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Abstract  This paper is concerned with the empirical relationship between biodiversity
conservation values and income. We use random effects panel models to examine the effects
of income, and then GDP per capita, on willingness to pay for habitat and biodiversity conser-
vation. In a meta-analysis, 145 Willingness To Pay estimates for biodiversity conservation
where existence value plays a major role were collected from 46 contingent valuation studies
across six continents. Other effects included in the meta-analysis were the study year; habitat
type; continent; scope as presented to respondents; whether WTP bids were for preventing
a deterioration or gaining an improvement in conservation, whether a specific species or
specific habitat was protected; whether the questionnaire used a dichotomous choice or an
open-ended format; distribution format; and the choice of payment vehicle. GDP per capita
seemed to perform as well as an explanatory variable as respondent’s mean stated income,
indicating that it is wealth in society as a whole which determines variations in WTP. Even
if large variation, our main conclusion is, that the demand for biodiversity conservation rises
with a nation’s wealth, but the income elasticity of willingness to pay is less than one.

Keywords Meta-analysis - Income effects - Contingent valuation - Existence values -
Environmental Kuznets Curve

1 Introduction

This paper is concerned with the relationship between Willingness to Pay (WTP) for bio-
diversity conservation and income. By “biodiversity conservation”, we mean actions which
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protect or improve either habitats or species. Two contrasting definitions of income are used:
first, average household income (or, in a minority of cases, average personal income) in the
sample from which the WTP estimates are drawn: and second, GDP per capita for the country
from which the sample is drawn. Some 46 Contingent Valuation studies from six continents
form the data base for the paper. We focus on studies that have tried to estimate non-use values
for biodiversity conservation. Our main research question is this: is there empirical evidence
that willingness to pay for biodiversity conservation increases with income? The importance
of this question relates to current debates over the existence of an “Environmental Kuznets
Curve” for environmental quality in general, and for biodiversity in particular (Deacon and
Norman 2006; McPherson and Nieswiadomy 2005). It also relates to an older literature
dating to Krutilla and Fisher (1975), on how preservation values for natural environments
can be expected to evolve over time, considering that depletion of many natural resources is
irreversible; and to debates over the distributional effects of environmental policy (Kristrom
and Riera 1996; Ebert 2003).

2 Determinants of the Demand for Environmental Quality

In 1955 Kuznets suggested an inverted U-shaped relationship between an indicator of
income inequality and economic growth (Kuznets 1955). A statistical relationship similar to
the Kuznets curve has been found between national income (GDP per capita) and a number
of pollutants, and this relationship is often referred to as the Environmental Kuznets Curve
(EKC) (Grossman and Krueger 1995). The relationship implies that as economic growth
occurs, pollution increases up to a certain income level. After this “turning point”, pollution
begins to decrease. Suggested reasons for this empirical regularity are structural economic
change, technological development, and—what is key to this paper—an increasing demand
for environmental quality and environmental regulation as real per capita incomes increase
(Barbier 1997). Empirical evidence both in support and contradiction of a U-shape relation-
ship between pollution and income can be found in the literature (Deacon and Norman 2006).
Barbier (1997) argues that most empirical studies show that a very high level of income per
capita is needed before environmental quality begins to increase, implying that most countries
have not yet reached a turning point, even if it exists for some pollutants. Of most relevance to
this paper is the search for EKC-type relationships for measures of biodiversity. McPherson
and Nieswiadomy (2005) investigated the relationship between species counts for threatened
mammal and bird species in 113 countries and real per capita income, finding indications of
an EKC shape in both cases. In other words, species numbers initially decline as incomes
rise, but then start to recover.

As noted above, an important “driver” in EKC theories is the effect of income growth
on the demand for environmental quality (see, for example, Bruvoll et al. 2003). It has long
been argued that environmental quality is a luxury good, with an income elasticity of demand
greater than one. If this is so, then demand for environmental goods, manifested either as
consumers buying greener products, or demanding tougher environmental legislation, will
grow disproportionately quickly as incomes rise. However, both Kristrom and Riera (1996)
and Hokby and Soderqvist (2003) question this assumption.

