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Abstract
To save time and resources, benefits transfer is widely used in economic valuation of
ecosystems goods and services. However high uncertainties are involved in the value estimated
between two countries with different levels of income and differences toward the environment.
This paper surveys the method of benefit transfer, in particular in its application to wetlands´
ecosystem goods and services valuation
and proposes a new methodology for income
adjustments that produces more reliable estimates than those currently used.
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1.Introduction
Earth‘s ecosystems produce goods and services which satisfy different necessities of people and
in this way they determine in a crucial manner human welfare. Moreover, in the absence of
ecosystems, their indispensable ecosystem services and functions would cease to exist and, with
them, the provision of goods and services they generate would also disappear, which would
render life on Earth impossible. There are, therefore, good enough reasons to care about the
appropriate conservation of ecosystems and the future adequate provisions of the good and
services they provide. The mounting deterioration of the planet ecosystems currently observed
(MEA 2005; EC 2008; CBD 2010) is mostly the result of an inadequate appraisal of
ecosystems‘ contribution to human wellbeing, which provokes their undervaluation and lesser
priority to their care and conservation than they deserve given their relevance for human current
welfare and future survival. The undervaluation of ecosystems and of ecosystem goods and
services is in large part provoked by their common-pool resource characteristic and the absence
of formal markets in which their relatives scarcities are properly gauged and assessed.
In fact, in economic terms, ecosystems are valuable precisely because the goods and services
they provide positively affect human welfare. Moreover, the decisions that individuals and
society make in the scarcity context they ought to live ‗reveal‘ their relative valuations of these
goods and services relative to other goods and services, such as those produced by the economic
system.
Economic science has developed different techniques to reveal and measure the value of goods
that do not have explicit markets and that therefore, do not have explicit market prices either.
These techniques use actual and/or constructed decisions that individuals and society make in
the scarcity context they ought to live, to revealing their relative valuations of these goods and
services vis à vis the other goods and services. The use of these estimating techniques allow to
calculate quantitative expressions of the individual and social valuations of the different goods
and services provided by the ecosystems, which provide extremely valuable information, not
only on the relative appreciations by people of these ecosystem goods and services, but also on
their relative scarcities and the relative willingness of people to care for their conservation.
The methodologies of economic valuation  such as travel costs, hedonic prices, stated
preferences, contingent valuation, etc.  use information on related goods that do have markets
or that is obtained from specially designed surveys applied directly to those from whom we are
interested in revealing or determining their valuations. The technique to be used in each case
depends on the type of ecosystem good or service we want to valuate and the type of
contribution it makes to the wellbeing of individuals or society. Examples of applications of
these methodologies have been growing in the last decades both in developed and developing
countries (Bateman, 1999; Bateman and Willis, 1999).
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However, using the methodologies mentioned above for policy decision making and
implementation is generally time consuming and expensive. The growing demand for using
cost-benefit analysis to assessing prospective policies to be implemented and the advantages of
benefit transfer (BT) in terms of time and money saved when economically valuing ecosystem

goods and/or services involved with these policies have triggered an increased interest in the BT
technique for policy analysis.
Benefit transfer is the transference of the economic value of an ecosystem good or service
estimated in an original study to a new study demanding a rapid and efficient assessment of the
same ecosystem good or service in a different location.
Good reviews of traditional methodologies of benefits transfer exists and they can be found
Navrud (2004) and Navrud and Ready (2007). The focus of this paper is on recent advances in
BT methodologies, their applications to wetland ecosystem‘s goods and services and, specially,
on a proposed novel methodology  which is both empirically consistent and well founded in
economic behavior to adjusting the willingness to pay (WTP) for an ecosystem service
provided by a wetland estimated in an original study to transferring it to a new context
(location)..
The paper is organized as follows. In Section 2 we describe the Total Economic Value
framework for economic valuation and briefly summarize the current techniques for economic
valuation. Section 3 describes the Benefit Transfer (BT) methodology. Section 4 discusses
modern insights of benefit transfer methodologies including declared subjective happiness
assessments, a new technique that is emerging with the most recent advances in the field of
behavioral economics. Section 5 addresses the issue of economic valuation of wetlands and the
ecosystems services they provide. Section 6 presents a new approach for income adjustment of
unit values transferred. Section 7 summarizes and presents concluding commentaries.
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2.The total economic
value approach and
how to estimate it
2.1 Total economic value approach
The total economic value (TEV) is a methodology to put a monetary metric on the benefits
provided by natural resources. These benefits are not only those provided directly through the
direct enjoyment of people such in the cases of consuming water, foods, fibers or medicinal
plants, for example, but also can be less tangible (material) benefits such as those derived from
recreation or aesthetic pleasure (scenic beauty). If there is a willingness to sacrifice some goods
in order to enjoy goods and services provided by nature, a value can be attached to those goods
and ecosystem services.
The TEV is the sum of all this direct and indirect components attached to a particular ecosystem
service. Following Perman et al (1995) and Adamowicz (1995) the TEV is composed of two
main components: use and non-use values. Use value corresponding to those values assigned by
a person to the direct, indirect or optional use of an ecosystem good or service. Non-use value is
a value attached to a good or service although they are not directly enjoyed.
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Use value is disaggregated into the following: direct use value that corresponds to the value
attached to direct use of goods and services provided by the resource. These values include
consumptive use of the resource such as hunting, fishing, timber collection and so on. This
consumptive use is relatively easy to estimate because in general it is associated with some
private goods traded in the market (timber, fruits, fiber and so on). In addition, use-value
includes non-consumptive uses such as hiking, camping, boating and nature photography
(Fausold and Lilieholm 1996) which are more difficult to estimate due to the absence of welldefined markets. Indirect use values are the benefits indirectly accounted for the use of the
resource. These include particularly those goods and services derived from some of the natural
functions performed by the ecosystems, such as soil conservation, flood prevention, water
purification and regulation, etc. The functions provided by forest ecosystems are included in this
category, for example. Option Values: This concept relates to the possible use of the resource in
the future (for example the value assigned to a resource with potential use in pharmacological
product or potential use as energy supply). Bequest values: is also a category of use values, and
correspond to the value assigned to the good and services in order to preserve them for future

generations. It considers making guesses about the preferences of future generations and
including them in the present generation preferences (Kula 1994).
Non-use values: only existence value is included in this category. Existence value is the value
attached to a good or ecosystem service even if it will never be used or visited and therefore, it
is a value assigned to its mere existence. Some goods or services provided by wetlands, such as
biodiversity and habitat, are included in this category of value (Merlo and Briales 2000, Perman
et al. 1995).

2.2 Economic valuation techniques
There are different methodologies to economically valuing goods and services provided by
ecosystems in general and wetland‘s ecosystems in particular. All of them differ in its validity
for the case at hand, their theoretical underpinning and their informational requirements and
feasibility (Bishop, 1999). In the remaining of this section, a summary of the main
characteristics of the different valuing methods is presented. For a more detailed account of
these characteristic the reader is referred to Navrud (2004), Navrud and Ready (2007), and
Brander et al (2006):
Market prices
It is the simplest methodology because it assigns a value to several goods and services provided
by ecosystems based on market prices already existent. Wood, food, fiber and material
extraction from ecosystems are example of goods whose economic valuation is based on this
methodology (Constanza et al 1997, Raphael and Jaworski 1979)
Travel cost
This methodology is mostly applied when ecosystems provide recreational services. It consists
in estimating travel expenditures incurred by those who visit the zone with recreational motives
making possible to estimate the demand for recreational uses. In order to apply this
methodology it is necessary to know of all complementary goods that contribute to satisfy the
recreational motivations. In addition it is also necessary to take in consideration the cost of time
invested traveling to the zone. An important advantage of this method is the use of market
information because all components of the travel cost are taken from real markets (Ramdial
1975, Cooper and Loomis 1993).
Hedonic prices
Based on this methodology it is possible to valuing environmental attributes as part of the
attributes of a heterogenous good (housing, professional activities, etc.). For example, a house
located in a zone with favorable environmental conditions (clean air, natural surroundings,
landscape, etc.) is more valued due to the presence of these characteristics than other houses
located in places without them. This methodology uses econometric techniques to calculate the
increase in the value in houses provoked by each particular characteristic (Lupi et al 1991, Doss
and Taft 1996).
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Production function
This method is also known as input-output, change in productivity method or doses-response
function. Based on this methodology is possible to estimate indirect use values with regard to
their contribution to market activities. It is based on a production function in which natural
capital is an argument and therefore, this method is only useful to determine the value of an
environmental service the ecosystem provides to an existent activity (.Acharya and Barbier
2000; Bell 1997, Nunez et al 2006, Figueroa and Pasten 2008).
Contingent valuation
This method is based on responses of people to direct questions about their willingness to pay
for an environmental improvement or their willingness to accept an environmental worsening. It
has an advantage over the other valuation techniques since it allows for the estimation of non
use value. Its theoretical bases are welfare theory and the assumption of consumer rational
behavior (Farber 1988; Bateman and Langford 1997).
Valuation method based on costs
These methods are based on the estimation of the cost to maintain, provide or restore a good or
ecosystem service provided by ecosystems. Examples of this type of method are replacement
costs, precautionary spending, and opportunity costs. The replacement cost is a technique that
measures the benefits provided by the service due to the estimation of reproduction costs to the
original levels of provision if those are lost (Breaux et al. 1995; Emerton and Kekulandala
2002). Defensive costs are estimates of spending on prevention or defensive measures to avoid
the degradation or loss of values of environmental services. Opportunity cost is a methodology
to estimate the value of the alternative use of the ecosystem (Leitch and Hovde 1996;
Sathirathai and Barbier 2001). These techniques must be used with caution because do not
represent the true willingness to pay for a good or environmental ecosystem service (Bishop,
1999)
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3. The benefit
transfer methodology
Benefit transfer (BT) is the valuing methodology focused by this paper and it is employed to
estimate ecosystem economic values by transferring available information from a site where a
study was realized to a place where the valuation has to be performed under the assumption that
characteristics in both sites are similar. For example, the scenic value in a lake in a particular
region can be estimated using information provided by a study already existent of the scenic
value of a lake with similar characteristics in a different place.
The main challenge for the use of benefit transfer is, therefore, to determine whether the
prevalent conditions in the place, moment or context in which the original value was determined
are similar or not to the existent conditions in the place, moment or context characterizing the
good or ecosystem service being valued, such that it is justifiable to assume the value obtained
in the first case can be applied in (transferred to) the valuation currently performed.
Benefit transfer usually is employed when is too expensive or time consuming to produce
primary economic valuation studies. Is for this reason that the method has triggered an
increasing interest and the literature has expanded rapidly in the last years. This method is more
reliable when the original site and the site object of the transfer are similar in quality, location,
and population characteristics, when the environmental changes are similar, and when the
original study was soundly realized and used appropriate economic valuation methodologies
(King et al 2007) In this sense, it would have to be taken into consideration that the maximum
exactitude and reliability attributable to the benefit transfer method are those of the original
study.

