided.

nat
to

the
ed

may
and
ch
e

ndHowever, it has not been possible to value

valued these appear to be in the region af costs, and some omitted costs may| be
£560m million per annum and therefore significant.
represent only a proportion of the potential
benefits.
Note: Note:
Overall estimate of the TOTAL potentiaBall park estimates of the TOTAL current
benefits from removing the remainingvater related environmental protectipn
damages to the water environment | expenditure is £3,600 million per year(3).
£1,000 to £1,400 million per annum
Benefits M £lyear | Costs M £lyear
Quantified benefits PoM Quantified costs PoM
rivers angling 70 Removal of BOD, NHnd P 420
non use 120 (rivers), N (transitional and
informal recreation| 34 Coastal waters) and river
amenity 134 habitat and flow improvements
flow 198 Diffuse pollution agriculture 30 - 210
Sub-total 560 Subtotal 450- 630
Benefits not quantified Costs not quantified
lakes, wetlands, flood risks rivers: other factors than chemical and
physical factors, lakes, artificial and heavily
modified water bodies

Note: these estimates reflects the understanding2d@3 of costs and benefits of WFD

implementation in the UK
Source: Defra, 2003, 2005
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5.4.2 Assessment of different ambition levels for WFD (NLCBA, 2006)

Context: The Netherlands announced in 2005 that it woukl aistrategic cost-benefit analysis as
one of the tools to further define the objectivesl aneasures to be taken in the context of WFD
implementation. A strategic CBA uses very rough aften qualitative information to identify costs
and benefits and derive estimates of orders of madg of costs and benefits. It does not address
issues related to equity and burden sharing noadtspon competitiveness. In Section 4.3 we have
already discussed and illustrated that the repavtslable today are part of a longer, stepwise
process to improve understanding of the impactee@WFD.

To that purpose, three ambition levels for impletagon of WFD were defined (limited,
substantial, and maximum) (Table 18). This inforiorabn costs and benefits has been used in the
Decembernota 2006 to select the ‘high’ ambitioreleas the beacon for the further developments of
packages of measures.

The maximum scenario refers to a 100% achievemergood status (or potential for heavily
modified bodies), except for eutrophication the sugas are insufficient to reach good status.

Table 18. Overview of goals for different ambitievels

ambition level contribution to the achievement of good status
Surface waters groundwater
ecologic eutrophication chemical
limited ++ + ++ ++
substantial +++ ++ ++ +++
maximal ++++ ++ ++++ ++++

source, MVW, Strategic CBA WFD, 2006

Methods and data for assessment of costs and beridfe objectives and measures related to these
ambition levels were identified using informatioroh water boards, provinces and national
administration. The costs and benefits of thes&gmpes were assessed in indicative terms in 2006.
These estimates have been discussed in more idetatttions 6.1 and 6.2 of this report.

Results of comparing costs and benefitse comparison of costs and benefits in the sti@tegA
focused especially on the differences in the eumubf costs and benefits between the different
scenarios (Table 19). The costs continue to dobbtereen the limited, substantial and maximum
scenarios. The benefits on the contrary increasepih between the limited and substantial
scenarios but the additional benefits of the maxmscenario are minimal. Consequently, the
substantial scenario has the best benefit-cost. r@tirrent understanding and data on the costs and
benefits is too uncertain to draw any conclusioomira comparison of cost and benefits. In
conclusion, the strategic CBA contributed to thieat@on of the substantial ambition level as the
beacon for further elaboration of measures.
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Table 19: Overview of costs and benefits (in bii@f euros) for different ambition levels

Ambition level Costs Benefits
Limited 7.3 1.7
substantial 13.3 4.6
Maximal 22.4 5

Source: MVW, 2006
Note: these estimates reflects the understanding2di6 of costs and benefits of WFD
implementation in the Netherlands

Interpretation: this study illustrates how a stepwise approachetmnomic assessment works. On
the one hand, this study builds on previous workuitd guidelines and indicator data. On the other
hand, this study is input for a new set of furthetions to improve insight in economic affects of
water policies.

5.4.3 Assessment of specific measures (UK, EA 2003)

Context: The economic analyses that the Environment Agetmyied out for the National
Environment Programme (NEP) for th8 Reriodic Review of the Water Industry (PRO4). Bver
five years, the UK regulatory Office of Water Sees (Ofwat) carries out a review of the
expenditures of water and sewerage companies itaithg@nd Wales to set their prices for the
following five years. In this context, the Enviroant Agency, the main environmental regulator for
England and Wales, conducted an in-depth cost-lteneflysis of 437 environmental water quality
and water resource improvement schemes that wereeqoired by legislation. In addition, cost-
effectiveness analysis was applied to all schembs exercise is recognized as the largest such
appraisal of its kind undertaken in the UK to date.

Methods The CE and CBA builds on the expertise and infdrom in different administrations and
regulatory bodies to assess costs and their afeewss. For benefit assessment, a set of guidelines
were developed (BAG, benefit assessment guideliswed)applied using local expertise. The use of
BAG, systematic reporting schemes and input froemtial’ administrations ensure consistency and
comparability between the different schemes.

Results:
» Cost-effectiveness analysis was applied to idemtiéyleast cost solutions to reach the stated
objectives, which resulted in a reduction of thember of schemes by about 48% and
trimmed their costs by more than 50%.

» Cost-benefit analysis was used to rank schemes ¢atégories according to their cost-

benefit ratio or regional importance Table 20 andrSe: UKEnvironment Agency, 2004

* Figure 20 show the results.

* These data confirm that there are still net bemeéditbe reaped from the implementation of
measures that go beyond “pre-WFD” obligations, tmatt not all potential measures will
produce net benefits.

* The analysis allowed to identify schemes with gbedefit-cost ratio’s, that together would
be able to deliver 80 % of the total benefits dfsahemes at 37 % of the total costs. These
60% best schemes have an overall benefit cost oatlo8 whereas the benefit cost ratio of
the 40 % worst schemes is only 0.3.

» Although the efforts for economic assessment waggitallowed to save £750 million.
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Table 20: Total costs and benefits of schemesfandiit classes: (PV, in £ million)

Categories 1 to 3 Categories 4 to 6
Proposed schemes | Deferred schemes | All categories
(% of total ) (% of total )
Total number  of
schemes 274 (63%) 163 (37%) 437
Total costs (PV) £ 649m (37%) £ 1035m (63%) £1684m
Total benefits (PV) £ 1160m (80%) £ 286m (20%) A6
Benefit cost ratio 1.8 1.3
Total Number of Schemes (Water Quality and Water Re  sources)
in Each Category
200
8 1754
5 150
% 125
o 100 4
B 751
@ 50
= 1-Regionally  2-Benefits more 3-Benefits more  4-Benefits 5-Benefits less  6-Deferred
Important than double than 120% of between 80%  than80%of  schemes with
costs costs but less  and 120% of costs benefits more
than double costs than 120% of
costs
Total Cost of Schemes (Water Quality and Water
Resources) in Each Category
£1,200
£1,000 -
E  £800
o)
=~  £600 A
[%2]
8  £400
£200 +
£0 T — T
1-Regionally  2-Benefits 3-Benefits 4-Benefits 5-Benefits  6-Deferred
Important more than more than between 80% less than schemes
double costs 120% of  and 120% of 80% of costs with benefits
costs but costs more than
less than 120% of
double costs

Source: UK Environment Agency, 2004
Figure 20: Cost benefit ratios of water quality areources schemes

5.4.4 Conclusions and lessons learned.

» The three case studies illustrate that similar enoa information can be used in different
contexts and to support different types of decisi@king. The level of detail and accuracy
needs to be adapted to the decisions to be taleperiding on the context, it may possible
to account for qualitative information and uncertis.
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» These different applications show that Member Staged to develop a strategy for
assessment of costs and benefits. The developrhgatdelines and indicator data are an
essential part of that strategy.

» Part of the process is also the input from and-fesak to more local authorities and
stakeholders.

» At the start of the process, decision making méyae more qualitative and rough
information. This is especially the case for infatran used as in input to the WFD process
when this information is mainly informative or © $elect the major orientations for a
further development of programs.

* However, information on total costs or benefiteqirogram of measures does not ensure
that all measures are efficient. A more fine tuassessment procedure is required to
identify the packages of measures with the bestfiierost ratio.

* Towards the end of the selection of measuresJikaty that many different measures or
schemes have to be compared. In this case, a ande rof comparable information is
required, and their assessment is likely to relyamam quantitative information.

* The practical examples illustrate that society re@p large benefits if it invests in methods,
data and capacity building to identify packagemefsures with the best benefit-cost ratio.

5.5 Summary of key points

The information on the nationwide studies of caatsl benefits of the WFD is limited to a few
countries that have a long tradition of econom&easments in the water sector. The review of these
studies shows that these countries are far enougjieir process of economic assessment to have
produced first rough estimates, but not far endegbaint a complete and definitive picture of costs
and benefits. In the years to come, these mematsstvill complete their analysis, while others are
likely to release the first estimates.

This section builds on early information from edpkyg the Netherlands and the UK to identify the
main categories and driving factors for costs aedefits. Table 21 illustrates that most of these
factors are common for costs and benefits.

Table 21 : Overview of factors determining costd hanefits

Determining Factors Costs Benefits
GAP analysis: reference situation and ambitionllevg
selected measures X
(assumed) effectiveness of measures X (x)
efficiency of policy instruments and of implememat X

4%
X
X

number of people affected, and their preferences X
income and price level X X
scope for win-win measures with other sectors (x) X
timing of measures X X
assumptions about time frame and discounting X X

A main factor is the GAP analysis, which includeshbdifferences in the status of water bodies in
the reference scenario, and the level of ambittorife WFD scenario. The available information on
costs and benefits illustrate that the WFD is netnale, well defined objective or set of measures.
The data suggest that there may be large diffesefuzeboth costs and benefits between small and
big gap scenario's or between low to high ambitewels. This offers the opportunity to member
states to define ambition levels and select meadakeng economic analysis into account.
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Important factors for costs are the extent to whselected measures and policies will be cost-
effective. The way targets are defined and inteéegkeespecially for “good ecological status”, makes
it difficult to assess which set of measures igafte (due to complex ecological relations which

are still not fully understood). The current ashle data for the Netherlands indicates a cost
increase by 5 to 30 %, compared to baseline sumatiowever there are large uncertainties. The
level of ambition can effect costs by a factor afo35. Although uncertainties are very large, the
information available today indicates that costs\8fD implementation are likely to be substantial

but unlikely to be bigger than costs for currenaswes and measures in the pipeline.

These first raw and incomplete studies show thaefits are very diverse and include avoided costs
for water supply and management, benefits for waédmted recreation (angling, kayak) and
informal recreation, amenity benefits for residamis-use benefit related to improved environments
for plants and animals and better protection ofewaksources. None of these single categories
dominates the total benefits, but overall the useefits and avoided costs seem to be very
important. The order of magnitude of the benefitargified is 10-100 €/household/year.

The required level of detail and accuracy will deghen the decisions to be taken. At the start ef th
WEFD process for selection of measures, decisionimgakay rely on more qualitative and rough
information to select the big orientations for &lfier development of programs.

Towards the end of the selection of measures likedy that a lot of different measures or schemes
have to be compared. In this case, a wide rangmmiparable information is required, and their
assessment is likely to rely more on aggregateahtifative information.

The practical examples illustrate that society re@p large benefits if it invests in methods, datd
capacity building to identify measures with the tbleenefit-cost ratio. Taking into account the
difficulties encountered in Member States with elgreces to build upon, this will be a challenging
task in most Member States.
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6 PROSPECTS FOR WIDER USE OF ECONOMIC ASSESSMENTS
IN THE WATER SECTOR

6.1 Lessons from success stories

The overview of current state of information in @t 4 shows that only a few Member States have
already made first estimates on costs and benkfisiever, about half of the Member States have
indicated that they have or will start studies tedato economic assessment, for both costs and
benefits. The evaluation of the costs is in linghvthe WFD requirement for Cost-effectiveness
analysis. Most of the Member States have indicttatithey will also study the benefits, looking for
both monetary and non-monetary indicators. Thissilates that these Member States are in the
early stages of the process to develop econonocrtion.

The analysis of the information on costs and bé&né&r UK, NL and Fr. in Section 5 has illustrated
that although this information may be incompletel aarrounded with large uncertainties, it may
still be very useful and appropriate to answersihecific questions. The example of the Netherlands
shows that economic information to be used at tha sf the selection of the measures may be
rough and qualitative and will nevertheless allawiiform and improve policy decisions. The
experience with the use of information on costs laeaefits for the PRO4 in the UK illustrates that
it is possible to assess a large number of meagsugesomparable way so that measures with good
or bad benefit-costs ratios can be identified.

There are some lessons to be learned from thesesses:

» These successful studies were the result of adeélhed research strategy and planning,
that took into account the needs of the decisiormettaken, available resources, time and
studies to build on. The PRO4 assessment in thetdKed with the development and
discussion of a strategy to assess costs and tseokfi large number of schemes in a short
time framework.

» Second, these studies use some kind of guidelimkassessment tools. The strategic CBA
in the NL builds on expertise and tradition in te to use this type of economic
assessment tool for policy making. It could alsafipfrom generic indicator data developed
to account for environmental impacts for this tgbstudies. The PRO4 assessment in the
UK developed guidelines and indicator data to leslug local level to do the assessment of
specific schemes.

* The studies combine sophisticated analysis whele snd information is available with
very simple, pragmatic approaches in area’s whdogrnation is missing.

Economic assessment in the water sector looks @xmplthe sense that a broad range of water
bodies, potential measures, benefit categories teebd assessed that require inputs from different
disciplines, and need to combine local expertisévat basin level with more specialised horizontal
inputs. The problems may not be that differentthe economic analysis related to air and energy,
but in these sectors the research communities dmdngstrations have been successful to create
frameworks and procedures to combine dispersednafiion in an efficient and effective way:
* It could build on a longer tradition of using matandardized technical-economic models at
national and international level;
» These offer a framework for dialogue between déifempolicy levels and stakeholders to
improve data and assumptions and ensure thatahaing is embedded in the models;
* The benefit estimation could build on a series dffEnded research projects and related
software. It especially offered a framework to cameldifferent disciplines which could
easily be updated as new information on specifiges becomes available; and,
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* Probably, intrinsic uncertainties are not smaltempared to the water sector, but there is
more agreement on how to deal with these unceigaint

6.2 An accounting framework with individual components

These examples illustrate that it is importantéeedop a strong accounting framework that ensures
consistency between different components of econocamalysis while allowing flexibility to
improve the individual components (building blocksfonomic analysis in the context of the WFD
should be considered as a process, in which infitomavhich is gathered in different building
blocks are gradually further developed. If the dhnid blocks are well defined, they can be used and
combined in different ways to answer multiple gigest at different levels (water body, river basin,
national and/or inter national analysis, cost@ffeness analysis and cost-benefit analysis,...).

It is expected that the first inputs from econoamalysis will be rough, but this may be sufficiemt
guide first steps for the selection of measuress #ssential that the information can be improved
and updated along the process. This requires a geoemll framework to define research tasks and
store results:

* As itis likely that many administrations, watermagers, research institutes and
stakeholders will be part of this process, a fizedounting framework that ensures
consistency between different building blocks awerdime will be required;

* The accounting framework should give guidance ¢éowide variety of people involved in
the economic assessment and facilitate their wbskould ensure that results for, for
example, different river basins are comparable;

* The accounting framework should be able to staeedbults of that work, both quantitative
and qualitative information;

* ltis to be expected that assessment of costs emfits will follow their own trajectories,
but the factors that affect both costs and benefgsdentified in Section 5 should be part of
a common analysis and common assumptions. THig isase for the definition of the GAP,
the identification of potential measures and treeasment of their effectiveness; and

» Another set of factors relate to assumptions oe firame, discounting,.. Here, it may be
necessary to take national guidelines into accfanexample, for discount rates).

Some building blocks can already be defined:

» For costs assessments, many Member States hatesl siagystematic process of producing
guidelines for assessment of costs and cost-efeaetss.

* For benefit assessments, guidelines have beenapedeand used for the UK, and have
been developed for France and — in a wider cortdat the NL. The EU project
AquaMoney will both contribute to such guidelinesl] develop a new range of data, and
provide guidance to improve the use benefit tranafbenefit assessment.

* Impact assessment of measures is an essentialfongbe assessment of cost-effectiveness
and benefits. This will require inputs from watesatity and ecologic models.

6.3 Share results and experiences

As most Member States will go through a similargess of improving economic assessment, there
is a wide scope to learn from each others’ suceeand failures, share and improve models, and
exchange information and data.

One particular goal would be to identify measuned situations with good CBA ratios, and to pin-
point measures and situations that require fughedy.
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An important additional issue is how to integrdte efforts by different Member States to estimate
costs and benefits for international river basioensure that comparisons are feasible.

6.4 Conclusions

The further development of the CBA of the WFD regsimore detailed, stepwise analysis that
feeds in with cost-effectiveness analysis and riasin planning. The development of standard tools
will help to realise this goal. An important step o rationalise the lessons from the first
experiences. These examples and those in othes @mergy and air) illustrate that it is importsmt
develop a strong accounting framework that ensooesistency between different components of
economic analysis while allowing flexibility to impve the individual components (building
blocks):

* Such a framework should give guidance to all thpxseple that can provide inputs to
improve the information;

* The framework should ensure that improved compan@ninot undermine consistency
between parts and over time;

* These components can provide the basic inputssiwerra wide variety of different policy
guestions at different scales, ranging from locahternational analysis;

* Such a framework can build on the existing guiciand handbooks related to the
assessment of costs and cost-effectiveness adiiable guidelines for benefit
assessment (and under development); and,

* Impact assessment of individual measures in anctivaponent to be used for both cost and
benefit assessment.
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7 ADMINISTRATIVE COSTS AND BENEFITS OF THE WATER
FRAMEWORK DIRECTIVE

7.1 Introduction

Environmental policy in general needs, as is tteeasith other public policies, to be supported by
administrative measures. Legislation has to beteftatliscussed and passed through the democratic
process, by-laws need to be made, and procedutéseduon how to implement legislation by
public authorities and the business community. Emwnental standards are required, often after
carrying out research and consultation with integesups and stakeholders. In some cases permits
are allowed for individual cases, that requiredallup and inspection. All these actions however,
are administrative and in general will not reduoytion or improve the environment.

It is not always easy in practice to draw the Ioetween administrative actions and actions that
really lead to the reduction of pollution and impements in the environment. Especially for

technical research, it will be difficult to drawighline, as the research as such will not lead to
pollution reduction, but it may led to technologmstechniques that actually can reduce pollution
and make improvements to the environment.

Little is known about the current administrativestsoof environmental policy. The results of the
joint Eurostat/OECD inquiry on expenditures on pitdin abatement and control (PAC) do not
reveal how much is actually spent on administrasiggons (OECD (2003)). So it is hard to set a
sort of benchmark for such expenditures in cagbeoiVFD.

The implementation of the WFD will certainly leamadditional administrative costs, as it requires:
(a) more and better monitoring of water quality aigtharges;
(b) planning by means of River Basin Managemem$la
(c) modelling of water systems in GIS; and,
(d) consistency with Main Ecological Structure nepg.

These requirements lead to additional tasks, and th at least initially — to an increase in
administrative costs. On the other hand, it cathbé already considerable administrative costs are
linked with issues covered by the WFD. This implileat probably at least some of the additional
costs can be “absorbed” in current expendituresaddition, benefits may also be obtained from
lower costs due to better administration managemmeptocedures.

At the same time, the WFD will replace several taxgs EU water Directives (such as the 1875
Surface Water Directive or the 1976 Dangerous Suoss Directive). With other Directives,
including the Nitrates and Urban Waste Water Divest some synergies may be expected (for
example, in relation to monitoring and reportinghis should reduce the administrative burden in
the medium to long term. Thus, a fair proportiontloé administrative costs that Member States
experience now are indeed one-off costs for comwerand adaptation of the existing water
management structures.

In this section, therefore, we use a wide definitid administrative costs, namely all costs that do
not directly lead to reduction of pollution or ingwement of the environment (as far as measurable).

81



Administrative costs and benefits of the Water Feawrk Directive

7.2 Current information

7.2.1 General

As mentioned in the introduction, little informatiois available on administrative costs of
environmental policy in general. An example cardbavn though, from the Dutch Environmental
Cost model (MONNIE) (RIVM (2000)). In this modell anvironmental measures that lead to costs
for public authorities, the business sector andgemers are modelled, providing information on the
development of environmental expenditures in thehdidands. From the latest version of this
model, it can be concluded that in the Netherlahdsadministrative costs of environmental policy
to society are in the range of about 10% - 15%ot#l tenvironmental expenditures (TME (2006)).
About 8% of total expenditures relate to coordm@atipermitting, enforcement etc. (most of these
cost relate to the public sector, but also pait isf borne by the business sector), some 5% rétate
what is called “instrumentation”, which mainly reda to research and informing the public(also
partly public and partly private costs).

Some information on the Netherlands and UK is ueeliustrate the costs of implementation of the
WEFD.

7.2.2 Administrative costs of the WFD in the Netherlands

For the Netherlands quite detailed statistics om #ldministrative costs for water quality are
available over a longer period. This enables toelhe possible additional administrative costs of
the implementation into a broader perspective.dy mso reveal some trends to consider.

In addition, a rough estimate of the administratiests linked with the WFD has been made, based
on interviews with some key actors in the impleraénh of. the WFD (see Box D below).

7.2.2.1 Current administrative costs

Administrative costs of water quality managemerthie Netherlands have been monitored since the
1970s. Water Boards perform the main tasks in igld bf water management in the Netherlands,
they are the main public service providers for wasiater treatment and also in monitoring,
enforcement and permitting. Figure 21 gives an \ieer of the development of their expenditures
in the period 1990 — 2003 (latest year with avédadbatistical information).
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Figure 21: Development of expenditures on watediggumanagement by Water Boards in the
Netherlands, total, administrative costs and perabtosts (included in administrative costs)
(1990-2003, in million Euro)

Figure 21 shows that administrative costs moreess keep pace with total expenditures, at a level
in 2003 of 20%. The total administrative costs barsubdivided into (CBS (2007)):

- office costs 27%

- fee collection 19% (water boards also operate waater treatment plants, for which they

collect cost-covering user fees);

- plan development 8% (these costs have almostdripdeween 1999 and 2003);

- water quality management 22% (mainly costs of nooimg);

- water discharge management 24% (mainly costs ofifterg and control of permits).
Based on this, a rough estimate of administratagsccan be made for the implementation of the
WEFD: the assumption would be that for every millm@nadditional costs for the implementation of
the WFD, about 20% administrative costs should tiecipated. Of course this assumption can be
challenged, but the empirical evidence over a penfol3 years shows that ongoing development of
water related legislation and implementation aésquires more administration in absolute terms.
Applying this to the estimated annual costs ofithglementation of the WFD in the Netherlands the
additional costs can be estimated at between € 8ddvE 230 M.

In comparison with a specific estimate that hasnbemde on basis of information of experts
working for the water boards in the Netherlande @Bex below), these estimates are at the high end.
According to the specific estimate (explained ia Hox) the additional annual administrative costs
of the WFD would be closer to € 50 M per year. Buén if the lower cost estimate is taken, it is
clear that in the Netherlands, it is believed thia& implementation of the WFD will lead to
considerable additional administrative costs.
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BOX D Assessment of additional administrative costir the WFD
The additional administrative costs linked with M#&D have been estimated by interviewi
several individuals that are involved in the impésration of the WFD. In total 3 cost categor
were mentioned:

- Monitoring;

- Planning; and,

- Modelling (GIS).