An important distinction in this literature is between the income elasticity of demand and
the income elasticity of WTP. Most goods valued using the kind of stated preference methods
upon which Kristrom and Riera partly base their conclusions are public goods which are in
fixed (rationed) quantities from the perspective of the individual, so that the individual cannot
continuously vary the quantity of goods he or she demands (an exception is recreational
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trips to an outdoor recreational resource such as a national park). Stated preference studies
offer individuals the chance to bid on a very limited range of supply options for the public
good. Therefore the construction of a conventional income elasticity of demand measure is
problematic. A more suitable measure of income responsiveness is the income elasticity of
WTP, ¢,,, which can be defined as:

y W _ a(nW)

Ew = _—
WTP 3y  a(ny)

ey

where y is income and W is a “bid function” for WTP (Flores and Carson 1997; Hokby
and Soderqvist 2003). Therefore we cannot use a distinction between luxury good and nor-
mal goods as discussed above. However, it is possible to quantify the distributional pattern
of WTP: when ¢,, < 1 the environmental good is said to be distributed regressively, and
distributed progressively if ,, > 1. If &, < 1, then projects which promote environmental
conservation have the possibility of benefiting poorer households more than rich households,
in the sense that the proportion of WTP to income is decreasing as incomes rise—an envi-
ronmental good for which &, < 1 has proportionately higher benefits to poor groups than to
rich groups (see Ebert 2003).

It is also useful to distinguish between the kinds of environmental goods for which people
are asked to state a WTP amount. Use values dominate total economic value for many envi-
ronmental goods, such as clean water, better air quality and reduced risks to health, and many
meta-analyses of stated and revealed preference values are focussed on such goods. In this
paper however we will focus on non-use values for biodiversity and habitats. Non-use values
for biodiversity and habitats might be argued to be more progressively distributed than use
values. The income elasticity of WTP for goods the benefits of which are dominated by
non-use values may well be different than the income elasticity of WTP for environmental
goods for which a change in supply has more immediate or more obvious personal conse-
quences than losses in biodiversity. The main aim of the present study is thus to investigate
the income elasticity of WTP for an environmental good—biodiversity conservation—where
non-use values are believed (by those conducting the primary studies on which our meta-
analysis is based) to play a major role.

Environmental Kuznets Curve studies focus on average incomes across a whole society as
determinants of environmental quality, by using explanatory variables such as real GDP per
capita. In contrast, stated preference studies use measures of personal or household income as
adeterminant of WTP. Sometimes a statistically significant effect is found between individual
or household income and WTP (e.g. Bergstrom et al. 1985; Brouwer and Bateman 2001; some
splits in Macmillan et al. 2001; Veisten et al. 2004), whilst sometimes no significant effect is
found (some splits in Macmillan et al. 2001; White et al. 1997). Accordingly, in this study we
investigate both the effects of wealth in society, measured by GDP per capita, and household
(or personal) income on WTP for biodiversity and habitat conservation.

Clearly, many factors other than income or wealth can affect WTP. Most obviously, studies
find different WTP amounts because they value different goods. For studies looking at wild-
life and habitat conservation, the specific habitat or species being considered and whether it
is known to the public is important (Christie et al. 2006). Moreover, whether a charismatic
or a rare species is to be preserved can matter (Metrick and Weitzman 1994; Hanley et al.
2003), along with the size of prospective change in the habitat or species. Other reasons for
variation in WTP are found in the valuation methods being applied. Focusing on differences
in stated preference methods, differences are found between Contingent Valuation (CV) and
choice experiments (Riera et al. 2008; Boxall et al. 1996; Hanley et al. 1998a,b; Lehtonen
et al. 2003) and between the different formats in CV—for example, between dichotomous
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choice, open ended or payment card designs (Johnson et al. 1990; Reaves et al. 1999; Welsh
and Poe 1998). Finally, differences in WTP might be caused by non-income differences in
the population of beneficiaries being studied (e.g. Boiesen et al. 2005; Leén 1996; Turpie
2003; Lindhjem et al. 2007), for example in terms of whether they live in an rural or urban
location.