3.1 Who use it?
BT is used by people who have to inform decision making in a not expensive and time
consuming setting. For example, the U.S. Oil Spill Act recommends transfer of values to assess
the damages resulting from small spills or accidents by the mean of transferring value estimates
from several sources (see Navrud 2004, Brander 2006).
For policy valuation, benefits transfer was first used by Costanza et al (1997) to estimate the
economic value of the world ecosystem´s services. BT is also the predominant methodology
proposed ExternE (European Commission, 1995, 1999, 2003) which provides a framework to
estimate the economic value of externalities associated to projects, programs and policies to be
implemented within the context of the European Union. Krupnick et al (1995) use BT to value
the health benefits from air quality improvement in Central and Eastern Europe. Brenner et al
(2009) used the methodology to estimate the non-market value of ecosystem´s services provided
by the Catalan coastal zone in Spain. Anieski and Wilson (2005) estimate the value of Canada´s
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Boreal Ecosystem and Niemi and Lee (2002) estimate the economic benefits to protect the
natural resources in the Sonora Desert. Shahwahid and McNally (2001) used benefits transfers
to estimate the terrestrial and marine resources of Samoa.
In forest, BT has been used to estimate the Total Economic Value (TEV) of forests in Mexico
(Adger et al. 1995) and, by Pearce and Pearce (2001) to estimate the TEV of forest ecosystem
services at global scale. Deluchi (2002) compares benefit transfer to hedonic price method to
elicit the health and visibility cost of air pollution. In developing countries the BT methodology
has been used in Mexico to estimate the impact of climate change (Ibarraran and Rodriguez
2007), health impacts from power plant emissions (Lopez et al. 2005), damage costs of air
pollution (MacKinley 2005) environmental impact of electrical power plants (Macias and Islas
2010), and for the economic valuation of the ecosystem services provided by the National
System of Protected Areas in Chile (Figueroa 2009 and 2010).
Benefit transfer is often used in estimating the economic value of a statistical life. In this kind of
models estimates derived from one setting, generally job-related accidents are transferred to a
somewhat different scenario such as risk for atmospheric pollution (see Hammit et al 2011),

3.2 Types of BT
The benefit transfer methodology consists in the transferring of the economic valuation of a
given ecosystem or environmental good or service that have been estimated in given site,
moment and/or context (the study site) to the same ecosystem or environmental good or service
in a different site, moment or context (the policy site) where its valuation is needed. To make
this transference three main approaches exist: transferring the unit value, transferring the benefit
function and employing meta-analysis.
Unit value transfer (UVT)
This type of BT consists in just transferring the adjusted or un-adjusted unit value reported by
the study site to the policy site. Obviously, it ought to be the case that both sites (i.e., locations,
moments and contexts) are similar. As the main advantage of this method is its simplicity, it has
become one of the most used for policy analysis.
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Perhaps one of the best know examples of ecosystem valuation using unit value benefit transfers
is the work of Constanza et al (1997) which valuates the world‘s ecosystems using point values
taken from different studies made in different parts of the world to assigning a unitary value to
all the ecosystems of the planet. Another well-known example is Extern-E, (European
Commission, 1995, 1999, 2003) a methodology developed by the European Community to
estimate the economic value of the environmental impacts provoked by project and polices in
the energy sector. The valuation methodology rests mostly in the use of simple unit value
transfers. Other studies that estimate externalities of projects and policies are for example, the
U.S. Environmental Protection Agency (EPA) guidance for estimating the value of a statistical
life (VSL) which relies in the unit values reported by Viscusi (1992, 1993); the Department of
Transportation Guide for calculating the VSL, which draws value from one study by Viscusi
(2004) and four meta-analyses (Miller 2000, Mrozek and Taylor 2002, Viscusi and Aldy 2003,
and Kochi et al 2006). The US Department of Homeland Security relies in the Viscusi (2004)
paper. Some studies of VSL in low income countries have used transferred values adjusted by
income; for example Lvovsky et al. (2000) use EPA-VSL estimates for their analysis of six
Asian cities. In addition, the World Bank (2006) makes reference to European studies applied to
Pakistan. With regards to its simplicity, there exist several studies showing that there is not a

clear advantage using more sophisticated methods of benefit transfers instead of the simpler
UVT (Barton 2002).
If the transfer is taken from a different country than the country of application, an estimation of
the difference in purchasing power have to be addressed according to differences in relative
prices between both countries. Also if it is within the same country but in different moments of
time, an adjustment for inflation has to be performed. However, even if there is no need to
adjust for purchasing power or inflation, still differences in income will provoke differences in
willingness to pay that in turn imply differences between the WTP in the study site and the
policy site. Which is the proper way to make these adjustments for income is one of the main
concerns in this paper (see section six below).
Benefit function transfer (BFT)
The simple unit transfer value does not consider specific information from the policy site;
therefore, an alternative available methodology is the so called Benefit Function Transfer (BFT)
which, instead of transferring the point value estimates from the original study site, transfers the
whole benefit function estimated in the study site. Then the average characteristics of the policy
site are plugged into the benefit function to obtaining the new values to be transferred. In this
fashion information from the policy site is incorporated in the calculation of the values
transferred which are estimated using as much data as possible from the policy site. In this case
the information requirements are more demanding since it is necessary to have available
specific information from the policy site on all the covariates included in the original regression
(age, sex, income, etc.) and about the characteristics of the policy site itself (location, distance
from the coast, extension and so on). The implicit hypothesis when transferring the benefit
function is that the underlying preferences are similar between the study and the policy site.
Early authors using BFT proposed to transfer the entire demand equation for recreation based
on the travel cost method rather than just the willingness to pay value estimated from those
demand functions (Burt and Brewer 1971; Brown and Hansen 1974; Ciccheti et al. 1976; Dwyer
et al. 1977). Ciccheti et al. (1976) for example, proposed to estimate the benefits of a new sky
resort at Mineral King in the Sequoia National Park, California, based on existing demand
functions for other ski resorts. The authors replaced the values of the independent variables in
the original demand functions estimated by the values of the site object of the study. Loomil
(1992) tests the null hypothesis of equal coefficient in the demand for ocean salmon sport
fishing in Oregon and Washington and for freshwater steelhead fishing in Oregon versus Idaho
rejecting the null hypothesis of equal coefficients. Hellerstein and Feather (1997) develop
national estimates of the non-market water-based recreational benefits of reductions in soil
erosion through the use of BTF.
Meta-analysis
Meta-analysis summarizes information from several valuation studies averaging their values
expecting that this procedure will provide more accuracy than simple unit value transfer. Its
main objective is first to test hypotheses with respect to the effects of the explanatory variables
on the value of interest; and, in second place, to use the estimated a meta-analysis model to
predict values across time and space (Bergstrom and Taylor 2006). A model of meta-analysis is
developed by Bergstrom and Taylor (2006), and Boyle et al (1994) employ one for valuing the
benefits of underground water. Moreover, meta-analyses to elicit the value of statistical life
were developed by Miller (2000), Mrozek and Taylor (2002) and Viscusi and Aldy (2003).
Other efforts include the Loomis and White (1996) valuation study of endangered species, and
the Brouwer et al. (1999), Woodward and Wui (2001) and Brander et al (2006) meta-analyses
of wetland valuation studies.
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4.Some recent
advances in Benefit
Transfer
4.1 Parameter calibration approach
The parameter calibration approach recognizes that individual‘s willingness to pay is ultimately
defined by preferences and, as a result of this; the methodology specifies utility functions and
therefore allows for estimates that are consistent with economic theory. It determines the
relevant parameters of a utility function from a set of studies and consequently it makes it
possible to obtaining empirical estimates of the WTP for an environmental improvement
derived from the underlying theoretical utility function. The researcher using this methodology
must be prepared to make assumptions about the specific form of the utility function. According
to Smith et al (2002), in first place, the method is theoretically consistent with the economic
theory of preferences; secondly, it offers observable predictions that can be contrasted with the
empirical evidence; third, when different estimates for the same case exists due to
methodological differences, the parameter calibration approach uses the definition of each
method in a unified framework to reconcile differences; and fourth, it provides a framework to
take into account size effects. The methodology has been applied by Smith et al. (2000) to
evaluate the impact on recreational activities due to improved water quality; and by Smith et al.
(2002) to evaluate the effect of water quality in lakefront property values in Maine.

4.2 Life satisfaction approach
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Closely related to the technique of parameter calibration described above is the use of happiness
surveys as a novel method of economic valuation. Under this methodology reported values of
happiness - or a function of it- resemble the utility functions generating the WTP for
environmental quality. The marginal impact of both income and environmental quality on
happiness can be estimated and the marginal rate of substitution between income and
environmental quality is an estimation of the marginal willingness to pay for an environmental
improvement. The methodology have been used to obtaining economic valuation of flood
disasters (Luechinger and Raschky, 2009), climatic conditions (Frijters and van Praag 1998;
Rehdanz and Maddison 2005; Becchetti et al. 2007; Brereton et al. 2008), airport noise nuisance
(van Praag, and Baarsma 2005), proximity to infrastructure (Brereton et al. 2008), urban
regeneration schemes (Dolan and Metcalfe 2008), droughts (Carroll et al. 2009), crime (Cohen
2008), terrorism (Frey et al. 2009) and air quality (Welsch 2002, 2006, Di Tella and

MacCulloch 2007, Levinson 2009, Luechinger 2009a, Luechinger 2009b, MacKerron and
Mourato 2009).