A. Monitoring

The WFD gives some additional administrative olilgas, of which the most important one is,
that - with respect to the past - the WFD expeatserirequent and more structured reports.
Gains can be achieved by taking a larger integrawedview by river basin and by a better
harmonisation and streamlining of data, which alémw for data comparisons between river

basins. In the Netherlands, monitoring of substaiac®l suppression resources is (and remair)s)

frequently outsourced. Other monitoring is examiaddoc (own service or outsourced). The
monitoring (recording data) of surface water isegafly not automated as is the case for
groundwater.

Costs of monitoring
It has been agreed that in the Netherlands in #fialvater bodies will be monitored within t

ng
es

ne

framework of the WFD: 20 water bodies (mainly lasggte waters) will be monitored completely
(situation and developments) at 2 or 3 locationsveger body (total 50) and 20 (smaller) water

bodies will be monitored operationally (parametarcel is considerably smaller) at 1 locati
per water body. Per location parameters will besuesd once or up to 12 times a year. |
estimated that complete monitoring costs (all-ui labour costs excluded) are about € 200,
per location for rivers and lakes and approximaI260,000 for coastal waters. Operatio
monitoring costs are estimated at € 50,000 pertilmzaTotal monitoring costs for the
locations are estimated at € 11 million.

According to the WFD, a complete monitoring is gaborily only once per planning period of
years. In the Netherlands it is agreed that a cetmphonitoring will take place once every

6
3
years. For the other 2 years it is agreed thatadipeal monitoring will be sufficient for thege
(50) locations. The smaller water bodies (20) a8 monitored operationally every year.

b

Therefore, per sequence of 3 years, total mongokosts (labour costs excluded) can
calculated as shown in the following Table 22.

Table 22: Estimated costs of monitoring for the WREhe Netherlands

No. of locations Costs (€)

Year 1

Complete monitoring 50 10.000.000
Operational monitoring 20 1.000.000
Year 2

Operational monitoring 70 3.500.000
Year 3

Operational monitoring 70 3.500.000
Total for 3 years 18.000.000
Average per year 6.000.000

Source: RIZA, 2003, Monitoring surface waters adouy to the WFD, annex 4.

Of the (on average) € 6 million per year, 75% iditohal with regard to existing monitorin
programs. Therefore, each year € 4.5 million camattebuted to administrative costs of t
WED. No information is available on labour costsaoflysing and reporting, but if (in total f
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the Netherlands) 5 full-time equivalent (fte) iqueed, total annual monitoring costs can
estimated at € 5 million.

B. Planning

In the Netherlands there are 27 water boards (2@@5)total personnel of about 10,000 (sour
www.cbs.nland www.vemw.nl Annual reports of the water boards show thigadt 1% of their
personnel (5 fte per water board) is fully emplopaddrafting plans for implementing the WF
Also national ministries and provinces have persbemployed on drafting WFD plans.

There are specific plan developments (managemeamsplfor the WFD. For the Meuse, Rij
Oost and Rijn-West separate project offices hawntset up as a new type of co-ordinating
decision making structure. The project offices srecharge of plan development, establis
agendas for other agencies and will carry out staslkes themselves. The Meuse office cong
of representatives of the state, provinces andrvmiards (total 4.5 fte), each contributing d
third of the office costs. Municipalities are ingtitly involved, by means of 7 water ambassad
In the Rijn-West office only water boards are reprged.

By region several plans are co-ordinated and iraraitpd into one plan. This will certainly lez
to a more efficient and effective policy implemdrda. From the WFD there is an obligation
realise goals in 2015 for the River Basin Managdnmans. Associated budgets and ti
schedules to facilitate the realisation of the ga@an be set if all Area Management plans (
interfere with River basin Management plans) aaelygin charge at national ministries).

Costs of plan development

Currently little is known on administrative costsEU Member States related to environment
water, but statistical evidence from the Netherkagbows that administrative costs of the wa
boards (which perform the main water managemeks tasthe Netherlands) are on average 2
of total costs (20% of 1 billion Euro). Most of tadministrative costs relate to plan developm
and preparation, and dissemination of legislation.

As mentioned earlier, taking all the water boartgether there are currently about 100 full-ti
equivalent (fte) additional staff employed to addr&VFD issues. This costs about € 10 mill
per year. This is in line with a very rough estiem@ibased on one province in the Netherlan
that for all Dutch provinces together about 150aftiélitional staff is employed to deal with WH
issues.

About € 35 million per year is needed for exteradlice (GIS, reports, etc.). This appl
especially for the stage that the implementatiothefWFD is currently in. One may assume f{
these expenses will diminish (updating a GIS sysseless costly than making one).

C. Modelling (GIS)
The river basins are not currently being modellatthinv the context of the WFD. It is expects
that this will be the case at a later stage (faw itds only part of discussions). Costs are coue
in Section B.

Total
From the description above it can be estimatedptzat development requirements of the W
could lead to an increase of yearly administratiosts of approximately € 50 million. This c
be subdivided as follows:

- costs of monitoring: € 5 million per year;

- costs of planning (100 fte’s): € 10 million per yeand,

- costs of external advice: € 35 million per year\rba less after first planning cycle).
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per year. Part of this increase is already realigenl incorporated in budgets), part of the
additional costs will have to be made in the neture.

As the observed existing and additional administeatosts are considerable, it is an interesting
guestion how these costs will develop in the futd® shown earlier, administrative costs are
quite constant in relative terms (20% in the Nd#rets). If this trend continues, in absolute tetms
these costs may be expected to increase in thengoraars due to:
- the additional implementation of policies in pipelj and,
- the implementation of the WFD.

As shown earlier, these additional expenditures l@ag to almost a doubling of the current tatal
costs, implying also almost a doubling of admimistte costs. Following this approach, it can/be
assumed that the additional administrative costshefWFD will be absorbed in the geneyal
increase that will probably occur.

7.2.2.2 United Kingdom

In the UK an indicative assessment of the costd femefits) of the implementation WFD is made
(WRc, 1999). This assessment includes an overviepossible additional administrative costs of
the WFD. In the study, three types of administetiosts have been distinguished:

* administrative arrangements (setting up of comestteosts of staff and meetings);

» planning process according to a 6-year cycle;

e monitoring according to a six year cycle.

Making assumptions on the administrative arrangésneeeded, the following costs have been
estimated (Table 23).

Table 23: Administrative costs related to the impdatation of the WFD in the UK, discounted total
(at 6%) and annual average (in million £ and €)

total costs (discounted) annual costs
cost item Pounds Sterling Euros Pounds Sterling Euros
administrative arrangements 3 5 0.2 0.3
Planning 20 30 1.2 1.8
monitoring and assessment 94 141 5.8 8.6
Total administrative costs 117 176 7.2 10.7

Source: based on WRc, 1999

As the report on costs and benefits of the impleatem of the WFD does not reveal the current
administrative costs, it is difficult to interprébese results. But in comparison with the totally
estimated costs for the implementation of the WiBDhetweent 3 - 11 billion), the estimated
additional administrative costs could be betweenatfh3% of total costs.

Benefits of administrative requirements/arrangemens
The additional administrative requirements of thEMmay also lead to some benefits:

» participation of stakeholders (for example farmenslustries, communities) may lead to
cost savings, which easily can be between 1 anddfdfieremental costs (this is at least the
assessment of a British study);

* a clever preparation of a cost effective implemgmtaof River Basin management Plans
can only be achieved at certain costs, but may abkee considerable amounts of
incremental costs to achieve good water status; and

86



Administrative costs and benefits of the Water Feawrk Directive

» for all involved, administrative arrangements skiagllarantee a “level playing field”
(which should be a general feature of good adnnatisi).

Participation of stakeholders in the implementatbthe WFD, by involving them in the process of
the implementation of the WFD can save considerabBts, to the opinion of the WWF (WWF
(2005). An example is the restoration of straightenivers to a more natural meandering type of
flow. If this is done without involving for examplandowners, it can be anticipated that high costs
will be involved due to legal procedures. It isibeéd that at least some of these costs could be
saved by the active participation and involvemdrgtakeholders in the process.

In addition, the involvement of different stakehmisl may lead to an exchange of key information
needed in the decision-making process, thus leddibgtter decisions. Due to the complexity of the
relation between actions that need to be takerchteae good ecological status a large amount of
information is needed, which will be costly. By oiving stakeholders, the collection of such
information may become considerably cheaper.

Involvement of stakeholders can also reduce cdsflias potential conflicts of interests will be
flagged up early in the planning process, thustzrganore opportunities to solve conflicts at the
start.

For the UK, WWF estimates annual costs of partmesstit€ 2.2 M per year, whereas they expect at
least a saving on implementation costs of 1%, teath an annual saving of alreagiy.5 M. So
even a relatively marginal saving would alreadytifjusthe additional costs of stakeholder
involvement.

Another approach is to assess the potential sawhgsclever implementation of the WFD. It has
been shown, that a top down regulatory approackghnib often followed in the implementation of
environmental policies, can turn out very costly$takeholders. At least, it does not at all gute@n

a cost-effective approach. For example, a benchistaidy on public (waste) water services in the
Netherlands has shown, that the costs of the poovisf the same level of service, is considerably
cheaper in some regions than in others. Unexplagu=d-differences and thus possibilities for
saving of up to 30% have been found (Ocfeb (19%#)pther study (Veeren van der (2002)) shows
that an integrated and cost-effective approachediticing nutrient discharges in the Rhine Basin,
may generate considerable cost-savings. But agaiachieve these savings, additional research
needs to be carried out, and knowledge on the @wiseffectiveness of measures needs to be
collected.

The general conclusion may be, that a cost-effecawd integrated approach will generate
considerable financial benefits, but that it wikk@ need considerable attention and thus funding
(especially for independent research).

Although the WFD requires an assessment of theaftsitiveness of River Basin Plans, there is no
guarantee that this will actually be the case enghort term. First of all, because environmental a
water authorities have little to no experience witle concept of cost-effectiveness. Secondly,
because up to now, no concrete bottom-up informatio the cost-effectiveness of measures is
available, which is a basic requirement for a decest-effectiveness analysis. Thirdly, because the
guidelines on cost-effectiveness (which exist t@rmaple for the Netherlands, Germany and the UK,
but also the WATECO guidelines) are in no senseclosive and leave much room for
(mis)interpretation.

So the question remains, whether cost-effectiveara$ysis, in the way it will be carried out under
the WFD, will really lead to the considerable ceatings that in theory are possible.
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7.3 Analytical review

From the little evidence available on administratnosts linked with the implementation of the
WED, two quite opposite conclusions could be drawn:

* the estimates for the Netherlands reveal that thvdfde considerable additional costs, but
that in relative terms administrative costs wilt mrrease;

+ for the UK one may argue that although considerattétional costs for the implementation
of the WFD are predicted, the additional admintsteaburden will be only a few percent of
the total costs. Assuming that in the UK, curresative administrative costs would be in
the same range as in the Netherlands (20%), thieimgmtation of the WFD would hardly
lead to an absolute increase in administrativescastl a decrease in relative costs.

The administrative costs will further depend on:
» the efficiency of measures; and,
» the available manpower and budgets.

Additional administrative requirements may both ioye overall administrative efficiency or push
aside other tasks. There is currently insufficiearformation available to evaluate the relative
importance of these issues.

7.4 Summary of key points

* There are certainly some extra administrative cibstscan be attributed to the setting-up of
plans for, and implementation of, the WFD. Estimgtihese additional administrative costs
is not easy, for the Netherlands a rough estinrateates additional administrative costs of
€ 50 million per year or about 25% additional tce tburrent administrative costs of
managing water bodies.

» Although in absolute terms the administrative cadtgvater management may be assumed
to increase (in line with the additional expendisidue to the implementation of policies in
pipeline and the WFD), it is reasonable to assuma¢ administrative costs in relation to
total costs will remain constant. An indicationtbé share of administrative costs as part of
total water management costs is 20% (both from diaden the Netherlands and the
management of wetlands around the Baltic Sea);

» Benefits of administrative requirements that attigto the setting up of plans for the WFD
will result from integration with other water/na¢urelated policies/planning and more
effective decision making (obligation to achieveules). Here too, estimates (in Euros) are
now difficult to make. If sound administration rigegupports cost-effective implementation,
the savings may be much larger than the additicosts.
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8 COSTS AND BENEFITS OF SPECIFIC WFD MEASURES

8.1 Introduction

The Good Ecological Status (GES) in the Water Fraonke Directive goes beyond quality standards
set by earlier European water directives and natipolicies. In addition to traditional biological
and chemical parameters, it also identifies some pgrameters such as the composition, abundance
and age structure of fish fauna and hydromorpho&dgssues. Fish populations will benefit directly
from the achievement of improved water quality, &dditional measures are needed to promote fish
movements to feeding/breeding grounds to fully hea&ES.

Currently the number of barriers in European rivier®f concern and the quality of design and
construction of fish by-pass facilities does natessarily mitigate the impact adequately, meaning
that additional measures may be needed to achiB&f@ this issues. In addition, it is argued that
the impact of the WFD on hydropower may have soomsequences for the achievement of the
climate protection changes.

Hydromorphological issues include measures relatedl sediment management, the
chanalisation/straightening of rivers and the retior natural rivers, and alterations of surfaceewat
profiles. The conservation and restoration of wettamay have an important role in stopping or
reversing hydromorphological changes — taking anrtflie as a flooding area, regulating erosion,
sedimentation and pollution from agricultural land¢etlands are therefore included in this study to
reiterate their importance to the WFD and the Rrogne of Measures.

8.2 Fish migration

8.2.1 Introduction

Most large European rivers are modified and contgilropower stations, weirs, small dams and a
range of other migratory obstructions. In some h## targer river systems the total number of
obstacles can exceed a thousand, several of wraghbe complete obstructions to fish passage, but
many of which might only be partial barriers bull gireventing fish to reach their feeding and/or
spawning grounds. All these infrastructures cous dnave an impact on the fish population by
changing water flows and habitats, and so caussigmortality. The rate of fish mortality depends
on the species, the fish size, the type of turblsacle and the river flow. Solutions for prevegti
fish migration disturbances are very location sfecit is not only the design of the infrastruatur
that leads to the choice of a certain measurealsotthe characteristics of the fish species and th
hydraulic circumstances (for example, the ratevarrflow).

Figure 22 provides an overview of the concentratinhydro-power stations across Europe.
Hydropower stations are generally located in regioith high rainfall and mountains.
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Total resmber of dames per couminy

(sourée UNEP)
Figure 22: Distribution of hydropower stations kit Europe

In different Member States, studies have beenahwut on fish migration and possible measures.
Some results have even been incorporated in natoorragional legislation. Several Water Boards
in the Netherlands have formulated targets reggriish migration. The Flemish region of Belgium
uses a map of priority waters where all problemt wegard to fish migration should be solved by
January 2010. It categorised approximately 800dyatks on 3000 km of priority waters for fish
migration. In England and Wales, obstructions ® mhigration of salmon are targeted for action
within the Salmon Action Plan. The river basin glaas part of the WFD, are a framework to seek
the restoration of fish migration in river systems.

The following measures are identified to solve fisigration problems:
* removing obsolete obstacles (small dams and wafterstructures not in use);
» fish friendly types of turbines, water intakes;
» adapted work regimes in peak migration periods;
* assisting up flow migration: ladders, lifts, traogation and minimum flow
requirements; and,
e assisting down flow migration: fish guidance sysieor mechanical barriers, and
hydraulic by-passes.
Ovidio and Phillippart (2002) propose the followisgheme for the solution of fish migration
bottlenecks: “Before choosing a measure one shibdv why fish can not by-pass the obstacle
and what the effects are on the fish living upstreand downstream of this obstacle. An important
guestion is also the usefulness of the obstaclé& Hias no function anymore it can simply be
removed. A second step is to see if the obstantenot be adapted to make more fish by-pass it
without the construction of a fish by-pass for epganfish friendly water intakes and the restonatio
of former meanders. A last option is to build ehtacal fish by-pass. This must be adapted to the
chosen species and hydraulic variables of theitmtét
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8.2.2 Overview of costs and benefits of fish migration mesures

8.2.21 Overview

Although there is a great deal of information aafalié on the types of fish migration measures and
some information is available on their efficiendhere are few cost and benefit assessments
published. Some information on investment costsavailable in case specific studies on fish
migration and dams. But there is little literatisecurrently available on the opportunity costs and
the benefits of fish migration measures.

The European Interreg 1lIC programme “From Seador&” provides information on the problems
surrounding fish migration bottlenecks and howrtevent or solve those problems. It lists a number
of case studies, but no quantitative values fotscasd benefits are given.

Hakansson et al. (2004) presents a cost-benefmefnark for use in Sweden to analyse the
interaction between hydropower operations and salpopulations. In the available article no
comparison between the costs and the benefitsengi

The Austrian Eurelectric Member has provided somost-studies concerning fish migration
measures on different types of hydropower insialiat (see Box E in Section 8.4). In the U.S.
numerous studies exist about local costs and lisrmaéfdam re-licensing and dam removal.

8.2.2.2 Costs

Due to the site specific solutions, upstream ad agldownstream mitigations exhibit significant
ranges in costs.

Investment costs of dam removal
Although modernising and upgrading existing infrastures is an option, it is better to first
investigate if the obstacle is still of use as jmsyy by Ovidio and Phillippart (2002). An American

study on small dam removal (Trout Unlimited, 206fhipwed that it is more cost-effective to remove
the infrastructure when its economical benefitssamnall than to invest in modernising structures.
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Table 24: Costs of removing small dams in the Wdn8&ates of America

State River Name of Dam Estimated Repair Cost  Estimated  Actus! Removal
{Year Ramovad) fi ik Removal Cost [§)*
Cost (51
CA  Bufie Creek Four dams (1008) M 0,500 006 0.430000
CA  Coid Cresk Lake Christophier (1804) 160,0000 - 180,000 Nis  B0000- 100000
FL  Chipola Dead Lakes (1887) HiA 22000 32000
ME  Kennsbac Edwards (1800) 8,000,000 MR 2100000
ME  Plsasani Cobsmbia Fals Hydm 80,000 Ni& 20,000 -30,000
(19087
ME  Scusdabscook  Grist MiF (1988) 150,000 M 56,000
MN  Cannon Wlch 1804} N/A 120,000 48000
MN Ketls Sandstons (1085) 1,000 000 300000 208000
NM  SaniaFe Twro-Mie {1984) 4,100,000 HiA 3200000
WA Whitesione Rat Lake {1080) 281,000 s 52000
Wl Barsboo Waterworks {1288) BOAS00 - 1001500 A 213770
Wl Wisow Mounds (18881 3,300,000 - 5,000.000 1,100,000 500000
Wl Weow VMiBow Fass (10021 5,000,000 - 5,000,000 622 000 450000
Wi ¥ahawm Fuiion (1093) B00,000- 1,000,000 A ITEO00
Wl Blak Greenwood (1984 ) 500,000 N 50,000
Wl Embarasa Hayman Fals | 1995) 455,000 - BOO,000 N 180,000
Wi Lemonweir Lemaonwetr (1092) 700000 HiA 190000
Wl Maniowos Manitowo: Rapids (1854) 30,000 - 250,000 N 45000
Wl Kikspoo Onitirio (1892) 100,000 - 200,000 NI 47000
Wi Prains Prairio DieZa (1091) 725,000 i 200,000
Wi Appie Somersst {1055) 20,000 Ni& 75000
Wl Miwsikes Youna Americs 1882) 313,000 N 74,000
VT Ciyde Hewport Mo, 11 (18068) 783 000 i EG0000

* Drofars ans sssumed o e in he year the dam was removed.
** Cost of instaling fish passags.

*= Cioatto repair fish ladder,

Source: Trout Unlimited 2001

Investment costs for the adaptation of a fish alzsion

The Common Implementation Strategy workshop conegrimhe WFD and Hydromorphology (CIS
WFD, 2005) suggested that the development of hyaep capacities could be supported first by
the modernisation and the upgrading of existingastfuctures. If this is combined with fish
friendly adaptations of the turbines, down stregh migration will especially benefit without huge
extra costs and without (or with a small) loss wérgy production (Peltier 2003; Fischer, 2001). In
Europe research has been done to develop fighdfyi¢®elton- and Francis-turbines for dam heights
larger than 20 m (Couston, 2003).
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Investment cost of constructing a fish by-pass

The main problems in constructing upstream fistplags facilities are largely economical, although
in some cases, for example in highly populated sar@aat high-head hydro-electric dams the
problems are also technical (Kroes, 2006). Solstiomust first be found in the adaptation of
obstructions before embarking on construction messlihe costs may be lower if fish migration
measures are taken into account from the starhefdesign of the infrastructure/hydropower
installation. A Waterschap Hunze and AA study (2008the Netherlands provides some cost
estimates for fish migration measures (Table 25).

Table 25: Cost estimates for fish migration measun the Netherlands (in euros)

Priority | Name Total costs
1 Fish-f riendly venturi pump 134.000
2 Fish by-passes 50.000-100.000
3 Adapting fish by-passes 100.000-200.000
4, Test case fish migration Polders 20.000
Total 320.000-475.000

Source: Waterschap Hunze en Aa's (2003).

Another study in the Netherlands estimates thefoodish by-passes to range between €50 000 and
€5 000 000, depending on the type of water bodytardpurpose of the fish by-pass (Ruijgrok,
2006).

Elvira (1995) quotes the following cost ranges ddferent technologies or measures: € 22 000 to
€149 000 for pool type; €14 900 to €119 300 fopslg channel; €14 900 to €119 200 for lifts; and,
€222 400 to € 372 800 for automatic lifts.

In Finland a cost-benefit analysis assesses thadtmy installing fish ladders to assist salmon to
migrate upstream of two hydropower plants — thesisieity analysis indicates that the efficiency of
the ladder and the initial smolt survival ratesast critical issues in the assessment (Laineg200

In Scotland the vast majority of the fish by-passese built more than 50 years ago. They have not
retro-fitted any fish by-pass facility and only osmall dam has been built with a fish by-pass in
recent years. The authorities are currently inmgstiround 750k euro per year to refurbish these
facilities. It should be noted that these are t@depecifically at salmon and sea trout. Othecisge
can use them with varying degrees of success.

In general, therefore, investment costs in fishratign measures can range from between €50 000
to €5 000 000.

Opportunity costs

Physical fish guidance systems influence the ougfpuhe power installation by causing a loss of
energy levels. Behaviour changing systems haventioence on the hydrodynamic return of the
power installation. By-passes take a part of tteblesflow of an installation. Little information on
these losses is available in literature.

Hakansson et al. (2004) assume a yearly loss dfISBK (approx. 13 600 000€) at the Stornorrfors

plant (Sweden), with an assumed value of 1 MSEK@p 9000 000€) per day generated by the
daily production of electricity. These numbers laased on rudimentary calculations.
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Depending on the type of fish by-pass the cost atlewlosses can differ strongly. Due to the fact
that for example, the Scottish dams are assocwitédstorage hydro hence the power station is not
located at the dam, the cost of the water lossedasively small. The fish by-passes at the dares a
utilised to pass compensation water into the riviensce the flow through them, although a loss to
generation, cannot solely be attributed to fishspgs. i.e. the river down stream would be dry if
water was not allowed to be discharged. The Sbogtisctricity company mentioned a few stations
where additional water is passed down a fish by @asl therefore loss to electricity generation
occurs. However these examples are at low headflughsites so that the volume discharges down
the pass is relatively small.