3 Meta-analyses in Environmental Valuation

Meta-analysis started as a tool in medical research for analysing knowledge accumulated
from many different studies (Hunter and Schmidt 2004). Later, its use extended to other areas
like economics (Pang et al. 1999) and more specifically environmental economics (van den
Bergh et al. 1997; Bal et al. 2002). One aim of meta-analysis can be to analyse consistency
across studies, controlling for factors (such as income) which may be thought a priori to
drive variations in outcomes such as WTP estimates. One of the first applications within
environmental economics was Smith and Kaoru (1990) analysis of travel cost estimates of
recreation values. Other applications are analyses of values for rare and endangered species
(Loomis and White 1996), for coral reefs (Brander et al. 2007), for groundwater protection
(Poe et al. 2000), for wetlands (Brander et al. 2006; Brouwer et al. 1999; Woodward and Wui
2001), for forests (Lindhjem et al. 2007) and forest recreation (Bateman and Jones 2003).
Smith and Osborne (1996) use the method for a more methodological purpose, namely
as a test for scope effects. Income effects on willingness to pay are analysed in some of
the above-mentioned studies. Brander et al. (2006) find GDP per capita to be positively and
significantly correlated with WTP and Poe et al. (2007) find a positive and significant income
effect. Schlédpfer (2006) takes a different approach, and investigates what determines whether
income is statistically significant within a study. He does that using a logit model to test for
the presence of a significant income effect. In 36% of the studied cases, income is significant.
Interestingly for this paper, whether a study was classified by the author as eliciting non-use
(passive use) values compared with use values did not have a significant influence on the
presence of an income effect in Schlédpfer’s study.

An important step in a meta-analysis is the development of a protocol for including
or excluding studies: for example, restrictions can be imposed for reasons of geography,
valuation method applied, topic, or quality of the study. Meta-analyses in environmental
economics are normally restricted both geographically and with respect to topic, partly due
to a desire to make use of results for benefits transfer. Exceptions are studies with a focus
on methodological differences. In our study we do not restrict the studies to be included
on geographical grounds: on the contrary, we want to include as wide a spatial spectrum
as possible in order to analyse income effects across countries. Restricting the analysis to
specific habitats also makes little sense, since habitat variation is so great at the global level,
and therefore we include studies for any habitat. Instead we restrict the studies to those
which focus on estimating non-use values for biodiversity and habitat conservation, since
our purpose is to test for a relationship between willingness to pay and income which would
be consistent with the existence of an EKC for biodiversity conservation. Only a few previous
meta-analyses have focused on such non-use values (e.g. Lindhjem et al. 2007). Other studies
focusing on the existence of an EKC for biodiversity analyse the causality going from income
to biodiversity per se (e.g. McPherson and Nieswiadomy 2005), whereas we look at the effects
of rising income on WTP for biodiversity.
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4 Collection of Data

This meta-analysis is based on 46 contingent valuation studies (see Appendix 1) which
report 145 relevant WTP estimates. Information is taken from published papers, papers in
the process of publication or reports which are of a publishable quality. Most of the papers can
be found on the Web of Science using search word combinations of: contingent valuation,
CVM, existence value, passive use-value, biodiversity, wildlife, and habitat. Some papers
were found by reference in other papers. Approximately 250 papers were considered for
inclusion through this process, this total was then reduced considerably by use of two further
selection criteria: a focus on existence values and access to income measures. All the studies
value nature goods where the researchers claim that existence value plays a major role. As
existence and use value are seldom separable, we do not attempt to exclude estimates of use
value. However, studies which focus on use values alone or studies carried out solely on
respondents visiting an area are excluded.

Information regarding respondents’ income was also a requirement for inclusion, and
lack of income data was the main reason for exclusion of many studies. Where sufficient
information could not be found in the paper, the lead author was contacted (some studies
have been excluded as the authors could not be contacted). Where income data was missing
and the paper states that the sample was representative for the population, national statistics
have been used instead. This is the case for eight studies (15 estimates), one from Australia
and seven from the USA. Otherwise, sample income information has been collected from
authors. A measure of gross domestic product per capita (GDP) is included for each country
in the year for which the original study was undertaken. Data on GDP was obtained from IMF
(2007a). Most studies value several supply levels of the same good or use different estimation
procedures to come up with a range of value estimates. We have decided to use all the WTP
estimates available in order not to hide possible estimation differences by averaging them.
Multiple estimates from a single study are treated as a panel. The studies included were carried
out all over the world, although with a focus on developed countries. It has been difficult to
find valuation studies from poor countries which focus on existence values, although there
are a few. Table 1 shows an overview of the estimates.

Some of the variation in the willingness to pay data may be caused by differences in
the way the good was presented to respondents. In order to analyse this, we included two
characterisation variables. One variable (save) indicates whether the project in question pre-
serves habitat or species, i.e. “saves” objects which would otherwise disappear, or whether
the scenario involved an improvement in preservation conditions. The other variable (scope)
tries to capture the scope of the conservation issue as presented to respondents. It takes the
value zero (a “part value”) if it was explained to respondents that a given project is a part of
the protection scheme for nature in a country; and the level of one (a “whole value”) if the
protection is taken to cover all of an ecosystem or species (e.g. the establishment of a national
park not considering substitutes, the protection of a species across a whole country, etc.).!
Notice that what is considered as “part” or “whole” is determined by what was presented
to respondents, not by a correct biological distinction. Sometimes external scope tests are
carried out in a study, but if the substitutes for or relative importance of the good is not
mentioned to the respondents, the variable scope takes the same value. The reason for doing
this is that the magnitude of goods whose value consists largely of existence value will often
be difficult for people to have a good grasp of. Thus the valuation context constructed for
them is often seen as very important for their understanding thereof (see e.g. Bateman and

