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Executive Summary

1. Vauing the benefits of ecosystem recovery in monetary terms is not
straightforward because many ecosystem services are not traded in markets and
the science that is required to underpin a valuation exercise is insufficiently
robust.

2. The overall aim of this study is to assess current prospects for valuing ecosystem
recovery in the context of air pollution and to give guidance regarding future
research needs, in terms of economic vauation and scientific understanding.
Specific objectives are to:

> review the literature on ecosystem valuation in the context of air pollution
> describe the main challenges confronting valuing ecosystem recovery
» assess future research needs and establish priorities

3. The approach required a review of existing literature supplemented by a series of
group meetings involving leading experts in the fields of ecosystem science and
valuation. The literature review concentrated on peer-reviewed articles that fell
into one of the following categories:

@) UK valuation studies directly applicable to ecosystem recovery from air
pollution

(i) Non-UK valuation studies on air pollution and ecosystems that might be
relevant to the UK context

(i)  Vauation studies not in the context of air pollution, but of relevance in
methodological terms.

4 Two panels were convened to enrich the review by providing an assessment of the
‘state of the art.” Members of the Economics Panel were Prof. Nick Hanley
(University of Glasgow), Dr Douglas Macmillan (University of Aberdeen), Guy
Garrod and Dr Ricardo Scarpa, (both University of Newcastle). Science Panel
members were Prof. Alan Jenkins (CEH-Wallingford), Dr Ron Harriman
(Freshwaters Fisheries Laboratory), Dr Bob Ferrier and Dr Robin Pakeman (both
MLURI).

Ecosystem Valuation Literature

5 Over 50 ecosystem valuation studies were reviewed. Studies from North America
and Scandinavia dominate the international literature on valuing ecosystem effects
of air pollution. In part this reflects the importance attached to air pollution in
these regions, but also the stronger policy and academic interest in vauation
methods. Many of these studies are concerned with impacts on forest growth and
timber, and estimating the cost of damage to recreational fishing.

6 There have been several WK freshwater valuation studies in the context of air
pollution dealing with fish stocks and biodiversity, but none for woodlands and
grassland/heathland ecosystems.
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The reliability of the science used varies considerably. While some studies have
attempted to link with state of the art scientific models, many more have been
only weakly linked to science, often adopting dose-response functions that were
either inappropriate to the context or entirely hypothetical.

Overall the research emphasis revealed by the review reflects academic interest in
certain valuation methodologies (e.g. Travel Cost approaches) and, to a lesser
degree, the reliability of the underpinning science, rather than the value of the
resource affected.

Research Challenges: The Science

Information is available on a 5kn? grid for determining Critical Loads at a
national scale but at a site-specific level, deposition and soil data are poor. There
is a need to improve spatial resolution in order to identify impacts on highly
valued, but localised, conservation resources such as Sites of Special Scientific
Interest (SSSIs).

Although it is possible to predict recovery in freshwater chemistry from
reductions in sulphur (and to a lesser extent nitrogen) deposition, there is a strong
requirement to enhance the chemical:biological link especially with regard to
biodiversity.

Dynamic models such as MAGIC offer the best current methodology to account
for recovery in both terrestrial and aquatic ecosystems. This type of model can be
coupled to biological models for fish populations and for diatom assemblages.

Ecosystem recovery from air pollution is characterised by considerable scientific
uncertainty, with the degree of uncertainty increasing as the time span increases.
Uncertainty in predictions is generally badly represented, especially in the Critical
Load (CL) approach. Dynamic models can produce numerical representation of
uncertainty, but the challenge is to trandlate this into something that is meaningful
to a non-specialist.

Confounding factors may have a big influence on the pattern and timing of
ecosystem recovery processes. Although new European initiatives such as the
RECOVER: 2010 project are specificaly focused on identifying the nature and
consequences of confounding factors during recovery, more work is required.

Many scientific indicators of ecosystem change are ill-suited for benefit
identification and measurement purposes. For example, information regarding the
toxic effects of heavy metals on root growth is useful if it can be transated into
more direct impacts such as timber production or tree heath. In the case of
biodiversity, changes in charismatic species such as otters are more likely to be
understood and appreciated by people than changes to more obscure species or
indices.
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Research Challenges. Economics

The potential to use market price approaches is limited in the UK ecosystem
context, as few marketed goods are affected. For those that are, such as timber
and grazing, there are no reliable dose-response functions available.

Nonuse values are expected to be a major component of the total economic value
of ecosystem recovery in the UK. Stated preference (SP) approaches are the only
way to measure norruse values in monetary terms. Some of the main valuation
issues involved are the complex, unfamiliar, and long-term nature of the
environmental change, problems with double-counting, and the extent to which
hypothetical willingness to pay (WTP) elicited would reflect actual WTP.

Recent innovations in environmental valuation techniques offer some interesting
possibilities for enhancing reliability of benefit estimates. One development that
has particular relevance to ecosystem recovery is the use of deliberative valuation
fora The ‘Market Stall’ method, for example, is potentially more suited to a
complex scientific issue such as ecosystem recovery than personal interviews, as it
provides people with more time and information to consider their WTP.

For policy purposes, benefit estimates have to be scaled- up to the relevant level of
aggregation for policy discussions and negotiations. Some of the main challenges
are identifying and sampling the relevant population of beneficiaries, and the
incompatibility of economic models (which are often based on nationa data) and
scientific models (which are often catchment- based).

The long-term nature of ecosystem recovery presents difficulties for temporal
aggregation. Typically thisis achieved by discounting, but as recovery may take
hundreds of years the choice of discount rate will be crucial. Furthermore thereis
the problem of accounting for the preferences of future generations within the
Cost-Benefit framework.

Freshwaters Case-Study

Freshwater was selected as the case study subject because the scierce of recovery
is comparatively better understood than for other ecosystems. Also, there have
been several UK valuation studies of freshwater resources in the context of air
pollution.

The principd ams of the case-study were to review and assess the current
potential to value recovery in the freshwater ecosystem; to identify specific
research needs (both economic and scientific) that would allow valuation to take
place, and identify the limits to valuation.

Four studies were identified from the literature review as having some direct
policy relevance to freshwater recovery in the context of air pollution. However,
the benefit transfer potentia of these studies was limited due to problems in
methodology or with the scope of the valuation exercise.
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In prioritising research needs we have considered a range of criteriaincluding cost
and feasibility, the reliability and potential magnitude of benefits generated by
ecosystem recovery, and the scope for benefit transfer.

The priority for valuation research is to estimate both the use and non use values
associated with biodiversity recovery.  Contingent valuation (CV) using
deliberative valuation fora, is probably most suited to the task, but there is scope
for applying choice experiments (CE) with recreational users. In both cases, given
the scientific complexities and uncertainties surrounding ecosystem recovery,
considerable effort would have to be invested in preparatory work such as focus
groups and scenario portrayal .

By building on previous work it should be possible to generate reliable estimates
of the benefits of recovery in UK salmon fisheries by applying the hedonic pricing
(HP) method. Benefits are likely to be small relative to nonuse values but they
would be perceived as ‘rea’ economic market benefits as opposed to
‘hypothetical’ and would provide evidence of direct economic benefits to specific
groups (salmon anglers, riparian owners etc).

Additional scientific research that would help underpin valuation includes: (i) an
enhanced link between chemistry and biology, with the focus on biodiversity and
ecosystem function; (ii) dynamic modelling; and (iii) defining measures of
ecosystem change that could be easily understood by the general public. One
suggestion would be to develop an ‘ecological ladder’ to describe recovery in
terms of ‘steps that are defined by recognised indicators such as the
presence/absence of individual species and related water quality measures.

General Conclusions and Recommendations

Valuing ecosystem recovery in the context of air pollution is a difficult task due to
scientific uncertainty about the impact of abatement on ecosystem recovery and
the challenges of valuing long term and complex environmental changes.

The 1999 IGCB Report noted that it would not be possible to conduct an
economic analysis of ecosystem benefits from reductions in air pollution. In our
view this is an overly pessimistic assessment, at least for freshwaters, given new
developments in the dynamic modelling of ‘effects and advances in economic
valuation methodology. We believe that appropriately planned valuation research
conducted in collaboration with scientific experts would yield reliable benefit
estimates that would be useful for policy purposes.

Scientific understanding and predictive modelling is most advanced for freshwater
ecosystems, with models such as MAGIC capable of predicting long term
ecosystem response. However, our understanding of the effects of air pollution on
grassland/heathland and forest ecosystems is currently insufficient to allow us to
undertake a valuation exercise.
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We recommend that research is undertaken to estimate the national benefits
of recovery in the freshwater ecosystem from further reductions in air
pollution

The main vauation priority is to estimate the use and non use values associated
with biodiversity recovery using SP approaches. CV is most suited to the task of
valuing biodiversity changes, with scope for applying CEs to recreational users if
attributes such as ‘fish catch’ can be identified and quantified.

Priorities are as follows:

1. Alargescale (national) CV to estimate non-use values

2. A small scale CE to establish the magnitude of user benefits based on
several case-studies (but designed to allow scaling up to national level
estimates).

3. A scaling-up exercise for salmon fisheries recovery based on earlier work
by Macmillan and Ferrier (1994) in Galloway.

Estimating ecosystem values is likely to provide a serious challenge to existing
survey-based SP methods such as CV and CE due to the complex nature of
ecological recovery processes.

Wethereforerecommend that:
Considerable effort is invested in preparatory work such as focus groups
and scenario portrayal.
Group-based ‘deliberative’ valuation methods such as the Market Stall
are preferred to interviewbased surveys as the former provides
participants more time to gather and assimilate information and evaluate
their willingnessto pay.
Descriptive devices such as an ‘ecological ladder’ need to be developed to
describe recovery over time in a simpler way, with each ‘rung of the
ladder defined in terms of carefully selected ecological criteria such asthe
presence/absence of key species and the status of water quality measur es.
When conducting a WTP study wsing CV or CE it will be necessary to
directly describe further ecosystem deterioration under the status quo.
Existing evidence, suggests that WTP for an abatement programme will
be consderably enhanced if this avoided damage is made explicit to
respondents (the ‘endowment effect’).

In order to enhance the scientific base for valuing freshwaters we require more
investment in scientific research to:
identify the extent of damage to areas of high nature conservation interest
model time delays and potential hysteresis during the recovery phase
account for land use practices and other confounding effects such as climate,
pests, and diseases.
enhance the link between chemistry and biology, especially biodiversity and
ecosystem function



Limitsto Valuation

33 While new methodological advances in terms of valuation and increased scientific
knowledge are improving our capacity to value ecosystem recovery, some
fundamental difficulties remain. First, economics is limited in the sense that
ecosystem change only matters when impacts on human welfare can be
recognised and measured scientifically. Second, some aspects of ecosystem
recovery may be so complex and/or uncertain that valuation scenarios for SP
studies may be too simplistic or even misleading. Third, the impact of pollution
on the foundation services of ecosystems may not be fully understood by
scientists, let alone valued by economists.

To help overcome these limitations we suggest the following:

Scientists and economists need to work together more closely in
integrated projects.

Introduce ‘expert opinion’ more overtly into the valuation process. For
example by using expert witnesses in group-based valuation fora or by
providing expert ‘interpretations of complex scientific data in the
information set given to respondents.

Where valuation is not considered possible alternative decision-making
techniques such as Cost-Effectiveness Analysis and Multi-Criteria
Analysis that do not require monetary valuation should play a role.
(However neither of these approaches give guidance whether it is optimal
to proceed with abatement or not and hence do not perform the samerole
in policy appraisal).

The uncertainties concerning monetary valuation should not be
understated and benefit estimates must be considered to be conservative,
lower bound estimates of total ecosystem value.

Vi



I ntroduction

The overal am isto establish the extent to which there is scope to demondgtrate the benefits
to UK ecosystemns from reductions in ar pollution, specificaly in terms of vauation of these
benefits.

Vauing the benefits of ecosystem recovery in monetary terms is not sraightforward and a
report by the Interdepartmental Group on Costs and Benefits (IGCB) concluded that it was
currently not possible to conduct an economic andysis of benefits ariang from ar pollution
reductions (DETR 1999). The main problems identified were that many ecosystem goods
and sarvices affected, such as biodiversty, are not directly traded in markets and that the
underpinning science isinsufficiently robust.

In this study we use the available literature and group discussions with leading expertsin the
fidd of economic vduation and environmenta science to examine the potentid for
ecosystem vauation in the light of recent advances in methodology and understanding.

Soeuflc objectives are to:
review the exigting literature on ecosystem vauation in the context of ar pollution
describe the main chalenges confronting the vauation of ecosystem recovery
congder the links between the current scientific work on ar pollution effects on UK
ecosystemns and the potential for economic analysis of these effects
asess future research needs and establish priorities for vauing ecosystem recovery

The effects of ar pollution on ecosystems are pervasive but for the purposes of this study it
was decided to focus atention on three ecosystem types. Forests, Freshwaters and
Heathland/Grasslands. These ecosystems were chosen because of ter sgnificance in a
UK context and because observable environmental changes in the function of these
ecosysems have been identified and linked to ar pollution. The man ar pollutants
congdered are sulphur dioxide (SO.), oxides of nitrogen (NOx), ammonia (NH*"), volatile
organic compounds (VOCs) and heavy metdls.

The gpproach involved both a review of exigting literature and a series of consultative
mesetings with experts regarding the scientific and economic chalenges of vauing ecosysem
recovery in monetary terms.

The literature review involved an extensve search of databases on the World Wide Web
and on CD Rom sources. Previous reviews of the ecosystem valuation literature were aso
consulted (CSERGE, 1992; ERL, 1991; and Wilson and Carpenter, 1999). The review
concentrated on peer-reviewed articles concerned with monetary valuation® thet fell into one
of the following categories:

! Thereview did not consider non-monetary approaches such as Multi-Criteria Analysis, although these
are discussed in Chapter 6.



() UK vauation studies that are directly gpplicable to ecosystem recovery from ar

pollution;

(D) Non-UK vduation studies on ar pollution and ecosystems that might be relevant to
the UK context

(i) Vduaion dudies not in the context of ar pollution, but of rdevance in
methodological terms.

Two expert pands were convened to enrich the review by providing a ‘sate d the art’
assessment in terms of the science of ecosystem recovery and agppropriate economic
methods. Each pand met twice. The firgt ‘Economics pand meeting focused on the
development of a vauation framework and the requirements the framework would place on
scientific knowledge and research. Members of the Economics Pand were Prof. Nick
Hanley (Universty of Glasgow), Dr Douglas Macmillan (University of Aberdeen), Guy
Garrod and Dr Ricardo Scarpa, (both University of Newcastle). Each member was selected
on the bass of ther previous experience in developing and goplying ecosystem vauation
methods.

The initid meeting of the Science Pand focused on the extent to which exiging scientific
knowledge and moddling capabilities matched the demands of economic vauation. Pand
members were Prof. Alan Jenkins (CEH-Wallingford), Dr Ron Harriman (Freshwaters
Fisheries Laboratory), Dr Bob Ferrier and Dr Robin Pakeman (both MLURI). This panel
was chosen for their understanding of dynamic and Critical Loads nmodeling, and for their
scientific knowledge of the long-term impacts of ar pollution on terrestrid and freshwater
ecosystems. Jonathan Foot, a scientist from the INCC aso attended the first Panel meeting
on behdf of the Steering Group®.

The second Pand meeting was ajoint meeting involving both panels. The am wasto assess
the potentid for vauing recovery in the freshwater ecosystem and to recommend future
research priorities. The choice of freshwaters as a case study reflected the higher level of
scientific knowledge and vauation experience available for freshwaters rdative to other
ecosystems.

The remainder of the report is structured as follows. Chapter 1 provides an introduction to
the principles and practice of ecosystem vauation and Chapter 2 reviews the existing
literature on ecosystem vauation in the context of ar pollution. Chapter 3 describes a
vauation framework for ecosystem recovery and highlights the main scientific and economic
chdlenges asociated with implementing the framework in the context of ar pollution.