The Austrian electricity sector also calculated ltteses on 3 different types of fish by-passes (See
Box E).

Box E Example of Austrian cost-studies for fish by-padee hydro-power dams

Austrian hydropower plants with fish by-passestf@ir dams provided the following information
on investment costs and costs of water losseddotrieity generation.

1)

)

®)

(4)

(5)

(6)

vertical slot fish ladder

200 000

3.8

vertical slot fish ladder

170 000

1.3

lower section: vertical;
slot; middle section:
capped, gently
inclined (gedeckelte
Flachpassage); highet
section: natural-like-
rivulet (naturnahes

Gerinne)

334 600

6.33

13

250

11000

vertical slot fish ladder

70 000

5.3

250

4200

080

combination of
natural-like-rivulet

and vertical-slot-fish-

ladder

380 000

15.8

300

16300

D

158 000

(1) investment cost fish by-pass
(2) height fish by-pass [m]

(3) energy production of the power plant (GWh/a]

(4) allocation of water to the by-pass [l/s]
(5) costs of losses [kWh/a]

(6) cash value of losses (€) (50 years, 6,9% WACC)
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A study carried out to assess the impact of pragdish passage facilities at hydropower plants in
Austria, using different scenario models, estimahed the costs could reach € 90 m (Stigler, 2005).
The study concluded that the economic impacts w&@gly dependent on the type, size and
utilization strategy of the respective hydropowiemp

An Americanex-postcost benefit analysis (Kotchen et al., 2006) fotimel extra producer costs of
changing flow rates from peaking to run-of-riveo, in order to improve habitat conditions
downstream, ranged from $219 132 to $402 0941 pmr.y These costs are due to less
hydroelectricity generated during peak demand, mnde during the off-peak period. This means
that the electricity company had to adjust the rigmof its thermal electricity generation in order t
maintain the same levels of combined peak and edkgproduction.

The production losses at the hydropower plants foestet off in some cases by other power plants
to meet the electricity demand. If this is done thgrmal power plants, it is argued that the
requirements of the WFD will jeopardize reaching goals of climate change mitigation set for the
Kyoto Protocol. Parts of the energy loss could bercome by measures such as energy efficiency
measures or other renewable sources than hydropdweérthese may result in higher costs.
Furthermore, reductions in hydropower productionuldoalso have negative impacts on grid
regulation and back-up for intermittent resoursesh as wind powef?

8.2.2.3 Ben€fits

The efficiency of fish by-passes is measured thnomgnitoring the number of fish by-passing the
obstacle. Fish migration measures are effectivduifing their design not only the hydropower
installation type but also the target species ambldulic conditions are taken into account.

For the moment little information exists on theeeffon fish population levels. The assumption is
that increased fish populations will results inreased benefits for commercial and recreational
fishing.

Use-values

An example from the Manistee river (Kotchen et 2006) reports on the adult fish population of
Chinook Salmon increasing from 28 % to 82% onrreta a run-off-river flow. This was translated
into a higher catch rate. Recreational fishing lienevere then estimated through a travel cost
method to be between $301 900 and $1 068 600 a year

In a study by FERC, US, fishing values for anadrosnepecies ranged from $5 to $40 per day
(1999). Values associated with marginal changdssivery quality ranged between $2 to $153 per
fish caught.

Non-use values

A number of case studies show that people havetaic&Villingness to Pay (WTP) for improving
fish population (Hakansson et al., 2004).

These reports indicate that people are willing ag pxtra for their electric bills just to know that

there is a fish population out there, even thoungly imay never even go fishing or eat the fish. That
is a non-use value, one that should be includegetoa representative set of monetary values for
costs and benefits. More research still needs tddoe to arrive at an acceptable set of procedures

2 personal Communication EURELECTRIC (2007)
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for placing resource values on the environmentsbueces of hydro-electricity dam projects. For
example, the values for each salmon in the Paifichwest may range from $10 to $500 to $900
per fish, depending on how the values are derividtere is still a great deal of controversy
concerning these assessments because, if the igalosv, installing a fish-ladder may not be
justifiable; if it's high, then a fish-ladder cae fustified. (in Hydropower licensed to protect the
environment, interview with Mike Sale and Chuck @i, both of ORNL's Environmental
Sciences Division, US).

Economic benefits of removing small dams

Case studies from the United States illustrate sofrtie economic benefits to be gained by the
removal of small dams. The removal of Ontario DaonT the Kickapoo River in southwestern
Wisconsin in 1992 increased the number of canoeisthe river. In 1999 alone they spent $1.2
million on lodging, canoe rentals, groceries, gad ather items. This revenue helped support 36
jobs in the area. This is of course a very locat-t@nefit analysis. The Ontario dam removal also
resulted in cooler, less silty water, conditionscimietter for trout. Fishing is a popular activity
the watershed and non-local angler expendituresare than $1 million annually. Removing small
dams can be the most cost-effective and biologiaflective approach to restoring fish habitat and
increasing fish populations (Trout Unlimited, 2000n the Consetoga River in Pennsylvania, ten
small dams were removed, improving river habitatatost of less than $12,000 per mile. For
comparison, in stream restoration efforts of fiskbitats — including measures such as bank
stabilisation and installation of fish habitat stures — can cost $30,000 to $50,000 per mile.

In summary we can expect:

* Significant cost savings for repairing and maintagndams (see section on costs);
* Potential for local recreation and growth in toorigiver walks, swimming, fishing); and,
* Decreased costs related to water quality improvésreend fisheries management.

It will need case-specific analyses to evaluate hignthese potential benefits will be.

8.2.3 Analytical review

There are few cost-benefit analyses of fish migratheasures. Most of the studies concerned are
qualitative studies or cost-effectiveness studsegsa comparison of costs and benefits is currently
not possible.

Fish migration measures can go from ‘cheap’ to émgive’, but they may also bring many
economical benefits to society if it is seen in tdomtext of water quality, recreation, fisherieslan
biodiversity, and not only in the context of enemggduction by hydropower. American studies on
small dam removal show that the most cost-effeatmeasure could be to remove the obsolete (i.e.
not in use) obstacles (effective for fish migrataond water quality, and involving low costs).

One may ask four questions about the costs offigination measures:
» Is the infrastructure necessary, still in use?
» Are the costs of the measure in balance with t@@mmental benefits?
» Are the costs bearable by the owner of the hydre@pomstallation or other infrastructures?
* Are the costs reasonable in comparison with thétpraf the installation?

By answering those questions one may come to aetisttive solution for restoring fish migration

routes. Prioritising waters and measures is vernyomant because full restoration of migration
routes in river systems may be a very difficult @agbensive goal. In most cases it is simply not
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possible to resolve all of the problems at once fmdthis reason a phased approach is often

required. Prioritisation for action should be om thasis of criteria agreed at the outset and the
timescales should be in line with those of the WEDnay be the case that more than one solution

might be identified to resolve an obstruction asuhject to an assessment of the costs and benefits
of each, it is preferable to select the most natotation (Kroes et al., 2006 ).

8.2.4 Evaluation and lessons learned

We can conclude from this overview that there great deal of information on different fish by-
passes, but little information on actual costs lagnkfits. This is due to the fact that the buildohg
fish by-pass is very species and location speckigrthermore, due to the lack of knowledge
between the measures and their effect on theftstapopulation in a water body, it is very diffitu

to calculate the benefits. Therefore, to measore fish migration measures can contribute to the
overall WFD objectives, a focus on the effect obswes on the total fish population is needed.

There are no published assessments of the costisesadits of fish migration measures in Europe.
A couple of North American studies, however, pded evidence that the removal of unused dams
or weirs brought benefits to local communitieshia form of improved recreational fishing facilities

A good cost-effectiveness analysis is needed teoendifferent measures:

* removal of obsolete (i.e. not in use) obstacleddcbe cost-effective;

» upgrading the older installations with fish-friemdiurbines could be more cost-effective
than building fish by-passes/ new installationsv@o fish mortality, higher productivity) —
but cannot not accommodate fish that migrate upstrend,

* an integrated approach is necessary for the desfigrew fish by-pass installations and
creation of suitable habitats.

To obtain the objectives of the WFD, measures awonmoeg fish populations need to be taken into
account in different sectors (for example, hydropgwommercial fishing, recreational fishing).

The economical costs in relation to Climate ChaAgkcy targets could increase due to the loss of
electricity production in hydropower. The loss laatricity production with hydropower could make
it more expensive (for example, other renewablexenmvestments in prevention, ...) to reach the
Kyoto Protocol objectives for some Member States.

8.3 Wetlands

8.3.1 Introduction

The WFD stresses the importance of wetlands astagral component of river basin management.
The deterioration of wetlands is for some wateriémane of the reasons for the degradation of
water quality (due to higher rates of erosion, lesgient retention), decline in coastal and rineri
flora and fauna populations, decline in groundwdésels and an increase in flood risks. So
wetlands are on the one hand the subject of protectvhereby measures are taken to prevent
deterioration (i.e. a maintenance measure). Orother hand, wetlands can be newly created for
water treatment, flood protection and other funtdi¢i.e. an investment measure).

The importance of wetlands is also stressed irr ddyeslation and agreements. Member States have

reported on the wetland areas protected under &AM3AR Convention (Figure 23). In addition,
there are more than 5000 constructed ‘treatmetibnds’ across Europe (US-EPA, 2004).
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Figure 23: Number of RAMSAR sites reported in Eer(@ource: EEA 2006)

8.3.2 Overview of costs and benefits of wetlands

83.21 Overview

There are several individual studies on wetlandiatidn and wetland restoration. It is not the
purpose of this study to sum up all the individstdies on wetland valuation, but to review the
information on costs and benefits of wetlands latien to the Water Framework Directive.

According to the Horizontal Guidance on the rolenaftlands in the WFD(2003): “The protection

and enhancement of surface water and groundwaliebevachieved through the application of the
Directive’s environmental objectives, and whererappate through the use of wetland protection
and restoration to help fulfil these objectivesancost effective and sustainable manner.” As
wetlands are a crosscutting issue, the purposehisf Guidance is to elaborate a common
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understanding of the WFD requirements regardinglawds and identify their role in its
implementation.

EUROWET (2005) is a specific support action onttiematic priority “consolidating knowledge on
the role of wetlands in the water cycle.”. The gtslresses the evidence of wetland functions
playing an important role in River Basin managemditte use of wetlands to achieve pollution
control, alleviate the impacts of floods and drasghchieve sustainable coastal management, and to
enhance groundwater recharge could help in aclgetire WFD objectives. The Technical
Guidelines of EUROWET attempt to address the mgjaif the topics to be revisited or further
developed, that were mentioned in the CIS Horab@uidance document. Also socio-economic
values are taken in consideration.

EVALUET + WEDSS (Wetland Evaluation Decision Supp®ystem) links a functional assessment
knowledge base with methods of socio-economic w@inawithin a GIS environment. The
knowledge base carries out assessments of hydealpdiiogeochemical and ecological wetland
functions using data which can be rapidly gatheredesk studies or field visits. By integrating
functional and valuation information within a siagiool, decision makers can consider all of the
relevant information within wetland management aad fully consider wetlands within integrated
catchment management. This is done by multi-catanalysis.

In the Netherlands (Decembernota 2006) a study ast-luenefit analysis for different ambition
levels of complying with the WFD also takes hydropfwlogical measures into account. It
estimates the costs and benefits of a packageesétmeasures combined with other more technical
measures. In the context of the development ohg term vision for the Scheldt-estudfghe Dutch

and Flemish governments used cost-benefit anadygisstrategic environmental impact assessment
to evaluate the use of floodplains and wetlandsfltwrd protection and nature development (De
Nocker et al., 2004).

8.3.2.2 Costs

Investment costs

Costs to restore or to develop wetlands are vagtion specific and depend on the type of wetland.
Restoration of floodplains may need expensive stfueture works, whereas other wetlands may
need only small interventions to restore or opteamigtland functions.

A cost-benefit study for creation of floodplainsdametlands in the Scheldt Estuary showed a range
between k€ 30 and 400/ha. Creation of natural fdeids and semi-natural inundation areas for
flood protection are among the more expensive @mescosts were estimated to cost k€ 150 —
k€400/ha. The upper part of the range is due tcagion of levees and sluices behind the flood area
to protect against more extensive flooding. Creatd minor inland wetlands in Flanders (for
example, wet meadows) are much cheaper and wenregsd to cost approximately €30 /ha.

Opportunity costs

In addition to the restoration or creation costhaf wetland itself, there are also costs concerthiag

% see The Scheldt Estuary Development Outline 20t@w.proses.be
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loss of land for the previous user. The value tmiety of the loss of agriculture land dependshen t
suitability of the land for agriculture (which iftected in the type of crops grown) and how
important it is for the farms affected. In thedstuor Scheldt, this is estimated to be on average
€30K/ha, but with a wide range depending on thexgrown. (De Nocker et al., 2004). Pasture, or
meadows close to the river is likely to have a lowaue for agriculture than farm land used for
more valuable crops.

In general, restoring wetlands is cheaper thanldpirg new wetlands with costs ranging between
$9 000 to $200 000 per hectare. These costs irengdls the planting of trees and shrubs. Initial

construction costs of treatment wetlands are x&lhtiow compared with traditional water treatment

systems, because wetlands require little maintenawthat long-term costs are also quite low. The
cost of a constructed wetland is proportional ® tiamber and sizes of treatment cells required. In
general cost estimates range from $86 500 to $80@6r hectare (USEPA).

8.3.2.3 Ben€fits

As part of the Programme of Measures, wetland iorgatestoration and management, may prove a
cost-effective and socially acceptable mechanism Helping to achieve the environmental
objectives of the Directive [Article 11.4; Annex \Rart B(vii)]. Wetlands have the potential to offe
benefits in terms of different “goods and servicé@sdy provide - flood prevention, nutrient and
pollutant load abatement, wildlife protection, tisan and recreation (De Groot (1992), Costanza et
al. (1997), Gilbert and Jansen (1998), Brouwell.€t1899), Barbier (2000), Turner et al. (2000)):

* Wetlands can be valued using the ecosystem funefppmoach, as explained in Section 3.
The first step is the identification of the relevdanctions that link wetland ecosystem
structures and processes to their various usesiredfto as “goods and services”. The
valuation involves four stages: an assessment efptitential provision of the goods and
services by the wetland;

* Determination of the extent to which the wetlantuatly provides the goods and services,
and what the effect would be if the wetland weraoeed:;

* Identification of the actual impact on human wedfaf the goods and services; and

* Estimating the economic value of the goods andcesy

The relevant benefits categories are:

* Wetlands improve water quality in nearby rivers astteams (nutrient retention,
sedimentation, reducing erosion). The naturabtfiion process can remove excess nutrients,
making it healthier for drinking water, bathing asdpporting plants ad animals. The
Morava floodplain (1727 ha) in Slovakia removesuargity of nitrogen from the watershed
equivalent to a removal by a treatment plant withivestment cost of €7 million. The
estimated monetary value (on the basis of replantmests) of the nitrogen sink of the
wetland is around € 682K per year.

* Wetlands can play an important role in water gquanssues for example, recharge of
groundwater bodies, flood protection. They haveaiéty to store flood waters. After peak
flood flows have passed, wetlands slowly releagedtored waters, reducing the risk of
property damage downstream or inland. A cost beaehlysis of flood protection measures
to prevent the flooding of the river Scheldt, Belgi estimated that the creation/restoration
of 1800 ha of controlled inundation area would hawetal flood protection benefit of €648
million until 2100 (Vito-RA-IMDC, 2004).
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* Wetlands offer a number of commercial goods sucmaterials (wood, reed...) and food
(fish, shellfish, plants). Two thirds of all fitonsumed worldwide are dependent on coastal
wetlands at some stage of their life cycle (souRRamsar website). Wetlands provide a
consistent food supply, shelter and nursery grodiodboth marine and freshwater species.
In the River Rhine Basin the fish production fuoaotidue to wetlands was estimated to be $
1.7 million per year.

* Wetlands offer recreational benefits for hikingdoivatching, fishing...

* In addition to the use-values, wetlands offer apartant non-use value. A large number of
contingent valuation (CV) studies focus on the asd non-use values of wetlands (see
Crowards and Turner, 1996 and Brouwer et al., 2003 review). Pate and Loomis (1997)
found that WTP for a wetlands improvement prograr@alifornia, USA, is about €183 per
household and that this value decreases as tlandestrom the site increases. Oglethorp and
Miliadou (2000) for example found the that mean gegpita WTP per year for use and non-
use values of Lake Kerkini in Greece was €22.5allin Brouwer et al. (2003) used
30 wetland CV studies to conduct a meta-analysiweatfand valuation studies. They found
that use values (such as flood control, water georand water quality attributes) had a
stronger influence on the WTP than non-use elemamth as the biodiversity function of
wetlands.

The societal value of wetlands is also determingdhe actual level of provision of goods and
services, the availability of substitute sources @xample, other natural areas, recreation aread),
society's preferences (EUROWET Technical Guidance).

8.3.3 Analytical review

There are many on-going studies on the valuatiomedlands in Member States and at the European
level (for example, WEDSS, EUROWET). A large numbEexamples are given on the valuation
of functions of existing wetlands, and a smallember on the future benefits of restored/created
wetlands. They all provide evidence of societaliedbr specific wetlands. Protection from external
threats for example, housing development, irrigatindustry and mass tourism requires a different
strategy than restoration or enhancement.

The total costs of wetland construction are betw&3¥00 to €400 000/ha depending on the location
and the need to replace flood protecting infrastmaes needed to protect people living close by the
rivers.

Total benefits may differ from wetland to wetlandpénding on which goods and services are
provided. In Figure 24 average global values avergbased on sustainable levels taken from two
synthesis studies: Schuijt and Brander (2004) l{catied for 2000) and Costanza et al. (1997)
(calibrated for 1994), together covering over 2@8ecstudies. Most figures are from Schuijt and
Brander (2004), except the aesthetic informationise and climate regulation. The overall total for

the services assessed is 3 274 US$/halyear, bubthi includes not all possible goods and sesvice
so it is certainly an underestimation (De Groatlet2006). In a Dutch policy study the mean value
for Natura 2000- projects is about €4000/ha/yeaik2006).
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Figure 24: Total Economic Value (TEV) of the matngy/stem services provided by wetlands
(US$/halyear)

This type of indicator data need to be handled watte:
* First, the results of these show that wetlands wihgr a potential for a wide range of
benefits, but it needs to be examined in each tcastich extent these benefits are relevant.
» Second, most of these benefits are marginal beneaiitd may no longer be relevant or as
much important if more wetlands are developed.
» Third, benefits that relate to avoided costs, ®gflooding, can only be reaped if it replaces
additional flood protection measures.

These indicator data illustrate the potential fosipve benefit-cost ratios provided most of the
benefit categories are relevant and significant @gts are not extraordinary. For example, in the
CBA of flood protection measures in Belgium (Vité\RMDC, 2004) the total costs of 1800 ha of
inundation area were estimated to be € 151M, wathltdiscounted benefits (flood protection
benefits and other goods and services providebdgtosystem) estimated to be € 530M. A similar
study using the same approach and assumptiongdalstified a number of more expensive projects
for which there is no evidence that benefits wiltweigh the costs (De Nocker et al., 2004)

Inclusion of wetlands in WFD-process and link vadst-effectiveness requirements

Although a wide range of studies shows that weHaa@ cost-effective and have multiple benefits,
it is not guaranteed that these benefits will iy faccounted for in the WFD-process of selectién o
measures. The network of European experts in EURDWAS been consulted to evaluate the extent
so far of the actual inclusion of wetlands in thgliementation of the WFD by Member States. The
general impression from that consultation is tleatthe majority of the Member States it is not yet
clear to what extent wetlands will form part of thievironmental objectives, or the programmes of

102



Costs and benefits of specific WFD measures

measures (EUROWET Technical Guidelines 2005).

In principle the selection of the most cost-effeetsets of measures under Article 11 and Annex IlI
of the WFD will be done through a cost-effectivenesalysis. The problem here is that a cost-
effectiveness analysis of measures does not alwalysate the full potential of wetlands. Due to
their multi-functionality they may help to achiewdfferent policy objectives at once (WFD,
NATURA2000, RAMSAR, flood protection, European MaeiStrategy, CAP.). For example, the
restoration of floodplains can be a good opporyutit combine flood protection and increasing
biodiversity and the restoration of hydromorphotadiimpacts of former flood protection measures.
Studies indicate that especially for some areals WNMWB, the creation of wetlands may make it
possible to achieve good ecological potential.

8.3.4 Evaluation and lessons learned

The majority of the Member States do not have defmrmation on to what extent wetlands will
form part of the environmental objectives, or thegoammes of measures. That is why the
Horizontal Guidance on Wetlands and the Techniaaild@ce of EUROWET can play a role in
promoting the usefulness of wetlands in the impletagon of the WFD for some regions.

The greatest value from the measures involving ametl enhancement (creation, restoration,
management) is in the multi-purpose solutions tlo#er (i.e. solutions for different policy-
objectives). Studies indicate that especially fmms areas with HMWB, the creation of wetlands
may make it possible to achieve good ecologicadmail.

Studies show that benefits can outweigh costs geavithese benefit categories are relevant and
important, which requires assessment of marginstiscand benefits of the proposed projects. The
different socioeconomic benefits linked to the @iéint solutions wetlands offer are not likely to be
included in classic cost-effectiveness analysisst®enefit- analysis offers a chance to make the
values of wetlands and other environmental measwagsparent. It is a good illustration of the
conclusions given in Section 6 that existing vatrastudies can be seen as the building blocks for
further work. A cost-benefit type of framework whlelp to identify these categories, but it will dee
further steps to quantify and monetise these, Imgjldn literature and site specific studies.

8.4 Summary of key points

Fish migration

Fish populations will benefit directly from the aglhement of improved water quality, but additional
measures are needed to promote fish movementedmnfgbreeding grounds to fully reach a GES.
The potential measures to improve fish migratiory\feom the removal of obsolete (i.e. not in use)
river obstacles, building fish by-passes and adggtnanagement of) hydropower installations.

Based on current information, it will be challengjito assess costs and benefits of fish migration
measures as it will require a number of specifigecstudies to develop economic assessment tools.
As costs are site and species specific, they maybeaceasily transferable. The main challenge,
therefore, will be to assess the effectivenesa®hteasures and the related benefits.

Literature indicates that the following steps collelp to achieve the objectives of the WFD

concerning fish populations (Ovidio and Phillippé©02)):
» removal of obsolete (i.e. not in use) obstacles fiver could be cost-effective;
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* improve the fish by-passing possibilities withoutilding technical fish by-passes for
example, for downstream migration upgrading theewolohstallations with fish-friendly
turbines could be more cost-effective than buildfisly by-passes (lower fish mortality,
higher productivity) - although

* an integrated approach is necessary for the degigrew installations with fish guidance
systems and by-passes, as well as the creatiagshdhdbitats.

Wetlands

Although a wide range of studies show that wetlearéscost-effective and have multiple benefits, it
is not guaranteed that these benefits will be fallgounted for in the WFD-process to select the
Programme of Measures. The Horizontal Guidance etlamds and the Technical Guidance of
EUROWET need to be used to reinforce the role dfamds in the application of the Directive and

to provide additional information and motivationr fthe appropriate bodies to reconsider the
position of wetlands within the context of the ¢abent approach promoted by the WFD.