' We thank a referee for this suggestion.
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Table 1 Summary statistics on the 145 WTP estimates included the data base. Time span: 1979-2005

Study origin Payment vehicle

Africa 5 Tax 68
Asia 26 Donation 38
Australia 14 Use chargesd 17
Europe 54 Free choice® 14
North America 44 Mix! 5
South America 2 Unspecified 3
Focus of study? Questionnaire Format

Habitat preservation 95 Dichotomous choice 92
Species preservation 75 Open ended

Payment unit Data collection 53
Per household 110 Postal questionnaire 67
Per person 34 Face-to-face 47
Unspecified 1 Telephone interview 15
Income unit Electronic questionnaire 14
Per household 125 Unspecified 2
Per person 17 Time of survey

Unspecified 3 1979-1989 19
Payment interval 1990-1999 72
One-timeP 21 2000-2005 54
Per year 117

Monthly € 6

Unspecified 1

4 Sometimes overlapping

b One-time payments are not converted to annual payments as it requires extra assumptions on interest rate
and duration and would thus result in variation caused by the treatment of data, not the data itself. Instead we
have included a dummy variable for the payment interval in the analysis

¢ Multiplied by 12 to obtain annual payments in the estimations

dE, g. water bills

¢ E.g. What was considered right by the respondent

fE. g. half tax, half donation

Mawby 2004; Mitchell and Carson 1989). All monetary terms are converted to 2006 US $, by
first inflating by the national consumer price index and then using purchasing-power-parity
(PPP) to convert to values to US $. Inflation and PPP estimates are from the International
Monetary Fund (IMF 2007a).

Table 2 summarises the variables used in the model. Educational achievement for respon-
dents would have been an obvious variable to include, but as it is not reported on a common
scale this was not possible. The variable study year may capture unobserved development in
the contingent valuation method as well as in the societies studied. In some of the analyses,
fewer than 145 estimates are used due to missing information. Income is reported as house-
hold income in 124 cases and personal income in 17 cases, with three cases being unspecified.
WTP is reported in per household terms in 110 cases, per person terms in 33 cases, and one
case is unspecified. Personal income and personal WTP statements are not converted to the
corresponding household measures as household size is generally not reported for the studies
related to individual payment. Where a personal income measure is used, the corresponding
payment is always personal and will therefore not result in interpretation problems assuming
respondents have interpreted the right context, and there is no income pooling (cf. Munro
2005). For some studies personal payment and only household income is reported. These
studies are excluded in the analyses where income is modelled, whereas all studies reporting
personal payment are excluded in models using GDP per capita as the explanatory variable.
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Table 2 List of explanatory variables

GDP per capita per year

Income per household (or person) per year

Study year

Payment interval. Dummy for one-time payment (versus annual or monthly converted to annual)
Format. Dummy for written questionnaire (versus interview)

Donation. Dummy for donation payment vehicle (versus referendum of mandatory contribution)
Method. Dummy for dichotomous choice (versus open ended)

Habitat. Dummy for:

Forest (reference)

Open areas

Wetlands

Sea

Continent. Dummy variables for

North America (reference)

South America

Africa

Europe

Asia

Australia

Specific habitat. Dummy for having focus on preservation of a specific habitat

Specific species. Dummy for having focus on preservation of specific species

Save. Dummy variable for whether the WTP was regarding the securing (preventing a decline in) the
existence of a species or habitat, compared to an increase in quantity/quality

Scope. Dummy for whether respondents were informed as to the limited scope of the conservation project

800 -
° @ income per household income per person —— Linear regression
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Fig. 1 WTP plotted against gross income (household or personal). Black dots are income measure per
household and grey squares are income measures per person. A linear regression is shown

5 Analysis and Results

Figure 1 shows WTP for biodiversity conservation as a function of income, and indicates
whether income was measured in person or per household terms. One outlier is obser-
ved (a mean WTP of over $700). According to the original study (Leén 1996) this es-
timate’s reliability is questionable and consequently it was excluded from the analyses
below. Another potential outlier is seen with a WTP of $316. This observation is from a
study regarding preservation of both a number of species and a specific species (Jakobs-
son and Dragun 2001), and the difference in the estimates in the original study seems
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to be caused by the specification of the good. Therefore this potential outlier is not
removed.