4.3 Bayesian benefits transfers (BBT)
This methodology is a middle point between unit value transfer and doing a whole survey in the
policy site. It consists in carrying out a small and not expensive survey in the policy site and
using Bayesian methods to update the prior information coming from the study site with
information from the survey. This approach is justifiable as long as preferences and distribution
of socioeconomic characteristic of the population are different between the study and the policy
site. Simple value transfer assumes identical preferences and distribution of socioeconomic
characteristics between the study and the policy site. Benefit function transfer is less restrictive
since it allows for a different distribution in the site of implementation but it still assumes
identical preferences. In contrast, Bayesian benefit transfer allows for both different preferences
and a different distribution of the characteristics in both sites (Lehr 2005).
The first work applying BBT is Parson and Kealy (1994); they use a small sample of
Milwaukee county residents in the State of Wisconsin in order to valuate an improvement in the
quality of water for recreational uses by Milwaukee residents. The authors pull the small sample
together with a broader sample of the State of Wisconsin to estimate benefits based in a random
utility model. Lehr (2005) analyzes willingness to pay for the creation of an artificial
recreational lake using an small sample in the policy site whose WTP estimated is updated with
information from a similar project developed in Kovenhavn, Denmark. In Leon et al. (2002)
past information on the benefits of national parks in Spain are combined with on-site sample
information to obtain more accurate results (see also Leon et al 2003). Kochi et al (2006)
applies the methodology to the estimation of the value of a statistical life for environmental
policy analysis. In a recent paper Dekker et al (2011) use Bayesian meta-analysis for
empirically estimate factors of correction for out of context benefit transfer of value of
statistical life (VSL) i.e. a value estimated in the context of road safety to be applied in the
context of atmospheric pollution for example. Other applications of BBT are in Leon and
Vazquez-Polo (1998), Moeltner et al (2007) and Leon-Gonzalez and Scarpa (2008)

4.4 Unit Transfer with income
adjustments
Unit value is the less expensive and time-saving form of benefit transfer and there is not strong
evidence of being outperformed by other methods such as benefit function transfer, metaanalysis, Bayesian meta-analysis, etc. Even though income is the main mechanism of
adjustment, there are other forms of adjustment that can be applied to the values being
transferred. For example, in the cases of VSL, adjustments are made for external costs
(Robinson and Hammit 2010) and for age in a study for Canada (Jenkins et al. 2007). In an
analysis conducted by the World Bank (Lvovsky et al. 2000), income is clearly the main
variable to adjusting the unit values being transferred. Due to the fact that differences in income
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between the study and the policy sites is in general the main concern for adjusting transferred
values, section 6 below is devoted to analyzing the current practice of income adjustment and
proposing a novel methodology firmly grounded in microeconomic fundamentals and economic
behavior.
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5. Ecosystem services
valuation
As it was mentioned before, economic science has methodologies available today for
calculating or revealing the valuation of ecosystems and ecosystem goods and services, a great
deal of which is not traded in the market and, therefore, there exist no explicit market prices for
them. These methodologies use information on related goods that do have markets or that is
obtained from specially designed surveys applied directly to those from whom we are interested
in revealing or determining their valuations. The technique to be used in each case depends on
the type of ecosystem good or service we want to valuate and the type of contribution it makes
to the wellbeing of individuals or society. Therefore, it is important to appropriately characterize
the ecosystem good or service we want to valuate in order to choose the adequate technique.
One key characteristic of the good or service to determine is the way it affects the welfare of
individuals or society. However, to define precisely the ultimate welfare determinants of the
individual and/or social welfare affected by a given ecosystem good or service is not trivial.
Moreover, the lack of clarity or the ambiguities still remaining in the definition of the concepts
of good and service, as well as of the roles they have in determining the individual and
collective welfare, seem to be at the center of the difficulties that natural and social sciences
have had to communicate between them. For social sciences in general, and for economics in
particular, these are core concepts with generally quite precise definitions from which an
important part of their conceptual architectures are built.
In the last decades, natural scientists have made efforts to introduce these concepts in their
analyses. Moreover, there have also been attempts from economics, ecological economics and
natural sciences to bringing together languages and visions in order to produce a common
interdisciplinary approach (Folmer and Johansson-Stenman forthcoming). The Millennium
Ecosystem Assessment (MEA 2005) is the most important recent attempt in this line and which
has had and will have a significant effect.5 The MEA relates the ecological functions of
ecosystem, the ecosystem processes, the ecosystem services and the ecosystem production of
goods and services that have explicit markets, and proposes for their assessment an analytical
model with two prominent features. The first is the emphasis it places in what it calls
‗ecosystem services‘. The second is the change it introduces to the usual economic meaning of
the ‗ecosystem goods and services‘ concepts. Regarding the first of these two aspects, the MEA
in fact gives great relevance to the usually called ‗environmental services‘, ‗ecosystem
functions‘ or ‗ecosystem services‘. In addition, it includes them in three categories: regulating
services; supporting services; and, cultural services. This represents a contribution in the sense
that it calls attention on the importance that these ecosystem services have, since among them
there are some so crucial to human life and wellbeing as the mechanisms that regulate the
impacts of stress or sudden shocks such as disease regulation and other services related to air
5

Charles Perrings, for example, believes that ―MEA has changed the way we think about the
interaction between social systems and ecosystems‖ (Perrings 2006).
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quality regulation, the regulation of hydrologic cycles, of floods, of aquifer recharge, of soil
erosion, etc.
With respect to the second aspect, however, by including all goods and services that are
produced by the planetary ecosystems in a single category that it calls ―services‖ or ―ecosystem
services‖, the MEA discards the usual differentiation between goods and services defined and
employed by economic science. This is a mistake, because, on the one hand, it creates a source
for imprecision; and on the other hand, it restricts and diminishes the conceptual richness of the
economic nomenclature that employs both terms  goods and services instead of the last one
only. In fact, economic science distinguishes between goods and services to differentiate,
among the elements that determine the welfare of individuals or society, between those that are
tangible (goods) and those that are intangible (services). Goods, such as bread, fruits and cars
provide welfare to people by meeting a particular necessity, such as satisfying hunger or
providing mobilization. Services also satisfy personal necessities, such as a haircut or a concert,
and for that reason, they also generate welfare to persons and society. Sometimes the term
‗service‘ is used to refer to the entire process or activity that generates or produces the ‗element‘
that finally affects welfare. Analytically it is important, however, to distinguish that welfare is
ultimately affected and determined by that element and not by the entire process or activity that
generated such an element. Moreover, when dealing with nature, ecosystems and the goods and
services they provide to individuals and society, there are many significant aspects related to
their relation with people welfare for which it is analytically useful and meaningful to keep the
distinction between good and services.
To classify the goods and services that ecosystems provide to people and society MEA (2005)
adopted four categories to classify ‗ecosystem services‘6: 1. Provisioning (goods and) services:
tangible goods (foods, water, fuels, fibers, raw materials, genetic resources, etc.) that are
obtained from ecosystems, a large proportion of which has structured markets where they are
traded; 2. Regulating services: services (water purification, and regulation of floods, drought,
land degradation, and disease, etc.) related to ecosystem processes and their contribution to
regulating the natural system; 3. Cultural services: services that humans obtained from
ecosystems through spiritual enrichment, cognitive development, inner reflection, recreation
and aesthetic enjoyment. They are closely linked to human values, identity and behavior; and,
4. Supporting (or based) services: services (climate regulation and hydrological regulation,
etc,) necessary for ecosystem functioning and the adequate production of provisioning goods
and services and regulating services. Their effects on welfare show in the long run through
impact on the provision of other ecosystems goods and services.

5.1 Overview of wetland literature and
one example
Given the importance of wetland ecosystems and due to their characteristic of being public
goods, without explicit market values and generally subjected to a common-pool resource type
of appropriation and management regimes there is a large and increasing literature on economic
valuation of wetland ecosystem goods and services (see for example, Barbier et al. 1997;
Bardecki 1998; Kazmierczak 2001).
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6

Goods and services according to economics‘ nomenclature.