As the benefits from wetlands are very differernging from flood protection, water quality,
hydro-morphology, biodiversity, amenity, etc. itrist straightforward to take all these issues into
account in the more traditional process of thectiele of measures or a cost-effectiveness analysis.
A cost-benefit type of framework will help to idé@gtthese categories, but it will need further step
to quantify and monetise these, building on litegratand site specific studies.

Both cases illustrate the conclusions concerning@aic analysis reached in Section 6.
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9 COSTS AND BENEFITS OF SPECIFIC WFD MEASURES
RELATED TO AGRICULTURE

9.1 Introduction

From an agricultural perspective, diffuse pollutiavith nutrients and hydro-morphological
modifications appear as the main pressures on \Baies leading to a potentially significant risk
of failing to meet the WFD objectives. In termsmoiftrients,nitrogencompounds are considered to
have a greater impact on water than phosphorus @onas inputs. Howevephosphorusan also
induce pressures, particularly if it coincides vgtil erosion. Indeed, phosphorus is mainly linted
particles of soil and can be transferred to theatigenvironment in areas particularly concerned by
risks of erosion. In many agricultural areas, phasps is accumulating in soil and can eventually
reach levels such that significant amounts wilthkegor already have leached) from the soil towards
the aquatic environment. This contributes to euticgtion problems in surface waters.

Agricultural activities such as irrigation, drairagnd land reclamation can disturb the naturalmwate
balance and thus represent important pressuresaber wodieslrrigation as part of intensive
agriculture, including horticulture, has often kedan unsustainable use of water in some regions in
Europe. Especially in the southern EU Member Staitegation increases the risk of over-
exploitation of the available water resourceand drainagecan have a variety of impacts on
hydrology and water quality, depending, among athen the techniques used and the type of soil.
In the following section, we therefore consider tsts and benefits of improving water quantitative
status through measures targeted at irrigationrwesi in agriculture.

9.2 Costs and Benefits of improving irrigation methodsand management

9.2.1 Current information

At the European level, irrigation is the main watensumer in agriculture, accounting for around 35
per cent of total water abstraction in the EU (EE®@03). Since the 1980s, the area of irrigated
agriculture has risen almost consistently, mostlfiance and Spaffi.

Based on abstraction rates and irrigable aredRBBIA assessment prepared by EEA estimated the
annual water allocation rates for irrigation. Thegre grouped into Northern and Southern EU-15
Member States, each with different amounts of wallecated for irrigatior’r.5 In southern EU-15
Member States, the water allocation rate decreslégiitly from 6,578 to 5,500 frper hectare per
year between 1990 and 2000. During the same pdtedyater abstraction rate decreased from
69,103 to 66,424 million aner year, while the irrigable area increased frifrb to 12 million
hectare (EEA 2005b).

The 41 regions with the highest use of water foicatiural purposes (more than 500 milliori per
year) are located in Southern Europe. 21 of theseestimated to require more than 1 000 million
m® water per year for agriculture. Conversely, in%0of the regions in Northern Member States,

4|t should be noted that the water abstractionitsédf is not an indicator of water stress or wasgarcity, as

it does not reflect water availability. “Water stity” refers to long-term water imbalances, combinarid or
semi-arid climate (low water availability) with evel of water demand exceeding the supply capatitiie
natural system; for more information, please réfethe outcome of the CIS water scarcity draftimgug
(Environment Council, 2006).

% Northern EU-15 comprises AT, BE, DK, FIN, DE, IHJX, NL, SWE and UK; southern EU-15 comprises
FR, GR, IT, PT and ES.
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abstraction rates are estimated between 0 and B@myear (EEA 2005c).

At the same time, the availability of fresh watempglies may be reduced in the future as a
consequence of the changing climate. In regionsat@already experiencing water scarcity today,
this is expected to exacerbate the competitiorséarce water resources among different uses, and
may limit the development of some sectors. In aolditwater scarcity is expected to become a
seasonal problem also in regions that have not tafacted up to now, for example, the
Brandenburg region in Germany.

In regions experiencing water scarcity, over-alosiva of groundwater may become problematic,
leading to water table depletion and salt-wateamusion of coastal aquifers. Over-abstraction from
surface waters may lead to environmental damageaube of lower flow rates of rivers or
decreasing water supply to wetlands.

In economic terms, the average productivity of waised for irrigation may be lower than in other
sectors, such as industry and services. In Spairgxample, average productivity of water used in
the agricultural sector was just above 1 Euro p&rommpared to a national average of 30,80 Euro
per m (MMA 2007, p. 63). Although these are averagerégy and the productivity of agricultural
water use will be higher for some crops in someaoregy in general, water use by other economic
sectors or in private households will deliver aheg value added per cubic meter of water
consumed. If scarce water resources are allocatddrigation, thereby limiting other uses, the
foregone value added of those other uses constitilte opportunity costs of using water for
irrigation. The Water Framework Directive (Art. Pjoposes, among other instruments, improved
water pricing and cost recovery to address suchami problems of agricultural water use. In this
context, insights into the costs and benefits @péidg farming practices to improve quantitative
water status are crucial. This extends beyond measiat improve the efficiency of irrigation
methods, but also includes water-saving measuegtddiget water demand, and policy instruments
that influence the economic and legal conditiondeunwvhich farmers operate.

Currently, Member States have not decided whichsomes will be selected to reach the objectives
of the WFD. In principle, a number of measuresarailable to improve the quantitative status of
European water bodies. This section only focusesr@ation in agriculture, as this is one of the

main water uses in those parts of Europe that expmr water scarcity — clearly, potential for

reduced water use also exists for industrial waisgrs, private households, municipalities and
services (including tourism).

Within agriculture, a range of measures exist tprisme water quantitative status. Such measures
may either address the efficiency of irrigation evadpplication and reduce losses, they may reduce
irrigation water demand by changing crops and afiton practices, or they may change water
supplies. In detail, this includes the followingpé&g of measures:

» Technical measures often apply to irrigation inimasture, and mostly aim to produce the
same output with less water input — such as switcfiiom spray to drip irrigation, or from
surface flow to pressurised irrigation. More sopbaged irrigation systems generally entail
high capital investments for farmers, but can des®e water use per crop output
significantly. Measures to increase the efficiemgyirrigation systems can be applied at
different points in the system. In general surfat@ation techniques have water use
efficiencies of around 40-50 per cent, whereas prassure sprinklers and drip emitters
achieve efficiencies of around 90 per cent (ISTAD& p72). By improving the application
of irrigation water on the field (including adaptat to wind and sunshine conditions), it can
be ensured that irrigation water reaches the pigotimally. By timing the application
according to weather conditions and soil moistirean be ensured that irrigation water is
applied in the right quantities at the right time.

* More controversial are measures that open up neplies of fresh water, such as water
transfers from abundant regions to water scardemsgor the use of groundwater instead of
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surface water. In addition to their possible negatenvironmental side effects, such
measures may require considerable capital invessmdieasures such as the Spanish
Hydrological Plan have therefore been subject ofsierable criticism, and have sparked
resistance in some instances. A less critical aptoo opening up ‘new’ supplies is to use
recycled water instead of fresh water.

On the demand side, farmers may reduce their veat@sumption by changing from water
consumptive products such as cotton, rice, maizeadco or vegetables to less water
consumptive products such as wheat and barley.dtitian, a reduction in intensive
livestock husbandry may decrease demand for watensive cropping of rotational forage
and maize as both crops together can make up &@es of irrigated land (for example,
reaching up to 36 per cent of irrigated in Ital$TIAT 2006, p73)). For some crops in some
regions, demand reductions may also be achievedhbanging the timing of cultivation
within the year, to better align the growing seasath precipitation patterns (for example,
winter cultivation instead of spring cultivatiol)hese changes can be accelerated by policy
instruments that provide an incentive to switchidss water-intensive products (see also
next bullets).

Economic instruments change the incentives for wasers. This can be achieved for
example, through subsidy reform, through compemggbayments, or through incentive
water pricing as prompted under the WFD. The lagdtoa includes volumetric pricing,
irrigation taxes, quotas, tradable or time-limitgastraction permits, tradable water rights,
water naks (water trade centres) etc.. Water @sergxpected to respond with different use
patterns to such measures. Such options require samd of metering and enforcement
mechanism, leading to high administrative coststht same time, investment costs are
relatively low. Common to all of these instrumergsthat they encourage farmers to use
their water allocation most efficiently.

Regulatory instruments prohibit irrigation in padiarly sensitive areas or at certain times.
Passing a regulation as such entails little adtmatise costs, if no compensation is
required, but may cause considerable administraffet for compliance monitoring and
may represent a considerable burden to the regulsdeties. Related to this are the re-
allocations of water rights among water users.

Advisory services, education and training measaresflanking measures that can support
the adoption of other measures, in particular teeathrmeasures to improve irrigation and
demand-side management through different cropscaltigdation patterns. This ranges from
on-farm advice to changes in the curricula of vioret training and agronomic studies.
Such measures, which are applicable at the loegliomal or national level, may be
supplemented by measures at the EU level, sudmea@urther) decoupling of payments to
irrigated crops. These measures would effectivefetion similar to regulatory or economic
instruments adopted at the national level. Finaiygtering of water abstractions is often
named in this context of improved irrigation wateanagement. While metering itself does
not improve water quantitative status, it is aneaial precondition for the economic and
regulatory instruments, as well as some of thertieah measures explained above. Such
approaches would also help to improve the manageofarrigation networks run by the
state or user associations.

9.2.11 Cost of agricultural measures toimprove water quantitative status

In many instances, WFD implementation may involveeallocation of water abstraction from
agriculture to other sectors, and will tend to @ithe amount of water available for irrigation.
While it is not yet known which measures the MemBeaites will employ to achieve the WFD
objectives, which renders an estimation of costsenddficult, the following types of costs that can
be expected:

Operation and maintenance cost, for example, ifenedficient irrigation equipment requires
better or more maintenance;
Capital (investment) cost, esp. if more efficiemigation requires investments in irrigation
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infrastructure;

* Private transaction costs, i.e. costs incurred IBgrsi to ensure their compliance to
regulations such as monitoring and control;

* Public transaction costs such as administrativet, cespecially for monitoring and
enforcement of water abstractions or costs for ldpieg and implementing policy
measures;

* Income losses if less irrigation leads to lowerpcrgelds, or if farmers switch to less
profitable crops;

* Wider economic impacts or externalities (seconceorffects), that arise for example, if
farming becomes economically infeasible in a redyenause of restricted abstractions, and
farms therefore convert to a less profitable fagrspstem or close down;

» It is conceivable that reducing water abstractitmsirrigation will lead to environmental
costs, but this will rarely occur and therefore hasn neglected.

In the following, these cost categories will becdssed in more detail.

Operational and maintenance costsnclude labour costs as well as inputs such asggner
lubricants and spare parts. Considerable operatimsss can be expected for measures that include
desalination measures, which is a highly energgnsive process (Downward and Taylor 2007).
Albiac et al. (2005) calculate a cost of desalidateawater at 0.52 Euro/m? for the conditions & th
coastal regions of South-East Spain. Pumping adsggoundwater under the conditions in South-
East Spain, in turn, are much lower and lie witthia range of 0.09-0.18 Euro/m® (Albiac et al.,
2005). While these figures also include capitakstment costs, these should be comparatively low
as energy makes up the lion’s share of the costsntbhance costs for example may include the
cleaning of irrigation canals and pipes or the regldeakage points and sprinklers.

It is often argued that traditional irrigation systs are more labour intense and modern irrigagon i
more capital intensive. Measures that modernisgaition systems will therefore tend to increase
energy and maintenance requirements, which, howehamuld be compensated by an improved
efficiency of water use.

Operational and maintenance costs may in partesattributed to the farming activity, rather than
to any specific water quantity measure employed.example, application rates of irrigation water
have to be controlled regularly, irrespective ofatvguantity control instruments are in place. This
may be facilitated by metering. Nevertheless opanat and maintenance costs of water quantity
measures can be borne by different entities. Ifsmess require changes in the management of
irrigation infrastructure and facilities, operattrand maintenance costs may be borne by water
associations, private water suppliers or publicié®{Garrido 2002). The latter are often respomssibl
for large irrigation infrastructure projects, whasethe others are commonly found at regional and
district level (Garrido 2002). For commonly or pighl shared infrastructure operational and
maintenance costs may be reflected in water poces taxes or levies users are charged (Garrido
2002). However, an adequate attribution of sucheedjiure to individual water users depends on
the availability of metering systems. At the lee¢lindividual water users (farms), such metering
systems are often not in place (Interwies et 8062 p. 20). While metering systems are essemtial f

a water pricing system that provides incentivesafonore efficient water use, such systems may be
costly to implement (Dinar and Mody, p. 116). Opéian is therefore to subsidise the installation of
metering equipment. This was practised for examipjethe French Loire-Brittany water agency
where up to 80% of the costs of metering equiprrestallation were covered by grants (Baldock et
al., 2006, p. 105). Using metering for irrigatiommagement implies operational and maintenance
costs, though setting up metering systems incygat&osts.

Capital costsare financial costs incurred when investing intioastructure such as irrigation canals

% Baldock et al. 2000 mention some cases where bigluaabitats co-evolved with traditional irrigation
systems, which might be negatively affected ibation is reduced.
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or facilities and equipment. These costs inclugefthancial capital, interest payments as well as
depreciation. However, the running costs of exgstifrastructure are not the focus of this repiort:
this understanding, capital costs arise where campd with WFD requirements or adjustment to
changed circumstances necessitates additionaltmeass for the improvement and adaptation of
existing systems. This includes investments intev hechnological measures liked drip or spray
irrigation, or for improvements in existing irrigan infrastructure, such as sealing irrigation ¢ana
or implementing pipelines instead of surface cesritn practice, the distinction between the capita
costs of existing irrigation infrastructure and ipgoent, new investments into additional
infrastructure and equipment, replacement of oldl @epreciated infrastructure and equipment, and
investments into improvement of existing infrastame and equipment will not be clear-cut.
Likewise, it may not always be possible to cleadite capital investments to single measures or to
single purposes, such as water quantity contral.ekample, drip irrigation technologies which are
often combined with fertigation technologies to noye the efficiency of usage of other inputs such
as fertiliser and pesticides.

Capital costs of water quantity measures may beebby various groups. Investments into irrigation
equipment is often made by single farming busiresgmwugh there might be some scope for joint
investment between farms. Facilities such as weirgther infrastructure are often owned by water
associations, water utilities or public bodies. tjathese entities charge users for using their
facilities and infrastructures and partly users @@wners. However, large scale infrastructure for
irrigation and domestic and industry water suppbstly requires very large capital investments and
are thus traditionally financed by national statésch often do not recover their capital costs with
water pricing (Massaruto 2003). Since such investsare long-term and consist of large sunk
costs they lead to strong path dependencies ahdshitiching costs. Indications of capital costs per
water volume delivered may be derived from figusesh as those provided by Albiac et al. (2005),
who estimate costs of water, which has been digdnam the river Ebro by a expensive canal
system, ranging between 0.20-1.05 Euro/m? deperafintdpe distance of the abstraction point from
the river. While these figures do not only refleapital costs, capital costs do constitute a nagot

of the additional costs (compared to locally preddvater). Albiac et al. (2005) also refer to the
proposed AGUA project in Spain with estimated irment costs of 1.2 billion Euro for a 600hm3

desalination capacity, half of which is dedicatedifrigation purposes.

Private transaction costs arise to private bodies or individuals ideorto comply with regulations.
They include monitoring and control, but also skamd information costs.

Although these costs are relevant for farmers, maser associations, water companies and other
water users, they are not always readily availablenonetary units. This is due to the fact that
information and search costs are often not includettheir entirety in private budgets. Thus, often
transaction costs have to be traced back to efBpént in terms of time and then be valued in
monetary terms. In addition, it may not be deteladiby a specific measure that pays the transaction
costs. Some cost components such as informatitveigag and provision may also be carried out by
public bodies, which will reduce private transactioosts. There is also scope to minimise
transactions costs through regulatory and techmaicahgements, if regulation is designed in such a
way that it requires less compliance monitoring eotrol.

Public transaction costs consist of those costs which public orgaioisathave to cover when they
develop, implement and maintain policy measurese\Rat transaction costs are monitoring and
enforcement costs and costs of developing meadarggting agricultural water use. Water
management projects carried out by public bodiegxample have to be based on site surveys and
require effort to find suitable design of projeatkich contribute to ex ante public transaction sost
(Dubgaard et al., 2005).

Public costs of developing new measures targetiagemguantity impacts consist of information

gathering and processing for the use by decisiokersaand running the decision-making process
until measures are ready to be implemented (segy/Riteal., 2002). It should only include the costs
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of obtaining and processing new information, whitlowever, in parts may be derived from
monitoring results of measures already in placét projects and so forth. A further public
transaction cost component would then be the dosifarming affected parties such as farmers or
water companies about the measures to be implethamig their specifications. Monitoring costs
are relevant to find out how affected parties respi implemented measures, and to measure their
impacts. Monitoring costs are closely related totom costs which are the costs of determining the
degree of compliance with measures. Enforcements @e those public transaction costs which are
incurred with the activities that aim to ensure pbance of affected parties (for example,
commissioning sanctions and fines). A further teatisn cost component relating to enforcement
are incentive payments for example to farmers whpley water saving measures.

Income lossesarise from measures that restrict water use angl taduce output (either because
intensity is reduced, i.e. less of the same craopbeaproduced, or because farmers have to switch to
less water-consumptive, but also less profitabtgpgr or because the cultivation area has to be
reduced). However, measures that restrict water wafleoften be accompanied by incentive
payments aiming to compensate for foregone incovh&gh need to be subtracted from the income
losses.

The introduction of higher water prices for exampiay force farmers to reconsider their cropping
strategies to prevent income losses or to mininiiesn. Under Mediterranean conditions, the
introduction of higher water prices for irrigatidarming often makes cereals and crops such as
sunflowers and cotton unprofitable, but also woadgps, such as grapes and orchards may be
affected. Albiac et al. (2005) for example estintate in the coastal regions of South-East Spain, a
increase of irrigation water prices in the rangddf2 - 0.18 Euro/m3 will lead to a drop of water
demand by 500-600hm? - or 20 — 24% of the curremtahd of 2,550 hm3. This will be mainly due
to the abandonment of cereals and reduction of waoaps. This would entail a loss of quasi- rents
of farmers in the range of 300-400 million Euro,iethis a significant share (18 — 23%) of
agriculture’s current quasi-rent of 1,711 millioarg in the region. With a loss of 408 million Euro,

a prohibition of groundwater overdraft in the regiwould lead to similar income effects for the
farming sector, although water consumption woully be reduced by 422hm?3 (Albiac et al., 2005).
However, in the case above a combination of paicevering, desalinisation, water markets and
overdraft banning should lead to considerably lomeome losses of 83 million Euro per year,
whilst lowering consumption by 362 hm?3 (Albiac &t 2005).

9.2.1.2 Benefits of improved water quantitative status

In terms of benefits, achieving WFD objectives enmts of water quantitative status may yield the
following types of benefits:

» Scarcity rents: as noted, resource costs ariseaifce water resources are not put to their
most productive use. Achieving a more efficienbedition of water resources will therefore
deliver scarcity rents in the form of an overatirieased productivity of water use. Scarcity
rents are essentially internalised resource caatd, could thus also be considered as
resource benefits;

* Environmental benefits: reduced abstraction of axefwater will, on average, lead to
increased flow levels, and will reduce the numbedays with low flow. Increased flow
levels are conducive to the chemical and biologaguality of water ecosystems, because
pollutants and salts are less concentrated. Theeased flow and associated quality
improvements yield benefits for associated wat&susuch as angling, water sports and
other recreational uses. But benefits also ariseesihe environment itself is also a “water
use”, for example, in wetlands that are at riskalnse of water over-abstraction. Finally,
soils may benefit in those instances where irragationtributed to soil salinisation or to soil
erosion. In the latter case, there is an indiiegttback to water quality (through the negative
impacts of eroded sediment on water quality).

* Benefits of improved water availability: By limitin over-abstraction, but also through
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measures that enhance water retention in upstresas,aNVFD implementation may increase
the availability of water in dry seasons and redineevariability of flow rates, and thereby
act as an insurance against water stress.

* Wider economic benefits on other sectors sucheaghicultural supply industry which may
for example be able to sell more sophisticatedation equipment to farmers.

* Administrative and organisational benefits: whhestcategory escapes quantification, it can
be argued that the improvement of administrativeicstires in the course of WFD
implementation (for example, improved informatio@sk, introduction of monitoring
systems and, possibly, abstraction regulation atcijself constitutes a benefit, especially
where no adequate systems were in place before.

The different types of benefits will be discussedjieater detail in the following.

Scarcity rents (resource benefitgrise if measures to improve water quantity stattect water to
uses that are of greater economic value. Thus,rwadg be used directly in production processes
and be incorporated in the final product — whiclihie case with irrigation or food and beverage
production. Water may also be used indirectly,dxample, as cooling water in power generation or
irrigation of lawns. Some activities can produceyirsg amounts of excess water that is returned
into local water cycles and thus can potentiallyréesed. It is thus difficult to distinguish clearl
between opportunity costs of using water resouircesway that they can potentially be reused, and
using them in such a way that they are used ugs iSHurther complicated by the fact that scarcity
rents need to distinguish between upstream and stosam water uses. On the catchment scale,
scarcity rents are potentially greater if sharesarf-extractive uses are high in upstream areas.

In addition, non-extractive water use can alsocaffee quality of water. For example, this can be
expected with excess irrigation water which maytaion pesticides and surplus nutrients from
fertilisers. Likewise, the discharge of cooling eminto water bodies can have environmentally
adverse effects since it may spurt algae growthraddce oxygen levels of water. Such water uses
may therefore not be considered as entirely noraettve as they may affect further use values of
water. By contrast, other uses of water such agatonal fishing, navigation or water sports do no
entail such negative externalities.

In general, those who generate the highest vahra fvater use are also set to receive the greatest
scarcity rents from water quantity measures. Ségéudies suggests that greenhouse horticulture in
Mediterranean regions generates often high vakogs the use of irrigation water. For example, in
order to curb water demand, water prices for greesé agriculture in the Almeria region of South-
East Spain need to rise by as much as 3 Euro/ne® $he high profitability of the vegetable crops i
the region implies shadow prices of irrigation watethe range of 3 to 5 Euro/nfAlbiac et al.,
2005). However, such high marginal values of itimawater can be considered as exceptional. By
comparison, agricultural structures are very ddférin many parts of inland Spain, where
agricultural activities in inland are often of emséve, operate a low margins of productivity, and
depend on payments to keep their operations gdidgA 2007, p. 15).. In these regions, marginal
values of irrigation water are more than 10 tinmsdr and range between 10 - 20 cents per cubic
metre (Albiac et al., 2005.

Few studies compare the social and economic dffigieof surface and groundwater irrigation.
However, those that do, point to a higher sociaaecac productivity of groundwater-irrigated
agriculture. One study by Hernandez-Mora et al02&hows the average economical productivity
of groundwater irrigation to be five times greatat 2.16 Euro/rhthan that of surface water
irrigation (0.42 Euro/r}). In addition, groundwater irrigation was obsertegenerate three times as
many jobs. This study covered 810,000 ha in thetl®on Spanish region of Andalucia, which

%" This considerable difference is also reflectecaverage margins of productivity. For Spain (natimfev
figures), these are reported at 0,04 Eurd fancereals, and up to 0,85 Euro7 for vegetables (MMA 2007,
p. 137) .
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precludes a generalisation of results. HoweverriGaret al. (2006, p.344) cite further evidence
pointing in a similar direction, and discuss diffet possible explanations for the alleged higher
efficiency of groundwater irrigatior® Still, even if it can be generalised, the obséovathat
groundwater irrigation may deliver a higher proditt does not change the problem that
abstractions from many aquifers in Southern Eurepeeed the recharge rate, putting the
achievement of the WFD good quantitative statusaibje at risk. In other words, even if aquifers
are overexploited efficiently, they are still ovepoited.