Chapter 4 applies the framework to freshwaters as a case study and conclusions and
recommendations are provided in Chapter 5.

% Brief resumés of each expert are given in Appendix 1.



Chapter 1 Ecosystem Valuation

CHAPTER SUMMARY

This chapter provides a general introduction to ecosystem valuation. The
range of goods and services provided by ecosystems are defined in
economic terms. The concepts of use and non-use values, and ‘total
economic value are introduced. The main approaches to valuing
ecosystem recovery, and their respective advantages and disadvantages
are described. The basic approaches reviewed are

Market price approaches (e.g. Productivity Method)
Revealed preference approaches (e.g. Travel Cost Method)
Stated preference approaches (e.g. Contingent Vauation Method)

Imputed preference (e.g. Replacement Cost Method)




|1 Ecosystem Valuation

Vauing ecosystem recovery from ar pollution is technicaly difficult and controversd.

Difficulties arise because of scientific uncertainty about effects and their link to human
welfare and because many ecosystem services affected are not marketed and hence have no
pre-assigned market value. The controversy stems from an ethical debate about man's
relationship with nature and whether it is appropriate or ‘right’ to vaue nature in monetary
terms.

Thisreport is primarily concerned with the technical aspects of the debate. In this section we
describe the range of goods and services provided by ecosystems and give examples of the
damage done to these resources by air pollution. We also describe relevant approaches for
vauing ecosystem recovery.

1.1  What are ecosystems?

Ecosystemns are a ‘spatidly explicit unit of the earth that includes al the organisms, dong
with al components of the abiotic environment within its boundaries (Likens, 1992). Within
this broad definition ecosystems can be further defined by their characteristic assemblages of
organisms — such as forest or desert ecosystems. In this sudy we have identified three such
ecosystems for study — Forests, Heathland/Grasdand and Freshwaters.

However, one has to bear in mind that this typology is somewhat arbitrary in the context of
this study because many services affected by air pollution are jointly provided by severd
ecosysems.  For example, changes in heathland biodiversity may impact on neighbouring
forest or freshweater ecosystems, while changes in forest soil chemistry will affect freshwater
quality within a catchment.

1.2  Ecosystem functions, services and values

In the literature economists often make the ditinction between ecosystem function, and the
goods and services ecosystems provide. Functions can be defined as the physicd,
chemical, and biologica processes ar atributes that contribute to the salf-maintenance of an
ecosystem. These include the provision of wildlife habitat, carbon cycling, or the trapping of
nutrients (sometimes referred to as foundation services).

Ecosystem goods and services have directly beneficid outcomes for humans (frontier
sarvices). Some examples are food and timber production, the provision of clean water or
of scenic views. In order for an ecosystem to provide services to humans, some interaction
with, or at least some agppreciation by, humans is required. Thus, functions of ecosysems
are vaue-neutra, while the goods and services produced have vaue to society.

Ecosystems provide awide array of the goods and services, some of which are digtinctive to
the ecosystem. However, even with relatively smple or well understood ecosystems it can
be difficult to determine the relationship between foundation and frontier services — in other
words to relate changes in the fundamenta health of the ecosystem to something meaningful
in human welfare terms.  For example, the climate change debate is characterised by



uncertainty about its ramifications for human activity. Where knowledge of these links to
welfare isincomplete then thereis arisk that ecosystems will be undervaued.

From a neo-classcd economic perspective the am is to vaue ecosystem goods and
sarvices in monetary terms. Thisis achieved by estimating the amount people are willing to
pay to preserve or enhance these services. In this way, economic vaue differs from
scientific vaues based on ‘objective’ measures such as species richness or other diversity
indices, or indeed value judgements expressed by experts or specidists® as they are (i)
based on a census of individua preferences across society and (i) constrained by income.

Typicdly, ecosystem vaues are classfied into ‘use and ‘nontuse’ vaues (Box 1.1). Use
vaues for ecosysems include fishing for trout and sdmon (both commercid and
recreationd), and timber production. Use vaues also encompass activities such aswatching
aTV programme about nature (a non-consumptive use vaue) or inputs that help to produce
something that people use directly (an indirect use value). For example, lower organisms on
the aquatic food chain provide indirect use vauesto recregtiond anglers asthey help sustain
fish populations.

Nontuse vaue rdaes to the notion that individuds derive utility from environmentd
resources outwith expected persond use. In the context of ar pollution it is likdy that
people care about ecosystem recovery, even though they would never vist or use the
ecosysdem in any direct way. Altruism underpins non-use vaues and is manifested in
concern for other humans (vicarious consumption), future generations (bequest vaue) or
purely pbward the environment itsdf (pure existence vaue). Bequest vdue is paticularly
important in the context of ecosystem recovery from air pollution as the benefits are only
likely to be redised many yearsinto the future.

Since the nonconsumptive grvices which give rise to non-use vaue are avaladle to al

without possibility of excluson, and the enjoyment to one person does not interfere with that
of others, it is normd to consder nontuse values to be pure public goods (McConnell,

1983). Although Krutillas (1967) semind paper discussed the posshility of ‘existence

vaue in the context of uniqueness and irreverghility, it is now widdy accepted that non-use
vaues can be held for arange of environmental resources’.

Including non-use value within atotal economic vaue framework has attracted criticism from
some economigts. The debate has tended to focus on measurement issues and the treatment
of dtruism in cost-benefit andyss. While some economists believe values based on dtruism
in individud's utility functions will leed to double-counting (Bergstrom 1982, Milgrom,

1993), the prevailing view is that dtruigic behaviour is vdid if it is focused on the utility of

others with respect to the environmenta change concerned (Jones-Lee, 1992; Johansson,
1992), rather than their ‘well-being’ per se.

% See Nuneset al., (2001) for a description of ecological indicators of value.

* Non-use val ue as defined above is a utilitarian concept, that is people derive some value from the
existence of environmental resources. Thereisadistinct, but not altogether separate notion that
resources (e.g. wildlife, the planet earth) have avalue, anintrinsic value, quite unrelated to humans. In
reality these values are very similar, but the distinction is philosophical and arises from how individuals
view the world.






1.3  Measuring Ecosystem Values

For some ecosystemn goods like timber, which are bought and sold, vauation is based on
their market price. For services which are not marketed, including non-use vaues,
dternative methods are required for estimating how much money people (consumers) are
willing to pay (WTP) to obtain the service, or how much people would be willing to accept
(WTA) in compensation in order to giveit up.

Vauation research has grown consderably in the last 20 years and many new methods for
vauing ecosystem services are now avalable. Although innovative variations abound in the
literature, there are four general gpproaches to estimating monetary vaues for ecosystem
sarvices. market prices, revealed preference, stated preference and imputed preference.
Within each of these approaches a number of dternative methods have been developed and
these are summarised below (and listed in Table 1.1).

1.3.1 Market Prices

Some ecosystem goods affected by air pollution, such as fish or timber, are valued in the
market place. The man approach is the Market Price (MP) method whereby the
economic vaue of ecosystem recovery can be determined by changes in consumer and
producer surplusin the rlevant market. (Assuming that the market price actudly reflects the
opportunity cost of the good and is not distorted by market failure or by some form of
government intervention). Opportunities to goply this method to ecosystem recovery in the
UK would be limited to commercid timber production and certain types of fishing (eg.
netted salmon).

For example, reductions in ozone levels could lead to enhanced forest growth and greater
timber yidds. If productivity gains are subgtantia, timber price may be affected by the
enhanced supply of timber on the market and these changes would have to be moddlled.
However, in cases where productivity changes are relatively smal and hence have little or no
impact on price, a cruder goproach which smply multiplies the esimated change in quantity
by the prevailing market price, can be adopted.

Some ecosystemn services, such as clean water, are used as inputs in the production of a
marketed good, and their value may be measured by their contribution to the profits made
from this good. Thisis referred to as the Productivity (P) method. Barbier (1994) used the
Productivity method to vaue wetlands in Nigeriafor crop and fuewood production, and fish
catch.

1.3.2 Revealed Preference

The vaue placed on some ecosystem services which are not directly marketed can be
revealed from how much people are willing to pay for goods or services that are marketed.
For example, a person could pay a higher price for a home with a nice woodland view, or
will spend more money and time travelling to a qudity location for bird watching. Two
techniques, which exploit variation in the price of marketed goods to determine WTP for
changes in ecosystem quality are the Hedonic Price (HP) method and the Travel Cost
(TC) method.



Table1.1 Benefit Valuation M ethods
Category Method Abbrev.
Market Prices Market Price MP
Productivity P

Reveded Preference Hedonic Pricing HP
Travel Cost TC
Stated Preference Contingent Vauation Cv
Choice Experiments CE

Imputed Preference Damage Cost Avoided DCA
Replacement Cost RC




Box 1.1 Ecosystem vaues potentialy affected by air pollution

Ecosystem
UseVaduess — —  Non-useVaues

oretus N\ —

\ Indirect Bequest Existence Vicarious
Nonconsuimptive ~ Consumptive

future generation's
nature preservation wants

enjoyment of others

habitat for gamefish

preserving biodiversity
recreational timber
walking production

birdwatching angling




HP is most commonly applied to labour or capita markets such as resdentid housing. The
basic premise of the HP is that the market price is partly related to its environmenta
characterigics.  In the case of housng, the price could reflect the vadue of locd
environmenta attributes such as ar and water qudity, neighbourhood noise, as well as
proximity to green space and recregtiond dtes. In relation to ecosystem recovery from air
pollution the scope for gpplying the HP gpproach is probably best suited to sdmon fisheries
and woodland properties, which are both marketed. In the case of sdlmon the price of an
individual beat> will reflect the characteristics of that beat some of which, such as catch, will
have been affected by pollution. For woodlands, prospective owners may pay less for
woodlands which show sgns of defoliation or dieback caused by air pollution.

The HP gpproach identifies the WTP of an ecosystem service by exploring variation in the
price and the attribute of interest usang Satistical techniques and is very data demanding.

One of the main limitationsin relation to vauing ecosystem recovery would be the availability
of sufficient market data on the sde price of either sdlmon begts or woodlands.

The TC Method is used to estimate economic use vaues associated with ecosystems that
are used for recregtion. The method can be used to estimate the economic benefits or costs
resulting from changes in access codts for a recregtiond dte; dimination of an exiding
recregtiond Site; addition of a new recreationa dte; and changes in environmenta quality at
a recregtiond dte. The basc premise of the travel cost method is that the time and travel

cost expenses that people incur to vist a Ste represent the “price” of access to the Ste.

Thus, peoples willingness to pay to vidt the Site can be estimated based on the number of
trips that they make at different travel costs. This is andogous to estimating peoples

willingness to pay for a marketed good based on the quantity demanded at different prices.
For example, recovery in fish stocks or the scenic qudity of woodlands may stimulate
demand (i.e. encourage people to make more fishing trips).

1.3.3 Stated Preference

Many ecosystem services are not traded in markets, and are not closely related to any
marketed goods hence people cannot “reved” what they are willing to pay for them through
their market purchases or actions. In the words of the influentidl NOAA pand, there are
‘neither obvious or subtle behaviord trails that can provide information' about non-use
values (NOAA, 1993). In these cases, surveys can be used to ask people directly what
they are willing to pay, based on a hypothetical scenario in Contingent Valuation (CV).
Alterndtively, people can be asked to make tradeoffs among different dternatives, from
which ther willingness to pay can be satisticdly inferred from Choice Experiments (CE).

CV is used to edimate economic vaues for dl kinds of ecosystem and environmenta
services. It can be used to estimate both use and nontuse vaues, and it is the most widely
used method for estimating norntuse vaues. CV involves directly asking people, in a survey,
how much they would be willing to pay for specific environmenta services. In some cases,
people are asked for the amount of compensation they would be willing to accept to give up
specific environmental services. The approach is “contingent” becauise people are asked to

® Salmon rivers are divided up into ‘beats’ for management purposes and the rights to fish for salmon
are often sold on an individual beat basis.



date their willingness to pay, contingent on a specific hypotheticd scenario and description
of the environmenta sarvice.

CE is dmilar to CV, in that it can be usad to estimate economic vaues for virtudly any
ecosystem or environmental service, and can be used to estimate nontuse as well as use
vaues. Like CV, it is a hypotheticad method, but asks people to make choices based on a
hypothetical scenario rather than ask people to state thelr monetary vauation directly.

Instead, values are inferred from the hypothetica choices or tradeoffs that people make.

CE asks the respondent to State a preference between one group of environmenta services
or characteridtics, a a given price or cog to the individua, and another group of
environmenta characterigtics at a different price or cost. Because it focuses on tradeoffs
among scenarios with different characterigtics, CE is especialy suited © policy decisons
where a st of possble actions might result in different impacts on natura resources or
environmenta services. For example, improved water quality in a lake will improve the
quaity of severd services provided by the lake, such as drinking water supply, fishing,
swimming, and biodiversity. The method can be used to rank options which have different
impacts on lake qudity with regard to these individud uses.

As neither method depends on links to actua expenditure or behaviour, SP approaches are
the only ways to assgn money vaues to nonuse vaues of ecosysems. While this is a
digtinct advantage in relation to ecosystem recovery from ar pollution, it aso means that the
resulting values can be controversa and difficult to \erify. Stated Preference approaches
have been criticised by many economidts for providing biased and unreliable measures of
non-use vaue (Diamond et al., 1993; Milgrom, 1993). For example, Kahneman and
Knetsch, (1992) have argued that CV does not actualy measure economic preferences, but
rather generates vaues which reflect culturd symbolism and socid ideology. These
criticiams are discussed in more detal later in this report.

1.3.4 Imputed Preference

In many studies the value of some ecosystem services isimputed from assessing the leve of
investment expenditure that would be required to offset the loss of those ecosystem services.
Two of the main approaches are Damage Cost Avoided (DCA), and Replacement Cost
(RC).

DCA usss dther the vaue of resources protected, or the cost of actions taken to avoid
damages, as a measure of the benefits provided by an ecosystem. For example, if awetland
protects adjacent property from flooding, the flood protection benefits may be estimated by
the damages avoided if the flooding does not occur, or by the expenditures property owners
make to protect their property from flooding. RC assumes that the cost of replacing an
ecosystem or its services is an estimate of the value of the ecosystem or its services. For
example, the flood protection services of a wetland might be replaced by a retaining wal or
embankment. AndreassonGren (1991) compared the costs of nitrogen abatement via
wetlands restoration with the costs of conventiond technologiesin the Baltic sea.

These approaches can end up with incorrect estimates of WTP. In the case of damage
avoided (DCA), people may be willing to pay to avoid the inconvenience or distress of
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flood damage, while replacement cost gpproaches (RC) it is cost that is measured and not
the value of the services or goods provided. (Expenditure may be higher or lower than
WTP). A further limitation to the RC gpproach is that the proposed interventions may not
be a perfect subdtitute for the lost ecosystem service. For example, many ecosystem
sarvices may have an exigence vdue that is not replacesble.  Also, given the scientific
uncertainty surrounding how ecosystems are affected by air pollution there is every chance
that replacement technologies may not adequately replicate dl d the functions provided.
For example extensive liming operations in Scandinavia have dlowed fish populations to
recover but have not re-established a pre-acidification assemblage of invertebrate and
meacrophytic communities.
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Chapter 2 Review of Ecosystem Valuation Literature

CHAPTER SUMMARY

This chapter reviews previous studies most relevant to valuing
ecosystem recovery in the UK in the context of air pollution. We aso
examine new developments in valuation methodology and assess the
extent to which they enhance prospects for generating reliable benefit
estimates for ecosystem recovery.

There have been relatively few ecosystem valuation studies carried out
in the UK in the context of air pollution, with the exception of studies
concerned with valuing fish stocks and biodiversity.