The analytical starting point was an ordinary least squares linear regression using the
Huber-White technique to correct for heteroscedasticity and serial correlation (see the pro-
cedure described in Greene 2002). As most of the studies report more than one estimate,
multiple reporting could be used as a stratification process. Thus we used the process des-
cribed by Rosenberger and Loomis (2000) to test for panel structures in the data, in that we
specify:

n
WTP;j = o+ D Bixij + pij + & (@)
i=1

where WTP;; is WTP for the ith observation in the jth strata (here study), « is a constant,
X;j is a vector of explanatory variables, with a panel effect u;; and an error &; ~N(0, 082). A
Breusch and Pagan’s Lagrange multiplier test was performed to test whether p;; = 0. For
a random effects model with income as the only explanatory variable, this test showed that
a model with equal effects was rejected, and that a panel estimation was therefore appro-
priate (x2 =42.42, p =0.000 with N = 128 and j = 42). The Breusch and Pagan Lagrange
multiplier test was subsequently performed on all the models presented below and gave the
same conclusions, namely that a random effects panel model was the best fit to the data,
compared to a simple pooled model. A random effect model was chosen instead of a fixed
effects model due there being no a priori expectations of the fixed study effect being cor-
related with other study characteristics. Furthermore, for the GDP version of the models a
fixed effects specification is not possible, since GDP is not separable from the fixed study
effect.

Looking at Fig. 1, no obvious functional form is apparent for the relationship between
income and WTP. Several functional forms were tried in the random effects panel models—a
linear, a semi-log, a quadratic and a double log version. Using Ramsey’s regression speci-
fication error test, the best specification was obtained by the log models (x2=7.73 with
p > x2=0.0054 for the semi-log model and p > x2=0.0076 for the double-log model
versus p > x2=0.16 for the linear and p > x*=0.60 for the quadratic). A similar plot of
WTP against GDP per capita also does not show an immediately apparent relationship, and
again log models performed best. Income and GDP per capita are highly correlated (0.68),
and therefore they were specified as explanatory variables in separate models (that is, income
and GDP per capita could not be included in the same model, nor was it desirable to do so,
since we are interested in comparing the responsiveness of WTP to these different measures
of resources).

Four simple random effect panel models of the relationship between income or GDP with
WTP are reported below. The specifications are:

Model 1: Random effects model of WTP, §; is the parameter for In(income per year)

Model 2: Random effects model of In(WTP), B is the parameter for In(income per year)

Model 3: Random effects model of WTP, §; is the parameter for In(GDP) per capita per
year

Model 4: Random effects model of In(WTP), B is the parameter for In(GDP per capita per

year)

Results are shown in Table 3. It can be seen that both income and GDP per capita are
significantly and positively related to willingness to pay for biodiversity conservation. The
single-log models perform slightly better for both income and GDP if evaluated based on the
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Table 3 Estimation results for

models based on income or GDP Coefficient s.c. N P>z
per capita alone Semi-log (income)
Log (income) 21.96 7.90 2.78 0.01
Constant —145.39 75.16 —1.93 0.05
Wald x2 7.73 R? (within)  0.019
P> x2 0.005 R? (between) 0.043
N 128 R? (overall)  0.02
Doublelog (income)
Log (income) 0.38 0.14 2.67 0.01
Constant —0.08 143 —0.05 0.96
Wald x2 7.13 R? (within)  0.05
P> x2 0.008 R? (between) 0.03
N 127 R? (overall)  0.02
Semi-log (GDP)
Log (GDP) 29.12 12.82 227 0.02
Constant —208.16 12038 —1.73 0.08
Wald x2 5.16 RZ (within)  0.00
P > X2 0.02 R? (between) 0.06
N 111 R? (overall)  0.023
Doublelog (GDP)
Log (GDP) 0.38 022 1.68 0.09
Constant 0.09 221 0.04 0.97
Wald x2 2.84 R? (within)  0.00
P> x2 0.09 R? (between) 0.05
N 110 RZ (overall)  0.01

R? measures. Since the studies from which the database is constructed vary in many respects
other than in the income and WTP values reported, models were then estimated with all the
meta-analytic variables shown in Table 2 included. Results are shown in Tables 4 and 5,
this time focussing on just the semi-log versions, which fitted best. In Table 4, all variables
described in Table 2 are used in the estimation.