Garrido et al. (2006) also present a somewhat reifteapproach to the scarcity rents of water
availability by measuring the effect of irrigatisrater availability on land prices. They find thhist
effect is significant: for example, in central Spaihe value of agricultural land that comes with
water rights is 50% higher for vineyards and 10@¥odlive trees. This translates into an implicit
value of irrigation water of 2 — 4 Eurolm

Values even higher than those of greenhouse agmeunay be generated by the leisure industry.
Irrigation of golf courses is often mentioned aseaample in this respect. In 2004, irrigation offgo
course in Spain accounted for 125%hor about 1% of the water demand (MMA 2007, p.. 8806

of this demand stems from five provinces alone.&Vdemand is expected to more than triple in the
Segura and Jucar province, and to increase signtficin several others. One reason for this is the
high income that can be generated from golf coursed the associated high water productivity of
up to 16 Euro per m(MMA 2007). From this, Downward and Taylor (20G¥,285) to conclude
that even if golf courses were charged a 10-foidepior their water, this would be unlikely to curb
their growth. Auernheimer and Gonzalez (2002) pouttthat it takes around 1,500 litres of water to
produce one Euro’s worth of agricultural outputhe South of Spain, whereas only about 25 litres
are required for one Euro in the tourist sectoa inotel or restaurant; i.e. the productivity of evat
differs by a factor of 60 between the sectbts.

However, when assessing the benefits of alternatater uses at the catchment scale, the economic
characteristics of different water uses also nemdbé considered. For example, greenhouse
horticulture can expand in a catchment without idiaely meeting diminishing returns to scale,
since the increased output may be exported togeraxtent. For many tourist and recreation uses,
including golf courses, this is debatable. On the band, as the demand for such uses in a certain
area is limited, so that one would at some stageaxdiminishing returns to scale for example for
extending the number of golf courses in an areath@nother hand, however, there may also be
positive externalities from a cluster of such usesne region, where the existence of some a@#wviiti
may promote the growth of others.

Environmental benefits of measures arise if they support environmentalces, such as improved
flow rates of rivers or distribution of water tow@mnmentally important water uses such as
wetlands. Improved water quantity status of surfaeg¢er bodies leads to a number of benefits
relating to recreation and maintenance of ecolodizactions. In addition water quality can be
improved due to lower concentrations of salts amithfants.

While there is considerable literature on the estmy services provided by wetlands (see for

% For instance, farmers using groundwater for ititga often bear the full direct cost of well-dnilj,
pumping and maintenance themselves, which provégesncentive to use water resources efficiently. By
contrast, farmers using surface water usuallyivedeghly subsidised water at a lower cost

% This does not mean that tourism does not gensigiéicant impacts on water quantitative statwshich it
does, in many regions on the Mediterranean coabkbarislands. For example,, on the Balearic Islandser
supply to hotels and restaurants is the main wader the service industry in total accounting farenthan
30% of the water used (MMA 2007, p. 48). Rathererghwater use in tourism leads to an over-abstracti
water, it will often also generate considerableoine from this water use, which limits the effectiess of
water pricing.
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example, Brander et al., 2006, Turner et al., 200®¥re is little evidence how these benefits are
affected by an over-abstraction of water and hemcell in flow levels. Only two European
examples are documented in the Environmental Vi@n&eference Inventory (EVRI):

Birol et al. (2005) estimate the environmental Bgmeof the Cheimaditida wetland in
Greece. The wetland, which contains one of thertawnaining freshwater lakes in Greece, is
under threat from several anthropogenic activitias|uding the drainage resulting from
excessive irrigation in agriculture, but also thenwersion of wetlands to intensive
agricultural use and to industrial and residentis¢s and nutrient pollution from intensive
agricultural production. A choice experiment survems conducted with a randomly
selected sample of the Greek population — nonehaimvwere actually used the wetland for
recreation or otherwise — to elicit their willingigeto pay for improved management of the
wetland. For different alternative management s&@smwillingness to pay ranged from 17
to 86 Euro per person per year, with improvementsadiversity being valued most highly.
Miliadou (1997) provides an estimate of use and-uss values attached to Lake Kerkini in
Greece, a RAMSAR-designated wetland in the Nortlégeek province of Macedonia. The
lake experiences annual water level fluctuationsipfto 5.5 metres, which are related to
irrigation water abstractions for agriculture. Mdiou interviewed local residents and
respondents from more distant locations to eli@irtwillingness to pay in order to preserve
the wetland in its current state. The mean willeggto pay was estimated at 20 Euro per
person per year, 96% of which was attributed toumsgrvalues. For the entire population of
Macedonia, this aggregates to an annual willingtepay of 37.5 million Euro.

Improved water availability provides several benefits mainly relating to immovlow rates of
surface water bodies and to saved water resoustesh water helps to reduce the risk of water
scarcity, contributes to more stable river flonesaaind can be used to amend other water sources in
dry seasons.

In the UK, four studies have been conducted tosasgee benefits of improved flow conditions in
rivers: Hanley et al. (2006) for two catchmentsmstern Scotland, ERM (1997) on seven rivers in
the Southwest of England, House et al. (1994) oeethivers in Southern England, and Garrod and
Willis (1996) on the River Darent in Kent, England.

Hanley et al. (2006) estimate the benefits of redyutow flow conditions in the Motray and
the Brothock catchments, two small catchments m Hast of Scotland. Both of these
experience low-flow conditions in the Summer, due éxcessive irrigation water
abstractions of the agricultural sector. The loswflepisodes have negative impacts on
water quality, river ecology, and on the appearamaesmell of the river. Through a choice
experiment, the survey elicited the respondentdlingness to pay for an improved
abstraction regime, which would reduce the numbiamanths with low flow conditions,
and which would improve water quality and river legy. The survey showed that
households would be willing to pay between 4 ar@® %uro (£2.70 - £3.87) per household
per reduced month of low-flow conditions, and betaw&1 and 47 Euro (£24 - £36) per year
for an improvement in river ecology. For differagienarios of improved water management
in the basin, this adds up to a willingness to frayn 75 to 129 Euro (E58 - £99) per
household per year. It is assumed that all of ttopgsed scenarios would improve water
guality towards achieving good ecological status.

A study by ERM (1997) estimated the use and nonhesefits of improving low-flow
conditions on seven rivers in the South-West ofl&mg) (the River Piddle in South Dorset,
the Malmesbury Avon in North Wiltshire / South Géestershire, the Wylye in South
Wiltshire, the Allen in North East Dorset, the Tawy South West Devon, the Meavy in
South West Devon and the Otter in South East Devidmg respondents included organised
anglers, visitors of the river for informal recrieat and the general public. Willingness to
pay for additional flow alleviation measures wasmeated at 68 — 71 Euro (£52.50 - £54.50,
1996 prices) per household per year.
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* House et al. (1994) studied the recreational useefiie from three rivers in Southern
England (Misbourne, Ver and Wey) at different flewvels. The contingent valuation studies
asked visitors and residents at the river to vitlee enjoyment of the current visit, how this
valuation would change with different flow conditgy and how much they would be
prepared to pay for a scheme to increase flow devalthe case of the Wey, respondents
valued their visit under current conditions at EGrt6 (£2.43), as compared to 1.56 Euro
(£1.20) under low-flow conditions or 5.90 Euro @4). under improved flow conditions. For
the Misbourne, values were slightly higher at 4.8810 / 8.35 Euro (1993 prices). Based on
these estimates, aggregate annual values for inmgdie river flows were estimated by
multiplying the estimated numbers of visits pernjeg the gain in benefits from alleviating
low flows. This resulted in estimated benefits 801 585,000 Euro (£140 - £450,000) for
the river Misbourn and 91 — 130,000 Euro (£70 -Q00) for the river Wey. Angling
benefits of improved flow conditions were estimastdb7,000 Euro (£44,000) for the river
Ver and 242,000 Euro (£186,000) for the Misbourne.

* Garrod and Willis (1996) conducted a contingentuaéibn study to elicit the benefits of
enhancing river flow for recreational purposeshat River Darent, a Thames tributary that
was experiencing extreme low flow conditions sirtbe late 1980s.The study found a
willingness to pay of 12.70 - 24 Euro (£9.76 - #83.1993 prices) for improved flow
conditions.

9.2.2 Analytical review

There is a considerable body of literature on sisee of water pricing and irrigation water demand.
Consequently, much of the academic and politicebhtecentres on the issue how the cost recovery
requirement of Article 9 WFD will affect water pes and, hence, water demand. Most scholars
agree that a differentiated approach is necessdmnwt comes to evaluating these impacts,
distinguishing between regions and types of crbps.example, the coastal areas of Southern Spain
are among the most water-scarce regions in Euhtgte despite the appearance of significant water
table drops, lowered extracted water quality ar@ phessing demands of the tourist and urban
sectors, irrigation water demand in agriculturetowres to be high. This holds even in the face of
very high water prices (up to 0.25 — 0.30 Euf)/ibecause of the high productivity of some pafts o
the agricultural sector (in particular citrus frypepper and tomato) (Garrido et al., 2006).

By contrast, agricultural activity in the interigggions of Spain, irrigation is also widespread,fbu
different reasons. Irrigation water is suppliedaty low rates of 1 — 2 cents pef,nwhich implies
that only 10 — 20% of the costs of water serviaesracovered. Up to half of the farmers’ revenue
comes from farm support under the CAP (Garridd.e2806, p. 342, with other sources indicating
lower support levels). Downward and Taylor (2008) blive farming as another activity that was
largely induced by payments until 1998, but stdisha high comparable profitability, leading to
exacerbated water scarcity in some parts of thatopu

The scarcity rents of an improved allocation of evatesources are among the main benefits of
improving water quantitative status. These beneiits perhaps best illustrated by calculations that
were made for the Levant region in the South-E&A$Spain, summarised in Albiac et al. (2005).
They investigate different options to improve watgiantitative status — ranging from a ban on
groundwater overdraft, to a tax on water consumptto a combined approach involving water
trading and desalinisation, to the proposed (ang-aioandoned) Ebro water transfer scheme. The
authors find that the economic impacts of the aifor the study region differ considerably in
terms of costs and demand effects, ranging frorto888 million Euro in terms of foregone quasi
rent. In relation to the agricultural productionthre region, this equals between 5 and 24% of the
production value. Thus, depending on the instrumapplied between one2@nd one fourth of the
agricultural production would be affected to reacbomparable improvement in water quantitative
status.
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In the context of scarcity rents one issue thatdsde be considered are the impacts of climate
change on water availability. Dore (2005) citesdewice that precipitation in the Mediterranean
region has decreased by as much as 20% in sonasegirom the mid-1960s to the mid-1990s, the
number of days with precipitation has gone backbby% over the Spanish southern coast. In the
South of Italy, total precipitation is estimatedhave fallen by 15% over the 20th century. These
trends will clearly exacerbate existing water sitgqaroblems in the future, and thereby increase th

(economic) value of water.

In terms of the environmental benefits of improgg@ntitative water management, there appears to
be very little economic evidence that has quamtifieese benefits in monetary terms. In the UK,
four studies were identified that have investigatieel recreational and environmental benefits of
alleviating low flows conditions in rivers througtillingness-to-pay surveys. However, only one of
these studies applies to low-flow conditions relate over-abstractions of irrigation water; in the
other studies, low-flow conditions are caused Ilatewabstractions for public water supply. Also,
only of the studies makes reference to the WFD redwethe others date back to the 1990s and are
hence unrelated to the WFD implementation. Theissudstimated benefits at 75 to 129 Euro per
household per year (rivers Motray and Brothock,t8od), 68 to 71 Euro per household per year
(seven rivers in the SW of England, 1996 prices) &8 to 24 Euro per household per year (River
Darent, 1993 prices). Only the Scottish figures {fdp and Brothock) are at all related to the
implementation of the WFD, and could be interpretecén approximation of its benefits in the study
regions. However, the authors underline that tlselte are not even transferable between the two
Scottish cases studied, hence deriving any geséitdments from these values — other than the
assertion that tangible benefits do exist, andhaasurable — is very difficult.

A similar picture emerges for damage to ecosystesiaged to irrigation water abstractions. While
there is considerable literature on the valuatibnvetlands, there are only two European studies
listed in the Environmental Valuation Referenceemory (EVRIJ® that have valued an the
functions of a wetland that are threatened becatisater abstractions for irrigation. These studies
of the Greek Cheimaditida and Keriki wetlands hbweth found evidence for considerable non-use
values attached to the wetlands — i.e. people emiting near the wetland, and not using it for
recreation or otherwise, were willing to pay 17 86 Euro per year for the preservation and
improved management of the Cheimaditida wetland.tk® Keriki wetland, annual willingness to
pay was 20 Euro per household, which aggregates tmtal annual willingness to pay of 37.5
million Euro for all residents of the Makedonia pircce. However, none of these studies is related
to the WFD. It is therefore not possible to stadesimuch of these benefits could be realised through
its implementation.

9.2.3 Evaluation and lessons learned

One of the main impacts of the WFD on irrigationtevademand will be through the Art. 9
requirement that water services should recoverctigs, including environmental and resource
costs. This will affect agricultural sectors infdient ways: some parts of agriculture (esp. fraitd
vegetables) account for a high share of irrigati@ter demand, but at the same time the marginal
productivity of irrigation water is high in thesecsors. Hence the price elasticity of demand for
irrigation water is relatively low: if the wateripe rises, irrigation water demand will not fallrye
much. Thus, if the WFD should lead to higher camtowvery levels and thus higher prices for
irrigation water, demand for irrigation watier these agricultural sectorwill not be affected very
much. The objective of cost recovery would thusrésched without significant improvements of
water quantitative status. In these regions andhese types of crops, water pricing may thus be

30 http://www.evri.ca
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helpful as a support instrument to provide adequsatentives, but it will need to be complemented
by other measures and instruments to bring aboptowements in water quantitative status. By
contrast, cereals and crops such as sunflowersahoh can only be produced in many regions
because the irrigation infrastructure is subsidiard because cost recovery levels are low. If the
WFD should lead to higher cost recovery levelshspmduction could become unprofitable for
many farms. Thus, cost recovery would be achiewedell as improvements of water quantitative
status, but at the risk of reducing the profitapilof many farms. Again, water prices should
therefore not be the sole instrument of choice,na@d to be complemented with measures targeted
at reducing irrigation water demand. In this cottake rapid adoption of more efficient drip
irrigation systems at rates of 400 per cent froB21® 2000 in Italy (ISTAT 2006, p 140) suggests a
promising pathway.

In Spain, groundwater is becoming increasingly irtgott as a source of irrigation water (Garrido et
al., 2006). The resulting pressure on scarce gnatet resources is bound to lead to conflicts,
including over-abstraction and its consequencexeSgroundwater has the properties of a common
pool resource, there is a need to limit and allggbundwater abstractions. In the past, the Spanis
groundwater regime was largely characterised bynfabstractions, long-established water
abstraction rights, and to some degree also urdestrabstraction. Through investments into
metering, this situation is changing; however, shepe for monitoring and controlling abstractions
is still limited. At the same time, since manynfers use the same aquifer, there are a number of
cases of groundwater overexploitation. This leaath o rising costs of exploitation, since deeper
wells have to be drilled and the water pumped highe well as to degradation of groundwater
quality, for example, through salinisation of agus. Such damages are often irreversible, and cause
considerable costs if wells have to be closed astgmimported from elsewhere. One key benefit of
the WFD implementation in this context could benprove the management of groundwater — for
example, by inventorising wells, and by clarifyialgstraction rights.

One key benefit of the WFD implementation in thasitext could be to improve the management of
groundwater — for example, by inventorising welistablishing metering systems, and by clarifying
abstraction rights. Thus, the potential benefitshef WFD include not only the actual improvement
in water quantitative status, but also the improkadwledge of water abstractions and their uses,
which is a precondition for a more efficient wateanagement system.

The WFD will lead to scarcity rents in cases ofuattwater scarcity, where available water
resources are not sufficient to satisfy all exptend potential future water uses. However, it
remains difficult to assess which alternative waises would actually develop in a given region if
the scarcity constraint was relieved — for examible, further development of the tourist industry
can simply be assumed, and if this would be singlantitative growth, or also a qualitative
development towards more sustainable tourism. @Gslouns therefore need to be based on scenarios
or demand projections, which introduces an eleraeuancertainty.

A particular concern is the relation between irtigja water demand and climate change. Already
now, water scarcity is a huge concern in partsanfti@ern Europe. This conflict will become more
pronounced as the effects of climate change wilicerbate. The Impact Assessment for the
Commission’s Climate Strategy for 2020 points dwdttwater availability, together with extreme
heat, will become one of the two main constraing will limit and eventually reduce tourism (and
other economic activities) along the Mediterraneaast. Already now, water scarcity leads to real
costs as water is allocated to agricultural udesreby limiting the development of other, higher-
value uses or limiting drinking water supply. Bypporting a more efficient allocation of scarce
water resources, the WFD will already now delivdremefit in terms of resource use and generate
additional income. This benefit will increase iretfuture, as climate change will exacerbate water
scarcities in many parts of Southern Europe, atymiames of the year. This will increase the value
of clean and sufficient water in the future and&here the protection of these resources nowadays i
an important issue.
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In this case, the implementation of the WFD does amy create a benefit through the physical
improvements that it brings about (i.e. a morecegdfit allocation of water resources), but also
through the institutional solutions that it bringisout. The need for institutions that ensure a more
efficient, equitable and sustainable allocatiorwater resources is apparent already now. As water
scarcity and conflicts about water allocation ast ® exacerbate, the institutional solutions
established by the WFD will become ever more inmgourt

The empirical evidence on non-market benefits ofpromed water quantity management
(environmental benefits and benefits of improvedewavailability) is quite thin, and most of the
few empirical studies are not directly relatedlie WFD implementation. What can be drawn from
the evidence is, first, that the methods for sumnemic assessments are available in principle, but
that the experience is limited (and concentratdéwncountries); and second, that such assessments,
where they have been conducted, did find evideh@msiderable non-market benefits. However,
the available evidence is far too limited to suppory general statements about the extent of the
benefits of WFD implementation.

9.3 Costs and Benefits of specific measures to redudeetdiffuse pollution
of Phosphorous from agriculture

Phosphorus (P) is an important determinant of dodogical status of European inland water bodies
and is a key contributor to eutrophication. Thare different sources for P emissions: besides
discharges from urban wastewater and industrycalgmral activities also contribute to phosphorus
pollution in water bodies (both livestock and fiesérs). P emissions from industry and households
traditionally constitute the major share of oveRalemissions. In recent years, however, they have
been significantly reduced due to both improved asgvtreatment reduced use of phosphate
detergentS. Many water bodies are at risk of failing to méret water quality objectives set by the
Water Framework Directive (WFD). P emissions frogni@ulture have been suggested to be a major
reason, especially in those countries where inglistind household sewage treatment is widely
implemented (Herbke et al., 2006). It should beeddhat reducing P emissions from agriculture is
less certain to have an effect than upgrading wester treatment, as P used in agriculture is
buffered in the soil and gradually released inte Water, whereas reductions due to waste water
treatment immediately reduces the P load in sunfeater. However, it is also true that P reductions
from waste water treatment mostly benefit largawmisiream water bodies, whereas reductions in
smaller upstream areas are only possible througddléctions in agriculture (Ligtvoet et al., 2006).

Phosphorus can be transferred along surface ansustdre pathways. Agricultural P emissions are
largely non-point source in nature and are linkedateas prone to surface run-off and erosion.
However, subsurface drainage systems are incrégstegn as an additional pathway. In this
context, the distinction between particle boundnd dissolved P is critical, as the latter effects
eutrophication more readily, while both tend toldel different pathways and thus respond
differently to mitigation measures. The risk ofd8des is site specific in every catchment, depgndin
on P loading of sites and site characteristics siscélope, proximity to water bodies or the exisgen

of buffering landscape features. Measures spefiyfitargeted at critical source areas therefore

31 According to a May 2007 report by the European @ission, the equivalent of 110,000 tonnes of
phosphorous are used in detergents, primarily megtic laundry and dishwashing. This compares 26 1.
million tonnes of phosphorous in fertilisers. Iceat years, a number of EU Member States havedintex
limits in the phosphate content for laundry detatge including Belgium, Germany, Ireland, Italy,
Luxemburg, the Netherlands and Austria, where phatgpfree laundry detergents have a market share of
100% (CEC 2007). The European Commission is egdetd propose such restrictions EU-wide in 2008
(ENDS Daily, ‘EU phosphate detergent controls du20d08’, 14 May 2000).
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appear useful. In addition, approaches comparalisttate Vulnerable Zones may be effective.

A number of different P mitigation measures ar@giroposed, such as
* reducing P input or increasing P output (in thel gwbduct) in farming operations;
* reducing P use in animal husbandry;
» application of immobilising agents to manure off;soi
» changes in fertiliser and manure management;
» changes in cropping patterns;
* soil management practices to reduce soil erosigh as minimum or no-tillage;
* buffer strips and riparian zone management;
» sedimentation ponds and artificial wetlands;
« Economic instruments, such as taxation of P; and,
* Regulatory instruments, such as restrictions ofpBlieation per area or under specific
conditions.

Negative impacts of historic P loads in surfaceewabuld be reduced by stimulating growth of sub-
pressed water plants, removing biomass or sedinfiremswater bodies, flushing lakes with nutrient
poor water;

While the physical effectiveness and the costsiohsneasures has been researched to some extent,
there is still little information about their costfectiveness and the associated benefits. Nutrient
management, minimum tillage and mulching have lmEstribed as effective measures to reduce P
losses from agriculture. However, both the coststae effects of measures are site specific, which
limits the scope for general statements about tast-effectiveness. A study for UK evaluates the
potential to reduce P inputs in agriculture to ighhDEFRA 2003). The potential for additional
measures will also depend on the extent to whiekdhmeasure have already been introduced in the
reference scenario.

9.3.1 Current information

The programmes of measures for achieving the WFectibe have not yet been set up in any
Member State. This is the main reason why a defingsessment of the costs and benefits of
reducing diffuse agricultural phosphorous pollutismot possible at this stage.

9.3.1.1 Country-wide estimates of the cost of P reductions

Some Member States (for example, Denmark, Neth#s)anave started by estimating of the need
for countrywide reductions in P load in order tdhigge good ecological status. Based on these,
rough calculations of the costs of achieving theessary reductions have been made. These need to
be treated with some caution, as they represemt\wanly rough estimates, intended to illustrate the
scale of the challenge at hand.

» Jacobsen et al. (2004) have estimated the costedificng agricultural phosphorous
emissions irDenmark . In their study, they investigated the countryavietonomic effects
of different measures. The most effective meassitarobugh a change in feeding practices
(increase use of phytase and use of phase feeding) measure, which will reduce total P
surplus by more than 40%, is almost cost neutradralng to the authors. A further measure
is a nationwide norm that limits the phosphorouplsis to 10 kg per ha (and thereby reduce
the surplus by 25% on average). If implementedrafie change in feeding practice, this
would mean that 5 % of all manure would need toduistributed, affecting intensive dairy
and poultry farms in particular. This would increghe transportation costs by 2.4 million
Euro in total. From this, cost savings on P in mahé&ertiliser of 2.3 million Euro have to be
subtracted, so that the net costs are relatively ks a third measure, achieving a balance
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between incoming and outgoing phosphorus at thme favel is expected to cost around 47
million Euro. This measure would also lead to sabgal redistribution of animal manure
between parts of the country. However, the autlase underline that these calculations
represent rough estimates only, and should thexé&fertreated with caution.