Studies from North America and Scandinavia dominate the
international literature on valuing ecosystem effects of air pollution. In
part this reflects the importance attached to ar pollution in these
regions, but also the stronger policy and academic interest in valuation
methods. Many of these studies are concerned with impacts on forest
growth and timber, and estimating the cost of damage to informal
recreational fishing.

Many of the studies reviewed are more than a decade old and could no
longer be considered to be ‘state of the art’ in terms of economic
methodol ogy.

The reliability of the scientific base used varies considerably. While
some studies have attempted to link with state of the art scientific
models, many more have had been only weakly linked to science, often
adopting dose-response functions that were either ingppropriate to the
context or entirely hypothetical.

Overdl the vauation research reflects academic interest in certan
vauation methodologies (e.g. Travel Cost approaches) and, to a lesser
degree, the rdiability of the underpinning science, rather than the
magnitude of the benefits of recovery.

New developments such as combining revealed and stated preference
approaches, and deliberative vauation fora such as the ‘Market Stall’




approach may offer some potential advantages in the context of valuing
ecosystem recovery.

The potentia of deriving reliable benefit estimates for ecosystem
recovery in the UK from a benefit transfer exercise is limited due to
variation in environmenta conditions and methods used. The greatest
scope for benefit transfer exists for UK freshwaters where there have
been several recent valuation studies on biodiversity and angling.
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| Chapter 2 Review of Ecosystem Valuation Literature

Over the last 20 years there have been a number of ecosystem vauation studies carried out
in the context of ar pollution in Europe and North America. In this chapter we review these
dudies in the following way. Fird, the man UK ecosysem vduation dudies are
summarised. The review then extends to nonrUK studies aso targeted at air pollution
effects on ecosystems.  Findly, other studies which describe methodological developments
that show some promise with regard to vauing ecosystem recovery in the context of air
pollution are highlighted.

A tabular summary of the main vauation studies carried out on ecosystems in the context of
ar pollution is presented in Table 2.1. Each study is categorised according to the nature of
the benefits being valued, the policy context, the methodology used, and the country.

2.1 UK Studies
In this section the main UK studies relating to forests, freshwater and heathland/grasdand
ecosystemns are summarised.

211 Foresry

There have been no authoritative studies concerning the cost of lost timber production from
ar pollution in the UK. The absence of any mgor valuation exercise for forestry inthe UK is
surprising.  In part, it probably reflects the absence of a reliable dose-response model for
timber. Congderable scientific uncertainty surrounds the link between ar pollution and
timber production, with many forest hedth surveysfailing to detect any chronic deterioration
in forest condition in the UK (NEGTAP, 2001). One of the biggest problems has been
identifying the influence of other factors such as pest and climate dress on tree hedth.

Currently, the most robust evidence for damage relates to ground level ozone, where tree
growth has been affected and can cause visble lesf injury.

Most vauation studies that refer to the UK have been focused on providing Europeantwide
estimates of damage, and provide little detailed assessment for the UK. Typically, many of
the dose-response relationships used are not suited to UK conditions and hence there must
be some doubt regarding reliability. (These studies are reviewed in Section 2.2). There has
been no atempt to value the damage to non-market timber goods or services as a result of
ar pollution.

212 Freshwater

Scientific understanding of the impacts of air pollution in the UK is perhgps most advanced
for freshwaters and there have been severd attempts to estimate the benefits of recovery of
freshwater services affected by air pollution.

Macmillan et al. (1996) estimated the total economic value placed on biodiversity recovery
in the semi-natural uplands of Scotland from acidification using CV. Approximately 1000
households were sampled by mail-shot and the study investigated WTP for $x scenarios
which offered, in a slit sample, dternative future ecosystem recovery leves (following
abatement) and damage levels (under the status quo). Time-scale and uncertainty regarding
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future recovery were dso investigated, with ecosystem change depicted by ‘ species boxes
that pictorialy represented changes in the relative abundance of biodiversty. Average
household WTP, dicited usng a dichotomous choice format, for abatement of acid rain
ranged from £247 to £351 per household depending on the scenario. WTP was
(satigticaly) sgnificantly influenced by the level of future damage but not by future recovery
level. A weakness of the research, with respect to policy agppraisd, was that the link
between future emissions reduction and biodiversty levels was not underpinned by ardiable
scientific modd but by the informed opinion of scientific experts.

ECOTEC (1993) used smilar pictorid representations of species affected by acidification in
a study of the non-market benefits of reduced SO, emissons for the UK. Using in-person
interviews the sampling frame included 1606 nontusers (genera public) and 587 users
(anglers). Annud household WTP for non-users (additional water rates) was £26 and £40
for anglers. These vadues are much lower than the estimates by Macmiillan et al., (1996)
above, but this may be partly due to differences in methodology. The ECOTEC study
excluded very high WTP amounts and used an open-ended payment format which typicaly
produces lower estimates of WTP than the dichotomous choice format used by Macmillan
et al. However, one cannot rule out the posshility that the Scottish population vaue
recovery more highly than other parts of the UK — perhaps due to their closer proximity to
damaged aress.

The UK rod and line (r&l) sdmon fishery is a private resource traded in the market place,
hence market data for individud beats would dlow the links between fish catch, fishery
vaue, and water qudity to be explored. Macmillan and Ferrier (1994) used the HP method
to predict the economic benefits of recovery in the r&l sdmon fishery in Gdloway. Three
dternative deposition scenarios for SO, (constant 1988 levels; a 60% reduction from 1980
levels by 2003; and a 90% reduction from 1980 levels by 2008) were linked to changesin
water chemidry, fish population status and fish catch over a 50-year time scae using
MAGIC, aprocess-based catchment model for acidification. The impact of increased catch
on samon vaues were then linked to the vadue of the fishery usng a Hedonic Price
relationship for the UK sdmon fishery developed by Radford et al., (1991). The results
were condgent with the assumption of diminishing margind returns.  Under Scenario 1
(status quo) the market vaue of the fishery was predicted to decline gradudly from £12.6
million in 1988 to £11.7 million in 2033 in response to declining catch. Under both scenario
2 and 3 SO, emission reductions initiate a relatively modest recovery in market value: under
scenario 2 the market vaue of the fishery rose to £13.6 million, and under scenario 3, £14.0
million after 50 years.

Milner and Varrdlo (1990), aso used Radford's survey of sdmon r&| fisheries to estimate
the cost of acidification in Welsh fisheries. Damage etimates were in the region of £1t0 5
million. Ther anayss reied on a Smple presence/absence relationship between water
chemigtry and fish catch verified by the results of an angler questionnaire and fish population
survey. The study did not consider the timing and extent of recovery.

2.1.3 Grasdand/Heathland
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There has been no attempt to value air pollution effects on grassand/heathland ecosystems.
Asin the case of foredry, the absence of reliable scientific research to underpin vauation is
a limiting factor. Although some effects of ar pollution on these vegetation types are
documented, the problem of identifying the role of air pollution from other influences such as
grazing management and erosion remains.

Possble effects include increase in fertility of acid grasdands due to N deposition, a shift
towards vegetation types characteristic of moorland grass from heath/bog flora, and reduced
frost hardiness of Calluna vulgaris dueto ozone. The impacts of these changes on welfare
have not been vaued and are not fully understood. The impact on grazing potentid islikely
to be negligible, but nature conservation may be affected. However these benefits would
be difficult to quantify as ar pollution effects are confounded with changes in grazing
management and increased trampling by walkers.

2.2 Non-UK studiesof air pollution and ecosystems

Studies from North America and Scandinavia dominate the internationd literature on vauing
ecosystem effects of ar pollution. In part this reflects the importance attached to ar
pollution in these regions, but dso the stronger policy and academic interest in vauation
methods. Many of these studies are concerned with impacts on forest growth and timber,
and egtimating the cost of damage to recregtiona fishing. This emphags relates less to the
overdl magnitude of the damage codts, than to the ready applicability of appropriate
vauation methodologies (e.g. Production Function and Travel Cost gpproaches) and to a
lesser degree, the rdiability of the underpinning science.

221 Forestry

There are consderable differences in the approaches taken to estimating forest damage and
in the conclusions drawn by researchers between Europe and the US. Generdly US
sudies, usng more sophigticated economic and scientific models to estimate timber |osses,
have concluded that air pollution effects on timber growth are not subgtantid (with the
exception of ground-level ozone). In contrast European studies have found damage, in
terms of harvestable volume, to be significant. However, European studies tend to be more
broad-brush than the US studies. For example, one (relaively week) scientific reationship
between forest damage and air pollution is frequently applied to al European countries,
irrespective of tree species and climate.

Gregory et al., (1996) attempt to estimate the vaue of damage to European forests from a
coal-fired power dtation in the East Midlands using a smple MP gpproach based on timber
volume lost and current timber price. The power plant was estimated to have educed
timber production by 200,000 tonnes, across Europe valued a £4.6 million.  Although
costs for the UK forest area are not reported, the study estimates that under 10% of the UK
forest area is affected based on Critical Load exceedance. Costs of transport and
harvesting, as well as the negative externalities associated with trangport such as noise and
pollution were not taken into account; hence damage costs are gross estimates only. Also,
the dose-response relationship was based on a crude relationship between criticd load
exceedance and a damage function derived from evidence of forest dieback in the ‘Black
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Triangle of East Germany, Southern Poland, and the Czech Republic. In this region ar
pollution is extreme compared to other areas and the suitability of tranferring this dose-
response relaionship must be doubtful.

[IASA (1991) edtimated losses to UK forests in terms of both timber and non-timber
outputs to be in the region of $1173 million per year. However, the methodology used is
guestionable as non-timber |osses were somewhat arbitrarily estimated by multiplying timber
losses by afactor of 2.7. Also no account was taken of potentia price effects caused by
changes in supply and demand.

In the US researchers have had access to more complex modes of the timber sector and
have been able to modd potentid changes in both consumer and producer surplus.
NAPAP (1991) predicted potential economic losses associated with air pollution effects on
timber yield in the southern US. The gpproach predicted timber losses usng hypothetical
damage functions linked to a regiond forest inventory modd, with welfare effects (i.e.
changes in consumer and producer surplus) estimated using an economic modd of the US
timber sector.

For the 1999 EPA report on progress toward meeting the targets of the Clean Air
Amendment Act (CAAA), a tree productivity modd (PnET I1) was used to estimate the
combined effects of saverd environmental stresses, including ground-level ozone, on net
primary forest production (EPA, 1999). Modd output was then linked to TAMM, atimber
model, to provide benefit estimates. (TAMM combines information on inventory and
growth effects that then feed though to future harvests and market responses). Discounted
annua bendfits in the period 1990 to 2010 were estimated to be in the region of $1.9 hillion.
Additional benefitsin terms of carbon storage were not quantified.

Cdlaway et al., (1986) used hypotheticd forest growth functions to predict reductions of
10% 15% and 20% in forest productivity for hardwoods and softwoods in the eastern US.
A US forest sector modd, which accounted for price changes and limited input substitution
was used to predict welfare effects. A similar approach was used by Crocker and Regans
(1985) to estimate the benefits of a 100% reduction in acid deposition in the same region.

Comparaivey few sudies have investigated the impact of ar pollution on non-timber goods
and services from forests. The EPA report (1999) estimated that the CAAA would lead to
additiond annua benefits from forest recreetion as a result of improved vishility of $2.9
billion. Thisfigure is not entirdly relidble as it is based on a benefit transfer exercise which
extrgpolates a WTP function devised by Chestnut and Fowe (1986) from a regiona to a
national context.

The impact of ar pollution on vishility in recregtion areas has been the focus of severd US
sudies studied. Rowe et al., (1980) and Hylland and Strand (1983) used CV to estimate
WTP for different levels of scenic qudity. Crocker (1985) adso used CV to vaue the visud
and hedlth effects of defoliation and disease but in the context of insect attack in US forests.
Schulze et al., (1983) estimated the cost of air pollution in terms of reduced vishility of the
Grand Canyon to be in the region of $3.5 billion per year. In some of these studies, the
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authors report that respondents had difficulty disassociating the vishility effect of air pollution
with percelved hedth impacts. benefit estimates associated with vishility improvement could
therefore be over-esimated. In the context of ecosystem vauation, improved vishility is
likely to enhance the benefits that viewing ecosystems (from a distance) bring hence the
vaueislikdy to be very dependant on the qudlity of the landscape.

There have been no published studies that have specificdly vaued ar pollution effects on
forest biodiversty.

2.2.2 Freshwater

Vauation research in the context of ar pollution and freshwaters has focused amost
exclusvely on damage to fish populations, particularly popular angling species such as trout
and samon.

Ealy sudies include those of Violette (1985), and Mullen and Menz (1985) which
estimated changes in consumer surplus attributable to reductions in caich rates and fishable
acreage using the Travel Cost method. Mullen and Menz (1985) vaued recreationa fishing
logt as a result of acid deposition in the Adirondack mountains in the north-east of the US.
Based on ‘angler days logt, annua costs of air pollution were estimated to be gpproximeatey
$1.6 million. A smple binary damage function (fidvno fish) was used, with lakes fdling into
the damaged category assumed to have no vaue for angling. If subdtitution is alowed
between angling stes (i.e. fishermen move to other unaffected stes nearby rather than stop
fishing dtogether) then damage cogts fell from $1.96 million to $1.66 million.

Criticiams of this sudy include the smple damage function used and the failure to model

demand for angling as a function of more than just fish catch. For example, Forster (1984)
argues that many other factors influence the decision to fish such as habit, connections to the
gte, and particularly attributes which enhance relaxation such as tranquillity and landscape.
Despite these limitations Crocker and Regans (1985) went on to use these results in a
scding-up exercise for the eastern US.

Morey and Shaw (1992) usng a more sophigticated individua TC modd which included a
wider sdection of trip variables to andyse the impact of margind reductions in air pollution
on the vaue of angling in New York sate. A key finding was tha only anglers who
consdered catching trout as centra to their recreational experience had a postive WTP for
enhanced catches arigng from pollution abatement.  Consequently the overdl benefits of
abatement were small, with a 25% increase in catch vaued a around only $3 per angler.

Using the link between air pollution abatement and fish population hedlth generated by the
MAGIC mode for different species, the EPA report (1999) estimate the benefits associated
with the implementation of the CAAA to vary from $12 to $49 million depending on the pH
threshold for fish survival assumed. The costs were measured in ternms of logt fishing days
which were vaued using Travel Cogt-derived estimates of the value of afishing day. Apart
from the problems normaly associated with using this method (see section 1.3.2) the main
criticiam of this gpproach is the smpligtic binary damage response function (fishvno fish) used
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which did not alow for intermediate damage levels. Damage estimates for eutrophication
were substantialy higher ($82-$88 million).

Although the TC gpproach has been the most popular choice among economists to measure
the benefits of recovery in fish populations, some other gpproaches have been used. For
example, Hough et al., (1982) used the Productivity Method to estimate costs of
acidification to commercid fisheries in Canada.  Driscoll and Menz (1983) imputed the
damage caused to fish stocks on the basis of the cost of ‘restoring’ water quality by liming.
Epp and Al-Ani (1979) devised a Hedonic Price mode to investigate how stream pH
affected property vaues in rurd Pennsylvania and found that a one unit increase in pH
increased property vaue by $1439.

CV has dso found gpplication in the context of fisheries and air pollution. Strand (1981)
and subsequently Navrud (1989) estimated WTP to protect dl fish stocks from acidification
in Norway. The Navrud study produced estimates of WTP (based on an open-ended
format) in the range 335-387 NOK per annum for emission levels that corresponded to
different levels of fish population datus.  Information was provided about the level of
damage and the number of lakes damaged for each emisson scenario based on a smple
dose-response reationship between water chemistry and 3 distinct population leves
(extinct, reduced, and no damage). Although the fish population model had good predictive
power for the extinct and no damage levels, the relationship between water chemistry and
the reduced damage category was lessreliable. The study was repeated by Navrud using a
dichotomous choice format with derived mean WTP estimates double those obtained in the
earlier study (Navrud, 2001b).