From Table 4 it can be seen that neither income nor GDP per capita is significant in
these fuller specifications. Interestingly, not many of the study design variables are able to
explain the variation in WTP. The only significant variables are whether the payment scenario
concerned a specific habitat, and whether a dichotomous choice or an open ended question
format was used. The correlation between income and the other variables is also shown in the
table. Apart from the obvious fact that continent and GDP per capita correlates somewhat,
it is seen that the highest correlations are found between format and both GDP per capita
and income, between study year and income and between donation and GDP. Generally the
correlations are not very high.”

Since Table 4 shows that most of the study design variables were insignificant determinants
of WTP for biodiversity conservation, we re-estimated the model for income and for per capita
GDP including only those study design variables which were significant at 95% from Table
4, that is, using specific habitat and method. Results are shown in Table 5. These show that
the parameters on income and on GDP are now significant at the 90% level, although still not
significant at the 95% level. Based on a Hausman test, we could not reject the null hypothesis

2 We also tried to estimate a model where WTP was averaged for studies originating from the same study.
This is similar to what e.g. Lindhjem et al. (2007) does. Though R? increases to 0.26 and 0.31 for the models
based on income and GDP per capita respectively, a panel structure could still not be rejected (results not
shown). Furthermore, these models have a very high correlation between the variables included.
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Table 5 Estimation results for the dependence of WTP on income or per capita GDP with only those study
design variables significant at 95% or higher, random effects panel model

Coefficient s.e. z P> X2 Coefficient  s.e. z P > |z|
Log (income) 16.95 10.17 1.67 0.09 — - — -
Log (GDP per capita) - — — - 27.75 15.22 1.82  0.06
Specific habitat 70.93 30.62 232 0.02 72.87 30.59 238 001
Method 45.84 17.64  2.60 0.00 45.49 18.46 246 001
Constant —176.84 96.46 —1.83 0.06 —278.77 14771 —1.89 0.06
N 128 111
Wald x2/P > x2 19.26/0.00 16.48/0.00
R? (within) 0.17 0.16
R? (between) 0.10 0.12
R? (overall) 0.08 0.07
o 72.73 73.79
oe 40.51 43.54
) 0.76 0.74

Dependent variable is WTP

Table 6 Logit model of internal income significance at the 95% level

Household income GDP per capita

Coefficient s.e. z P > |z] Coefficient s.e. z P > |z|
Income? -0.20 0.07 —-2.74 0.01 — - - -
GDP per capita® - - - - —0.28 0.15 —1.80 0.07
Study year 0.06 021 0.30 0.77 0.08 0.17 049 0.63
Specific species —2.25 1.18 —1.90 0.06 —2.75 1.19 =231 0.02
Specific habitat 2.89 333  0.87 0.39 —4.30 2.06 —2.09 0.04
Save —7.31 290 —2.52 0.01 —2.71 1.54 —1.76 0.08
Scope 1.96 228 0.86 0.39 0.55 1.69 033 0.74
Donation 4.60 2.19 210 0.04 3.92 1.33 294 0.00
Method —13.18 546 —2.42 0.02 —4.41 2.00 —-2.20 0.03
Payment interval —1.17 142 —0.82 041 —2.89 1.24 —2.33 0.02
Format - - - - 1.45 159 091 036
Constant —109.97 427.12 —0.26  0.80 —152.11 339.01 —0.45 0.65
N 64.00 80.00
Log likelihood —15.43 —24.99
LR x2/P > x2  56.87/0.000 53.61/0.000
Pseudo-R2 0.65 0.52

4Income/1000 or GDP per capita/1000
b Format dropped in regression on income due to correlation problems if included

of equivalence between the parameters on income and GDP from the income/GDP only
models shown in Table 3, and those from the reduced form models shown in Table 5. We can
also see that the size of the parameters on income and per capita GDP comparing Tables 3
and 5 is very similar (e.g. 29.12 in Table 3 for per capita GDP, and 29.11 in Table 5). The
main conclusion is thus that income and GDP are significantly related to willingness to pay
for biodiversity conservation: rising income leads to rising WTP.