For the UK, an early study by Andrews et al. (1999121) presented some rough estimates
for the cost of reducing P emissions from agricelttBased on three earlier studies, an
average cost of £35,000 (45,000 Euro, 1999 pripes)tonne of reduced P emissions per
year was assumed. This would represent a combmafieomproved nutrient management,
conservation tillage and changed farming practi@ssed on this figure, the total annual
cost for P reductions in agriculture were estimatethe range between £63 million to £84
million (82 — 109 million Euro, 1999 prices). Thesests represent annually recurring,
additional costs to farmers, either in the formast revenues or as additional expenditure.
The total costs would also include the costs ofiadgiering the regulatory programme and
implementing the strategies. However, these figemser only England and Wales, as the
authors did not calculate costs for Northern Irdlaand used a different procedure to
calculate costs for Scotland.

Based on cost figures by RPA (2003), comparablebmusnare presented in the 2003
Regulatory Impact Assessment (RIA) of the WFD (DBFED03). In Appendix D (p. 110-
111) of this document, indicative cost bracketseduce nutrient pollution from agriculture
are reported at £80 to £209 million per annum (30271 million Euro, 2003 prices).
However, the authors underline that they choseidecmethod of grossing up costs and that
their estimates are provided for illustrative pu@oonly and should not be viewed as
estimates of expected costs. In addition, themesés include nitrogen as well as
phosphorous emission reductions.

More recently, the draft partial regulatory impadsessment of environmental quality
standards for implementation of the WFD, publisHed consultation in March 2007,
presents calculations on the costs and beneffisopfosed standards for phosphorus in rivers
(DEFRA 2007). Costs and benefits are presentediffarent scenarios and policy options,
and for different degrees of compliance with stadslsare being assessed. The baseline
standards are extrapolated from existing classifinaschemes (not adopted for regulation
purposes because of uncertainties over cause dect)ednd compared with proposed
UKTAG standards proposed for WFD purposes whighcaoss-referenced through the EU
intercalibration exercise. All figures are exprekas present value terms at 2006 prices with
3.5 per cent discount rate over 30 years.

It should be noted that the UKTAG WFD standardsiciviare related to types of water
bodies are more stringent for low alkalinity rivetsut less stringent for high alkalinity
rivers. Thus, it will introduce changes in the dimition of rivers that fail the proposed
standards compared to the existing schemes, dbhe tatroduction of typology. As a result
over P loading will be lower and attributed to skeraket of rivers. This will result in more
focused management of P in rivers and that theativensts and benefits associated with
UKTAG WFD standards being less than that of themmktapplication of existing river
classification schemes across the board.

At 100 per cent compliance, non-use benefits of glmnce with phosphorus pollution
standards translated from river classification sedgerelating to rivers are estimated at a net
present value of £1.39 billion (2 billion Euro) fibre entire UK. For 50 per cent compliance
under otherwise similar conditions, benefits areuthalf. As a significant proportion of the
mitigation effort will largely fall on the UK farmig sector, a significant proportion of the
calculated benefits are therefore also largely tedlato mitigation of P-losses from
agriculture. Benefits are slightly lower if the pased UKTAG WFD standard is used as a
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baseline: for 100 per cent compliance, the relating-use benefits are estimated at £1.32
billion (1.96 billion Euro) for the entire UK, witthe lion’s share of benefits occurring in
England. For 50 per cent compliance under othergiigdar conditions benefits are about
half as well. The above calculations draw heavity & study by Pretty et al. (2003).
Regarding the use-values, it is suggested thae thesefits can not be added to the above
figures without risk of double accounting.

Concerning the relating costs of P-loss mitigafimm agriculture the study cites costs of
individual measures as estimated in the DEFRA (2008st curve assessment for
phosphorus reduction. The study takes also thetsesti the 1999 WRc report on the
potential costs and benefits of the WFD into actowhich proposed a marginal abatement
costs of £35,000 per tonne phosphorus (52,200 Elilt@se figures consider the out of the
pocket expenses and opportunity costs of abatemeasures which accrue to farmers.
Considering further studies, the authors assumeemage abatement cost of £40,000
(60,000 Euro) per tonne agricultural phosphoruscadmply with current standards with the
standards extrapolated from existing rivers clasgibn schemes and assumed being
applied under regulation, 11,040 tonnes of P haugetmitigated, and 8,592 tonnes of P to
comply with the UKTAG WFD standards.

Costs of monitoring rivers at sites at risk hav@dbeen estimated in terms of operational
and surveillance environmental monitoring. For p@0 cent compliance, the relating costs
at current standards are estimated at £2.7 miidomillion Euro) for the whole of UK (net
present value), which corresponds to an annual 06s£200,000 (300,000 Euro). At
UKTAG standards these costs are about 6% lower.abin@nistrative costs relating to site
investigation, developing response strategies itedsstandards, developing and imposing
national measures and checking their effects hkseelzeen estimated. For diffuse pollution
under current standards, and assuming 100 per amnpliance, they are estimated at
£192,000 (287,000 Euro) net present value for tKe Ebr 50 per cent compliance these
costs are about half. Under UKTAG standards anceratise similar conditions the
corresponding costs are marginally higher.

Overall, at 50 per cent compliance, the compliacmst (under the theoretical assumption
that the of current standards used for GQA clasdifin are used for regulatory purposes)
for the agricultural sector only amounts to an ahreost of £131.5 million (196 million
Euro) for the UK, of which almost 90% occur in Emgll alone. For 100 per cent
compliance with this theoretical assumption, the&g&€@amount to £315.5 million (471 million
Euro). This corresponds to 7,888 tonnes of phogpbatissions mitigated in agriculture.
Under UKTAG standards, but otherwise similar caodi the costs for the agricultural
sector are considerably lower: £86.3 million (128liom Euro) for the UK for 50 per cent
compliance, and £242.6 million (362 million) for@Per cent compliance, mitigating 6,064
tonnes of phosphate emissions. This reflects thpe-$pecific derivation of UKTAG
standards. The assessment also suggests thatcstseare difficult to pass on for the
agricultural sector. Yet, there are large variagionthese figures, which may be both, over-
and under-estimated. In addition the analysis isethaon the assumption of linear
relationships between levels of reductions achieaed the costs relating to it. This
assumption is unlikely to fully hold in practice.

For theNetherlands Ligtvoet et al. (2006) have analysed the expeeféetts of the new

Dutch manure policy, which took effect in 2006. Tdtady found that the new policy will

only stabilise phosphorous emissions from agricaltibbut will not achieve any notable
reductions. Further reductions of phosphorous €omns are only to be expected from
sewage treatment, with the effect of an overalicgdn of P loads by 5 % until 2030. Thus,
in the absence of additional measures, no majorangment of the nutrient situation would
be achieved. In order to achieve the WFD objectifiegher reductions of the phosphorus
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load are therefore necessary. If this is to beeasd through a proportionate contribution
from agriculture and wastewater treatment, a 1,8@@nes reduction of phosphorus
emissions would need to come from agriculture, apdroximately 640 tonnes reduction
from wastewater treatment plants. This correspaed20 and 25% of total emissions,
respectively. While a range of measures is avalablprinciple to reduce agricultural P
emissions, some of these are associated with @rasil@ socioeconomic impacts, and will
therefore face acceptance problems. The measutesatgly considered to reduce
agricultural phosphorous emissions were buffepstand banning of phosphor fertilisation
in phosphate-saturated wet sandy soils. The additiannual costs that these measures
would impose on the agricultural sector were roy@stimated at Euro 60-120 million. This
represents an increase of 30-60% compared to #its tmat were estimated for the current
(new) manure policy. The report finds that P redund in waste water treatment plants tend
to be more cost-effective, and their effects moeetain, than P reduction measures in
agriculture. However, measures targeted at wasterwratment will mainly be effective in
larger downstream water bodies. Given the largetainties, both in terms of duration and
effectiveness, there is a serious risk that agucal measures will not achieve the required
reduction in emissions.

A second study from thidetherlands the Aquarein study by van den Bolt et al. (2003}
estimated the impact of the WFD on agriculturepreprotection, recreation and fisheries.
For the case of phosphates, a small number of atdised measures were considered
(assuming average nation-wide figures for the efféistiveness of measures). Measures
included for example, an overall reduction in Plaggpions, a change of crops from maize
to grass, installing buffer strips or taking lanat of cultivation, where the last measure is
applied as a measure of last resort, if all otlaeesnot sufficient to realise the objectives.
Since the definition of “good ecological status’hist yet known, the need for reductions in
P loads was calculated for two different ambitiewells. Figure 25 (taken from van den Bolt
et al. (2003) p. 69) presents the necessary rehsctf P loads. For the Netherlands. There
are only a handful of sub-catchments where thed@amition level will be realised in 2015
without further measures (green areas in theigfiré). In most sub-catchments, the P loads
is twice (yellow areas) or even up to four timesa(me areas) as high as the objective for the
lower ambition level. Compared to the stricter aiohbilevel, almost all of the Netherlands
will exceed the objective by a factor of four ormaan 2015 without further measures.
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Source: v.d. Bolt et al. 2003, p. 69

Figure 25: Reduction targets for phosphates inNle¢herlands.

The set of standardised measures were then applitb@ sub-basins in the Netherlands, in
order to calculate the changes in net value ad@ech@ and the changes in employment
(direct and indirect) necessary to realise the VBi2ctives for the two different ambition
levels. The calculated effects are quite drastienego realise the lower ambition level, the
study calculates that two thirds of all agricullutand would need to be taken out of
production, as all other measures combined wouldadufficient to achieve the necessary
P emission reductions. This would imply a loss éh value added from agriculture of Euro
1.8 billion, and a loss of 58,000 man-years of alirand 73,000 man-years of indirect
employment. For the higher ambition level, the gtadgues that the objective could not be
reached, even if agricultural production in the idelands was abandoned altogether, at a
cost of Euro 2.7 billion net value added. While fkguarein study thus shows that the cost
of achieving the necessary P reductions can beesifzd, it should also be noted that the
study results have been criticised as overstaltiagrue costs. First, the two ambition levels
that were assumed in the study both present a hgly standard; and second, it was
remarked that by basing calculations on currertirtelogies, the study underestimates the
potential for on-farm adaptatidf.

For the countries around tBaltic Seg two studies have assessed the costs of threg tfpe
P mitigation measures (Gren et al., 1997, Turnat.e1999). In contrast to the other studies,
however, this research is not specifically gearetha cost of WFD implementation, but
more generally at the cost of reducing nutrientssions to the Baltic Sea. The measures
considered include deposition measures like deedetestiliser use, land use measures like
catch crops and retention measures like restoréddmas. In the case of wetland restoration,
the cost figures have been derived from Swedistergapces and then extrapolated to the
other countries, whereas the costs of fertiliselucdon (deposition measure) have been
estimated for Denmark, Germany, Sweden and Finlamd] then extrapolated to the

32 |f the available measures are ranked by their-effettiveness, it is often observed that a large pf
emission reductions can be achieved at modestI€dse ambition level is set at a very high lewible cost-
effective measures are exhausted, and more costgumnes — such as converting arable farmland emsixe
fallow plots — need to be adopted, rapidly drivinmthe total cost. This is indeed what the Aquasgidy did.
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remaining countriesTable 26presents the marginal abatement cost estimatdgfefent
measures for the Baltic Sea countries.

Table 26: Marginal abatement costs of P-mitigatimeasures in the Baltic Sea region
(Euro/kg P/annum)

Region Deposition Land Use Retention
Sweden 5— 255 57 - 717 28 - 74
Finland 5-162 77 — 661 28-74
Russia 3-132 44 — 479 22 - 30
Poland 3-62 27 —181 22
Latvia 3 -165 85 - 673 45
Estonia 3 -—153 83 — 588 110
Lithuania 3 —208 77— 728 35
Germany 5-129 45 — 322 22
Denmark 5-217 39 — 284 29

SourceGren et al. 1997

Using the most cost-effective combination of thesmasures, the overall costs of a 50 per cent
reduction of P-losses in the entire Baltic Searba®ms estimated at about 350 million Euro
annually (Gren et al., 1997). Two thirds of the es=ary reduction achieved in this scenario
would come from improved sewage treatment. Totatwould be much higher, ranging up to
1.5 billion Euro annually, if each individual comntvas required to reduce its P emissions by 50
per cent (Gren et al.,, 1997). This is mainly beeaasuntries that have already achieved
significant P reductions would then have to resmrnore expensive measures. The authors also
find that abatement costs increase rapidly for cedn levels above 40 percent. It is also found
that a 50 percent reduction in nutrient loads taile many years for actual nutrient levels in the
Baltic Sea to decrease to acceptable levels: ap yeears for N and up to 25 years for P.

9.3.1.2 Thecost of measuresto reduce agricultural P emissions

In addition to such countrywide estimates, some emStates have collected information on the
costs and the cost-effectiveness of individual messsto reduce agricultural P emissions. Some of
the most developed information in this respectlwamound in the UK (DEFRA 2003). Information
on the costs and effectiveness of individual messwbviously must be interpreted with some
caution, given the large variation due to site gmetactors. Thus, the risk of P losses depends on
the pre-existing P loading of sites as well as sitaracteristics such as slope, proximity to water
bodies, hydrological linkages between the field Hrewatercourse or buffering landscape features.
DEFRA (2003) points out that the uncertainty alitiet effectiveness of measures tends to increase
along the pathway of P input — P mobilisation —r&ns$port: Measures that target P input and
mobilisation control P losses at the point of arjgand can therefore be planned and implemented
with a greater chance of success. For measuresteédrgit P transport, effectiveness is more
dependent on local site conditions. They must fbeeebe better targeted at local conditions to be
effective.

The following section provides some illustrativedmnce on the cost of different measures to reduce
agricultural phosphorous emissions. Costs estimhé®® been grouped into the broad types of
operation and maintenance costs, investment cdtsinistrative costs, opportunity costs (foregone
income), wider economic impacts and environmerdats
* Operation and maintenance costsare the costs of implementing and running a P-
mitigation measure. For many measures that redoospiorous emissions through changes
in agricultural practice, operation and maintenacmestitutes the largest share of the costs.
For example, a reduction of slurry application sataplies that the slurry has to be applied
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to a larger area. This increases operating costs)lyndue to larger transportation costs and
associated time requirements. For the UK, it haanbestimated that halving application
rates would impose additional cost of 41 Euro pmtére on dairy farmers, or 36.5 million
Euro for the UK in total (DEFRA 2003). Restrictiigestock access to marginal places or at
critical times — for example, during winter and veetasons — causes costs for fencing and
additional forage, with the latter making up thejonashare of costs (DEFRA 2003). For
arable farming, P emission reductions can be aeHi¢hrough cover crops, which protect
the soil over the winter until a spring crop is soWor the UK, the costs of establishing
cover crops have been estimated at about 100 Eerdgrtare. If cover crops would be
required for all root crops in the UK, the totaktavould amount to 5 million Euro (DEFRA
2003). Contour cultivation prevents soils erosio aun-off, thus mitigating P-losses, but
may require more time, at a cost of 15 Euro petanedDEFRA 2003). Tramlines can be an
important cause for gully erosion. They can easédyprevented by sowing the entire field,
which leads to minor increases in seed costs assilfy less precise fertilising and spraying
operations. Increasing surface roughness can ede erosion, at an estimated cost of 160
million Euro for all UK arable crops, if savings eluo lower cultivation efforts are not
included (DEFRA 2003). Subsoiling is another measwith some positive effects on
reducing P-detachment. Operational costs have ésténated at around 70 Euro per hectare
in the UK (DEFRA 2003).

Capital (investment) costsoccur if the implementation of a measure necessitah-farm
investments, for example, machinery for nutrientnagement and improved fertiliser
application or any other specialised equipment. éx@mple, an increase of on-farm slurry
storage capacities by 30 days — which allows fatebepplication timing — would require
investments of 90 million Euro for all farms in thi. Specialised machinery for improved
application timing of fertilisers and slurry woutdst 30 million Euro for the whole of the
UK (DEFRA 2003). Likewise, the construction of veettls or sedimentation ponds as a P
prevention measure consists mainly of (one-off)itedygosts. Such measures are estimated
at around 112 Euro per hectare (DEFRA 2003). Whaplied to ten per cent of the
grassland and arable land of the UK, the total easild be 110 million Euro (DEFRA
2003). Moving gateways away from points of drainageslope may have an initial capital
cost of about 38 Euro per hectare on average, éoidlecosts of 38 million Euro for the UK
(DEFRA 2003). Another measure that requires sommestment is the installation of new
hedges and reducing field size, the costs of whighe been estimated at 425 Euro per
hectare on average, or 210 million Euro for the lbKiotal (DEFRA 2003). Farm track
sediment traps are another option to prevent Re$éossd cost about 532 Euro each (DEFRA
2003). The adoption of precision farming systems @antribute to a targeted optimisation
of P-application rates. Among other cost componehis related measures require capital
investments in specialised monitoring, control alada processing equipment, as well as
specialised machinery. Likewise, capital investraeate required when specialised no-
tillage or minimum tillage machinery is used. Inddin, incorporation of phosphate
fertilisers directly after spreading and improveaplication timing prevents P losses but
come at higher machinery costs since the technaadcities for applying fertiliser have to
be larger. Additional costs to farmers for direstarporation have been estimated at 16
million Euro for the UK and the costs for improvéding at 30 million Euro (DEFRA
2003). For grassland, slurry injection may be dulseeasure, which incurs on average an
additional cost of 46 Euro per hectare, mainly tiuehe specialised machinery needed.
Applied to all UK dairy farms, it would cost 40 fivin Euro (DEFRA 2003).

Administrative costs arise for regulation, monitoring, training and ewBment. The

estimation of such transaction costs is not fultlyeloped. However, some authors provide
some indications. Vatn (2002) argues that transaciosts generally increase with precision
of policy measures, and with the uncertainty abauicomes of measures. By contrast,
transaction costs tend to decrease the more rigpetitansaction are. Norwegian data
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provided by Vatn (2002) suggests low transacticstscof taxes on fertilisers below 0.1 per
cent of the tax imposed, while the less frequent more asset specific support of reduced
tillage has higher transaction costs of up to 6e8 pent of the underlying payment.
Conversion to organic farming may also contribwateritigation of P-losses. According to
the Norwegian data, however, support payment foversion to organic farming involve
high transaction costs (up to 29 per cent of thgnmmts) mainly due to monitoring and
control. By contrast, an Austrian Study cited bycBaer (2000) for example suggest that
public transaction costs of certifying for orgari@arming are ten times lower for public
agents than for farmers, and cost public budgetsdsn 13 to 14 € per farm and year. Both,
Vatn (2002) and Falconer (2000) suggest that theseosts of measures are higher than
the running transaction costs of many measurestargdiong-term farmer-state relationships
lead to lower average transaction costs of meastetty et al. (2002) provide a fairly
rough general indication of the public transactioosts associated with developing
eutrophication control policies and strategies,clithey estimate at 300,000 Euro per year
for the whole of UK, and a further 670,000 Euro émmpliance monitoring. Other, more
general, figures are cited by McCann et al. (20@5) report transaction costs of a pollutant
trading scheme at 35 per cent of total costs ams#ction costs of an agri-environmental
management agreement scheme at 30 per cent ottstal

Private transaction costsinclude cost of training and information, comptarcosts, costs
of contracting etc. incurred by private individuafected by measures. Falconer (2000)
provides account of relevant private transactigictor measures related to P-mitigation. In
Austria, the private transaction costs of certifyfor organic farming have been estimated at
5 per cent of the total premium received per faom150 to 160 Euro per farm and year.
Comparable figures from Belgium mentioned by Faérof2000) on private certification
costs of an organic aid scheme ranged between@®3@b Euro for one auditing firm and
about 125 Euro for the alternative auditing firm.Greece transaction costs of certifying for
organic farming were similar to the Austrian casd aanged from 133 - 163 Euro per farm
(Falconer 2000). Falconer also mentions transacii®ts incurred by farmers participating
in a Swedish agri-environmental programme whenreapeitransaction costs were around 12
per cent of the payments received on average.dfger payments, the share of transaction
costs was much lower (around 5 per cent), and rfarger for smaller payments (up to 40
per cent). Regarding the impact of the WFD on thassts, the widespread use of agri-
environmental measures means that the necessaiyistlative structures and procedures
are already in place in most regions and on mamygsaThe additional transaction costs for
WFD-related measures may thus be minor.

Foregone income or opportunity costsoccur if measures affect the profitability of
production, for example, by reducing crop yield® da lower P application, less livestock
per area, or through foregone crop yields on bustaps that are taken out of cultivation.
Thus, for example, the conversion of arable landgjrezing land can lower P losses, but
implies a significant drop in land rents. In a Bdnicase described by Dubgaard et al.
(2005), land rents fell from between 195 and 346oEer hectare to approximately 28 Euro
per hectare and year. Thus conversion to grazimdjuader this circumstances only recovers
5 to 10 per cent of the land rent foregone by gwip arable farming. For the UK, the cost
of establishing a six metre wide grass strip aliwgrs have been estimated at about 52 Euro
per hectare (DEFRA 2003). If such strips were dggdoon five per cent of all UK arable
and grassland, the cost would amount to 6.3 milkomo (DEFRA 2003). The reduction of
stocking densities is being proposed as an effedBvmitigation measure as well. Such
measures can, however, incur large income lossasthie UK, the financial impact of
reducing stocking densities in the dairy sectomfrd.25 cows per forage hectare to 1.75
cows per forage hectare has been estimated at &@Bper hectare (from a baseline return
of 3040 Euro per hectare), which implies foregoneomes of 26 million Euro for the
agricultural sector in total (DEFRA 2003). Howeviris figure does not include benefits of
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related labour savings. The situation is compartdlsheep production in the UK, where a
reduction of stocking rates by 25 per cent woulighiéan economic loss of 110 million Euro
to the sector (DEFRA 2003). Overall, changes irlsty density and conversion of arable
fields into grassland come at abatement costs W@O000 Euro per kg P saved (DEFRA
2003), and thus belong to the most expensive measwailable. By contrast, opportunity
costs of reducing P-applications in arable farnf{irgy crop yield reductions) are much less
pronounced. Indeed, several studies have founddayable scope for optimisation, where P
inputs may be reduced without any detrimentalot$feas P-levels in soils are sufficient for
plant growth. Buffer strips, restricting access forestock, constructed wetlands and
sedimentation ponds are another group of meastutleghve potential to create opportunity
costs, if productive land is set aside for thesasuees. The land rent estimates by Dubgard
et al. (2005) could serve as suitable indicatiohthe opportunity cost, which range from
195 to 346 Euro per hectare for arable land andoxppately 28 Euro per hectare and year
for grazed areas in West-Denmark. In practice, hewancome losses will tend to be lower
because farmers will set aside the least produtaivé for such measures, where possible. In
addition, areas may not completely be taken ouprofluction and serve as grazing and
forage production areas. In addition, only minaxrsls of about 0.25 per cent of the affected
land (DEFRA 2003) would be needed for locating songasures.