According to the RAMSAR Convention, wetlands are areas of marsh, fen, peatland or water,
whether natural or artificial, permanent or temporary, with water that is static or flowing, fresh,
brackish or salt, including areas of marine water the depth of which at
low tide does not exceed six meters. According to the Convention (Article 2.1) wetlands: may
incorporate riparian and coastal zones adjacent to the wetlands, and islands or bodies of marine
water deeper than six meters at low tide lying within the wetlands. Moreover, Brander et al
(2006) classify wetlands into five types: mangroves, unvegetated sediment, salt/brackish marsh,
freshwater marsh, and freshwater woodland.
Wetland ecosystems provide physical ecosystem services such as sediment retention, flood and
storm control and other biological and socio-cultural functions, including local and global
climate regulation, biodiversity preservation, habitat and shelter and natural amenities. In
addition, wetlands allow the extraction of goods and services in the form of natural resources
such as water, fish, wood, and energy, and they provide recreational services.
Most of the literature on wetland valuation is on specific wetland sites as Atkins and Burdon
(2005) for the Randers Fjord, Denmark; Berrens et al (1996) for minimum instream flows in
New Mexico; Bin and Polansky (2005) for wetlands in Carteret county, North Carolina; Birol et
al (2005) for Cheimaditita Wetland, Greece; Broadhead (2000) for Garonne River, France;
Cardoch and Day (2001) for the Mississippi Delta; Ferguson et al (1989) for Cowishan Estuary,
British Columbia; Gren et al (1995) for Danube Floodplains; Kiker et al (1997) for the Gulf of
Mexico; Kiker et al (2002) for natural lands in Duval, Clay, St. Johns and Putnam Counties;
Lindsey et al (1999) for Crooked Creek Greenway, Indiana; Loomis (1987) for Mono Lake,
California; Lynne et al (1981) for Florida´s Gulf Coast; Milon et al (1999) for the Everglades,
South Florida; Tkac (2002) for Alfred Bog Wetland, Ontario, Canada; and Whitehead and
Groothuis (1992) for the Tar-Palmico River, North Carolina. Others studies are methodological:
An (2000); Azevedo et al (2003); Bateman et al (2004); Dalecki et al (1993); Pate and Loomis
(1997); Whitehead and Blomquist (1991).
Wetlands valuation studies that use value transfer rather than primary valuation techniques
exist, among them: Farber and Costanza (1987), Dahuri (1991), Farber (1992), Gren
(1995),Dharmaratne and Strand (2002) and Brenner et al. (2010). In addition, three wetland
valuation meta-analyses already exist; Woodward and Wui (2001), Brouwer et al. (1999) and
Brander et al. (2006). They collect information on a broad sample of studies of economic
valuation of ecosystem services provided by wetlands, and use meta-analysis in order to
estimate the economic value of the different services provided by these ecosystems. Basically
the technique consists in gathering and analyzing studies of wetlands valuation and to relate the
per hectare value with a series of explanatory variables. These explanatory variables vary
according to the methodology used, (contingent valuation, hedonic prices, travel cost etc.), the
characteristics of wetlands in the study site (area covered, coastal distance, etc.), the measure of
valuation estimated (consumer surplus, producer surplus, etc.) and the type of ecosystem
services valued (landscape, hunting, fishing, flood control, water purification, etc.). Per hectare
values obtained in this fashion are regressed against the explanatory variables. Therefore it is
possible to obtain the WTP associated with a particular type of ecosystem service.
For illustrating the use of the income adjustment methodology proposed in the following section
we chose the study by Brander et al (2006) rather than the study by Woodward and Wui (2001),
owing to the fact that the former includes a greater number of studies (89) against the latter (39),
and henceforth it is more representative of the mean value of the ecosystem services. Similarly,
the study by Brouwer et al (1999) is not considered here since they estimate WTP using
different methodologies without additional controls. Finally, Brander et al. (2006) is the more
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compressive study so far, and has been applied in different contexts (Anieski and Wilson 2005).
The wetland service categories used by Brander et al. (2006) are flood control and storm
buffering, water supply, water quality, habitat and nursery service (specifically support for
commercial fisheries and hunting), recreational hunting, recreational fishing, amenity and other
recreational uses, materials, fuel wood, and biodiversity. The per hectare values of ecosystem
services originally estimated by Brander et al (2006) are expressed in dollars of 2000 and are
shown in the second column of the Table 1. These are the values that -after adjusting for
inflation and PPP- will ought to be adjusted by the income differentials existing between
countries involved in the benefit transfer, using an appropriate methodology. In the following
section we propose a theoretically sound methodology and present an illustration of its
application.

Table 1: Unit values (WTP) of ecosystem services provided by wetlands
Ecosystem service

US$/hectare per year (US$ 2000)*

Flood control

464

Recreational fishing

374

Amenities/recreation

492

Water quality

288

Biodiversity

214

Habitat/nursery

201

Recreational hunting

123

Water supply

45

Materials

45

Fuel wood

14

*Values of Brander et al. (2006)
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6. A methodology for
adjusting transferred
values for income
differentials
Differences in willingness to pay (WTP) for an environmental improvement or in willingness to
accept (WTA) an environmental worsening may come from income differences between
countries. Even though this would not be a problem for benefit transfer within a country or
between countries with similar levels of income, it can be an important source of distortions for
benefit transfer when the technique is applied with two countries showing significant
differences in their income levels.
In order to apply to a policy site those wetland values derived from a study site we adjust the
original monetary values from the study site by taking into consideration the differences in the
income elasticity of the marginal willingness to pay (MWTP)  which shows the percentage
change in the marginal willingness to pay due to a percentage change in income  which in
generally will be different for two countries in different stages of development.7
When income elasticity is assumed constant, the possible effect of income differences might be
controlled for using the income elasticity of marginal willingness to pay (IEMWTP) according
to:8

(1)
where is the IEMWTP; WTPPS is the WPT in the policy site (the country where the value is
going to be applied); WTPSS is the WTP in the study site (the country where the value
transferred was originally calculated and is taken from to be transferred); and, GDPPS and
GDPSS are the per capita GDP in PPP dollars in the policy site and the study site, respectively.
7 Throughout this paper we assume that marginal willingness to pay is equal to average
willingness to pay. In other words each ecosystem services is provided under the assumption of
constant returns to scale (see Brander et al 2006)
8 For presentation in this paper willingness to pay refers to marginal willingness to pay,
otherwise it is explicitly stated.
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Most studies assume a constant IEMWTP. In general, estimations of this elasticity reported in
the literature are between 0 and 1, and in several studies it is assumed equal to one. Regulatory
agencies in the US adjust the transferred values estimating the proportional change in the WTP
due to a proportional change in income. The EPA uses a distribution of values to account for the
uncertainty in the estimation of the value of a statistical life (VSL); with a mode of 0.40 and
endpoints at 0.08 and 1.00 based on a 1999 review of the literature (Industrial Economist 1999,
EPA 1999). 9 The Department of Transportation, in turn, applies an income elasticity of 0.55
based on Viscusy and Aldy (2003). The Department of Homeland Security (DHS) uses
estimates from Robinson (2008), who adjusts estimates from Viscusi (2004) from the time when
the data was collected (1997) to the year of the analysis (2007). The estimates from Viscusi and
Aldy have a mean of 0.15 to 0.78.
Nevertheless, recent literature has stressed some problems with the assumption of a constant
income-elasticity. Willig (1976) for example, shows that constant non-unitary income
elasticities of individuals demand –a concept related to IEMWTP- must be equal to each other
(also see Varian 1978). Also a constant elasticity is difficult to estimate and there is not
agreement in its value (see the previous paragraph). It has some asymptotic problems in
dynamic models (Weitzman 1998, Gollier 2009) and it is not theoretically consistent with the
empirics of the environmental Kuznets curve.
The Environmental Kuznets curve is an observed empirically regularity showing that pollution
increases with income up to a turning point after which pollution starts to decrease. Theoretical
models stress the role of a non-constant but increasing elasticity of marginal willingness to pay
(Lopez 1994, Coopeland and Taylor 2003, Lieb 2002, Figueroa and Pasten 2010).
Figure 1 shows the Environmental Kuznets Curve with income per capita (I) in the horizontal
axis, pollution Z in the vertical axis is the emission level of a given pollutant and I* indicates the
income turning point at which point pollution starts to decrease with economic growth. In the
Figure 1, ε is the income elasticity of the marginal willingness to pay (IEMWTP) that shows the
percentage change in willingness to pay for an environmental improvement given a percentage
change in income. The figure illustrates the fact that, according to theory, ε is less than one in
the increasing part of the EKC, equal to one at the turning point, and greater than one in the
decreasing part of the EKC. Since it is possible to estimate econometrically the incomepollution relationship as well as the turning point, it is also possible then to estimate ε from the
parameters of the EKC as it is shown below.
Figure 1: The Environmental Kuznets Curve

I*
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9

See EPA (2006) for an example of implementation.

I

An increasing income elasticity of the marginal willingness to pay implies not only the well
documented fact that richer countries are willing to pay more than poorer ones for the same
marginal improvement in environmental quality, but it also means that as a country becomes
richer its marginal utility of income decline faster than in poor countries (mostly given by the
fact that basic necessities are already satiated). The estimation of the EKC parameters allows us
to estimate  (IEMWTP) (or the related concept of the elasticity of the marginal utility of
income), which makes it possible to adjust accordingly the WTP obtained from a study site to
transfer it to a different policy site (country).
GDP per capita in purchasing power parity (PPP) terms and the specific elasticity of the
marginal utility of income can be used to estimate the ratio of WTPs between both, the policy
site and the study site as is shown below.

6.1 Estimation of the income elasticity
of marginal willingness to pay
(IEMWTP)
Coopeland and Taylor ((2003, C&T hereafter), develop a model where environmental demand
changes with economic growth. One assumption of their model is that government translates the
changing society‘s preferences into efficient environmental regulations under neutral economic
growth. In these circumstances, a sufficient condition for an EKC to arise is an increasing in
income elasticity of MWTP, (Lopez 1994; Coopeland and Taylor, 2003). If ε, marginal
willingness to pay grows more rapidly than income and as a consequence pollution decreases
with economic growth, otherwise pollution increases with economic growth.
As an example, C&T use the following indirect utility function:
(2)
where, V(.)is an indirect utility function; λ, C1, C2 and d are positive constants; I is real income,
and Z is pollution emissions. Population N is indexed to be equal to one. Marginal willingness
to pay for pollution reductions (or marginal damage for pollution increases) therefore is given
by:
|

(3)

According to this result, the income elasticity of the marginal WTP is given by:
(4)
From this expression the income elasticity of the marginal WTP, , is increasing in income.
According to the literature ε = 1 at the income turning point. If we denote the income turning
point by δ it is evident by (4) that λ=δ.
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Assuming that for a given pollutant the only difference between both countries is given by
income and the country-specific turning point , the ratio between the WTP in the policy site
and WTP in the study site is going to be given by:
(5)
In (5), a superscript asterisk denotes parameters of the study site, while no asterisk denotes
parameters of the policy site. Total income adjustment is then given by:
(6)
Following C&T, if a Cobb-Douglas production function is used, the marginal WTP in (3) must
be equal to the marginal product of pollution such that:
(7)
Resulting in the following closed form of the EKC adapted from C&T,
(8)
Where, Z are emissions per capita of a given pollutant;
are parameters of the utility
function in (2); is the coefficient on emission from the Cobb-Douglas production function;
is income per capita; and,
(C&T assumes
which imposes a restriction on the
regression (9) below).
Taking logs at both sides of (8) it is possible to estimate the parameters of interest running the
following regression:
(9)
where,

is a random error term,
;

;

and the corresponding turning point,

(10)
is given by:
(11)

finally, the income elasticity of the marginal WTP (IEMWTP) is:10
(12)
In order to estimate (6) for any two pair of countries, a set of 14 OLS regressions is performed
considering 12 western European countries plus U.S and Canada. This is the same dataset used
by Markandya et al (2006) in their analysis of the EKC for 12 western countries, with sulfur
dioxide (SO2) emissions data used as a proxy for (negative) environmental quality and GDP per
capita for about 150 years per country. Sulfur dioxide emissions data cover the periods from
10
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In C&T this elasticity is given by
in our setting is given by
are the same as long as
but our empirical results show that
adjustment.