Johansson and Kristrom (1988) used CV to estimate WTP for a programme that would
amog completely diminate sulphur emissons in Sweden. Average WTP per respondent
was 4500 SEK per annum. Hedth impacts were dso included hence no separate WTP
estimates for ecosystemns were provided.

Water qudity ladders have been a popular approach to estimating margina changes in water
quaity as they describe changes in a number of attributes affected by pollution.  For
example, Mitchdl and Carson (1993) assessed the benefits of the Clean Water Act in 1993
using aladder that included distinct improvements (‘ unsuitable for activities to *boatable’ to
‘fishable’ to ‘swimable’). In Canada, ARA (1982) used CV to estimate WTP to avoid
further deterioration in freshwater ecosystem quality from air pollution. A ‘qudity ladder’
was used to describe posshble future qudity levels, with each ‘rung on the ladder
corresponding to changes in a st of ecologicd indicators such as fish populéation status,
wildlife diversty, and vegetation. Benefit estimates ranged from $260-300 per household
depending on the levels of damage.

The environmentd attributes affected by pollution have been more explicitly investigated
usng choice experiments. For example, Johnson and Desvouges (1997) used the
Contingent Rating approach to esimate WTP for reduced pollution from eectricity
generdtion in the US. Attributes included redtrictions on fish consumption bans, human
hedlth impacts, employment, and damage to sugar maple.
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2.2.3 Grassand/Heathland
No specific reference to vauing effects on this ecosystem could be found.



Table 2.1a: Freshwater Ecosystems

Bendfits Study Context Vauation Country
Method®
Commaodities
Recreational Macmillan & Ferrier Acidification & salmon catch HP Scotland
Fisheries Milner and Varallo Acidification & salmon catch MP Wales
Mitchell & Carson water pollution & recreation cv USA
Navrud (2001b) acidification & fish status cv Norway
Navrud (1989) acidification & fish status cv Norway
Mullen & Menz acidification & fish catch TC USA
Morey & Shaw acidification & fish catch TC USA
Johnson power plants & environment CE USA
& Desvouges acidification & fish catch TC USA
Violette acidification & fish catch cv Canada
Hough et al liming of acidified waters RC USA
Driscoll & Menz acidification & fish status cv Norway
Strand
Water Quality Epp & Al-Ani water quality & property HP USA
& Yidd prices
Biodiversity Macmillan et al. Acidification & biodiversity cv Scotland
Conservation ECOTEC acidification & biodiversity cv UK
Hoehn et al. wetlands CE USA
Cultural &
historic Roweet al. power plants & visibility cv USA
Other
® Valuation Method: MP Market Price PM Productivity Method
cv Contingent Valuation TC Travel Cost
HP Hedonic Price CE Choice Experiment
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Table 2.1b: Forestry Ecosystems

Benefits Study Context Vduation Country
Method’
IHASA acidification & tree growth MP European
Commodities Gregory et a acidification & tree growth MP European
(timber) Callaway et d acidification & tree growth MP USA
Crocker & Regans acidification & tree growth MP USA
EPA air pollution & tree growth MP USA
Kenyon et a Native woodland restoration cv Scotland
Forest Chestnut & Rowe Scenic quality cv USA
Recreation Roweet a Scenic quality cv USA
Schulze et al Scenic quality CVv USA
Water Quality
& Yidd
Biodiversity
Conservation
Cultural &
historic
Other
"Valuation Method: MP Market Price PM Productivity Method
cv Contingent Valuation TC Travel Cost
HP Hedonic Price CE Choice Experiment




2.3  Promising methodologies

This section looks at recent (post 1990) advances in environmenta va uation methods, from
the perspective of their potentia usefulness in estimating the benefits of ecosystem recovery
from reduced air pollution. The section cover expressed and reveded preference methods,
joint approaches, and benefit trandfer.

231 Stated Preference

With regard to contingent valuation, advances have occurred in both how questions are
asked and how they are anadlysed. With regard to the former, the increasing use of the
double-bounded dichotomous choice approach (DBDC), associated first with Hanemann, is
much apparent. The key attraction of the DBDC approach is that each respondent gives
two answers (from the choice no-no, no-yes, yes-no, and yes-yes) to two payment
amounts. This increases the information the researcher gains on preferences. However,
athough the double-bounded format increases efficiency dlowing for smdler sample szes
than a single bounded modd (Hanemann and Kanninen 1999), it has also been criticised for
introducing bias through response incentive and learning effects (McLeod and Bergland
1999). This latter paper is dso of interest as it illugtrates the increasing interest in using non
parametric gpproaches for handling discrete-choice CV data.

There is increasing interest in incorporating vaidity tests in CV gudies. One way of doing
this is to include a scope test in the desgn: that is, to test whether WTP is sengdtive to
vaidions in the level of environmenta qudity/quartity being "bought” Carson (1997) has
argued that only poorly desgned CV gudies, or CV gudies concerned with unfamiliar
goods, fail the scope test. As ecosystem vauation may be unfamiliar to many people,
congderable problems may arise in developing ardiable test for scope. Smdl sample sizes
can also be a cause of failure to pass a scope test.

Another way of testing for vdidity is to caibrate hypotheticadl CV payments by comparing
them with red payments in experimentd markets. Many papers sill show that red WTP is
less than (and often much less than) hypotheticd WTP (e.g. Frykblom, 1997). However,
this seems to depend on the design of the payment mechanism, the choice of bid vehicle
(Carson et al, 1999) and the nature of what is being valued. For example, Macmillan et al
(2001) found that hypothetical donations to a community land trust were lower than actud
donations. Although arange of payment methods have been tested in the literature no clear
evidence has emerged regarding which method generates WTP estimates that are closer to
actual WTP.

Researchers have aso been interested in comparing CV bids obtained from standard survey
formats with CV-type responses when people have more time to think about and discuss
the proposed environmenta change (Kenyon et al, 2001). Such evidence as is available
shows that time to think/discuss leads respondents to revise their bids, often as a result of
discussons with family and friends. For example, Macmillan et al, (2001) found that mean
household WTP from the ‘Market Stall’ approach, was sgnificantly lower than mean WTP
from a conventiond interview survey. Furthermore, significant scope effects were found
only for the MS sample and variahility in individua household WTP was better explained by
relevant socio-economic variables. (See Box 2.1 for more details about the Market Stall).
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Box 2.1 TheMarket Stall (MS) Approach

The Maket Sdl is a group-based ddliberative fora for stated preference methods.
Typicaly between 5 and 10 paticipats ae invited to atend two meetings held
approximately aweek apart.

The firg meeting (MSL) is primarily concerned with the presentation of relevant information,
described in an ‘Information Folder’, about the proposed project, and a detailed
explanation of the contingent market and payment vehicle.  Participants are given the
opportunity to discuss any aspect of the project and to question the moderator. A
‘Question and Answer Sheet’ at the back of the folder is dso provided to help clarify issues
such as the choice of payment vehicle and the scope of the environmenta good. The
meeting concludes with the WTP question.

During the week-long interva participants are asked to complete a daily diary in which to
record their thoughts and questions about the environmenta project and any relevant
activities such as watching nature programmes or vigting bird reserves,

At the second mesting participants are given the opportunity to ask further questions and to
discuss any unresolved issues concerning the project. After the WTP question is repeated a
de-briefing exercise is carried out to establish the extent to which participants understood
the process used to establish their valuation of the project.

In comparison with the interview approach, the Market Stall approach provides a very
different decison-making environment. In particular it attempts to address three important
limitations of conventiond interviews:

0] It provides participants with more time and information to determine their WTP

(i) Participants can benefit from an informd setting where in-depth discussons with the
moderator and other group members can take place

@)  The week-long interval between the two meetings provides the opportunity for
participants to re-evauate ther WTP following further thought, information
searching, and crucidly for household economic decisons, discussons with family
members and/or friends.

In addition more detailed deliberations can be facilitated to provide the decisionmaker with
a richer and more complete picture of the environmenta issue than CV surveys. A recent
goplication of the MS approach to wildlife conservation can be found in Macmillan et al,
(2001)
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Findly, researchers have tried to find ways of producing better answers to the question of
who benefits from environmenta improvements. Thisisimportant asit defines the population
over which benefits are aggregated. In some instances, deciding whose benefits to count is
farly sraghtforward, but in others this decison is difficult. This is especidly the case with
non-use benefits, since in principle they could accrue to anyone. For some types of
environmenta goods, there does seem to be a relationship between distance from the ste
and the magnitude of non-use benefits. Distance decay functions can be estimated which
dlow for the appropriate benefiting population to be sdected, but distance decay
reaionships are unlikdy to be found in al ingances where questions of aggregation are
important.

With regard to other expressed WTP methods, an increasing interest has developed in using
various types of choice modeling. A full review of these gpproachesis given in Hanley et al.
2001 and DETR (2002). Choice modelling approaches include choice experiments,
contingent ranking (Foster and Mourato, 2000) and contingent rating. They have advantages
over CV interms of (i) the ability to estimate values for different attributes of environmenta
goods more smply and (ii) the fact that each respondent gives many responses, hence
sampling is more efficient. Recent environmenta gpplications include studies on water quaity
improvements, landscape change and forest characterigtics. Two problems with such
gpproaches are whether they are incentive-compatible (Carson et al, 1999); and the effects
of the number of choices offered on models of preferences. Unfortunately not much
evidence exigts on how close choice moddling estimates of WTP areto “red” WTP.

2.3.2 Revealed willingnessto pay approaches

The most rdevant innovations in reveded preference gpproaches would appear to lie in the
area of recreation demand modelling. One drawback with the smple travel cost mode was
the difficulty of incorporating changes in ste qudity in a satisfactory way (for indance,

changes in water qudity in fishing streams). Another problem was the treatment of subgtitute
gtes. The random utility Site choice model (RUSC) has become widely used over the last 10
years as a means of addressng these problems. The RUSC approach models
recregtionaists Site choices across agroup of subgtitute Sites (say, dl riversin aregion) asa
function of the characteridtics of these sites. If water quality fals in river A, then the modd

alows probabiligtic predictions of changes in vidtsto dl dtes, and the effect on consumers

surplus per vigt. In this way, wefare measures of changes in site quality may be obtained.

Nested RUSC models are dso widdy used, where different decision nodes are represented
by different levels of nesting (Kling and Thomson, 1996).

However, two problems exist with the RUSC approach. The first is the old problem of the
gopropriate vaue of leisure time: should this be included as a cogt, and if so, a what vaue?
A recent discussion of the issues here is Feather and Shaw (1999). The second problem is
how to handle participation decisons. that is, how many trips are demanded, not just where
they are taken. An area-wide improvement in water quality could quite well increase tota
trips and count models have developed for predicting such participation rate changes (e.g.
Haab and McConndl, 1996). These are usudly Poisson or Negative Binomia single-
equation gpproaches that predict how many trips will be taken. Clearly, it would be
desrable to combine the “how many trips’ issue with the “where are they taken?’ issue,
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since both may change when water qudlity changes. Various approaches have been used
here, such as combining count models with RUSC models in a smultaneous equation
goproach; and systems of count models (a survey is given by Parsons et al., 1998).
However, no completely satisfactory aternative has yet been found.

2.3.3 Combined stated and revealed WTP approaches

Environmenta economics has recently redlised the advantages of combining stated (SP) and
revealed preference (RP) approaches, something which has been done for some time in the
fidds of trangport and market research. There are severad possible reasons for combining
reveded and stated preference techniques: (i) as a check on convergent validity: SP and RP
data from the same sample can be compared to see whether, for instance, they reved the
same underlying modd of preferences; (ii) as a means of more efficient sampling: In most
(but not dl) combined approaches, each individud in the sample provides more than one
observation; and (iii) to combine the desirable features of the two gpproaches. We might
want to ground SP estimates in actua behaviour, but extend the range of goods and services
of interest beyond that currently observed.

Three main approaches exist for combining SP and RP data. These are Random Utility
Models combining SP/RP data, and two versons of the contingent behaviour approach:
price changesin a Poisson panel model, and environmenta qudity changes.

2.3.3.1 Random Utility M odels combining SP and RP data

Joint estimation of choice models using stated and reveded preference dataiswiddy used in
trangport applications, dthough there reman technica difficulties.  The bads for the
gpproach is that while people make hypothetical responses to choice tasks in an SP
interview, (and therefore their answers may not correspond to what they would actualy do),
RP data are based on red choices made, and may therefore be more reliable.

Adamowicz et al (1997) pioneered an approach to environmenta valuation that pooled SP
and RP recregtiond ste choice data in a random utility framework. The advantages of this
approach are:
- one can Secify attribute levels outsde of the range of observed vaues (eg. higher
water quality, better fish catches);
stated and revedled preference answers can be compared;
SP responses can be calibrated on RP behaviour; and
differences in the underlying scale factors can be alowed for

2.3.3.2 Contingent behaviour pand data models of price changes

This method has been gpplied to the study of the demand for recregtion by Englin and

Cameron (1996). Their ingght was to recognise that some of the weaknesses of traditional

travel cost models could be addressed by using a panel data approach. Panel data is data
where each individua in the sample provides a number of observetions. It is widdy
employed in labour economics, where data on hours worked by n workers over m months
may exis giving a(n x m) data set, with each worker generating m observations.
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In travel cost modds, data are collected by interviewing recreationaists on Ste or by mail
shot. However, it would be very expensve to repeat the survey for the same group of
individuas many times to collect pand data smilar to the workers example. In atravel cost
study, each person gives two vitd pieces of information: how many trips they made to aSte
or group of dtes and the cost to them of vigting the dite. If each respondent was asked how
they would change their behaviour if these cogts rose or fell by some precise amount, then
this would generate extra observations for each individud (e.g. we could ask “how many
fewer trips would you make next year if your cogs were 30% higher than they are at
present?’). This process thus provides a data set where for each person there is one
observation on exiding trips as a function of actud costs (RP data) and a series of
observations on predicted trips for arange of hypothetica prices (SP data).

2.3.3.3 Contingent behaviour models of environmental quality changes

This gpproach is very smilar to that outlined in the previous section, except that instead of
asking people how their demand for the environmenta good would change if its price
changed, the interest is in how their demand would change if environmenta qudity dters.
Both pooled and pand models can be used, and the advantages are smilar to those set out
in the preceding section. Principdly, scenarios that lie outside of the range of currently (or
higoricdly) observed levels for environmenta qudity can be used, and the differences in
revealed and stated behaviour tested for. An example of this approach is given by Eisworth
et al (2000).

2.3.4 Benefitstransfer

Bendfits trandfer is not a vauation method, but rather a way of extending the usefulness of
origina vauation sudies. Bendfits trandfer means using figures obtained in one circumgance
to predict vaues in a different context; for example, usng an eimate of the vaue of
improved water quality on river A to measure Smilar improvements d river B. Benefits
trander is desrable due to the high cost of undertaking origind vauation studies. Benefit
trandfer can be attempted by a unit vaue transfer gpproach (where WTP is adjusted to loca
circumgtances such as income differences) or a ‘function’ transfer, which involves the
development of a predictive function or modd that can be used to predict WTP in a new
context. Vaiables in the modd might include income, environmenta membership and
descriptors of the environmentd change.

Bendfits transfer techniques have shown some potentid in policy appraisa but need to be
improved. Recent work on benefits transfer has come up with rather mixed results, and it is
difficult to give asmple answer to the question “is benefits trander rdiable?’. For example,
Navrud (1994) carried out a test on benefit transfer by comparing origind and transferred
vauesfor recreationd Stes affected by hydropower schemes in different locations and found
that WTP differed by up to 400%. Ready et al., (1999) carried out a benefit transfer
exercise in the context of WTP to avoid episodes of ill-hedth caused by ar and water
pollution across five European countries with smilar mixed results.