Finally, it is interesting to investigate what is driving the internal significance or other-
wise of the income variable in the studies which form our dataset.®> 56 of the 145 data

3 We thank one of the referees for this suggestion.
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points reported internal significance of income as an explanatory factor for WTP, whilst 39
reported insignificant effects. Some 50 data points did not specify which of these was the
case; however, often income is only reported if it shows significance in terms of impacts
on WTP, so some of these observations may represent studies where income did not have
a significant effect on WTP. Since information regarding the size of the income effect was
not present in all cases, we investigated the presence of income effect, following the same
approach as Schlipfer (2006). We estimated a logit model of whether a positive internal in-
come effect was present, “presence” being determined on the basis of significance at the 95%
level. Explanatory variables are the same as for the previous analyses, i.e. as shown in Table
2. Results are shown in Table 6. Interestingly, both increasing income and increasing GDP
levels caused lower likelihood of presence of internal (positive) income effects. Whether a
survey was concerned with protecting existing biodiversity or increasing biodiversity conser-
vation (save) was also significant, as was use of a voluntary payment mechanism (donation)
and whether a dichotomous choice or open-ended format was used (method). Focus on a
specific species or habitat also had a significant effect, but only in the GDP version of the
model.

6 Discussion

The analysis presented above focuses on whether there is an income effect on WTP for
biodiversity conservation where non-use values play a major role. Studies of WTP usually
analyse the relationship between income and WTP within a survey sample. In fact, only
39% of the studies used to form the database show that such a correlation was positive and
significant (no negative significant relationships were reported). In our study the focus is
on external tests of dependence across studies, contexts and societies, and we were able to
find a positive relationship between income or GDP per capita and WTP for biodiversity
conservation, although the detected strength of this relationship is not as great as might
have been expected, nor is it estimated with high precision. This may be due to the high
level of noise in the data. We also find that GDP per capita is as good a predictor of WTP
for biodiversity conservation as income. Income and GDP per capita are of course highly
correlated (+0.7 in our data). However, one can argue that irrespective of the empirical
results, GDP per capita is a preferable variable to relate to WTP if one is interested in the
effects of growing wealth on the demand for biodiversity conservation, which as we noted
above, is one of the main theoretical drivers underlying the Environmental Kuznets Curve.
This is for two reasons. First, household (personal) income figures from CV surveys are
self-reported, and thus may be inaccurate in the sense of deliberate mis-statement. Income
reports are also typically only provided by respondents as a range (and thus are imprecise),
but more importantly are poorly defined: do all CV respondents take the same view in
calculating all their income sources before responding? Do all respondents take the same
view about reporting pre- or post- tax incomes? Non-wage income and income for some
household members may be under-reported or not reported al at all. In other words, income
as a variable in a meta-analysis of CV studies is poorly defined. GDP per capita, in contrast, is
well-defined and consistent across countries, yet still represents the essence of what income
measures try to capture in CV models. Second, if we are trying to understand how the
demand for environmental quality increases as countries get richer—a key underlying story
in the EKC literature—then GDP per capita gives a wider picture of “available resources”
or spending power for society than does household income, since it represents all sources
of income within an economy. In relating findings to the EKC literature, the main finding is
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thus that within this data, rising GDP per capita increases WTP for biodiversity conservation,
although the effects are not always strong.

Based on the results from the double-log models in Table 3 we find an income elasticity
of WTP for biodiversity conservation to be +0.38, both when using GDP per capita and
household/personal income, indicating that WTP for biodiversity conservation is regressively
distributed. This means that as incomes rise, the fraction of income that will be offered as a
maximum payment for biodiversity conservation will fall (i.e. that 9 (WT P/y) /oy < 0).
This is noteworthy, especially since the focus here is on existence values and not on use values,
and indeed this is also how the respondents seem to have understood the CV questions asked
in the studies from which our data is constructed. Thus the focus on non-use values does not
seem to change the conclusions from Kristrom and Riera (1996) and Hokby and S6derqvist
(2003), that WTP income elasticities lie between 0 and 1. Still the conclusion remains that
the richer a country, a given rate of economic growth will translate into a larger absolute
WTP for conservation than in a poorer country.

A critique of this study could be that it tries to cover goods that are too different to
each other (for example, elephants in Sri Lanka versus wetlands in Norfolk, England). It is
therefore very interesting that neither the continent nor the habitat-type variables (habitat:
sea, habitat: wetlands, or habitat: open areas) seem to cause systematic changes in WTP
according to the results shown in Table 4. This might indicate that nature protection per se
is what is valued in the individual CV studies, rather than the specific habitat in question.
This could be due to a high level of warm glow or moral satisfaction being present in the
WTP responses, as indicated by the variable scope not being significant. However, the scope
variable was difficult to construct across studies, and therefore is a weak criterion as used
here. The small difference between habitats could also be an indication of respondents having
a high willingness to trade-off different nature goods within the broad habitat categories used
here. This last interpretation is supported by one study partly included in the database which
compared WTP across several habitats (Jacobsen et al. 2006; Jacobsen and Thorsen 2008)
and found that respondents were very willing to substitute (trade-off) between them. An
alternative view is that the way in which habitats have been characterised in this meta-
analysis is too crude. For example, a boreal and a tropical forest are very dissimilar goods,
though we group them together here.