. Obviously, both
and hence the

1850 to 2000 and have a common unit of kilograms per annum. The source of the time-series
data for all 14 countries were compiled by Stern (2005a–c) using a combination of published
and reported estimates from several sources. In particular, the data from 1990 to 2000 were
obtained from OECD (2004).
Per capita GDP data is measured in 1990 international Geary-Khamis dollars and were
compiled by Maddison (2005). Differently to Markandya et al paper we do not fill gaps where
GDP is missed and we treat those values as missing values. This particular dataset has been
used by Figueroa and Pasten (2009), where specific turning points where estimated that can be
compared with the results of the estimation in this paper. Markandya et al (2006) used a
quadratic specification for the estimation of the EKC which is different to our semi logarithmic
estimation in (9) that has microeconomic theoretical foundations, in contrast to the quadratic
specification that it is not grounded in economic theory. Therefore one of the objectives of this
paper is to estimate for first time a nonlinear relation (such the one in (9)) that departs from the
usual quadratic or cubic estimations and which, at the same time, is grounded in the already
empirically tested economic theory of the EKC. However, the main objective of this section is
to have an estimate of the income adjustment factor 
 to be used for correcting the
values being transferred between any two pair of countries involved in a BT exercise. In order
to estimate the parameter in (6), to deal with the heterogeneity in the sample and as a mean to
compare with previous results, longitudinal panel data analyses were performed. Table 2 shows
the results obtained.
Table 2: Estimated Coefficients for SO2 in 12 European Countries + USA and
Canada
Independent Variables Fixed Effects Random Effects Random Coefficients

Ln (Income)

Income

(β2)

(β2)

Trend

Constant (β0)

λ
Turning point (δ)

3.91***

3.92***

3.59***

(0.08)

(0.08)

(0.4)

-0.0004***

-0.0004***

-0.0004***

(0.000006)

(0.000006)

(0.00003)

-0.008***

-0.008***

-0.004

(0.001)

(0.001)

(0.006)

-13.3***

-17.21***

-17.4**

(1.48)

(1.49)

(8.8)

2 500

2 500

2 500

9 775

9 800

8 975

Notes: *, **, ***, denote significance at the 10 percent, 5 percent, and 1 percent levels
respectively. Numbers in parentheses are robust standard errors.
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As it is shown in Table 2, the relevant coefficients (i.e. coefficients on income and the natural
logarithm of income) are highly significant at 1 % critical value. Moreover, the estimated
turning points are all plausible since in most of the cases found in the literature the estimated
value of the turning point range between $ 8 200 and $ 10 600 in 1990 PPP dollars (see Cole et
al 1997, Selden and Song 1994, Stern and Common 2001, Halkos 2001 and Figueroa and Pasten
2009). In particular, Stern and Common (2001) (S&C hereafter) found, with a fixed
specification, a turning point of $ 9 239 and, with random effect, a turning point of $ 9 161
which are remarkable closer to the turning point values estimated here, even though we used a
different specification and a larger sample (150 years rather than 30 in S&C) and a narrower
number of countries (14 against the 23 OECD countries considered by S&C). Figueroa and
Pasten (2009) use a random coefficient model and found a turning point of $ 12 776 with
different specification and sample of countries. Markandya et al (2006) found a rather larger
turning point of about $ 11 900 with the same sample but different specification and two less
countries (Canada and US). In order to take account of the larger heterogeneity in the data, we
run OLS country level regressions with the specification in (9).

Table 3: Estimated country level regressions for SO2 in 12 European Countries +
USA and Canada
Country
Ln (Income) (β1)
Income (β2)
Turning point
Austria

Belgium

Denmark

Finland

France

Germany

Italy

Netherlands
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3.71***

-0.0004***

(0.26)

(0.00003)

3.61***

-0.0004***

(0.2)

(0.00002)

5.09***

-0.0004***

(0.40)

(0.00002)

3.66***

-0.0005***

(0.36)

(0.00003)

2.84***

-0.0003***

(0.16)

(0.00001)

2.73***

0.0004***

(0.25)

(0.00002)

2.77***

0.0002***

(0.47)

(0.00005)

3.80***

-0.0004***

(0.18)

(0.00002)

9 275

9 025

12 725

7 320

9 467

6 825

13 850

9 500

Norway

Sweden

Switzerland

United Kingdom

United States

Canada

1.30***

-0.0003***

(0.28)

(0.00002)

6.05

-0.0005***

(15.86)

(0.00002)

6.59***

-0.0004***

(0.56)

(0.00003)

3.37***

-0.0003***

(0.22)

(0.00001)

2.30***

-0.0002***

(0.28)

(0.00001)

2.53***

-0.0004***

(0.29)

(0.00002)

4 333

12 100

16 475

11 233

11 500

6 325

Notes: *, **, ***, denote significance at the 10 percent, 5 percent, and 1 percent levels respectively. Numbers in
parentheses are robust standard errors.

As it can be seen from the Table 3, with the only exception of Sweden where the evidence of an
EKC is a little weaker, in the rest of the countries, the coefficient are highly significant at 1%
critical level giving strong support to the existence of a n EKC based on the specification of
C&T. Moreover, all the turning points are attainable given the average per capita GDP of the
country group from 1950 to 2000, which is about $ 13 175.
Table 4 shows for each country in the sample the turning point displayed in Table 3 (column 2),
the average income between 1950 and 2000 in PPP dollars (column 3) and the income elasticity
of the marginal WTP estimated, according to equation (4), as the ratio between the average
GDP per capita and the income turning point.
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Table 4: Country level estimation of the income elasticity of marginal willingness
to pay
Country

Turning point (δ)

Average income

Elasticity of WTP

1950-2000
Austria

9 275

11 602

1.3

Belgium

9 025

12 223

1.4

Denmark

12 725

13 992

1.1

Finland

7 320

11 060

1.5

France

9 467

12 608

1.3

Germany

6 825

11 933

1.7

13 850

11 049

0.8

Netherlands

9 500

12 961

1.4

Norway

4 333

13 253

3.1

Sweden

12 100

13 391

1.1

Switzerland

16 475

16 697

1.0

United Kingdom

11 233

12 333

1.1

United States

11 500

17 350

1.5

6 325

14 005

2.2

Italy

Canada

According to equation (6), it is possible to adjust the WTP obtained in a study site to transfer it
as the WTP for a policy site using the information provided in the last column of Table 4. For
example, the adjustment factor (AF) for a value obtained in USA to be applied to Germany can
be estimated according to (6) by:
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Therefore, the willingness to pay estimated in the USA has to be adjusted upwards in 22% to
transfer it to Germany. These results are consistent with intercountry comparisons of the
statistical value of life. Even though it is a different context, mortality and morbidity are the
main components in pollution damage evaluation so the VSL is a good indicator of the WTP for
air quality improvements. According to Miller (2000) the predicted worldwide VSL is between
$ 0.6M and $ 0.9M per capita. It is between $ 1.6M and $ 2.6M for North America and
consistently with our results is higher for the European Union $ 2.5M and $ 3.6M in constant
PPP 1996 dollars. The procedure highlighted in this section shows that even being the US the
country with the highest income per capita in the sample it is not necessarily the country with
the highest willingness to pay as the procedure with constant income elasticity would suggest.
Overall, willingness to pay is in average larger in Europe than in USA. However, in a country
by country basis, for some countries the WTP is larger than in the USA and lower for others.

Table 5 shows the factors of adjustment to be applied between selected countries in Europe and
North America. The first column indicates countries as study sites (where the value is being
taken) and the first row indicates countries as the policy site (where the value is applied). The
cells of the table show the adjustment factor for the pair of countries involved. For example the
cell formed by the France in the row and Germany in the column displaying a value of 1.5,
indicates that any value taken from France should be adjusted upward 50% to obtaining the
corresponding value to be transferred to Germany.
As a final example, Table 6 shows in the second column the estimated values per hectare of
ecosystem services provided by wetlands as proposed by Brander et al (2006) and, in the third
column, the estimated WTP in Netherlands for similar ecosystem based on the adjustment
factors estimated in here.