Certainly, improvements have been made in some specific contexts, such as forest

recregtion, coastd water qudity improvements, and wetlands, through the use of meta
andyss models. Meta-anayss involves satistical modelling of WTP data obtained from a
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range of vauation studies in order to predict WTP based on common atributes in the
database. Apart from the usud problems associated with dtatistical analyss of this kind
(e.g. multi-collinearity and mis-specification) modes tend to perform poorly in terms of
predictive power. For example, Brouwer et al., (1999) gpplied meta-analyis to over 30
wetland vauation studies in North America and Europe, but their modd only accounted for
37% of vaiaion in WTP. Furthermore the variables that had the most sgnificant
explanatory power in terms of WTP were context related (e.g. country of study) or

methodologica (e.g. payment method) rather than related to policy attributes such as
wetland qudlity.
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Chapter 3 Ecosystem Valuation: The challenges
CHAPTER SUMMARY

This chapter describes a framework for vauing ecosystems in the
context of air pollution. The Framework consists of 3 stages.
Scientific Linkages, Valuation and Anaysis.

Using evidence from the literature review and the Expert Panels we
describe the nature of the challenges confronting ecosystem valuation
research, ranging from scientific issues of scale and accuracy to
economic concerns about double-counting and embedding.

Scientific linkages
Knowledge and understanding of scientific effects is most advanced
for freshwaters, with considerably less known about forest and other
terrestrial ecosystem effects.

Information is available at the 5km leve for determining Critical Loads
a a national scae but a a ste-specific level, deposition and soil data
are poor. Often this means that the damage status of highly valued, but
localised, conservation resources such as Sites of Specia Scientific
Interest (SSSIs) is not known.

Scientific predictions about the recovery of freshwaters from sulphur
deposition are good but less so for nitrogen deposition. Predictions
are more difficult for soils due to buffering.

Dynamic modes such as MAGIC currently offer the best
methodology to predict recovery over time in both terrestrial and
aguatic ecosystems.

There is a strong requirement to enhance the chemical-biological link in
scientific models, particularly with respect to biodiversity and
ecosystem function

Not enough is known about the process of recovery, especialy where
local extinctions may prevent re-colonisation.

Confounding factors such as climate and land-use change will have a




big influence on the recovery process. New European initiatives such
as the RECOVER:2010 project are specifically focusing on the nature
and consequences of confounding factors during recovery.

Predicting ecosystem recovery is characterised by considerable
scientific uncertainty, with the degree of uncertainty increasing as the
time span increases. Uncertainty in predictions is generadly badly
represented, especially in the CL approach. Dynamic models can
produce numerica representation of uncertainty, but the chalenge is to
trandate this into something that can be understood by the non

speciaist.

Valuation

Many scientific indicators of ecosystem change are ill-suited for benefit
identification and measurement purposes. For example, the toxic
effects of heavy metas on root growth are difficult to trandate to
Impacts on timber production or tree hedth. In the case of wildlife,
changes in charismatic species such as otters are more likely to be
understood and appreciated by people than changes to more obscure
species or indicators (e.g. diatom assemblages).

The potential to use market price gpproaches is limited in the UK
context, as few marketed goods are affected. For those that are, such
as timber and grazing, there are no reliable dose-response functions.

Nonuse vaues are expected to be a mgor component of the total
economic value of ecosystem recovery in the UK. SP approaches are
the only way to measure nonruse values in monetary terms. Some of
the main challenges are describing the complex and unfamiliar nature of
the environmental change to the genera public, the problem of double-
counting, and whether hypothetical WTP is an accurate reflection of
actual WTP.

Recent innovations in environmental vauation techniques offer many
advantages for the valuation of the environmenta costs and benefits.
Clearly, these innovations are useful in awide range of policy contexts:
for example, the greater statistical precison of WTP estimates from
contingent vauation is valuable in many instances. One development
that has particular relevance to ecosystem recovery is the use of
ddliberative vauation fora such as the ‘Market Stall’ which alow
people more time and information to consider their WTP.




Policy Analysis

For policy purposes, benefit estimates have to be scaled-up to the
rlevant level of aggregation and must be anaysed in a way that lends
itself to both economic appraisal and policy discussons and
negotiations. Some of the main issues that are likely to be of concern
include scaling-up benefit estimates from case-studies, identifying
beneficiaries, and the treatment of uncertainty and error in both
scientific and economic models
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3 Ecosystem Valuation — The Resear ch Challenges

Estimating the economic benefits arising from ecosystem recovery reguires an understanding
of how margind changes in emisson leves will affect our welfare. This chapter describes a
framework for ecosystem vauation that charts aut the stages that require to be taken in
order to link emissions to wdfare. The framework conssts of three distinct phases: Scientific
Linkages, Vauation and findly Analyss (see Figure 3.1).

Air pollution and ecosystem recovery is recognised as one of the more difficult areas for
vauation. Usng evidence from the literature review and the Expert Pands, we aso describe
our capability to implement this framework based on current knowledge and modds, and
highlight some of the main chdlenges facing research.

3.1  Scientific linkages
In order to link changes in ar pollution levels to environmentd effects, and ultimately
economic impacts, complex modelling of the physical relationship between the emisson,
trangportation and chemical reectionsin the amaosphere of ar pollutants and their impact on
the environment are required.

3.1.1 Emissons- transport —deposition & concentration

The link between emisson sources and atmospheric transportation, depostion and
concentration can only be established usng long-range pollutant transport models. The
EMEP Eulerian modd has replaced the Lagrangian model for work under the CLRTAP and
operates at a spatia resolution of 50 kn?. The UK emissiong/depositions are modelled & a
5kn scale using HARM for NOx and SO, and FRAME for ammonium. Condderable
uncertainty must obvioudy surround modelling of this nature due to the range of factors
influencing deposition patterns and concentration. Trangport models for SO, and acid
deposition are the most robust, with the largest uncertainty associated with ammonia, VOCs
and heavy metas.

Challenges
Spatial scale

In generd emission and trangport modelling is gppropriate, however, the ditribution of
depogition across the landscape is key. Avallable information a Skm level may be
gppropriate for determination of Criticad Loads at nationd scale and regiond modelling,
but at a Ste specific leve, data (moddled and observationd) are poor. This is
particularly relevant to recovery in highly vaued, but locaised, conservation resources
such as National Nature Reserves (NNR) or Sites of Specia scientific Interest (SSSIs).

3.1.2 Exposure-Dose-Effect

This gtage involves predicting the biologica or chemica response in the ecosystem as a
result of exposure to ar pollution. Establishing a reliable and appropriate link between
exposure to ar pollution and an environmental effect has proven difficult as ecosystem
effects are pervasve rather than localy acute or dramatic (although some short term impacts
have occurred such asfish kills). The buffering cgpacity of the soil
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Figure 3.1
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has meant that many effects are likely only to emerge over long time spans.

To help wndergand the long-term impacts of ar pollution on ecosystems scientists have
examined environmental status of lakes on a spatid and tempord basis. For example, the
effects of acidification on freshwaters have been inferred from comparisons of biota dong a
pH gradient (Hower and Battarbee, 1983), and from comparison of present day flora with
historical surveys (Jones et al., 1986). Experimental work, has dso been used extensvely
in researching the impact of air pollution on commercid agricultura crops.

Figures 3.2a-c summarise the main potentid scientific effects of ar pollution on foredts,
heathlands, and freshwaters based on existing experimental work and monitoring. Evidence
for these effects in the UK and the ecologicd criteria used to measure these effects are dso
described.

Ovedl undergtanding of scientific effects is best for freshwaters, and poorest for
heethland/grasdand. Models to predict effects based on changes in ambient air pollution
levels are dso more developed for freshwaters, with religble biologicd links to distom and
fish populations. Below we set out what we consder to be the most significant demands on
science in terms of providing gppropriate dose-effect relationships for ecosystemn vauation.

Research Challenges

Effects Transfer

Given alack of evidence for some effects in the UK some researchers have taken the
expedient step of applying a dose-effect modd to a new context, often outwith its
geographic or environmenta parameters. For example, Gregory et al., (1996) applied a
dose-effect rdationship developed for forest species in the ‘Black Triangle of Eastern
Germany, Southern Poland, and the Czech Republic) to estimate the damage to al

European forests from a cod-fired UK power gation. Effects transfer of this nature is
often not gppropriate due to differences in confounding factors such as climate and other
pollutants.

Dynamics of ecosystem recovery

Ecosystem recovery from the effects of ar pollution is a dynamic process, with the rate
of recovery dependant on reductions in pollutant load, and the current biologica and
chemica datus of the ecosystem. Unfortunately, current understanding of colonisation
dynamics and biologica processes of affected biota are generdly insufficient to provide
expected time-scaes and patterns of recovery. Particular chalengesinclude hysteress,
thresholds and episodes, and the influence of confounding factors.

While pH, sulphate levels and some distom communities have shown a rapid recovery
toward pre-addificaion levels in recent years, hisoricd monitoring may aso be of
limited help in developing predictions about future recovery due to confounding factors
such as climate and land use. For example, large-scale



Figure 3.2a: Forest Ecosystems

Potential Effects

Evidencein UK

Ecological Criteria

Relevance to Benefit Valuation

Decreased production through root
damage and toxicity to Al (P)

Increased production from enhanced
N deposition (NW)

Changesin ground flora (BNW)

Loss of epiphytic lichens (NW)

Tree death (exposure to elevated SO,)
(P.NW)

L ess acute damage
(NOx, ozone, frost, pests)(P,NW)

Below-ground biodiversity

No field based evidence (limited to
extrapolation from laboratory/ greenhouse
mani pul ation)

Unclear - influence of gazing changes and
management are difficult to separate. Time lags
in response

CS2000 reports;

- Mean species richness in broadleaved
woodland has declined (could be due to
changes in management or succession
following the ‘ Great Storm’)

Ellenberg fertility scores have increased in
England and Wales

M. Ashmore's work - presence/ absence linked
to historical deposition

No

Weak correlations

Canopy  conditions (needle loss,
yellowing) arising from range of stresses
2nd any impacts of reduced canopy cover
resulting in eutrophication response of
ground flow

Not much evidence though highly likely to
have impact

CalAl ratios; [NH,]
toxicity; BC/A

Ellenberg scores
Spp. Presence/absence

presence/absence (re-
colonisation slower than
loss)

% loss of canopy

Altered ground flora
(e.g. brambleincrease,
etc)

Loss of ecosystem
structure and function

Unclear consequences for timber production and tree health.

Unclear consequences for timber production and tree health

Difficult to convey these changesin species diversity to
publicin SP study. Unless effects on key ‘target’ species can
beidentified, would haveto rely on proxies such as ‘ expert
opinion’ or SSSI designation to guide valuation.

Acute effectsless difficult to value but no evidencein UK

Difficult to ‘attributise’ damage to air pollution and establish
link to either timber production or to public preferences
concerning forest health.

No clear linkage to ecosystem services that can be valued

P - production forests; NW - native woodland;

BNW - broad-leaved native woodland




Figure 3.2b: Freshwaters

Potential Effects

Evidencein UK

Ecological Criteria

Relevanceto Benefit Valuation

- potable impacts

- colour, aesthetics

- change in chemistry

- Direct fish kills

- fish population decline

- Biodiversity of fish populations

Changein spp. Composition;
Invertebrates
Macrophytes
Bryophytes

Bird and animal populations

Upland freshwater eutrophication (N)

- Problems with acidity and Al in localised
areas

- Waters "clear"
potential
recovery

during acidification
increase in DOC during

- Strong evidence

None documented in UK, and difficult to

predict

Y es, well documented

Y es but limited

Yes

Yes- for dippers, otters maybe

N limitation responsesunclear

Little impact
(except decreased light
penetration)

Altered ANC, pH, Al impacts
on aquatic ecosystems (See
below)

Potential episodic impacts
in spawning streams. Salmon
more sensitive than trout

Presence/absence of
char, powan, etc

Loss of key species
Abundance (within species)
Community composition
(diversity)

Key species

Eutrophication response/algal
blooms

Simple to value using additional treatment costs.
Benefitsrelatively low dueto low cost of treatment

No obviousimpact on benefit valuation - some
people may prefer clear water

Benefits of recovery more appropriately linked to
recovery in fish and biodiversity than chemistry

Recovery linked to increased fish catch for both
salmon and trout (HP and TC methods). However
problems with confounding factors (disease, high

seas catch) with salmon.

Loss of endemic fish species of considerable concern
to public (SP methods)

Concern about changesin food chain, but not in
public eye. Better to describein terms of changesin
terms of higher order species (fish, birds) lost (see
below) or recovery in SSSI's damaged by pollution.

Effects on key species less difficult to describein an
SP study than impactslower in food chain.




Figure 3.2c: Grasdands, and Heathlands

Potential Effects

Evidencein the UK

Ecological Criteria

Economic Criteria

Species Composition
(N impacts dominate, along with ozone)

"Stress" (pest attack)

Loss of bryophytes

Increase in bracken

Indirect effects on birds

Strong for grasslands and heathlands
CS2000;
- Significant increase in fertility score
for England and Wales for acid
grassland
Between 1990 and 1998 shift towards
vegetation types characteristic of
moorland grass and net movement
away from heath/bog
Significant increase in fertility scores
for bog broad habitat
Ozone reduced frost hardiness of
Calluna vulgaris and affected root
growth and physiology

Increased frequency of heather beetle
outbreaks on Netherlands - possibly in
UK, but have to assume precautionary
principle

Direct effects on Rhacomitrium. Evidence
to show that bryophytes are not too
sensitive to ozone, except Sphagnum
recurvem

Evidence from Pennines but confounded

with changes in grazing and trampling by
walkers

Circumstantial evidence only

Fertility scoresincreased

Change in species assemblage
but difficult to separate N from
management impacts

Loss of "heather"

L oss of vegetation cover and key
species

Possible spread of bracken

Difficult to convey these changesin species
diversity to public in SP study with exception of
walkers who may recognise changes. Unless key
‘target’ species effects are identified, (possibly
moorland species like red grouse, dottrel) would
haveto rely on proxies such as ‘ expert opinion’ or
SSSI designation to inform valuation

Link isweak and hard to describe in SP study

Enhanced erosion and loss of visual amenity could
be valued using SP but very localised. Impact on
water quality negligible

Loss of grazing could be valued using MP
approach but benefitslikely to be very low.
Difficult to assess any impact on landscape

appreciation, but not thought very important

Reduced grouse bags could lower value of grouse
moors
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coniferous afforestation in Galoway has been implicated in lake acidification. Although
European research initiatives such as the RECOVER:2010 project are specificaly
focused on identifying the nature and consequences of confounding factors during
recovery, more research is required.

Hysteress refers to the delay observed between emission reductions and ecosystem
recovery. Hyderess in the recovery phase is both physiochemica and biologicd. For
example, geochemica controls on sulphur de-sorption from soils will delay recovery of
freshwater ecosystems. Similarly, in ecologica Stuationsit is easer to lose species than
to get them back, and some intervention may be required (see ‘Thresholds below).
Experiments with liming in Scandinavia indicate that some species, like trout, respond
quickly to improved conditions, but some flord and invertebrate assemblages tend to
show a marked delay in response (Weatherly and Ormerod, 1991). Locd and regiond
species pools are important for recovery: isolated sites may recover dower than ones
near unaffected areas. Hystereds emphasises the need to predict timescdes for
recovery: people with highly positive rates of time preference are likely to vaue arapid
recovery more than a more prolonged process (see section 3.3.1).