* Wider economic impactsor second order costs, like foregone income fopkens of P
fertilisers are generally not well researched. lEgample, measures that increase the
efficiency of phosphate fertiliser application (sugs precision farming or increased storage
capacity for liquid manure) may reduce the demaordniineral fertiliser, or eliminate it
altogether (see DEFRA 2003 for indications). Howeypdosphate products are only minor
group of many inputs which farmers buy from agtictdl merchants. Other effects may
arise from measures that affect the overall woikloa farms (such as minimum tillage or
setting aside arable lands). However, these idsares not been of significant research and
are difficult to estimate quantitatively.

* Environmental costsof P-mitigation measures can occur under particalaumstances.
Some of the proposed measures may induce farmdekeoup additional measures with
adverse affects on the environment. However, theféects so far have rarely been
guantified or costed. DEFRA (2003) for example sdteat measures like rough soil surface
or minimum tillage may increase the likelihood ofed infestations and thus drive farmers
to apply higher rates of herbicides. In additiomimum tillage may reduce P availability in
upper soil layers and may thus drive farmers tdyappditional P-fertilisers directly after
sowing, when run-off of non-detached phosphorusnase likely. Generally, however, the
improved soil cover compared to conventional tdlalpcreases erosion and run-off risks.

9.3.1.3 Information on the benefits of reducing agricultural P emissions

While there is thus some information on the co$tseducing diffuse phosphorous emissions from
agriculture, there is considerably less data onabsociated benefits. The benefits will largely
consist in reduced eutrophication, and the avoatstis associated with eutrophication. This implies
two problems in particular: first, it is not podgilto define an absolute limit at which nutrient
enrichment becomes a problem, i.e. when it hasrae\edfects on water uses (Pretty et al. (2002) p.
16). Second, phosphorous is only one of the fadtuas leads to eutrophicatidhlt is therefore
difficult to make general statements what shareneftotal benefits of reduced eutrophication is due
to reduced P emissions, and which share is duedmissions. It is therefore not possible to clearly

3 Although both phosphorus and nitrogen play a eleutrophication, it can be argued that phosphorou
pollution as the limiting nutrient is the decisifeetor for eutrophication. Bateman et al. (2006 @vidence
that increased loadings of phosphorus are usualhgidered to have played a central role in accedra
eutrophication of rivers and lakes.
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distinguish what share of the total benefits ofutl eutrophication is due to reduced P emissions,
and which share is due to N emissions. Neithet gossible to distinguish between benefits of
reducing P emissions from agriculture or from otkeurces. This study followed a compromise
approach by looking at the benefits of reducedogdication (risk), which have been assessed in a
number of studies. It should be borne in mind tdy a part of these benefits can be attributed to
emission reductions, and even less to P emissductiens in agriculture.

Bearing these limitations in mind, the benefitsrefluced eutrophication can either be measured
directly as the perceived benefits of water usarsndirectly through the saved costs of responding
to eutrophication damage (i.e. avoided damat#).the first case, benefits mostly accrue to the
general public, and can be estimated with econmaligation methods, that measure the economic
benefits that individuals derive from preventingrephication. An example of this is provided by
Bateman et al. (2006), who have elicited individuglreferences for a policy that would reduce
algae blooms in rivers and lakes in East AngliactSbenefits accrue to the general public, in
particular to recreational water uses (bathingdyifig, bird watching, water sports). The authors
found that households in the study region wereinglto pay 110 Euro on average for a policy that
would reduce P emissions and thus prevent eutrapbic For the entire region, this amounts to an
annual benefit of more than 250 million Euro. Frtns, the authors conclude that the gains from
reduced phosphorous emissions in East Anglia edomeomparable in size to the costs of phosphate
prevention that Andrews et al. (1999) report fa whole of England and Wal&s.

The second approach, benefit as avoided damaded@scthe avoided cost of treating algae blooms
as well as reduced clean-up costs, for examplanthrstrial water filters that would clog up. Isal
includes the economic damage that algae bloomsecatigre they do occur, such as foregone
income in tourism if bathing is prohibited in a st& region. Such benefits accrue to the parties wh
would otherwise bear the costs — i.e. the governmepartment responsible for water management
(and thus ultimately tax payers), or firms thattedzes water from the affected water bodies. An
indication of this is provided by Pretty et al. (8). In an assessment of the total external cdsts o
agriculture in the UK, the authors estimate thattthtal cost of P removal incurred by water supply
companies (and presumably passed on to consuniéie)total annual capital expenditure for
phosphate and soil particle removal in the UK goréed at £73.5 million (95 million Euro, 2000
prices), of which £15.7 million (20.4 million Eur@000 prices) can be attributed to agricultural
phosphorous emissions. In addition, Pretty reportenservative estimate of 4 million (5.2 million,
Euro, 2000 prices) for the costs of eutrophicatiims only covers remedial costs of reservoirst tha
have to close treatment works for extended perbmtsiuse of excessive plankton concentrations.
Other costs for water supply, irrigation, fisheriemvigation, water sports and angling are not
included (for example, algae blocking filters,nailating bacterial growth, and giving drinking
water an unpleasant taste). However, there aradioations as to how this figure would change
because of the implementation of the Water FrameBaective.

While there are few studies that have estimatedmbaetary benefits of reducing phosphorous
loads, there are a number of studies that have urezhsthe monetary benefits of reduced
eutrophication more generally, without distingumhiwhich share of the benefits is due to
phosphorous or to nitrate emission reductions.

3 In addition, some measures aimed at P emissiores $exondary benefits, such as measures that réduce
emissions by controlling erosion. Buffer strips égwositive effects on the ecological status ofrikier by
increasing habitat- and species diversity. Howeseh secondary benefits are hardly ever quantified

% In their paper, Bateman et al. (2006) use a diffecomparison: they refer to estimates of thd tmists of
responding to eutrophication by Pretty et al. (9088d find that the benefits of reduced eutropiooan East
Anglia alone exceed the costs for all of England &ales by a factor of 1.5 to 3. However, the polic
response costs reported by Pretty et al. (2002)@renated by sewage treatment costs to removeppboss
from large point sources, which account for £50iaml (65 million Euro) and hence more than 90%ha# t
total cost.

127



128

Costs and Benefits of Specific WFD Measures relaiedgriculture

Soderqgvist and Scharin (2000) estimate the benaffiteduced eutrophication effects in the
Stockholm archipelago, Sweden. To this end, thayt eesident’s willingness to pay for a

hypothetical nutrient reduction programme, using tontingent valuation method. The
average willingness to pay of adult resident in ridxgion is estimated at 47 — 79 Euro per
year, which corresponds to an overall willingnesspay of the whole population in the

region of 55 — 92 million Euro per year.

Turner et al. (1999) estimated the costs and bisnaffireducing eutrophication in the Baltic
Sea. The benefits were estimated through contingaottion studies conducted in Poland
and Sweden, in which respondents were asked te ttair willingness to pay for a large-
scale international action plan to reduce eutragfoa in the Baltic Sea. For Sweden, the
mean annual WTP was estimated to be between 3563ihBuro. Based on these estimates,
the total national WTP for Sweden (based on tafaltgpopulation) was calculated to be in
the range of 1.2 — 2.2 billion Euro. For Poland IWTP per person was estimated to be
between 46 and 90 Euro. The countrywide WTP wasdda be between 0.6 and 1.2 billion
Euro. It is not surprising that the estimates fataRd were significantly lower than for
Sweden, given the difference in income levels. Basethese estimates, and accounting for
income differences, the authors also calculated ttht&l basin-wide benefits (for nine
countries) to be between 4.1 and 7.4 billion Ewepyear. While the authors note that this is
a highly uncertain figure, it does at least indicéhhat the benefits of reducing nutrient
emissions to the Baltic Sea are substantial. Thihoes also put these figures into
perspective by comparing them to the costs of aoigethe necessary nutrient reductions
(Gren et al. (1997), discussed above). The resuldt benefits exceed costs by a factor of
1.2 to 2.2, and are thus at least in the same yainget higher than the estimated costs of
reducing nutrient loads.

Using the travel cost method, Sandstrom (1996jned&d recreation benefits from reduced
eutrophication of Swedish lakes. Sight depth idus®the measure for water quality, since
it is related to the recreation users’ perceptibrwater quality, and since it is highly
correlated with nutrient load. The study showed tha increased benefits of a 50 percent
reduction in nutrient load is between 15 and 34oEper trip. For the entire population, the
total recreational benefits from a 50 percent eatrreduction are found to be between 26
and 59 million Euro. These estimates are thoughbdoon the low side. A possible
downward bias may stem from the fact that one-d#&s twere not considered in the
analysis, and secondly, since non-use values amaptured by the travel cost method.

A French study (Goffe 1995) employed the contingealuation method to estimate
recreational benefits of improving water qualityttad Brest natural harbour. The harbour on
the western coast of Brittany suffered from eutioption. Goffe (1995) carried out surveys
to elicit willingness to pay for two different watquality improvements. In the first case,
interviewees were asked how much they would bengilto pay for improvements of the
microbial quality of the harbour, which would emabhem to bathe and consume shellfish
without risk. The mean annual WTP was estimate83aEuro per person (1993 prices),
which is equivalent to 10 percent of the resporglerinual water bill. The second scenario
involved the high nutrient concentration in the evadnd their consequences on the marine
ecosystem. Interviewees were asked their annual WpPevent the depletion of oxygen in
harbour waters due to high nutrient concentratidie average WTP was estimated at 24
Euro (1993 prices).

Becker et al. (2005) estimated the willingnesséay for improved water quality in the lower
River Rhine and the River Ems catchments in Germ&mpsphorus losses are a major
determinant of surface water quality in the twochatents. The River Ems mainly suffers
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from diffuse pollution due to drainage of agricu#uland, which accounts for almost two
thirds of the annual P load. The River Rhine reeeil/574 tonnes of P per year, of which 11
per cent are attributed to the erosion of agricaltsoils. In both catchments eutrophication
is driven by P losses. Considering the effectsudfophication, the willingness to pay has
been established for a reduction of turbidity amelts from water bodies 30 days to 40 days
per year together with a 25 per cent increasalofign populations in the catchments. The
majority of respondents, however, refused to payhe suggested improvements. Thus, the
average willingness to pay among all respondentsotif catchments amounted to 19 Euros
per year, while the average willingness to pay #éa%uros, considering only those willing
to pay. For even further-reaching improvementsawrage willingness to pay of 28 Euros
among all respondents was estimate, respective®B d&uros among those willing to pay.
Although agricultural P losses are a very importaater quality in this context, it is not
possible to assess what share of these benefilseido P or N emission reductions from
agricultural or other sources.

Table 27: Monetary values of cleaner surface wated lower eutrophication
(annual WTP)

Study Study region Method WTP per capita Total WTP
(lower bound - upper (lower bound - upper
bound) bound)

Aarskog Inner Oslo Fjord CV 68 (non-users) - 104

1998 (Norway) (users)

Bateman etEast-Anglia Ccv 104 — 126 254 million (mean)

al. (2006) |(UK), Norwich

region

Magnussen South Eastern[CV] 126 — 252

and Navrud Norway

(1992)

Turner et Sweden, PolandCV 46 - 90 (Poland),0.6 — 1.2 bhillion (Poland),

al. (1999) | Baltic Sea basin 350 — 630 (Sweden) 1.2 — 2.2 hillion (Sweden),
4.1 — 7.4 billion (Baltic Sea)

Mantymaa | Oulujarvi, [CV] 92 -133

1997 Finland

Markowska| Poland andCvVv 353 (Sweden),1.2 billion (Sweden

and Zylicz| Sweden, Balti¢ 43 (Poland) 1.1 billion (Poland)

(1999) region 6.0 billion (Baltic Sea basin

Solderquist| Stockholm Ccv 47 - 79 55 — 92 million

and ScharinArchipelago

(2000) (Stockholm and

Uppsala)

Zylicz et al.| Baltic Sea coastCV 65 (mean)

(1995) of Poland

Gren et al{ Sweden, PolandCV 326 - 630 (Sweden)2.2 billion (Sweden),

(1995) Balstic Sea basin 33 — 65 (Poland) 0.85 billion (Poland),
3.4 billion (Baltic Sea basin

Sandstrom | Sweden TC 15 — 34 per trip 26 — 59 million

(1996)

Goffe France (Brest) Ccv 24 -33

(1995)

Becker Ems, Rhing CV 19 — 28 (all respondents)

(2005) (Germany) 44 — 63 (excluding protest)

129



Costs and Benefits of Specific WFD Measures relaiedgriculture

9.3.2 Analytical review

Some Member States have estimated the need foplpbimais load reductions, and the associated
costs, at the national level. Such estimates @esuto many uncertainties, since assumptions have
to be made about the necessary ambition leveleduaging emissions, and about the effectiveness
and efficiency with which measures are actuallylengented.

The available figures for the nationwide costs educing agricultural diffuse P emissions show
considerable divergence. For example, for the Nkthds, two different model-based calculations
diverge by a factor of 20. The higher estimateyviged in the Aquarein study, suggests that two
thirds — if not all — of agricultural production the Netherlands would have to be phased out in
order to reach the WFD objectives. By contrast,|dlaer estimate would imply that farmers face an
increase of compliance cost of 30 — 60% compareih¢ocurrent manure policy — which is still
considerable, but nowhere near the disastrous teffaggested by the higher estimate. Key
differences between the two estimations, which mxplain part of the stark difference between the
two, are the assumed need for phosphorous emiggiductions (i.e. the different levels of
ambition), variations in physical assumptions oa #ffectiveness of measures, and the assumed
potential for farm-level emission reductions thrbugore efficient use of fertiliset’

Except for the Aquarein study, which estimatedabenomic consequences at 1.8 — 2.7 billion Euro
per year (or 60 — 100% of agricultural net valudex), most other nationwide estimates are in a
comparable order of 50 million Euro (DK), 60 — 1&fllion Euro (NL), 80 — 110 million Euro
(UK 1999 and 130 — 470 million Euro per year (k¥y). If put into proportion to the agricultural
production in the respective countries, this cqoesls to 2.6% (DK), 2.2 — 4.4 % (NL), and 0.9 —
1.3% (UKigog / 1.0 — 5.6% (UKyo7) of net value added of the agricultural sectog(iFé 26 below
provides a graphical overview of these figures)edeéhare countrywide average figures, hence the
share will be higher for some subsectors of aguce) such as intensive dairy and poultry farming,
and in some regions. For other sectors and regimmscts will be lower. Even if one considers that
the estimates are very crude calculations andarst humber of strong assumptions, the overall
costs appear feasible, also in light of the faet $ome of the surveyed countries (DK, NL) have
fairly intensive farming practices.
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Figure 26: Overview of nationwide cost estimateK (DK and NL)

For the cost estimates presented above, it shailddbed that some of the measures considered

% A more recent cost estimate in the 2006 ‘Decentdiatrfalls in between the two estimates (MinVenW
2006). The document (p. 35) argues that the aaditioost for the agricultural sector to comply With~D
requirements could run up to more than 1 billiondEper year. This number is related to nutrientswash
rather than to phosphorous only, and is unfortupatet substantiated further in the document.
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(such as buffer strips along river courses) are ardy effective for combating phosphorous
pollution, but also against other types of diffys#lution from agriculture, including nitrates and
pesticides. As a consequence, it may be difficulmpossible to identify whether such measures are
necessary to comply with the WFD or with other $&gjive requirements, such as the Nitrates
Directive. This is similar for the calculation oémefits, where benefits can often be assessed only
for reduced (risk of) eutrophication, but not fooPN reductions separately (see below).

In addition to aggregated, nationwide figures, ¢hieralso considerable information on the costs of
individual measures to reduce on-farm P emissiwvisile the costs and effects of measures are
often highly site-specific and therefore difficutt generalise, it appears that there is still seoupe

for efficiency gains at little or no additional ¢o# will depend on the measures in the reference
scenario to gauge to what extent that potentiablh@ady been exploited.

Bearing in mind the general caveat that the cost affectiveness of measures may vary
considerably between sites, several authors fiatltttere is considerable potential to further reduc
agricultural P emissions at little or no cost (fmeexample, Jacobsen et al., 2004, DEFRA, 2003,
Sorensen et al.,, 2006). These comprise for exampéasures reducing the use of P containing
inputs like fertilisers and feedstuffs, whose agatiion rates are often higher than crop and liasto
demands, leaving some scope for optimisation ofiegipn rates (DEFRA 2003). In the case of
arable farming and forage production significaniiyver P-application rates may however be
possible without yield reductions, because P-lew#lsoils have built up over the past or are
traditionally sufficient for plant growth. Some easch suggests that nutrient management is the
most effective way to reduce P losses from agucaltactivity (Sharpley and Rekolainen 1997).
Others point at the efficacy of curbing P emissibrough minimum tillage and mulching which
tends to reduce run-off by 20 per cent and P lgs$@70 per cent compared to conventional
ploughing (Strauss et al., 2003). A report produse&ENTEC under the UK Collaborative Research
Programme (Sorensen et al., 2006) provides a beargheost database with generic data for a set of
standard measures. Of the measures relevant faseliphosphorous emissions, a number of basic
measures (restrict fertiliser spreading on higk fislds / at high risk times; on-farm measures to
contain contaminated run-off etc.) provide fainhexpensive options to reduce P emissions at little
cost (i.e. less than 10 Euro per ha per year).

The scope for such no-regret-measures appearsdonsalerable. DEFRA (2003) mention the case
of preventing P fertiliser application on arabledaof > P index 4 and halving the amount of P
fertiliser on land of > index 3, which could redueanputs in the UK by 90,000 tonnes and total
losses by 320 tonnes — at zero cost. Jacobsen)(B8tdhate that increases in the use of phytase and
phase feeding could reduce P surplus in Denmark5h§00 to 19,000 tons per year. The potential
will also depend to what extent these measures hiready been introduced in the reference
scenario.

The available information on the benefits of redgcidiffuse phosphorous emissions from
agriculture is somewhat patchy. Benefits of redgdi emissions will mostly take the form of a
reduced risk of eutrophication, and the associatednity benefits and avoided costs for filters and
water treatment. Benefits of reduced eutrophicaéisnmanifold and difficult to quantify, since all
the benefits associated with biodiversity conséowagare involved (use values like recreation, as
well as non-use values).

Phosphorous is only one of the factors that caesgsphication (together with nitrogen). However,
for valuation studies, it is usually not possibéedonsider the contributions of phosphorous and
nitrogen separately, the benefits of reduced ebteapion are rather valued as one stimlso,

37 The reason is that, for an individual water uids, only the end result — the eutrophicatiorhatimpedes
his/her use of the water (e.qg. for fishing, swimgqihoating, or as non-use value). Whether the phication
is caused by an overload of N or of P is relevanttie choice of counter measures, but not fovéieation.
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studies usually consider phosphorous from agricailtsources as well as from sewage treatment.
An additional problem is that the existing valuatistudies — unlike most studies on the costs of
reducing P emissions — are not specifically relatetthe WFD implementation, but are either based
on hypothetical policy interventions, or on pre-WR&ional policies®

If these limitations — lacking distinction betwelinand P emissions, lacking distinction between
agricultural emissions and sewage treatment, acking relation to WFD implementation — are
ignored, there is considerable evidence of the maoypebenefits of reducing eutrophication.
Estimates of willingness-to-pay for reducing eutrigption have been carried out in the UK,
Denmark, Sweden, Finland, Norway and Poland. Int@adgd a comprehensive study for the entire
Baltic see was carried out by an internationalaggdeteam in the late 1990s. Per-capita estimdtes o
willingness to pay show quite some divergence —ctwvhis not surprising, given the different
valuation methods used, the different times at twhie valuation was carried out, the differences in
income between countries, differences in attitut®sards environmental protection, and the
differences in the proposed policy options for it removal schemes that respondents were asked
to value. That said, most of the estimates arédénraange of 50 — 140 Euro per capita per year
(neglecting inflation or exchange rate fluctuatjoriSigure 27 gives a graphical overview of the
values found in the literature (annual willingnesgay for reduced eutrophicatiofi).
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Figure 27: Selected estimates of the benefitsdiiced eutrophication (annual WTP per capita)

If extrapolated to the study region, the total Bkm@f reducing eutrophication can be substantial,
also when compared to the costs: for example, Bateeh al. (2006) estimate a total annual benefit
of 130 — 250 million Euro for East Anglia; for ti&#ockholm and Uppsala region, Sodergvist and
Scharin (2000) find an annual benefit of 55 — 9fliom Euro. For the entire Baltic sea, Turner et al

(1999) estimated the benefit of halving nutrienissions at 4.1 — 7.5 billion Euro per year. Where
the authors compare the estimated benefits to dlsés of reducing nutrient emissions, they find

% This complicates the comparison of benefit estimao cost estimates discussed before: the vatuati
studies discussed are usually about the perceieefits of clear, algae-free water. To what extieistwill be
achieved through the WFD would need to be assessadcase-by-case basis.

3 The high value for Sweden can partly be explaibgdthe fact that respondents were asked for the
willingness to pay for a programme that would redaatrophication nationwide, whereas all othemestes
apply to the study region only. Note that no adjesits have been made to account for differencelean
study year, valuation method, valuation scenaremlper any other differences between the studies.
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them to be within the same order of magnitude (Bajeman et al. (2006), Turner et al. (1999)).
However, the authors warn that such comparisonslgie interpreted with caution, given the huge
uncertainties surrounding aggregate costs and ibefigtires.

9.3.3 Evaluation and lessons learned

In many European basins, diffuse phosphorous eomssirom agriculture are among the main
pressures that pose a risk for the achievemenbad gcological status, especially in those cousitrie
where industrial and household sewage treatmemdsly implemented and phosphorus in washing
detergents prohibited. The required efforts to ceddiffuse agricultural phosphorous emissions can
be substantial for some subsectors of agricultaceia some parts of Europe, although some studies
have also identified potential no-regret measunes teduce P emissions at little or no additional
costs, such as adding phytase to animal foodstuffs.

Since the objective of “good ecological status” Ima¢ been defined for all types of European
waters, and since neither the programmes of measune exemptions decided at this stage, any
assessment of the costs and benefits of WFD impitatien is at this stage speculative in nature.
For the case of diffuse phosphorous pollution fragricultural sources, helpful insights can be
gained from estimations that assess the necesBaris et the national level. Some Member States
have estimated the costs of reducing agriculturedsphorous emissions to a level that would
presumably guarantee the achievement of good dcalogtatus (in particular Denmark,
Netherlands, UK). Such estimations are necesssultyect to much uncertainty, and require strong
assumptions — starting with the necessary ovenaiésgon reduction — but they may illustrate the
order of magnitude of the required efforts. It ebalso be noted that the investigated countries — i
particular Denmark and the Netherlands — are cmsrhere agriculture is practiced in a relatively
intensive way, and with a high proportion of cattéming. It would therefore be plausible to
assume that other countries / regions with a fgenisive pattern would experience lower costs.

In conclusion, the picture that emerges from thailable evidence is that the costs for the
agricultural sector for achieving the necessarysphorous emission reductions will be substantial
Yet, while WFD implementation will certainly impo$@rdships on some parts of agriculture and in
particular regions, most estimates of the over@dtg of the Directive range between 0.6 and 5.6% of
agricultural gross value added. In particular, ¢hstill appears to be some potential for emission
reductions at little or no additional costs. Aladiile the costs imposed by the WFD implementation
in the case of phosphorous are substantial, stharbenefits. A number of valuation studies have
found benefits from reduced eutrophication riskha range between 50 — 140 Euro per capita per
year. However, the available evidence does not@updirect comparison of costs and benefits, as
the benefits are calculated for reduced eutropibicdt.e. a distinction between the benefits ofrid a

N reductions, or between the benefits of P redastioom agriculture and those from other sources
is not possible). In addition, it should be notkdttthe costs and benefits are distributed uneguall
among the affected parties. Third, it will depeadivhat extent cheaper measures have already been
introduced in the reference scenarios and the margiontribution of these measures to limit
eutrophication.