Table 5: Factor of adjustment between the study site and the policy site
United
States
Canada
Austria
France
Germany
Italy

Netherlands

United States

1.0

2.0

0.8

0.8

1.3

0.5

0.9

Canada

0.5

1.0

0.4

0.4

0.6

0.2

0.4

Austria

1.3

2.6

1.0

1.1

1.6

0.6

1.1

France

1.2

2.4

0.9

1.0

1.5

0.6

1.0

Germany

0.8

1.6

0.6

0.7

1.0

0.4

0.7

Italy

2.0

4.1

1.6

1.7

2.6

1.0

1.8

Netherlands

1.2

2.3

0.9

1.0

1.5

0.6

1.0
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Table 6: Unit values (WTP) of ecosystem services provided by wetlands
Ecosystem service
US$/hectare per year
Willingness to Pay in
(US$ 2000)*

Netherland
US$/hectare per year
(US$ 2000)*

Flood control

464

418

Recreational fishing

374

337

Amenities/recreation

492

443

Water quality

288

259

Biodiversity

214

193

Habitat/nursery

201

181

Recreational hunting

123

111

Water supply

45

41

Materials

45

41

Fuel wood

14

13

*Values of Brander et al (2006)
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7. Conclusions
Wetlands are among the most productive ecosystems of the planet, and its relevance arises not
only from the large amount of biodiversity they maintain but also from their crucial roles in
sustaining Earth‘s balances that make life possible. In spite of that, wetlands are currently one of
the most affected planetary ecosystems by the increase in the scale of human activities, the
changes in use of vast areas of land and coasts and the mounting polluting discharges from
urban as well as agricultural activities. As a result of this, economically valuing wetlands is
becoming more urgent and relevant every day, so society and policymakers are capable of
performing better and more informed cost-benefit analysis in order to change priorities and
improve wetland conservation measures and policies by taking due consideration of the
economic value of wetlands‘ contribution to human survival and well-being.
This paper presented a review of benefit transfer, one of the most used techniques to value
ecosystems goods and services in general, and in particular those provided by wetlands, with
emphasis on the necessary adjustments that ought to be done to the transferred values from the
study site to make them applicable to the policy site.
A novel methodology, theoretically grounded on the preferences structure underlying the
empirically tested environmental Kuznets curve phenomenon, is proposed here to perform the
necessary adjustment for income differences between the countries involved in a benefit transfer
exercise. As it is shown, this methodology for properly adjusting the transferred values can be
quite important when benefit transfer is used for valuing wetlands and the countries involved
are in different stages of their economic development, so there are large differences in their PPP
per capita income levels. Without doubt the methodology proposed here opens a wide avenue to
explore new and better specifications of preferences that could allow a better fit between the
empirical findings coming from better data sets available and more plausible and convincing
theories that conform to the new findings in the areas of economic behavior and experimental
economics.

29

References
Acharya, G., Barbier, E., 2000. Valuing Groundwater Recharge Through Agricultural
Production in the Hadejia-Nguru Wetlands in North Nigeria. Agricultural Economics, 22: 247–
259.
Adamowicz, V. 1995. Alternative Valuation Techniques: A Comparison and Movement to a
Syntesis, In (Editors) K.G. Willis and J.T.Corkindale (1995), Environmental Valuation: New
Perspectives, CAB International.
Adger, W. N., Brown, K., Cervigni, R., y Moran, D. 1995. Total Economic Value of
Forest in Mexico. Ambio, 24: 286-296.
An, M. Y. 2000. A Semiparametric Distribution for Willingness to Pay and Statistical Inference
with Dichotomous Choice Contingent Valuation Data. American Journal of Agricultural
Economics, 82:487-500.
Anielski, M., Wilson, S. (2005), Counting Canada´s Natural Capital: Assessing the Real Value
of Canada´s Boreal Ecosystems. The Pembina Institute.
Atkins, J.P., Burdon, D. 2005. An Initial Economic Evaluation of Water Quality
Improvements in the Randers Fjord, Denmark. Marine Pollution Bulletin 53 :195-204.
Azevedo, C. D., Herriges, J.A., Kling, C.L.. 2003. Combining Revealed and Stated
Preference: Consistency Tests and Their Interpretations. American Journal of Agricultural
Economics, 85: 525-537.
Barbier, E. B., Acreman, M., Knowler, D.1997. Economic Valuation of Wetlands: A Guide for
Policy Makers and Planners. Gland, Switzerland.: Ramsar Convention Bureau
Bardecki, M. J. 1998. Wetlands and Economics: An Annotated Review of the Literature, 1988–
1998. Ontario: Environment Canada.
Barton, D.N. 2002. The Transferability of Benefit Transfer: Contingent Valuation of Water
Quality Improvements in Costa Rica. Ecological Economics, 42: 147-164
Bateman, I. Langford, I. H. 1997. Non-Users Willingness to Pay for a National Park:
An Application of the Contingent Valuation Method. Regional Studies 31, 571–582.

30

Bateman, I. J. and Willis, K. G., Eds.1999. Valuing Environmental Preferences: Theory and
Practice of the Contingent Valuation Method in the US, EU and Developing Countries. Oxford
University Press, Oxford, UK.

Bateman, I.J. 1999. EIA, CBA and the valuation of environmental impacts, in Petts, J. (ed.) A
Handbook of Environmental Impact Assessment, Blackwell Science, Oxford.
Bateman, I.J., Cole, M., Cooper, P., Georgiou, S., Hadley, D. and G.L. Poe. 2004. On Visible
Choice Sets and Scope Sensitivity. Journal of Environmental Economics and Management, 47:
71-93.
Becchetti L, Castriota S, Londono Bedoya D.A. 2007. Climate, Happiness and the Kyoto
Protocol: Someone Does Not Like It Hot. Departmental Working Paper No. 247, Tor Vergata
University
Bell, F.1997. The Economic Value of Saltwater Marsh Supporting Marine Recreational Fishing
in the Southeastern United States. Ecological Economics,. 21: 243– 254.
Bergstrom, J.C, L.O. Taylor. 2006. Using Meta-analysis for benefit transfer: Theory and
practice. Ecological Economics, 60: 351-360
Berrens, R.P., Ganderton, P., Silva, C. 1996. Valuing the Protection of Minimum Instream
Flows in New Mexico. Journal of Agricultural and Resource Economics, 21: 294-309.
Bin, O., Polasky, S. 2005. Evidence on the Amenity Value of Wetlands in a Rural Setting.
Journal of Agricultural and Applied Economics, 37: 589-602
Birol, E., Karousakis, K., Koundouri, P. 2005. Using a Choice Experiment to Estimate the NonUse Values of Wetlands: The Case of Cheimaditida Wetland in Greece. Discussion Paper Series
no. 08.2005, Environmental Economy and Policy Research, University of Cambridge
Bishop, J.T. 1999. Valuing Forests: A Review of Methods and Applications in Developing
Countries. Environmental Economics Programme International Institute for Environment and
Development (IIED).
Boyle, K.J., Poe, G.L., Bergstrom, J.C., 1994. What do we Know About Groundwater Values?
Preliminary Implications from a Meta-analysis of Contingent–Valuation Studies. American
Journal of Agricultural Economics 76 (5), 1055–1061.
Brander, L.M., Florax, R.J., Vermaat, J.E. 2006. The Empirics of Wetland Valuation: A
Comprehensive Summary and a Meta-Analysis of the Literature. Environmental & Resource
Economics 33: 223-250.
Breaux, Andree ;Farber, S. ; John Day. 1995. Using Natural Coastal Wetlands Systems for
Wastewater Treatment: An Economic Benefit Analysis. Journal of Environmental Management,
44: 285-291.
Brenner, J., Jiménez, J.A., Sardá, R., Garola, A. 2010. An Assessment of the Non-market Value
of the Ecosystem Services Provided by the Catalan Coastal Zone, Spain. Ocean & Coastal
Management, 53: 27-38.
Brereton F, Clinch JP, Ferreira S. 2008. Happiness, Geography and the Environment.
Ecological Economics, 65: 386-96.
Broadhead, C.A. 2000. Riparian Zone Protection: The Use of the Willingness-to-Accept Format
in a Contingent Valuation Study. Dissertation. Utah State University.

31

Brouwer, R., Langford, I.H., Bateman, I.J., Crowards, T.C., Turner, R.K. 1999. A
MetaAnalysis of Wetland Contingent Valuation Studies. Regional Environmental Change, 1: 47–
57.
Brown, R., Hansen, W.P. 1974. Land Formulation and Evaluation Studies:
Recreation V,o l. II, report, Inst. for Water Resour.,U .S. Army Corps of Eng., Fort Belvoir, Va.
Burt, O., Brewer, D. 1971. Evaluation of Net Social Benefits from Outdoor Recreation.
Econometrica, 39: 813—827.
Cardoch, L., Day Jr, J.W. 2001. Energy Analysis of Nonmarket Values of the Mississippi
Delta. Environmental Management, 28: 677-685.
Carroll N, Frijters P, Shields, M.A. 2009. Quantifying the Costs of Drought: New Evidence
from Life Satisfaction Data. Journal of Population Economics, 22: 445-61.
CBD. 2010. Global Biodiversity Outlook 3. Secretiarat of the Convention on Biodiversity.
Montreal. 94 pp.
Cicchetti, C, Fisher, A. Smith, V.K. 1976. An Econometric Evaluation of a Generalized
Consumer Surplus Measure: The Mineral King Controversy. Econometrica, 44: 1259-76.
Cohen MA. 2008. The Effect of Crime on Life Satisfaction. Journal of Legal Studies, 37:
S325-S52.
Cole, M., Rayner, A., Bates, J. 1997. The Environmental Kuznets Curve: An Empirical
Analysis. Environment and Development Economics, 2: 401–416.
Constanza, R., R. d‘Arge, R. de Groot, S. Farber, M. Grasso, B. Hannon, K. Limburg, S.
Naeem, R. O‘Neill, J. Paruelo, R. Raskin, P. Sutton and M. van den Belt. 1997. The Value of
the World's Ecosystem Services and Natural Capital. Nature. 387: 253-260.
Cooper, J. and J. Loomis, "Testing Whether Waterfowl Hunting Benefits Increase withGreater
Water Deliveries to Wetlands", Environmental and Resource Economics Vol 3, 545-561. , 1993
Coopeland, B.R., Taylor, M.S. 2003. Trade and the Environment: Theory and Evidence.
Princeton, New Jersey: Princeton University Press.
Dahuri, R.1991. An Approach to Coastal Resource Utilization: The Nature and Role of
Sustainable Development in East Kalimantan Coastal Zone, Indonesia. Halifax, Canada:
Dalhousie University PhD Thesis.
Dalecki, G.M., Whitehead, J.C., Blomquist, G.C.. 1993. Sample Non-response Bias and
Aggregate Benefits in Contingent Valuation: an Examination of Early, Late and
Nonrespondents. Journal of Environmental Management, 38:133-143.
32