Biologicd recovery processes may be highly non-linear, and characterised by threshold
effects. For example, Montgomery et al (1994) describes how the probability of
survival of the Northern Spotted Owl, increases from 0.1 to 0.9 as the area of old
growth forest habitat increase past a certain areathreshold. In the case of acidification,
some senditive gpecies may only re-colonise if water pH exceeds a certain vaue. These
threshold effects and non-linearities do not it well with margind andysis of economic
theory (and hence Cost Benefit Andyss).

Although dose-effect modes should incorporate threshold effects, where they are
known to exig, it is clear from the literature that unsubstantiated threshold values have
tended to be used as a subdtitute for dose-effect relationships based on scientific
observation. For example, severd recreationa fishing studies (e.g. Mullen and Menz,
1985) assumed smple threshold vaues for fish surviva based on average lake pH. This
crude approach overamplifies damage effects and could lead to biased estimates as
damage islikely to be more linearly related to pH or other water qudity variables.

Damage to freshwater organisms can aso be mainly associated with pesk episodes of
acidity (acid flushes) which wipe-out entire populations. Many scientific dose-response
modes are based on average vaues of exposure and are not sufficiently sengtive to
account for these * catastrophic’ events.

Risk and Uncertainty

Ecosystem response to reduced ar pollution is highly uncertain, with the degree of
uncertainty increasing with time span.  Although severa vauation studies have attempted
to quantify uncertanty numericdly (eg. EPA, 1999) exising modes, including CLs,
generdly represent uncertainty badly. There is a need to quantify uncertainty in terms of
risk but immediate prospects of doing so are not good. Scenario moddling and
sengtivity andysis will continue to play an important role in presenting uncertainty to the



decison-maker, but its portraya to the generd public (in a CV exercise for example)
remains problematic. Where risk has been incorporated in CV, WTP for specific
programmes has been affected (Johansson 1987; Macmillan et al., 1996).

Holistic approach

Air pollution can have pervasve effects on ecosystem function. For example, the effects
of acid depogtion on the ecology of semi-natura environments are multiple and operate
a a number of tempora and spatid scdes. Some organisms, such as fish and
invertebrates can be killed by severe, and rdlatively trandent acidic conditionsfollowing
ranfdl events. If the fish population fails to recover, long term changes in the
composition of prey species at lower trophic orders in the aguatic ecosystem will occur.
Indirect effects on the food chain are dso important. For example, as acidification
proceeds, humic matter is precipitated, lakes become clearer and as the light and
temperature regime alters, widespread changes in the compostion of floraand fauna can
occur.

Idedly ecosystem recovery models should describe ecosystem change in an holigtic
context, rather than focus on one or two indicator species. Currently there is no
satisfactory single measure of biodiversity response for the non-specidist, but modelling
changes in different species assemblages is progressng, such as those represented for
grasdand/hesthlands within the MOVE formulation. (Although this is not a dynamic
moded and hence cannot predict the speed of recovery).  Individua species indicators
may be more useful when the species involved are ‘keyston€ species for that
ecosystem, or are ‘charismatic’ in the sense that they are highly valued by the public in
thelir own right.

Critical Loads

Critical Loads (CLs) are defined by the UNECE as 'a quantitative estimate of exposure
to one or more pollutants below which sgnificant harmful effects on sengtive dements
of the environment do not occur according to present knowledge CLs have been
defined for terrestrial and freshwater ecosystems based on a threshold vaue above
which damage is bdlieved to occur. As CLsvary spatidly, they can be represented as
a map. Land management and other confounding factors that can cancd or lead to
heightened susceptibility to pollutant inputs can aso be incorporated.

By combining CLs with spatid depostion data, the resulting map can identify the
location of areas where critica loads are exceeded (Exceedance maps). A number of
Critical Load Exceedance maps for different receptors (e.g. buildings, freshwaters and
s0ils) have been commissioned by the UK government as a contribution to internationa
negotiations.  While CLs have proven to be a hepful negotiating tool for guiding
abatement decisons they have severd limitations.

1. The CL agpproach is based on a threshold above which environmenta damaged is
anticipated. The degree of damage is not considered.



2. There is no dynamic eement within the critica loads gpproach. Time ddays and
potentia hysteresis during the recovery phase are not assessed.

3. Although CLs provide a measure of ecosystem sengtivity (freshwaters indicated by
ANC: forest soils by CalAl or BC/A ratios), these are poorly linked to observed
patterns of damage (effects).

4. Land use practices are included in the caculation of terredtrid critica loads, but
secondary impacts, such as interactions with climate, pests, diseases and multi-
pollutant interactions with ozone are poorly represented.

3.2  Valuation

The vauation stage is concerned with trandating recovery, described in scientific terms, to
monetary benefit estimates. Two stages are involved. First, ecosystem recovery hasto be
described in terms that are meaningful to people or are rdevant to their welfare in some
way. The second stage involves applying appropriate vauation techniques, to convert these
impacts to monetary values. In the rest of this section, and drawing on the results of the
pand meetings, we identify some of the main research issues concerning va uation.

3.2.1 Benefit identification and measurement

Air pollution effects on ecosystems are complex, hence they may prove difficult to convey to
people in nonscientific terms. - Although these effects are pervasive, scientific research into
effects has tended to focus on measuring specific criteria that are relatively essy to measure
and provide a reasonable indication of overdl ecosystem status. Examplesinclude chemica
criteria such as pH and ANC, or biologicad criteria such as diatom counts or
presence/absence of indicator species.
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Although some measures can be cogt- effective scientific indicators of ecosystem change,
they may often be ill-suited to benefit identification and measurement. For example,
toxic effects of heavy metals on root growth may be difficult to trandate into ‘welfare
impacts such as timber production or woodland appearance and hedth. In the case of
biodiversity vaues, changes in charismatic species such as otters are more likely to be
understood and appreciated by people in a stated preference exercise than changes to
biodiversity indices or diatom assemblages.

Some important ecosystem changes are imperceptible to the human eye and it is difficult
to describe these changes to people in a smple, but accurate, way. For example,
changes in diatom assemblage or pH are not perceived to be as strong a sgnd of
damage as acute pollution events that result in fish kills and dead treesd  One way to
overcome this within the context of an SP study, would be to emphasise find long term
outcomes, which might be fish death, rather than the current intermediate Stuation (e.g.
fish morbidity).



Science has not yet fully reveded how ecosystems function and the indirect servicesthey
ultimately provide human society. Even with reativdy smple, or well understood
ecosysems, it is often difficult to determine the causd rdationship between humen
actions and ecosystem functions and processes. Where this is a predominant concern,
one would have to question the desirability of attempting monetary vauation.

Where rigorous trandation of scientific effects into benefit impacts is not possble, the
researcher may have to resort to subjective judgements about impacts. For example,
how changes in water chemistry will affect species higher up the trophic order. Expert
groups have been usad in this Stuation, but there is potential for disagreement and bias
to emerge in areas where speculation of thiskind is involved.

3.2.2 Valuation methods

An important decison facing the researcher is to sdect an appropriate vauation
methodology. The choice of method has to take account of gpplicability in terms of the
benefit stream being measured (i.e. use or nontuse), the reiability of the scientific base and
cos. Inthis section we consider the potentia to apply each valuation approach and some of
the main issues that might arise.

3.22.1 Market Prices

The Market Price approach is the most straightforward to apply if price, quantity and cost
data can be easlly obtained for established markets. In the case of air pollution few of the
ecosystem services affected are bought and sold with the exception of timber and sdmon
fishing rights. There is potentid to goply the PM to estimate the benefits associated with
reduced water treatment costs as a result of reduced acidity in potable water supplies, but
the actuad codts are unlikdly to be significart.
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As yet there is no adequate dose-effect relaionship for linking ar pollution to timber
growth and yidd in the UK, nor for predicting the effects of nitrogen reductions on
grazing quality. In order to be rdiable, dose-response relationships would have to take
account of confounding effects such as management and climate.

In the case of timber, where harvesting may take place many years following damage, it
will be necessary to predict future timber prices. Over the last 30 years, the price of
UK timber hasfalen in red terms: this trend may or may not continue.

The price of some goods are influenced directly or indirectly by government policy (such
as the Common Agricultural Policy) hence it would be necessary to correct for price
distortions usng shadow prices.  Shadow pricing would aso be required where
production of the good is associated with non-market externalities. For example, timber
transport generates arange of negeative externdities such as air pollution and noise.

3.2.2.2.Revealed Preference

The Travel Cost method has been ratively widdy used in the US to estimate the codts of
acidification to recreationa fishing but benefit estimates are relatively low compared to hedth
and agricultural impacts (EPA, 1999). There have been no equivaent TC studiesin the UK
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despite the clear scientific evidence of damage to fish populations in regions such as
Gdloway and North Waes. However, these areas are relaively remote and inaccessible
and it is possible that anglers would not fish these areas more often following recovery.

Sdmon fishing is condderably more vduable in the UK than trout fishing, but it is a
marketed resource. In the case of the Galloway salmon fishery the HP approach has been
used to vaue recovery (Macmillan and Ferrier, 1994). The scope for applying the HP
approach is otherwise restricted as few capital assets such as houses or services such as
labour are potentialy affected by ecosystem recovery.
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TC would be cogly in terms of data and time to implement, especidly where the link
between ecosystemn recovery, fish populations and angling behaviour are not clear. For
example, an increased chance of catching a fish may not have a mgor influence on the
decison to vigt aremote upland lake to fish

Problems remain regarding the treatment of travel time in TC (is it a cost or a benefit?)
and how to handle multi- purpose trips.

Older verdons of TC modes found it difficult to satisfactorily ded with Ste subgtitution,
leading to the mis-estimation of benefits from water quality improvements. New
refinements which introduce a random utility gpproach to travel cost modeling can
tackle these issues in a theordticdly-consstent manner but these are ill under
development (see section 2.3.2).

Another drawback of traditional RP gpproachesisthat it is difficult to estimate the vaue
of changes in environmenta qudity indicators outside of the range currently observed in
the sample. This would be a problem if, for instance, pH levds in fishing dreamsrise
above those currently observed anywhere in aregion. By using a combined reveded
and stated preference approach economic benefit figures could be estimated for this un-
observed region, for instance by asking fishermen about intended changes in ther
behaviour should a predicted change in water quaity occur.

Typicdly the HP approach relies on cross-sectiond data from a range of properties.
However, cross-sectiona data do not properly reflect the relationship between price
and environmentd quality in a dynamic context. Abelson and Markyanda (1985) show
how this can lead to benefits being underestimated when the future leve of
environmenta quality changes over time because the modd may not dlow expectations
about future recovery (e.g in smon catch levels) to influence price.

3.2.2.3 Stated Preference

Non-use vaues are expected to be a mgor component of the tota economic vaue of
ecosystemn recovery in the UK. Recovery in freshwater biodiversity or changes in water
qudity are likely to be valued by a wide cross-section of people who neither vist polluted
aress or use them in any direct way. SP methods are the only way to value non-use values.
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Due to the complex and long-tem nature of ecosystem recovery from air pollution, vauation
and the gpplication of SP methods is likely to be demanding. Some of the main issues that
would arise are discussed below.
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Complex and unfamiliar environmental changes

During an SP interview respondents are expected to assmilate information about the
environmenta project, search their memory for other pertinent information, integrete this
into a judgement about ther WTP based on ther preferences and income, and
communicete this judgement to the interviewer. For decisons involving unfamiliar and/or
complex environmental projects, such as air pollution effects on ecosystem, or methods
of payment (e.g. specia funds), the SP survey places consderably greater demands on
the consumer than most market transactions. In particular, people would seem to have
problems understanding the concept of biodiverdty (Hanley et al., 1995) and
understanding how ecosystems function. For example, Hoehn et al, (2001), describe
how severa respondents in a CE study assumed that wetlands kill trees, despite the fact
that wooded wetlands were an ecologicaly vauable habitat in the region.

One way to overcome this problem is to describe ecosystemn change in terms of arange
of ecologica indicators. A number of CV vauation studies used specidly sdlected
indicator species as proxies for wider more pervasve impacts of ar pollution on
ecosystem quality. For example, Green and Tungtal (1990) used sdected ecologica
indicators to describe water qudity changes and Navrud (1989) used fish population
dsatus as a proxy for ecosysem hedth in the context of acidification. Describing
ecosystem recovery in terms of top-predators or keystone species that may be familiar
to people has obvious advantages in terms of information requirements. It dso has
some ecologica merit in the sense that these species tend to reflect overall ecosystem
hedth. However, there is a concern that over-reliance on indicator species could over-
amplify the environmental changes involved and could for example, result in people
vauing the gecies rather than the ecosystem. Vauation workshops and other group-
based approaches may be more desirable in this context than conventiond surveys, as
they give people more information about the project and the opportunity to explain and
discuss with participants the nature of the ecosystem change.

Valuing the ecosystem or the sum of the parts

If individual benefit streams are vaued separately and then added up there is arisk of
over-edimating the vaue of recovery. Apat from concerns about income and
subdtitution effects, dividing ecosystems by function (wildlife, landscape recrestion, etc.)
and vauing them as separate atributes (forest hedth, distinct from freshweters) is
somewhat arbitrary and could lead to double-counting. For example, H/lland and
Strand (1983) found that WTP for improved visbility from reduced air pollution was
influenced by the respondent’ s perceptions about the impact on their hedlth, and Hanley
and Ruffdl (1993) found that many respondents preferred certain forest bndscapes
because of their perceived impact on wildlife, rather than their appearance.



Embedding

Embedding manifests itsdf in three ways lack of sengtivity to the scope of
environmenta change, sequencing bias, and sub-additivity bias. With arange of goods
and services we would expect both sequencing and additivity effects to emerge due to
income condraints and various subgtitution possbilities. However, scope tedts are an
important way of assessing the vaidity of CV because economic theory predicts that
consumers will prefer more of a good to less. Given the degree of uncertainty
surrounding future ecosystemn recovery scope tests, executed through the presentation of
various future recovery and damage scenarios, would not only provide a scope test but
aso provide policy-makers with a guide to the potentid range of benefits associated
with recovery.

Uncertainty and information

Many of the benefits of reduced acidification are subject to scientific uncertainty and this
uncertainty can be directly incorporated in vauation exercises (eg. MacMillan et al.
1996). However, an additional source of uncertainty is that connected with people's
preferences for unfamiliar environmenta goods people may be unsure what their
preferences are and about how much they would be WTP (Kask et al., 2000). The
latter may be helped by the use of payment ladders that include a range of uncertainly
about WTP (e.g. definitely would pay, probably pay etc), while the former could be
resolved by giving people more time and information to discuss'reflect on their values, as
happens in the ddiberative vaduation fora such as the “market sal” gpproach
(MacMillan et al.,2001) or valuation workshops (Kenyon et al., 2001).

Are preferences actually revealed?

There is an ontgoing debate regarding the extent to which stated willingness to pay
reliably reflects what people would actudly pay. Thisis part of wider concerns common
to al survey techniques, that respondents may actudly be answering a different question
than the surveyor had intended. One example is where a respondent makes
associations about the environmental good that the researcher had not intended: for
example, if asked for willingness to pay for improved vighility (through reduced
pollution), the respondent may actualy answer based on the hedth risks that he or she
presumes are associated with dirty ar. A second example, would be where the
respondent takes the opportunity to express support for the environment rather than
express their WTP for the specified project or benefit from the act of ‘giving’ (warm-
glow effect).

Strategic behaviour such as free-riding or over-bidding to influence the decison about
whether the good will be provided or not is dso problematicd. Protesting is aso
common and can accur where respondents who actudly value the good, state that they
are not willing to pay for it because they object to some aspect of the contingent market
(e.g. the mechanism for payment). In an ar pollution context where cross boundary
effects are common there would appear to be considerable scope for protesting over
who should pay and how.