Accounting for paymentdt has to kept in mind that all economic assesdsnare affected by the
high degree of payments, which result in distortetkets (and no reliable market prices). Without
the use of shadow prices statements about costfficency of the WFD are difficult to make.
Perhaps more importantly, payments also have artigy effect as some provide negative
environmental incentives to farmers. This contindespite recent efforts to decouple payments
from production, since several agricultural produtave not been fully decoupled. Hence farmers’
decisions on which crop to farm still reflect agttaral payments rather than economic rationate, le
alone environmental considerations. This includep<that have a high water consumption and / or
require high levels of fertilisation (for examplmaize), jeopardising achievement of the WFD
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objectives in some instances.

Consumer interests and consumer demamdontrast to other actors, farmers only have lienited
options to pass on higher production costs throtggher prices, including the costs of
environmentally motivated measures. In the cagghoSphorous emissions, this constitutes a major
difference compared to the other main source omiBsons, wastewater treatment: for the latter,
higher prices can generally be passed on to thes dsmistomers. In the short run, this inability of
farmers to pass on higher costs may benefit consunm@ugh low prices. In the longer term,
however, consumers end up paying the bill — eidsertaxpayers, who have to fund restoration
measures from public budgets, or as citizens, wbhpsens to use the environment become limited.
Thus, consumer interest in cheap food effectivebans that environmental costs have to be paid
later.
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10 RECOMMENDATIONS
10.1 Economic analysis and tools

The development and use of economic informatiansgepwise process, in which more generic and
gualitative information may be enough to guidefits decisions for selection of measures but that

will require more detailed and comparable informatas many measures need to be evaluated.
Member States are recommended to develop longerdeategies on how to generate the required

tools and data for economic analysis and the cagsito use these results for decision making.

These strategies should build up or be part ofr@figan wide strategy. The development and use of
economic information throughout Europe would offejor opportunities to share information. One
particular goal would be to identify measures aitwbsions with good Benefit-cost ratios, and to
pin-point measures and situations that requirdé&irstudy. An important additional issue is how to
integrate the efforts by different Member Statesdbmate costs and benefits for internationalrrive
basins, to ensure that comparisons are feasible.

The monitoring of the costs of the WFD is a difficexercise, made more so by the problems of
differentiating between WFD and pre-WFD measurdser& is a need therefore to develop a
standard means of monitoring and agreeing in giecon how to define WFD and pre-WFD
measures.

Different top-down and bottom-up methods of besefissessment are highlighted. One important
issues is how to relate changes in the status trdies to the provision of “goods and services”
Agreement on typical dose-responses, to descridejaantify this relationship should be sought.

Single WTP surveys can be used to assess the tsef@fia river basin or country, but the
information is not sufficient to select individualeasures or prioritise between locations — so more
detailed bottom up approaches are needed in additio

Currently there are no guidelines which help tenestie scarcity rents. These guidelines will help i
the improved allocation of water resources, esfigaidnere water resources are in decline.

Initiatives to develop international frameworkspols and models to evaluate water policy in the
same way as the air quality and energy issues,pnolNide the means to assess the impact of EU
policy on the water sector.

In this context, data (benefit) transfer will beueed, both within and between countries. They are
required for both impact assessment indicatorkifioy water bodies and measures with expected
impacts (volumes of surface or groundwater useddfmking water), information on users de:;
(number of hikers, bikers, anglers per km rivemnber of houses per km river bank/dyke) and data
and functions for valuation. More research is ndedebuild on a set of reference values, with rules
to aggregate benefits of different categories, sypeusers, the timing of benefits and appropriate
discounting rates. The UK, France and Netherlaad® Istarted to develop and use tools to estimate
the full economic value of improvement of all wabedies within a river basin and country. Lessons
can be learned from these experience to develep @ guidelines and tools to assist other MS

More efforts are needed to validate the qualitystitistical data on environmental expenditures
provided by National Statistical Offices of indivial Member States.
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10.2 Specific issues and measures

Administrative costs - More efforts are required to monitor and evaduatiministrative costs.
Economic analysis can help in directing cost-effectess measures to reduce administrative costs
that would be paid back in the long run.

Fish migration — More information is needed to assess the benefitmeasures to improve fish
migration, at the same time studies indicate thettet are a number of low cost solutions to improve
the situation.

Wetlands — Use cost-benefit and ecosystem function appesath evaluate measures related to
wetland restoration, creation or protection, apply existing frameworks for assessing costs and
benefits, but ensure that the potential benefggaties are relevant for the specific case andsasse
marginal impacts,.

10.3 Agriculture and water use

Inventorising wells, establishing metering systearsd clarifying abstraction rights are important
ingredients for improving the management of grouad

Water pricing can be a helpful support instrumentecover the costs of significant improvements in
water quantitative status, but it will need todoenplemented by other measures and instruments to
ensure sustainable water resources development.

Where the competition for water between sectorgréat — scenarios and demand projections are
required to ensure the sustainable use of water.

Technical and legal support needs to be given tonpte the efficient allocation of scarce water
resources, this is particularly relevant as climgttange will exacerbate water scarcities in many
parts of Southern Europe, at many times of the.year

10.4 Agriculture and phosphorous

There is a general conclusion that, while the costigmiting P emissions from agriculture can be
substantial, there also considerable benefits. &/hilgeneral comparison of costs and benefitstis no
possible based on the available evidence, theesxistof considerable use- and non-use benefits of
reducing eutrophication risk suggests that thigetsmerits closer attention.

Regarding the costs, it is clear that some sulseeof agriculture will be more affected than ofher
and hence also some countries / regions more titnso Some studies have asserted that, in some
countries, there still seems to be an untappedpatdor P reduction at little or no cost.

10.5General strategic recommendations

Develop a longer term strategy in which informatgathered and developed can serve multiple uses
and questions, at different policy levels and sc@{sub)river basin; national), and can stepwise be
improved over time. For example,
» cost information will serve cost-effectiveness gse, cost-recovery, financial planning,
cost-benefit, ...
» effectiveness analysis will serve as input for @ftctiveness, cost-benefit, development of
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PoMs, EIA of measures, etc.
* benefit assessment can deliver inputs for costfiness, cost-benefit, selection of
locations and measures, identification of win-wafutions with other sectors or policies,

Develop a strategy that combines different experiisa common framework. (Do not rely on a
single set of expertise or do not shift the burttenne level (local or national)) Take care of some
simple basic rules that are important for econcamnialysis.

* a combination of local expertise within (sub)rilesins with technical expertise which can
be developed more efficiently at higher level (o@aail, international).

+ define a wide set of different and competing meesuo be evaluated. Take care that
applying certain measures in one situation may leadjuite different costs (or cost
effectiveness) than in another setting (phospleteoval at WWTP can be seen as a single
measure but experience shows that there is a wadiation in costs (and thus cost-
effectiveness, which is often ignored in a top-d@malysis approach).

» Cost effectiveness analysis is at the core of raoshomic analysis. It requires integration
of expertise related to defining and assessmemsfs and definition and assessment of
effectiveness.

* Benefit assessment combines expertise related nar¢@amental) impact assessment of
measures and the valuation in economic terms eethesults.

» Take care of capacity building for both developmafidata, methods and assessments in all
area’s of expertise and for interpretation andafsesults among a wide range of potential
users.

Economic analysis will be most useful if it is usikeda stepwise strategy as it allows different
disciplines to improve stepwise methods and datéeatmn and to interact with each other.
Stakeholders could be asked to supply cost-effeceéss analysis (applying certain common
standards to make results comparable), which enatmdeer authorities to decide which measures
can be best taken. If water authorities themsehiksissess cost-effectiveness one may fear tleat th
stakeholder may have small or large objectionfiéoautcome, involving the stakeholder would at
least partly cope with this problem.

In the short run, build on lessons from other coastand literature to identify and select potdntia
measures, the main factors that will impact onasid benefits and orders of magnitudes. Improve
information for the most promising measures. Trasmsfer of knowledge could be organized at the
EU level. The additional costs for economic analysn be earned back as it will help to identify
more efficient measures and policy instruments. fbryestimate this benefit using some simple
assumptions and use that to gain support for th&y/sis. Use results of benefit assessments for the
identification of beneficiaries, and to gain suggdor the selection of measures.
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11 CONCLUSIONS

The following sections summarise the main conclsidrawn from our overview and analysis of
existing information of the implementation of the=¥. In addition, a section is included that points
the way forward for future work.

11.1The current status of the use of cost and benefitnalysis in the
Member States

The information on the nationwide studies of caatsl benefits of the WFD is limited to a few
Member States that have a long tradition of econ@asessments in the water sector. The review of
these studies shows that these countries are darghnin their process of economic assessment to
have produced first rough estimates, but not faugh to paint a complete and definitive picture of
costs and benefits. In the years to come, theselde®tates will complete their analysis, while
others are likely to release first estimates.

Member States are obliged to draft river basin rganmeent plans by 2009, including an analysis of
the cost-effectiveness of proposed measures t@aehine WFD targets. The overview of progress
illustrates both the complexities involved and thek of economic tools and indicator data in the
water sector.

The overall methods for carrying out a CBA of th&®Ware well established, but currently there are
insufficient tools and data to implement econongsessments. Member States, such as the United
Kingdom and the Netherlands, with their own CBAuieements and traditions have the data and
the tools available to carry out these types oésmwents. The report therefore relies heavily en th
studies produced by these two Member States irtiaddo information on specific measures from
other Member States. In the environmental domafnsnergy and air pollution — CBA has been
carried out at the European level, building onftat that adequate national and European tools for
the assessment of costs and benefits have beelopede

11.2The review of costs and benefits

The review of costs and benefits of the WFD hasentrated on identifying the major factors that
drive the level of costs and benefits. Some fachoesparticular to either costs or benefits, wherea
in some cases the factors apply to both estimatists and benefits.

The factors that apply to both estimating costs laedefits are: the GAP analysis; the selected
Programme of Measures; income level; effectivemmésraeasures, timing of measures, assumptions
about the time frame and discounting rates. Theofagarticular to only costs are: efficiency of
policy instruments and efficiency of implementatidine factors particular to only benefits are: the
number of people affected and the degree of witless to pay.

As noted above it is too early to have informationthe costs and benefits of implementation of the
WEFD. It would require a full cost-benefit analydmsed on recent assumptions on reference
scenarios and ambition levels for a good estinmteetmade. The information that is available today
(reports and studies from the Member States, antherbasis of the available data on costs of
environmental measures from Eurostat) suggeststhieaimplementation of the WFD is likely to
involve substantial costs. However there are lamgeertainties associated with these estimates, and
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will depend largely on the level of ambition inre of reaching good ecological status. The level of
ambition can effect costs by a factor of 3 to 5atidition, it is very unsure what the efficiency of
measures is likely to be, which will depend on thsts of measures in the pipeline and renewal of
existing infrastructure. Only for one country (N¢&gn we compare WFD and current costs, and with
current information this gives a range from 5 to%0compared to the baseline situation. Although
uncertainties are very large, the information &al#é today indicates that costs of WFD
implementation in the EU are likely to be substrut unlikely to be greater than costs for curren
measures and measures in the pipeline.

The information on benefits of the WFD across Eergplimited. Three Member States that have a
long and extensive traditions in benefit assessimane published first results, as a starting piaint
further research into the benefits of WFD. The eewviof these studies show that even for these
countries it remains difficult to get a completetpre of the full benefits. The overview will becem
more complete in the coming years.

These first raw and incomplete data show that liisrefe very diverse and include avoided costs for
water supply and management, benefits for watateelrecreation (angling, kayaking) and informal
recreation, amenity benefits for populations claseivers, non-use benefits related to improved
environments for plants and animals, and the betteirection of water resources. None of these
single categories dominate the total benefits.

The factors that determine benefits include deéinitof GAP and ambition levels, the extent to
which all relevant benefit categories and waterié®dhave been included, the number of people
affected and their willingness to pay, and the scfy win-win measures with water supply and
management. Again it is not possible at this stagaredict what the scale of the benefits may be,
though available assessments indicate the bengfitshe region of quantified is 10-100
€/household/year. These assessments were basesbumpions that reflect the understanding of
WFD implementation at that time, and for some witthgufficient information on the status of water
bodies or the standards which are needed to dejoe status.

This variety in benefits is good news for thosd tbak for support for the implementation of the
WEFD, because a wide range of people are likely dnebt from the WFD measures, especially
through non-market benefits. The other side ofciia is that it makes benefit estimation a complex
and challenging task, especially in Member Stateg have no tradition in economic benefit
assessment, and less studies and expertise todouild

Further assessments of potential benefits of th®\&Whe national or EU level could be carried out
by using a top-down questionnaire approach. Howthebenefit analysis of individual or packages
of measures requires using bottom up accountirfgitgaes. The identification and quantification of
benefits is only appropriate at the river basinelevihe FP6 AquaMoney research project is
developing guidelines for the valuation of benebtdVFD and will ease the use of benefit transfer.
In addition, the WFD will give a boost to valuatistudies throughout the EU.

The information available today is not accurateugiofor Member States to already fine tune the
selection of measures but rather to indicate irctvidirection further development of packages of
measures should head and identify priorities fathier research or data collection. Studies on
specific WFD measures suggest that there is a [aotgntial for cost-beneficial measures. But with
benefit-cost ratios depending on the context ridsessary to undertake a local analysis of the cost
and benefits in the further selection of the Progree of Measures.

The studies illustrate that the WFD is not a singlell defined objective or set of measures, but
offers the opportunity for Member States to defamabition levels and select measures taking
economic analysis into account. The data suggestiiere may be large differences for both costs
and benefits between small and big gap scenaritstaveen low to high ambition levels.
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11.3 Specific issues and measures

A review of information available on the adminisiva costs related to the WFD indicates that there
are certainly some extra administrative costs whthtbe attributable to the to setting-up of pldos

and implementation of the WFD. Presently, estimaies not easy to make, but are roughly
estimated at € 50 million per year for the Nethaillg being 25% more to the current administrative
costs of managing water bodies. Although in alieoterms the administrative costs of water
management may assumed to increase (in line withiawnkl expenditures due to implementation of
policies in pipeline and the WFD), it is reasonaidl@ssume that administrative costs in relation to
total costs will remain constant.

It should also be pointed out that the benefitadrhinistrative requirements that attribute to sgtti
up plans for the WFD will result from integrationtivother water/nature related policies/planning
and result in a more effective decision making pssc(obligation to achieve results). If sound
administration really supports cost-effective inmpéntation, the savings may be much larger than
the additional costs. However, to reap these bsn&bund economic analysis is required.

A review of the costs and benefits associated witHands indicates that the most important value
attached to measures enhancing wetlands (creadistoration, management) is in the multi-purpose
solutions that are on offer (solutions for differ@olicy-objectives). In addition, it is observduht

the creation of wetlands (floodplains), can besame cases, the most cost effective measure for
HMWBs to achieve GEP. It needs, however, a caseifgp@assessment of marginal costs and
benefits to check to what extent this message e the measures evaluated.

Our analysis shows a great deal of informationvailable on different fish by-passes, but little
information on actual costs and benefits. Thereewss published assessments of the costs and
benefits of fish migration measures in Europe. Aipte of North American studies, however,
provided evidence that the removal of unused damsgears brought benefits to local communities
in the form of improved recreational fishing faitds.

A good cost-effectiveness analysis is needed teoendifferent measures:

* removal of obsolete (i.e. not in use) obstacleddcbe cost-effective;

» upgrading the older installations with fish-friemdiurbines could be more cost-effective
than building fish by-passes/ new installationsv@o fish mortality, higher productivity) —
but cannot not accommodate fish that migrate upstre

* an integrated approach is necessary for the desfigrew fish by-pass installations and
creation of suitable habitats.

A review of the costs and benefits of specific nueas to improve irrigation methods and
management indicates that one of the main impddtsed/VFD on irrigation water demand will be
through the Art. 9 requirement that water servitgsuld recover the costs, including environmental
and resource costs. This will affect agriculturedtsrs in different ways: some parts of agriculture
(esp. fruits and vegetables) account for a highhesbairrigation water demand, but at the same time
the marginal productivity of irrigation water isghi in these sectors, even in the absence of CAP
payments. Hence the price elasticity of demandrfagation water is relatively low: if the water
price rises, irrigation water demand will not fairy much. Thus, if the WFD should lead to higher
cost recovery levels and thus higher prices fagatron water, demand for irrigation waierthese
agricultural sectorswill not be affected very much. The objective okteecovery would thus be
reached without significant improvements of wateamitative status. In these regions and for these
types of crops, water pricing may thus be helpfeilaasupport instrument to provide adequate
incentives, but it will need to be complementeddblyer measures and instruments to bring about
improvements in water quantitative status. By castircereals and crops such as sunflowers and
cotton can only be produced in many regions becthes@rigation infrastructure is subsidised and
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because cost recovery levels are low. If the WFBukhlead to higher cost recovery levels, such
production could become unprofitable for many farifisus, cost recovery would be achieved as
well as improvements of water quantitative status, at the risk of reducing the profitability of
many farms. Again, water prices should thereforeb®the sole instrument of choice, but need to
be complemented with measures targeted at reducigagtion water demand.

A review of the costs and benefits of specific mees to reduce the diffuse pollution of
Phosphorous from agriculture indicates that thesctm the agricultural sector for achieving the
necessary phosphorous emission reductions willuistantial. While WFD implementation will
certainly impose hardships on some parts of agueeiland in some regions, most of the available
estimate expect that the overall costs of the Mwrecwould lie between 0.6% and 5.6% of
agricultural gross value added. Whether or not tbesents an unacceptable hardship is clearly
debatable. In particular, there still appears ted@e potential for emission reductions at littleno
additional costs, but their importance will depenter alia to the extent these have already been
implemented in the reference scenario. The benefltdbe mainly due to limiting eutrophication,
and the evidence suggests that the public in mampfean countries attaches a high value to
reduced eutrophication. It needs further and casgeific assessment to evaluate to which extent
reduction of P from agriculture contributes to tbbjective.

Finally, it should be noted that the cost and bienefre distributedinequally among the different
agricultural sectors.

11.4The way forward for the further use of economic tots in the WFD

The further development of the CBA of the WFD regsimore detailed, stepwise analysis that
feeds in with cost-effectiveness analysis and rivasin planning. Exchange of information and
collaboration for the development of tools will i realise this goal. An important step is to
rationalise the lessons from the first experienagd this report being a suitable starting poDhe
particular goal would be identify measures andasituns with good benefit-cost ratios, and to pin-
point measures and situations that require furshely. An important issue additional issue is how
to integrate the efforts by different Member Statesstimate costs and benefits for international
river basins, to ensure that comparisons are fleasib
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Annex 1

ANNEX 1: BACKGROUND TO THE DATA ON BENEFITS OF WFD
IN TABLE 9.

Country, Scope Results Method Source *
€/hhlyear

UK

1 Engl/Wales, Impl. WFD, GES ~ 37 * bottom-up | UK 1, 2003 (2)

2 idem ~ 65-90 bottom-up | Env. Agency (2)

3 Scotland, Impl. WFD, GES ~90 — 160 - 230  bottom-ugiHanley, 2001, (3)
NL

4 Benefit GES ~ 90-105 |top-down | NL 1,2004 (4)

5 CBA : 3 ambition levels GES ~ 10-30 Bottom-up | NL 2, 2006 (6)

6 Ground water protection ~ 35-72 top-down | Brouwer, 2006 (7)
France

7 ground water/water supply ~40 top-down | Fr. 2005 (5)
GES surface waters ~5 bottom-up | Fr, 2005 (5)
Subtotal all categories ~ 45 mixed Fr, 2005 (5)

Explanation

Study Nr 1

Basic data: benefit in the region of 560 milliom panum (see table 17)
scope: England and Wales , implementation WFD ,osabt
source : Defra, RIA WFD, (2003)

assumptions/parameters used for recalculation
N° of inhabitants: 53 million
N° of people per household : 2.2
exchange rate : exchange rate : 1 £= 1,5 euro
price level: indexed from 2003 to 2006 (+ 5 %)

rounded to : 37

Study Nr 2
Basic data: benefit in the region of £ 1000 to B6dllion per annum (see table 17)
scope: England and Wales , implementation WFD ,osabt
source : Environment Agency, quoted in Defra, RI&ADV (2003)
assumptions/parameters used for recalculation
N° of inhabitants: 53 million
N° of people per household : 2.2
exchange rate : exchange rate : 1 £= 1,5 euro
price level: indexed from 2003 to 2006 (+ 5 %)
rounded to : 65 to 90
remarks: is based on 1 plus undocumented assessfoentissing categories

Study Nr 3
Basic data: 130, 228 to 325 million £ per annurbtatal of benefits of benefits of reaching GES in
Scotland
- remarks: scope: England and Wales, subtotal, betom
- source : Hanley (2001), summarized in Interwie®520
assumptions/parameters used for recalculation
- exchangerate:1 £=1,5euro
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Annex 1

- N° of households in Scotland, 2.27 million (2.2abkiants per household)
- price level : 2001, corrected to 2006 prices (plisel for UK , Eurostat)
results rounded to : 85 - 150 — 210 €/hh/year

Study Nr 4

Basic data : 90 to 105 euro/hh/year

source : Brouwer 2004

assumptions/parameters used for recalculatione non
remarks

Study Nr 5
Basic data: range: 1.7; 4.6 and 5 billion euro,z®eC
- remarks: scope: Netherlands, implementation WFEBfsecenario’s
- units: PV, for 100 year period, discounted at 4otice level 2006
- subtotals from bottom-up analysis, see box C
- source: MVW, 2006;
- assumptions/parameters used for recalculation
N° of households : 7.15 million (MNP, 2007)
results: annual benefits: 70- 187 - million €/year
in €/hh/year: 10 — 30 €/hh:yr

Study Nr 6
Basic data : 32, 46 and 72 €/hh/year, WTP estifieatereservation of groundwater quality at a level
suited for irrigation( 32 €/hh:yr); drinking watét6 €/hh/year) and natural background
(72 €/hhl/year).
source : Brouwer 2006
remarks : only values for preserving quality fornimg water or natural background have been
used.

Study Nr 7
Basic data: range: see table below, annual vaigdementation reaching GES, Fr 2005
- for min-max scenario for GAP
- source : Chegrani, 2005, based on WTP studiesrésice
- assumptions/parameters used for recalculation
N° of households : 58.5 million inhabitants, 2.3ge®s/household (inep)
results: 40 €/hh/year for preservation of grountdgwand water supply
5 €/hh/year for benefits related to rivers, lakes,
45 [€/hh/year for subtotal of total benefits /hefusid/year.

Annual value for France in €
million /year Benefit/houselld

Benefit category min max mid inhabitants | persons/hh|  €/hh/year
water supply 815.5 1191 " 1003 59 2.3 394
fish 9 9 9 59 2.3 0.4
angling 11.25 11.25 11.25 59 2.3 0.4
walking 11.5 23 17.25 59 2.3 0.7
kayak 0.5 0.5 0.5 59 2.3 0.0
non-use 95 111 103 59 2.3 4.0
subtotal without

water supply 5.5
Sub-total 942.75 | 1345.25 1144 45.0
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