Dekker, T., Brouwer, R., Hofkes, M., Moeltner, K. 2011. The Effects of Risk Context on the
Value of a Statistical Life: A Bayesian Meta-model. Forthcoming in Environmental and
Resource Economics.
Delucchi, M., A.2002. Environmental Externalities of Motor-Vehicle Use in the U.S. Journal of
Transport Economics and Policy, 34: 135-168.
Dharmaratne, G., Strand I. 2002. Adaptation to Climate Change in the Caribbean: The
Role of Economic Valuation. Report to the CPACC, London.
Di Tella R, MacCulloch RJ. 2007. Gross National Happiness as an Answer to the Easterlin
Paradox? Journal of Development Economics, 86: 22-42.
Dolan P, Metcalfe R. 2008. Comparing Willingness-to-Pay and Subjective Well-Being in the
Context of Non-Market Goods. CEP Discussion Paper No. 890, London School of
Economics
Doss, C.R., Taff, S.J. 1994. The Relationship of Property Values and Wetlands Proximity in.
Ramsey County, Minnesota Economic report 3-4, Department of Agricultural and Applied
Economics, University of Minnesota, St. Paul. July. 42 pp.
Dwyer,J ., Kelly, J. Bowes, M. Improved Procedure for Valuation of the Contribution of
Recreation to National Economic Development. Water Resource Center,University of Illinois
At Urbana-Champaign.
EC. 2008.. The Economics of Ecosystems & Biodiversity (TEEB): An interim report.
Welzel+Hardt, Wesseling, Germany. 66 pp.
Emerton, L., Kekulandala, B. 2002. Assessment of the Economic Value of Muthurajawela
Wetland‘, IUCN – The World Conservation Union, Sri Lanka Country Office.
European Commission. 1995. ExternE - Externalities of Energy - Vol 2 Methodology,
Luxembourg, Office for Official Publications of the European Commission
European Commission. 1999. ExternE - Externalities of Energy - Vol 7 Methodology 1998
Update, Luxembourg, Office for Official Publications of the European Commission
European Commission. 2003. External Costs: Research results on socio-environmental damages
due to electricity and transport, Brussels, European Commission
Farber, S. 1988. Non-user‘s WTP for a National Park: An Application and Critique of the
Contingent Valuation Method. Regional Studies, 31: 571–582.
Farber, S. 1992. The Economic Cost of Residential Environmental Risk: A Case Study of
Louisiana. Journal of Environmental Management 36, 1–16.
Farber, S. and Costanza, R. 1987. The Economic Value of Wetland Systems. Journal of
Environmental Management, 24: 41–51.
Fausold, C. Lilieholm, R.1996. The Economic Value of Open Space: A Review and Synthesis,
32 pp. Cambridge, MA: Lincoln Institute of Land Policy.

33

Ferguson, A., Holman, G., Kristritz, R. 1989. Wetlands are not Wastelands: Application of
Wetland Evaluation Methods to the Cowichan Estuary. British Columbia, Sustainable
Development Branch, Canadian Wildlife Service and Wildlife Habitat Canada.
Figueroa, E. 2010. Valoración Económica Detallada de las Áreas Protegidas de Chile. ; in Final
Report of a Project ellaborated for the United Nations Development Program (PNUD), Global
Environmental Facility (GEF) and Comisión Nacional del Medio Ambiente-Chile. Santiago,
Chile. pp. 353.
Figueroa, E. 2009. Valor Económico de la Contribución Anual del Sistema Nacional de Áreas
Protegidas de Chile y Análisis de su Financiamiento; in United Nations Development Program
(PNUD), Global Environmental Facility (GEF) and Comisión Nacional del Medio AmbienteChile (eds.), Creación de un Sistema Integral de Áreas Protegida para Chile; Documentos de
Trabajo. Net Impresores SpA. Santiago, Chile. pp. 107-280.
Figueroa, E and Pasten, R. 2008. Forest and water: The value of native temperate forests in
supplying water for human consumption: A comment. Ecological Economics 67: 153-156
Figueroa, E., Pasten., R.2009. Country-specific Environmental Kuznets Curves: a Random
Coefficient Approach Applied to High-income Countries. Estudios de Economia, 36: 5-32 .
Figueroa, E., Pasten, R. 2010. A Characterization of the Environmental Kuznets Curve: The
Role of the Elasticity of Substitution. Universidad de Talca. Working Paper.
Folmer, H., Johansson-Stenman, O. 2011. Does Environmental Economics Produce Aeroplanes
without Engines? On the Need for an Environmental Social Science. Forthcoming in
Environmental and Resource Economics.
Frey B.S., Luechinger S, Stutzer A. 2009. The Life Satisfaction Approach to the Value of
Public Goods: The Case of Terrorism. Public Choice 138: 317-45.
Frijters P, van Praag B.M.S. 1998. The Effects of Climate on Welfare and Well-Being in
Russia. Climatic Change, 39: 61-81.
Gollier, C. 2009. Should I discount the far-distant Future at its Lowest Possible Rate?
Economics: The Open-Access E-Journal, 3: 2009–2025
Gren, I.-M. 1995. The Value of Investing in Wetlands for Nitrogen Abatement‘, European
Review of Agricultural Economics, 22: 157–172.
Gren, I, Groth, K.H., Sylven, M. 1995. Economic Values of Danube Floodplains. Journal of
Environmental Management, 45:333-345.
Halkos, G. E. 2003. Environmental Kuznets Curve for Sulfur: Evidence using GMM
Estimation and Random Coefficient Panel Data Models. Environment and Development
Economics, 8: 581–601.

34

Hammitt, J.,K., Robinson, L.A. 2011. The Income Elasticity of the Value per Statistical Life:
Transferring Estimates between High and Low Income Populations. Journal of Benefit-Cost
Analysis, 2: 1-27

Hellerstein, D., Feather, P. 1997. Calibrating Benefit Function Transfer to Assess the
Conservation Reserve Program. American Journal of Agricultural Economics, 1: 151-162.
Ibarraran, M., E., Rodriguez, M. 2007. Estudio Sobre Economía del Cambio Climático en
Mexico. INE/ADE-008/2007.
Industrial Economics, Incorporated. 1999. Recommended Approach to Adjusting
WTP Estimates to Reflect Changes in Real Income. Memorandum from N. Kleckner and J.E.
Neumann to J. DeMocker, U.S. Environmental Protection Agency. Cited by Hammitt and
Robinson (2011)
Jenkins, G.P., Kuo, C.Y., Ozbafli, A. 2007. Cost-Benefit Analysis Case Study
on Regulations to Lower the Level of Sulphur in Gasoline. Queen‘s Economics Department
Working Paper 1134. Prepared for Treasury Board, Government of Canada.
Kazmierczak, R. F. 2001. Economic Linkages between Coastal Wetlands and Hunting and
Fishing: A Review of Value Estimates Reported in the Published Literature. Baton Rouge:
Louisiana State University Agricultural Center, Staff Paper 2001 – 03.
Kiker, C. Lynne, G.D.. 1997. Wetland Values and Valuing Wetlands. In Ecology and
Management of Tidal Marshes. A Model from the Gulf of Mexico. Coultas and Hsieh (eds.).
Delray Beach: St. Lucie Press. Pp. 259-76.
Kiker, C., Hodges, A.W.. 2002. Economic Benefits of Natural Land Conservation: Case Study
of Northeast Florida. Final Report submitted to Defenders of Wildlife, Institute of Food and
Agricultural Sciences, Food and Resource Economics Dept. Gainesville: University of Florida.
Kochi, I., B. Hubbell, and R. Kramer. 2006. An Empirical Bayes Approach to Combining and
Comparing Estimates of the Value of a Statistical Life for Environmental Policy Analysis.
Environmental and Resource Economics, 34: 385-406.
Krupnick, N., Harrison, K., Nickell, E., Toman, M. 1995. The Value of Health Benefits from
Ambient Air Quality Improvements in Central and Eastern Europe: An Exercise in Benefits
Transfer. Resources for the Future.
Kula, E., 1994. Economics of Natural Resources, the Environment and Policies. Second Edition,
Chapman and Hall, London.
Lehr, U. 2005. Bayesian Benefit Transfer in Environmental Valuation. Department of
Economics. University of Hohenheim, Germany
Leitch, J. A. Hovde, B. 1996. Empirical Valuation of Prairie Potholes: Five Case Studies‘, Great
Plains Research 6, 25–39.
Leon, C.J., Vasquez-Polo, F.J., Guerra, N., Riera, P. 2002. A Bayesian Model for Benefit
Transfer: Application to National Parks in Spain. Applied Economics, 34: 749-757
Leon, C.J., Vasquez-Polo, F.J., Leon-Gonzalez, R. 2003. Elicitation of Expert Opinión in
Benefit Transfer of Environmental Goods. Environmental and Resource Economics, 26: 199210
35

Leon, C. J. Vazquez-Polo, F. J. 1998. A Bayesian Approach to Double Bounded Contingent
Valuation, Environmental and Resource Economics, 11, 197-215.
Leon-Gonzalez, R., Scarpa, R. 2008. Improving Multi-site Benefit Functions via Bayesian
Model Averaging: A New Approach to Benefit Transfer. Journal of Environmental Economics
and Management, 56: 50-68
Levinson A. 2009. Valuing Air Quality Using Happiness Data. Mimeo, Georgetown
University.
Lieb, C.M. 2002. The Environmental Kuznets Curve and Satiation: a Simple Static Model.
Environment and Development Economics, 7: 429-448.
Lindsey, G., Knaap, G. 1999. Willingness to Pay for Urban Greenway Projects. Journal of the
American Planning Association 65: 297-313.
Loomis, J. B. 1987. Balancing Public Trust Resources of Mono Lake and Los Angeles' Water
Right: An Economic Approach. Water Resources Research 23:1449-1456.
Loomis, J. B. 1992. The Evolution of a More Rigorous Approach to Benefit Transfer:
Benefit Function Transfer. Water Resources Research, 28: 701-705.
Loomis, J.B., White, D.S., 1996. Economic Benefits of Rare and Endangered Species: Summary
and Meta-analysis. Ecological Economics, 18: 197–206.