An underpinning assumption of the stated preference gpproach is that people are
capable and willing to make a trade- off between income and ecosystemn quadity. Some
participants may rgect this potentid trade-off and may refuse to answer the question on
mord or philosophica grounds. For example, they may fed that it is wrong to base
decisons about the environment on money, or that the environment is ‘pricdess in the
sense that no trade-off is worthwhile. In SP gpplications people who hold such
‘lexicocraphic’ preferences are normaly treated as protestors and excluded from further
andysis. Consequently their preferences are ignored for the purposes of vauation, even
though they vaue the environment highly. In the case of ecosystem restoration, where
lexicographic preferences might be quite prevaent, questions arise as to how to minimise
responses of this nature, or how to incorporate these vaues within the confines of the
CBA approach.

Bequest values and future generations

Ecosystem bequest vaue, that is the vaue we place on the benefits that would accrue to
future generations as a consequence of ecosystemn recovery, is an important motivation
for current generations being prepared to pay for reductionsin air pollution. However, a
fundamenta problem for CBA and ecosysem vduation in paticular is that the
preferences of future generations are not incorporated.

Functional form of WTP mode

In common with RP gpproaches, benefit estimates in SP modds, particularly CE and
poly-chotomous choice CV sudies, modd specification can have a mgor influence on
the magnitude of the benefit estimate. For example, Whitehead (1990) found that WTP
for wetlands preservation varied between $2.9million and $19m depending on functiond
form of the WTP moddl.

3.2.2.4 Imputed preference

Replacement cost and defensve expenditures have frequently been used to estimate
ecosysem benefits. Despite their theoretica shortcomings they are reatively easy to
implement and are perceived as rdiable because they are based on cost information that can
eadly be established. In the context of ecosystem recovery from ar-pollution in the UK,
liming costs would be an obvious focus for such a study.
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Costs not an accurate guide to benefits
These methods do not consder socid preferences for ecosystem services, or
individuals behaviour in the absence of those services. Thus, they should be used as a
last resort to value ecosystem services.

I nconsistency

The methods may be incons stent becauise few environmenta actions and regulations are
based solely on cost-benefit comparisons, particularly at the nationd level. In some
cases, the cost of a protective action may actualy exceed the benefitsto society.



Perfect Substitutes?

The goods or services being replaced probably represent only a portion of the full range
of services provided by the natura resource. Thus, the benefits of an action to protect
or restore the ecologica resource would be understated. For example, liming has been
widdy used to restore lakes in Scandinavia and dthough fish populaions have
recovered many other invertebrate and plants communities have not.

3.3  Podlicy Analysis

For policy purposes, benefit estimates have to be scaled-up to the rdlevant levd of
aggregation (normally the nationd level), and must be andysed in a way that lends itsdf to
both economic appraisd (such as CBA) and to policy discussons and negotiations. For
example, in the context of air pollution it may be desirable to produce benefit estimates that
are compatible with exiging policy drivers such as Critical Loads. In this section we
describe some of the main issuesthat are likely to arise with regard to policy andysis.

3.3.1 Scaling-up

Scding-up is the term given to adjusting benefit etimates from the case-study or
experimental level to the desired policy level. Policy-makers desire benefit estimates at
different spatid scdes. Nationd estimates tend to be of greatest interest, for example to
support internationa negotiations, but regiond estimates may aso be required to highlight
digtributiona effects of a proposed policy.

There are severd approaches to scaing-up depending on the valuation method used. At its
smplest, scding-up may only involve aggregating mean WTP from a representative sample
involved in a CV exercise to the total population. (Although adjustments may be necessary
if the sampleis biased or not representative in someway). With other approaches, scaling-
up can be a more complex technicad exercise involving benefit trandfer from ste-specific
models to the entire country based on per-unit measurements, such as vaue per hectare or
vaue per fish. Tempord aggregation, that is aggregating benefits and cods over time is
another agpect of scaing up that is particularly relevant to ecosystem vauation due to the
long term nature of recovery. Assumptions about time preference and discount rates are
clearly important here.

I ssues
Boundary effects
Ecosystems may be more heterogeneous than markets. Economic boundaries are
determined by markets, while scientific boundaries are spatidly defined. This crestes
problems for scding-up where catchment-based scientific modes are combined with
nationa economic data to predict changes in fisheries vadue for ingtance. Environmenta
and politica boundaries often do not coincide and this can dso create problems for
vauation. For example, ar pollution contral in the UK would benefit ecosystems in
severd other European countries.

Area Affected



In order to estimate nationd benefits we need to know the total area affected, either to
scale-up catchment estimates or to describe the environmental good to people in an SP
exercise. Critical Loads provides a useful guide to the location and extent of damaged
areas but is relatively broad brush and does not identify areas of specia importance such
as SSSis that might be affected.

Population Affected

The magnitude of benefit estimates is influenced to a great extent by the population sze
of the beneficiaries. Nornuse vaues often dominate the total economic vaue of many
ecosystem resources because non-users typicaly outnumber users by a consderable
margin.  While sampling for nonuse vaues among the genera public can be
draghtforward if sample sze is sufficently large targeting users can be much more
difficult. For example, anglers may be expected to benefit from improved fish
population status in a number of freshwater rivers and lakes, yet they may be hard to
identify as not al anglers are members of a club, and permit records are often
incomplete.

Spatial and Attitudinal Aggregation

We can anticipate that many of the benefits of biodiversty improvement will be non-use
benefits. People who do not go fishing, plant-spotting or bird-watching may ill vdue an
improvement in upland biodiversty: just from knowing that more dippers or more otters
are aound, for ingtance. It is important to sample non-users hat recognises the
potentia for WTP to vary based on distance from gite, or other contextua factors such
as atitude to the environment. The Axford enquiry showed how important the issue of
the “appropriate population” is for non-use benefits in a policy context (Moran, 1999).
Where location is important, ‘distance-decay’ functions can be developed to identify
how WTP varies depending on distance from the ste of interest. In the context of ar
pollution, where many of the affected areas are remote from centres of population, there
isaposshility that household WTP may vary strongly by region.

Temporal Aggregation

A problem of particular relevance to ecosystem recovery is that the rdlevant population
must be decided on both a spatia and atemporal scale. Whilst distance decay methods
might reved how many households in a region should be counted as beneficiaries from
an improvement in upland biodiversty, the question remains as to when benefits will

occur, both in terms of when they start to gppear and how long they persst for. Thisis
important both in terms of intergenerationd equity and for the current generations

preferences for rapid recovery. The conventiond assumption is that people prefer
benefits sooner rather than later, but the choice of discount rate is contested especialy
for long-term environmenta changes such as ecosystem recovery from air pollution. A
larger discount rate gives more weight to the benefits recelved by the current generation
than those recaived by future generations. Many have argued for a socia discount rate
for environmenta projects that is lower than the market rate, in order to leave more
opportunities for future generations. From a more fundamentd perspective, the main
criticism of CBA and other decisiontmaking tools is our inability to accommodeate the
preferences of future generations .
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Price and income effects

In the case of marketed goods such as timber, pronounced impacts on production may
affect the market price of the timber, or indeed of other production inputs or outputs.
Income may aso be affected leading to an array of atered consumption and production
decisons. Moddling these impacts is very difficult a the macro-leve and hence they
are often ignored.

3.3.2 Analyss

Andyss should provide the decision-maker scope to apply the results in a practica way to
policy, while being consstent with the fundamentas of economic gppraisa. In the case of
ar pollution, economic benefit edtimates are expected to play a role in internationa
agreements about abatement, a debate that has thus far been dominated by costs to industry
and scientific effects. 1ssuesthat need to be consdered are described below.
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Compatibility with policy drivers

European decisions on ar pollution are in part driven by Criticd Loads. Although the
Critical Load approach crestes difficulties for economic vauation (see section 3.1.2)
there would be some advantage in ensuring that benefit estimates are complimentary to
the CL approach. Benefit vaues for ecosystem recovery could be derived for
dternative ‘target load’ scenarios, if CL grid squares are used to help describe or
delineste recovery. For example, Macmillan and Ferrier (1994) used CLsto define the
boundary and area of the Galoway samon fshery affected by acidification. In SP
approaches, dternative recovery scenarios could be presented by changes in the area
identified as being damaged by pollution (i.e. above the CL threshold).

Marginal estimates

For the purposes of CBA it is necessary to compare margind codts with margind

benefits. Vauation studies should therefore attempt to indicate how benefits will change
with different levels of abatement. For some vauation methods this may not be difficult,
but in the case of CV the survey design would have to accommodate a range of
recovery scenarios.

Policy benefits also influenced by predicted damage under the status quo

In order to assess the net impact of reduced air pollution it is necessary to consider the
degree and extent of future damage under the status quo (i.e. if no further action is
taken) as well as future recovery following abatement. Exising evidence, dthough
sketchy, would suggest that under the status quo, species diversty will continue to
decline on some affected areas, with locd extinction of arange of species, including fish,
passerine birds and otters, possble. Evidence from arecent CV study found that WTP
for abatement was significantly larger for an abatement programme that avoided ‘high
damage’ compared to a policy that avoided ‘low damage under the status quo —
irrespective of future recovery levd (Macmillan et al., 1996). This implies that
information on the status quo is highly relevant to individud vauations

Validity



Vdidity of bendfit etimates is an important consderation for policy-makers. Some
methods are implicitly considered more rdigble if they rely on ‘red’ market data. SP
methods have come under closest scrutiny in terms of vadidity as the datais hypothetica
but aso because a number of comparative studies have indicated that CV estimates of
WTP can be up to ten times greater than actud WTP. To help address this issue a
range of vadidation tests have been developed such as comparing how the survey
methodology matches up to current best practice; testing the internd vdidity of
responses by datigticaly relating WTP to socio-economic and atitudina variables,
comparing SP edtimates with benefit estimates generated by other studies and/or
gpproaches (eg. RP methods); and findly by obtaning feedback from survey
participants about the vauation exercise and the tasks they were required to complete.

Uncertainty and information

Congderable uncertainty surrounds both our understanding of ecosystem recovery and
the nature of peopl€'s preferences for recovery. The degree of uncertainty and error
surrounding benefit estimates has also to be made clear to policy-makersin quantitetive
terms wherever possible.



Chapter 4 Vauing Recovery of the Freshwater Ecosystem

Chapter Summary

This chapter reports on the discussions of the final panel meeting on the
potential for vauing recovery in UK freshwaters. The freshwater
ecosystem was selected as the case study because the science of
recovery is comparatively better understood than for other ecosystems
and there have aso been a number of studies which have attempted to
vaue UK freshwaters in the context of air pollution.

The principal aims of the case study are to (i) assess the current
prospects for generating reliable benefit estimates for vauing recovery in
the freshwater ecosystem; (ii) identify specific research needs (both
economic and scientific) that would alow vauation to take place and (iii)
identify limitations to valuing ecosystem recovery.

The main benefits of freshwater recovery were identified as increased
fish catch (sdlmon and trout), an enhanced recreational experience for
walkers and other outdoor enthusiasts, improved potable water quality,
and recovery in biodiversity.

The main challenges associated with vauing freshwater benefits were
identified. These included limited information on the link between
biology and water chemistry, the long-time scale involved, and problems
with estimating and aggregating nonuse values. However, these
chalenges were not considered to be insurmountable given recent
developments in economic methods and environmental modelling.

Four studies were identified from the literature review as having some
potential to contribute to a benefit transfer exercise. Problems in
methodology or with the scope of the vauation exercise suggested that
the benefit estimates generated by these studies would not satisfy current
policy requirements. However, in the case of the UK samon fishery
study it would be possible to apply the scientific-economic model used
for Galloway if suitable nationa data could be gathered.

New valuation research is therefore considered necessary. In prioritising
research needs a range of criteria was considered including the effort
required and the potentiad magnitude of the benefits that might be




generated by ecosystem recovery.

The main valuation priority is to estimate the non-use and use values
associated with biodiversity recovery using SP approaches. Given the
scientific complexities and uncertainties surrounding ecosystem recovery
a CV study using ddiberative valuation methods, rather than personal
interviews is probably most suited to the task. There is aso scope for
applying CE as a casestudy to recreationa users. In both cases,
considerable effort would have to be invested in preparatory work such
as focus groups and scenario portrayal.

When conducting a WTP study using CV or CE it will be necessary to
directly describe further ecosystem deterioration under the status quo.

Existing evidence, although sketchy, would suggest that under the status
guo, species diversity will continue to decline on some affected aress,
with local extinction of a range of species, including fish, passerine birds
and otters, possible. As this decline in ecosystem quality represents a
‘loss from the current endowment level there is evidence this avoided
damage is made explicit to respondents (the ‘ endowment effect’).

By building on previous work it should be possible to generate reliable
estimates of the benefits of recovery in UK salmon fisheries by applying
the HP method. Benefits are likely to be large relative to trout fishing, but
reasonably small compared to nonuse benefits. However, they would
be percaeived as ‘real’ economic market benefits as opposed to
‘hypothetical’ estimates.

Additional scientific research that would help underpin valuation would
include: (i) an enhanced link between chemistry and biology, with the
focus on biodiversity and ecosystem function; (ii) more dynamic
modelling; and (iii) descriptive measures of ecosystem change that would
be easly understood by the genera public. One option would be to
develop an ‘ecological ladder’ which would describe recovery in ‘ steps
defined by easily-recognised indicators such as the presence/absence of
keystone species as well as water quality measures.

Vduation is unlikely to capture al of the benefits of ecosystem recovery
as certain aspects of recovery such as ‘ ecosystem resilience’ are difficult
to quantify in monetary terms. Monetary estimates should therefore be
consdered to be a conservative, lower bound estimates of total
ecosystem value.

4

Case Study: Valuing Recovery in the Freshwater Ecosystem |
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The find panel meseting, held a MLURI, Aberdeen, discussed the potentid for vauing
recovery in the freshwater ecosystem. Freshwater was selected as the case study because
the science of recovery is comparatively better understood for freshwaters than for other
ecosystems. In addition there have aso been severd UK freshwater vauation sudiesin the
context of air pollution that may be suitable for benefit transfer.

The pand meeting included both economists and scientists and the principa aims were to:

review and assess the current potential to value recovery in the freshwater ecosystem
following reductionsin ar pollution

identify specific research needs (both economic and scientific) that would adlow vauation
to take place

identify limitations to vauing ecosystem recovery

The main topics discussed by the expert pand are presented in Appendix 2 and the key
outcomes of the discussions are summarised, in annotated form, in Figures 4.1 and 4.2.

4.1  Valuation Framework for Freshwaters

The Vauation Framework presented in Chapter 4 was used as a template for assessing the
potential for vauing recovery in freshwaters. The pand conddered the three man
components of the framework: Scientific Linkages, Benefit Vauation, and Andyss.

4.1.1 Scientificlinkages

The primary impact of ar pollution on freshwaters has been the acidification of upland
catchments as a result of SO, and NOx depostion. Eutrophication, which has affected
some terrestrid ecosystems is of less concern as phosphorous, rather than nitrogen, is the
limiting nutrient in freshwaters. Table 5.1 describes some of the main effects of air pollution
on Freshwaters.

Although scientific research on freshwaters has been underway in the context of air pollution
for dmogt 20 years, there are important gaps in our scientific knowledge with respect to
predicting recovery.

4.1.1.1 Emissons—transport —deposition & concentration
The 5 kn? grid used to predict deposition for sulphur can be very inaccurate, with some
predictions up to 100% higher or lower than recorded deposition. Thisis mainly dueto
differences in dtitude, land cover and topography. In the case of NHs., the Stuation
may be worse.

4.1.1.2 Exposure-dose-effect
The mogt rdidble information is avalable for fish and diatom populaions. Effects on
higher order species such as dippers, ospreys and amphibians, which may be of greeter
concern to the generd public are less wdl understood and modelled. Scientists should
address how their research can be portrayed in away that would complement val uation
sudies.
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Exceedance maps produced on 10kn? grid based on deposition models and Critical
Loads have been used to predict areas of the UK where Freshwaters are likely to be
‘protected’ from air pollution. A widely accepted Critical Load is an ANC value of 20
ueg/l which corresponds to an accepted damage threshold for fish populations.
However, due to the coarse spatia resolution used, exceedance maps tend to mask
variation in depogition rates, ecosystem resilience and resources a risk. Consequently it
is difficult to identify specific resources of high vaue such as sdmon spawning grounds,
or SSSIsthat may have been damaged using this approach.

The CL approach is not dynamic, hence it does not account for ‘ damage delay time' or
‘recovery time. In the case of biologica recovery, the delay may be consderable if
locd extinctions have taken place. Threshold effects are dso difficult to establish for
many biologica indicators. For example, many species of invertebrate can survive
across awide range of ANC vaues.

The very long time sde for recovery implies that mode predictions will have to take
account of confounding influences such as changes to the climate and in land use and
management. In the case of sdmon, high sea fishing and commercid fish farms can have
magor impact on stocks that may far outweigh the effects of acidification.

Recovery in some species will be affected by changes in the distribution and abundance
of other species, but these interactions are poorly understood and currently cannot be
modelled.

Dynamic models such as MAGIC have been used to predict effects of air pollution
policy on freshwater fish populations both in the UK and USA. Ther primary
advantages over Critica Loads is that they predict recovery over time and can link to
changes in the surviva probabilities of key fish species such as trout. Box 4.1 provides
more information about the MAGIC modd and its potentid for underpinning economic
vauation.

4.1.2 Valuation
Vduation involves identifying how recovery on freshwater ecosystems will impact on people
and their welfare, and applying suitable va uation methods to measure these impacts.

4.1.2.1 Welfare impacts

The decline in sdmon and trout catch is one of the more researched impacts of
acidification. However, it is not clear how acidification has affected catch, whichis one
of the more important atributes determining value. Generaly there is only anecdota

evidence, dthough some empirica relationships have been established



Box 4.1: The MAGIC Mod€

MAGIC (Model for Acidification of Groundwater In Catchments) is a process-oriented intermediate-
complexity dynamic model by which long-term trends in soil and water acidification can be
reconstructed and predicted at the catchment scale (Cosby et al ., 1985 a,b). MAGIC consists of :

1. soil-soil solution equilibria equations in which the chemical composition of soil solution is
assumed to be governed by simultaneous reactions involving sulphate adsorption, cation
exchange, dissolution and precipitation of aluminium, and dissolution and geciation of
inorganic and organic carbon;

2. mass balance equations in which the fluxes of major ions to and from the soil and surface
waters are assumed to be governed by atmospheric inputs, mineral weathering, net uptake in
biomass, and loss in runoff.

MAGIC produces long-term reconstructions and predictions of soil and streamwater chemistry in
response to scenarios of acid deposition and land use. MAGIC uses alumped approach in two ways:

1. amyriad of chemical and biological processes active in catchments are aggregated into a few
readily described processes;
2. the spatial heterogeneity of soil properties within the catchment is lumped into one set of soil

parameters.

attmospheric

deposition

Lt e T ﬁ uptale decomiprosition
w

chermical

weathering exchangeable cations
l T
soil solution O,

Schematic representation of theflowsand storesin MAGIC

Siteand Regional Applications

MAGIC has been used on an individual site and regional basis to evaluate the long-term historical and
future response of surface water chemistry to changing patterns of anthropogenic deposition. The
following example is from a multiple calibration to a population of monitored lake sites throughout
Wales. The results indicate that the predicted response within 50 years, relative to present day, is
generally a small recovery in surface water Acid Neutralising Capacity (ANC) across the region.
However, a clear difference is predicted between recovery at moorland and forested sites; Mean ANC
recovery at moorland sites is 21 ueg/l in comparison to 11 ueg/l at forested sites. In addition, all
moorland sites are predicted to show an increase in ANC, whereas, despite the emission reductions, 11
of the forested sites are predicted to undergo afurther drop in ANC.
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Linking chemistry and biology

The most recent advances with MAGIC have focused on the prediction of biological response following
chemical change. Information from the 1000 lakes survey of Norway, has identified chemical indices (in
particular ANC) which can be linked to trout population status. This statistical classification of health,
marginal, and barren popul ation status has been integrated within the MAGIC model framework and has
been used to estimate the economic value of recovery in fish stocksin Galloway (Macmillan and Ferrier,
1994), based on an empirical relationship between fish population status and catch per unit effort

(e.0. Macmillan and Ferrier, 1994). In any case there has aso been anincreasing trend
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toward fishing in stocked lakes and ponds, and it is therefore not clear if freshwater
recovery of acidified lakes in fairly remote and inaccessible locations would actudly
affect welfare.

Hill-walkers are another potential ‘user group’ who may benefit from reductions in ar
pollution. Recovery in certain bird and fish populations could, for example, contribute
to the enjoyment of visiting recovering areas. However, the extent to which enjoyment
would actualy be affected is not clear: the environmenta changes that would be initiated
by abatement, are likdy to be reatively dow and subtle and hence not easly
observable, even to frequent and loya vistors to affected areas. It is likely therefore,
that the user benefits associated with recovery are likely to be rdaively small.

Some water catchments supplying potable water to urban areas have been affected by
acidification. While low pH by itself does not pose any serious threat to human hedth, it
does enhance the leaching of toxic metals, such as duminium, manganese and iron, from
soils and water pipes. Recovery will help reduce trestment costs associated with these
effects. However, it was adso noted at the Pand meeting that recovery in freshwaters
may have negative impacts as well — most notably the increase in colour caused by
higher DOC? levels. This may be a cost in welfare terms as trestment may be required
to improve the colour of potable supplies, and/or recrestionalists prefer clearer waters
(to observe agquatic life).

Acidification has caused pervasve changes in ecosystem function and the biodiversity
that it supports. These range from dterations in diatom assemblages to locd extinction
of individua species such as dippers, trout or frogs. Recovery in these populations may
be welcomed by a wide cross-section of the generd public because they care about the
ecosystem and the biodiversity it supports.

The panel did not consder recovery would have any discernible benefits in terms of
landscape appreciation, or on the non-biological heritage of affected areas. Nor would
the production of marketed commodities be enhanced as a result of ecosystem
recovery.

4.1.2.2 Valuation Methods
The suitability of the main vauation approaches for vauing ecosysem recovery in
freshwatersis summarised below

Market Prices

There would appear to be little potential to apply the Market Price gpproach as commodity
production is not likely to be affected.

Revealed WTP
Potentia increases in fish catch and increased enjoyment for walkers as a result of enhanced
biodiversty in the uplands suggest that there is potentid to apply reveded preference
approaches such as the Hedonic Price and Travel Cost models. Macmillan and Ferrier

8 Dissolved Organic Carbon



(1994) created an Hedonic modd to estimate benefits of recovery in the Galoway sdmon
fishery by linking changes in water chemigtry to catch per unit effort, and then to changes in
the economic vaue of the fishery. There would gppear to be some potentia to extend this
approach to the UK asawhole.

With regard to the brown trout fishery in the UK, it could be possble to edimate
recregtiond benefits usng TC. Recent innovations could help address problems with
subdtitute Sites, but the scope for gpplying TC may be limited as it is not clear the extent to
which rdativey smdl margind changes in fish population hedth will affect catch and in turn,
angler behaviour. One way to overcome this problem would be to combine Contingent
Behaviour questions within a Travel Cost study. (For example, by asking: ‘if fish stocks
increased how many more trips would you take?")

However, the overal benefits of recovery in terms of fish catch are not likely to be that greeat
as those anglers who consider the Size of their catch to be an important reason for fishing are
more likely to fish a loca ponds and other stocked waters, rather than remote upland
locations. Benefits associated with walking and other outdoor pursuits are adso anticipated
to be smdl - do we actualy expect wakers to take more trips because their chances of
seaing adipper have margindly improved?

RP techniques are dso daia demanding and there might be problems identifying and
sampling a sufficient sample of the relevant user groups. Club membership lists and permits
may help here but are unlikely to be comprehensive.

Stated WTP
SP gpproaches have potentia for valuing the benefits of ecosystem recovery provided that
the technical concerns daborated in Chapter 5 are genuinely taken account of in the
research design. Both CV and CE approaches could be applied to estimating recovery in
biodiversty and other nontuse vaues. User benefits of fishermen and hill-walkers could
a0 be estimated using these approaches.

In the case of user groups, CE may offer interesting insightsinto which specific atributes of
ecosysem change are of interest, such as fish catch or fish sze. (During recovery it is
expected that average size of fish will decrease, dthough tota catch should increase).

Trade-offs between use and nonruse lenefits and for different recovery scenarios (eg.
partid v prigine) could aso be invesigated. On the other hand if the priority for policy-
makersis to establish atotal vaue for various ecosystem recovery scenarios then CV would
be the most suitable technique to use.

Where separate vaues for different ecosystem functions are desired then CE is clearly a
better choice. However, CE can suffer from problems if respondents unintentiondly infer
other changes from the one intended. CE may have other drawbacks in the context of
ecosystem vauation: (i) specifying ecosystem change in terms of only three of four atributes
may condderably under-describe the whole picture and hence give a partia vauation; (ii)
the sdlected attributes may not capture he vaue associated with particular ecologica
interactions in the ecosystem, some of which may be highly vaued and (jii) recovery will
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tend to affect many ecosystem attributes positively and independent of policy actions, hence
there is little scope for redidtic trade-offs between attributes. For example, it would be
difficult to suggest in one scenario tha fish populations double, but their food supply
(invertebrate populations) remain unaffected, while in another food supply increases and the
fish population stays the same!

One advantage of CV isthat isthere is no particular requirement to attributise the ecosystem
in an arbitrary fashion and this may be particularly important in deding with holistic changes
to biodivergty arisng from reductionsin air pollution. Trade-off decisonsimplicitin CE are
more suited to recreation and other user benefits, where specific attributes of the
recregtiond experience can be identified as components of overdl vaue.

Condderable atention would have to be given to describing ecosystem recovery in an easy
to understand way. Most people have little familiarity with the science of air pollution and its
effect on the environment, nor are they likdy to comprehend the time-scales and
uncertainties involved. Deliberative vauation approaches that involve time for reflection and
discusson such as the Market Stdl, would gppear to offer some significant advantages in
this respect over conventiond interview surveys.

Imputed WTP
As recovery will affect potable water supplies both negatively (more colouring) and
postivey (lower liming and filtration trestment) it should be possble to goply the
replacement cost gpproach to estimate the benefits (costs) of recovery. However, this
approach has serious methodologica limitations and a better gpproach would be to ask
people what they would be willing to pay to improve water quaity (possibly as part of a CE
that dso includes biodiversity nonuser benefits).

4.1.3 Scaling-up

Dynamic models for predicting recovery in freshwaters tend to be catchment or regionaly
gpecific hence it is difficult to scale-up benefit estimates to the nationd level. One way
around this would be to apply models such as MAGIC to representative areas throughout
the UK where the degree of damage from air pollution varies and use the output to
‘cdibrate’ recovery for different Criticd Load Exceedances. Although MAGIC has been
applied to anumber of acidified regions of the UK, further gpplications would be required to
give a more comprehengive picture of recovery in areas such as the northern highlands and
the Pennines.

With regard to measuring non-use values using SP gpproaches, nationd estimates should be
reasonably draightforward to obtain if an appropriate sampling frame is adopted. In
addition to norma concerns about representative-ness in terms of income, age, and gender,
the sampling frame would have to alow for geographic varigbility in benefit estimates. For
example, severa studies have shown that non-use vaues decline with disance from the
described environmental change and it may be necessary to dlow for a distance-decay
function in the sampling frame. User groups such as walkers and particularly anglers may



present further difficulties. For example, it might be difficult to identify anglers who currently
fish or might potentidly fish in recovering catchments.

4.1.4 Analyss
Severd issues were raised during the Pand meeting which are rlevant to the analyss.

Criticd Loads clearly play an important role in policy decisons about abatement of air
pollution. It would therefore seem appropriate to attempt to generate benefit estimates
that relate to dternative target loads for the UK. One way of achieving thiswould be to
derive benefit estimates for each 10kn? in the UK. Benefit estimates for dternative
abatement scenarios could then be estimated by adding up the vaue attached to
recovery in dl the ‘protected’ squares. (Benefit estimates would of course have to relate
to full recovery as assumed by Critical Loads).

Policy benefits also influenced by predicted damage under the status quo

In order to assess the net impact of reduced air pollution it is necessary to consder the
degree and extent of future damage under the status quo (i.e. if no further action is
taken) as well as future recovery following abatement. Exising evidence, dthough
sketchy, would suggest that under the status quo, species diversty will continue to
decline on some affected areas, with local extinction of arange of species, induding fish,
passerine birds and otters, possible. As a further decline in ecosystem quadity under the
gatus quo represents a ‘loss from the current endowment levd it is possible that WTP
for any abatement programme will be considerably enhanced (the ‘ endowment effect’).

Ecosysem recovery is characterised by uncertainty. Current models have difficulty
quantifying this uncertainty yet it cannot be ignored from a policy sandpoint. In terms of
benefit estimation usng SP methods it would be important to incorporate uncertainty in
the vauaion exercise. This can be done ether by presenting respondents with
dternative scenarios corresponding to potential  recovery outcomes and/or by
investigating preferences for risky outcomes (e.g. by presenting respondents with
probabilities of certain outcomes occurring). Neither gpproach fully resolves the
problem of uncertainty but would give policy-makers an indication of how important
uncertainty is.

Given the very long time scaes involved in recovery, the choice of discount rate will
clearly have amgor impact on the overdl benefit estimate.

Benefit estimates should be cdculated by comparing the annudised benefit stream
generated by ecosystem recovery (say over the next 50 years) with the berefits (costs)
that would accrue under the status quo over the same period.

4.2  Research for valuing recovery in freshwaters
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In the afternoon sesson the Pand considered the need for, and nature of future valuation
research for recovery in UK freshwaters. For each of the four main benefit categories
(salmon rights, recregtion, potable water quaity, and biodiversity) the research priority was
edablished by the pand based on the likdy magnitude of potentid benefits, the
tranderability of previous studies, and the economic and scientific effort required to
implement a vauation study.

Figures 4.1 and 4.2 summarise the findings and provides an overdl score reflecting the
research priority atached to each benefit category. The rationale for the scoring system is
described in Table 4.1.

Table4.1 Scoring system used in assessing resear ch priority

Criteria Rationde
1. Magnitude of Effort should be invested in esimating sgnificant benefit flows
benefits arisgng from air pollution contral (Ilow = 1; high =5)

2. Tranderdbilityof | If there is scope to trandfer estimates or gpproaches from
Previous Studies | previous studies then there is less need to commisson new
research (high trandferability = 1; low trandferability = 5)

3. Economic Effort | Some benefit flows may be more difficult to estimate reliably than
others due to practica problems (e.g. sampling) or theoretica
limitations (high effort = 1; low effort =5)

4. Scentific Effort The scientific base required for vauation may reguire to be
strengthened (high effort = 1; low effort = 5)

5. Research Priority | Overdl assessment of priority based on the above criteria. High
overd| score suggests a higher priority reting.

4.2.1 Salmon fishing rights

4.2.1.1 Magnitude of benefits

The right to fish for sdmon is highly vaued in many UK rivers, with some prestigious beets
bought and sold for sums in excess of sx-figures. The tota net economic vaue of samon
fisheries in 1988 was estimated to be £340 million (Radford et al., 1991). but the industry
hes recently been in decline due to a fdl in the number of returning sdmon.  While
acidification has been implicated in this decline in some fisheries (such as Galoway), other
factors such as high sea fishing and disease have been identified as primary causes. Further
reductions in ar pollution could help the sdmon fishery to recover, but the magnitude of
benefits may be redtricted by these confounding factors and because the most prestigious
sdmon rivers are not serioudy affected by ar pallution (e.g. the Twee