Lopez, R. 1994. The Environment as a Factor of Production: The Effects of Economic Growth
and Trade Liberalization. Journal of Environment and Economics Management, 27: 163-184.
López, M.T., Zuk, M., Garibay, V., Tzintzun, G., Iniestra, R., Fernández, A. 2005. Health
Impacts from Power Plant Emissions in Mexico. Atmospheric Environment 39: 1199-1209.
Luechinger S. 2009a. Life Satisfaction and Transboundary Air Pollution. Economics Letters,
107: 4-6.
Luechinger S. 2009b. Valuing Air Quality Using the Life Satisfaction Approach. Economic
Journal, 119: 482-515.
Luechinger S, Raschky P. 2009. Valuing Flood Disasters Using the Life Satisfaction
Approach. Journal of Public Economics, 93: 620-33.
Lupi, F., Graham-Tomasi, T., Taff, S.J.1991. A Hedonic Approach to Urban Wetland
Valuation. Staff paper p91-8, Depart. Of Agricultural and Applied Economics, University of
Minnesota. Feb.
Lvovsky, K., Hughes, G., Maddison, D., Ostro, B., Pearce, D. 2000. Environmental Costs of
Fossil Fuels: A Rapid Assessment Method with Application to Six Cities. The World Bank
Environment Department, Pollution Management Series, Paper Number 78.
36

Lynne, G. D., Conroy, P., Prochaska, F.J. 1981. Economic Valuation of Marsh Areas for Marine
Production Processes. Journal of Environmental Economics and Management, 8:175-186.
Macías, P. Islas, J. 2010. Damage Costs Produced by Electric Power Plants: An Externality
Valuation in the Mexico City Metropolitan Area. Science of The Total Environment, 408: 451123
MacKerron G, Mourato S. 2009. Life Satisfaction and Air Quality in London. Ecological
Economics 68: 1441-53.
Maddison, A. M. 2005. Measuring and Interpreting World Economic Performance 1500-2001.
Review of Income and Wealth, 51: 1-35.
Markandya, A., Golub, A., Pedrozo-Galinato, S. 2006. Empirical Analysis of National Income
and SO2 Emissions in Selected European Countries. Environmental & Resource Economics,
35:221-257.
McKinley, G., Zuk, M., Hojer, M., Avalos, M., Gonzalez, I., Iniestra, R., Laguna, I., Martinez,
M., Osnaya, P., Reynales, L., Valdes, R., and Martinez, J.: Quantification of Local and Global
Benefits from Air Pollution Control in Mexico City, Environ. Sci. Technol., 39, 1954–61. .
MEA. (2005). Ecosystems and human well-being: synthesis. Millennium Ecosystem
Assessment. Island Press, Washington, D.C. pp. 155.
Merlo, M., Briales, E., 2000. Public Goods and Externalities linked to Mediterranean Forests:
Economic Nature and Policy. Land Use Policy, 17: 197 - 208.
Miller, T.R. 2000. Variations Between Countries in Values of Statistical Life. Journal of
Transport Economics and Safety, 34: 169-188.
Milon, J. W., Hodges, A.W., Rial, A., Kiker, C.F., Casey, F. 1999. Public Preferences and
Economic Values for Restoration of the Everglades/South Florida Ecosystem. Economics
Report 99-1, August 1999. Gainesville: Food & Resource Economics Dept., University of
Florida.
Moeltner, K., Boyle, K.J., Paterson, R.W. 2007. Meta-analysis and Benefit Transfer for
Resource Valuation-addressing Classical Challenges with Bayesian Modeling, J. Environ. Econ.
Manage., 53: 250–269.
Mohd-Shahwahid, H.O. McNally, R. 2001. An Economic Valuation of the Terrestrial and
Marine Resources of Samoa. Report prepared for the Division of Environment and
Conservation, MNRE Samoa, WWF-UK and WWF-South Pacific
Mrozek, J.R., Taylor, L.O. 2002. What Determines the Value of Life? A Meta-Analysis. Journal
of Policy Analysis and Management. 21(2), 253-270.
Navrud, S., 2004. Value Transfer and Environmental Policy. In: Tietemberg, T., Folmer, H.
(Eds.), The International Yearbook of Environmental and Resource Economics 2004/2005, a
Survey of Current Issues. Edgar Elgar Publishers, London.
Navrud S, Ready R 2007. Review of Methods for Value Transfer. In: Navrud S, Ready R.
Environmental Value Transfer: Issues and Methods. Springer, Dordrecht, The Netherlands.

37

Niemi, E., Lee, K. 2002. Economic Benefits of Protecting Natural Resources in the Sonoran
Desert. Coalition for Sonoran Desert Protection, 49 pp.
Núñez, D., Nahuelhual, L., Oyarzún, C., 2006. Forests and Water: the Value of Native
Temperate Forests in Supplying Water for Human Consumption. Ecological Economics, 58:
606–616.
Parsons, G., Kealy, M.J. 1994. Benefit Transfer in a Random Utility Model of Recreation.
Water Resource Research, 30: 2477-84.
Pate, J. Loomis, J. 1997. The Effect of Distance on Willingness to Pay Values: A Case Study of
Wetlands and Salmon in California. Ecological Economics 20:199-207.
Pearce, D.W, Pearce, C.G. 2001. The Value of Forest Ecosystems, Report to the Secretariat of
the United Nations Convention on Biological Diversity, Montreal, Canada.
Perman R, Ma Y, McGilvary J .1995. Natural Resource and Environmental Economics,
Longman Publisher, UK.
Perrings, C. 2006. Ecological Economics after the Millennium Assessment. International J of
Ecological Economics & Statistics, 6: 8-22.
Ramdial, B. S. 1975. The Social and Economic Importance of the Caroni Swamp in
Trinidad and Tobago. PhD thesis, University of Michigan.
Raphael, C. N. 1987. Prehistoric and Historic Wetland Heritage of the Upper Great Lakes.
Michigan Academician, 19: 331-365.
Rehdanz K, Maddison D. 2005. Climate and Happiness. Ecological Economics 52: 111-25.
Robinson, L.A. 2008. Valuing Mortality Risk Reductions in Homeland Security
Regulatory Analyses. Prepared for U.S. Customs and Border Protection, Department of
Homeland Security, under subcontract to Industrial Economics, Incorporated.
Robinson, L.A., and J.K. Hammitt. 2010. Valuing Health and Longevity in Regulatory
Analysis: Current Issues and Challenges. Jerusalem Papers in Regulation and Governance,
Working Paper No. 4.
Sathirathai, S., Barbier, E. B. 2001.Valuing Mangrove Conservation in Southern
Thailand‘, Contemporary Economic Policy 19, 109–122.
Selden, T., Song, D. 1994. Environmental Quality and Development: Is there a Kuznets Curve
for Air Pollution?‘, Journal of Environmental Economics and Management, 27: 147–162.
Smith, V.K., VanHoutven, G., Pattanayak, S.K, 2000. Improving the Practice of Benefit
Transfer: A Preference Calibration Approach. Interim Final Report for the Environmental
Protection Agency.
Smith, V.K., VanHoutven, G., Pattanayak, S.K., 2002. Benefits Transfer via Preference
Calibration: ―Prudential Algebra‖ for Policy. Land Economics, 78: 132–152.
38

Stern,
D.
2005a.
Global
Sulfur
http://www.rpi.edu/sternd/datasite.html.

Emissions

by

Country,

1850–2003.

Stern, D. 2005b. Global Sulfur Emissions from 1850–2001. Chemosphere 58: 163–175.
Stern, D. 2005c. Reversal in the Trend of Global Anthropogenic Sulfur Emissions. Rensselaer
Working Papers in Economics 0504. USA: Rensselaer Polytechnic Institute.
Stern, D., Common, M. 2001. Is there an Environmental Kuznets Curve for Sulfur?
Journal of Environmental Economics and Management, 41: 162–178.
Tkac, J.M. 2002. Estimating Willingness to Pay for the Preservation of the Alfred Bog Wetland
in Ontario: A Multiple Bounded Discrete Choice Approach. Department of Agricultural
Economics, McGill University Montreal Quebec.
U.S. Environmental Protection Agency (EPA). 1999. The Benefits and Costs of the Clean Air
Act, 1990 to 2010. EPA 410-R-99-001.
van Praag B.M.S, Baarsma BE. 2005. Using Happiness Surveys to Value Intangibles: The
Case of Airport Noise. Economic Journal, 115: 224-46.
Varian, H. 1978. A note on Locally Constant Income Elasticities. Economics Letter, 1: 9-13.
Viscusi, W.K. 1992. Fatal Trade-Offs: Public and Private Responsibilities for Risk. New York:
Oxford University Press.
Viscusi, W.K. 1993. The Value of Risks to Life and Health. Journal of Economic Literature. 31:
1912-1946.
Viscusi, W.K. 2004. The Value of Life: Estimates with Risks by Occupation and
Industry. Economic Inquiry, 42: 29-48.
Viscusi, W.K., Aldy, J.E. 2003. The Value of a Statistical Life: A Critical Review of Market
Estimates Throughout the World. Journal of Risk and Uncertainty, 27: 5-76.
Weitzman, M. L. 1998. Why the Far Distant Future should be Discounted at its Lowest Possible
Rate. Journal of Environmental Economics and Management, 36: 201–208
Welsch H. 2002. Preferences over Prosperity and Pollution: Environmental Valuation Based on
Happiness Surveys. Kyklos, 55: 473-94.
Welsch H. 2006. Environment and Happiness: Valuation of Air Pollution Using Life
Satisfaction Data. Ecological Economics, 58: 801-13.
Willig, R. 1976. Integrability Implications for Locally Constant Demand Elasticities. Journal of
Economic Theory, 12: 391-401
Whitehead, J. C., Blomquist, G.C. 1991. Measuring Contingent Values for Wetlands: Effects of
Information About Related Environmental Goods. Water Resources Research, 27:2523-2531.
Whitehead, J.C., Groothuis, P.A. 1992. Economic Benefits of Improved Water Quality: A Case
Study of North Carolina's Tar-Pamlico River. Rivers, 3: 170-178.

39

Woodward, R.T., Wui, Y-S. 2001. The Economic Value of Wetland Services: A Metaanalysis. Ecological Economics, 37: 257–270.
World Bank. 2006. Pakistan Strategic Country Environmental Assessment. Washington, DC:
The World Bank. Report No. 36946-PK.

40