Another grouping of the nature goods was whether a study focused on a specific species or
habitat. Surprisingly the protection of species is not a significant determinant of WTP, whereas
protection of habitats is (and it is positive). We could also have expected that the moral issues
of saving species and habitats in decline could cause the variable save to be significant, but
this is not the case. In the analysis on internal income effects (Table 6) save does cause
income effects to be less significant, probably indicating a moral issue with paying. Finally
we find that dichotomous choice questions tend to give higher WTP values than open-ended
formats. This has been noted by other authors such as Bateman et al. (1995) and Johnson et al.
(1990). Again it is questionable if a more detailed classification of estimation procedures and
re-grouping of discrete choice formats, into e.g. double-bounded and single-bounded, would
lead to a different conclusion.

We also looked at what factors determines whether a statistically significant income effect
exists in the studies from which the database is constructed. We found that increasing income
levels causes a decreasing likelihood of finding a significant positive internal income effect
on WTP (Table 6). Income level and inequality, e.g. measured by the Gini coefficient, is
normally not found to correlate closely (e.g. IMF 2007b), so it is unlikely that a large
income variation within a society should be the reason for income dependency of WTP.
More likely the explanation can be found in the regressive elasticity between studies—that
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WTP constitutes a smaller proportion of income in rich countries/respondent groups and
consequently differences means relatively less to rich respondents, causing on average, WTP
in rich societies to be less sensitive to income levels.

From Table 6 it is also seen that if the payment vehicle is in the form of donation it is
more likely to find internal income significance than in the case of a mandatory payment.
If this indicates that respondents in donation-based surveys are more aware of their income
constraints than respondents in other scenarios (eg tax-based), then this would indicate a
preference for donation mechanisms in CV design. In a sense, this result is surprising, since
on the whole CV practitioners have advised against the use of donation-based designs, except
where provision point mechanisms are used (Bateman et al. 2002; Rondeau et al. 1999). The
lack of a significant income effect, on average, for mandatory payment scenarios could
be seen as an indication that when a. tax is used, respondents may adopt a more social
perspective than an individual consumer perspective (cf. the discussion in Nyborg 2000),
depending on the way in which taxes are paid and revenues distributed. An alternative reason
could be that our meta-analysis includes studies from countries where corruption may be
high and trust in government low. Finally, credibility is an important issue in choosing the
payment vehicle, and tax options for biodiversity conservation may lack credibility in many
cases.

In the reported models we used a panel-structure for estimates derived from the same
studies, in order to allow for differences caused by unobserved factors within studies which
are not explained by the explanatory variables used to distinguish variation across studies
(that is, which allows for error correlation within studies). This turned out to provide results
which were quite different from models based on pooling all estimates and ignoring the
panel structure of the data. An averaging procedure for estimates with the same characte-
ristics provided somewhat similar results, but still a panel structure could not be rejected.
Consequently, we believe potential strata have to be considered and tested before performing
meta-analyses. Bateman and Jones (2003) have suggested an alternative approach to dealing
with the hierarchical nature of meta-analysis data, which they refer to as multi-level mo-
delling. We acknowledge that this is a useful alternative to panel data approaches in future
work.

7 Concluding Remarks

This paper describes a meta-analysis which considers the variation in WTP for a wide variety
of environmental goods brought together under the descriptor of “biodiversity conservation”.
All other things being equal, this widely-spread net results in a large inherent variation in
WTP, which is likely to be mainly due to unobserved factors such as institutional setting,
environmental attitudes and biodiversity context. Many of our parameter estimates in the
“full model” are insignificant and the R? of all our models is relatively low. However, the
study makes a contribution exactly because of this broad inclusion. We are able to show
that, across countries and habitats, there seems to be a significant effect of income on WTP
for species and habitat conservation, and that this effect is as well-measured using GDP per
capita as self-reported income. As we explain above, there are consistency problems with
using self-reported income from CV studies to explain the income elasticity of WTP, yet this
is the main way in which previous studies have sought to do this (e.g Poe et al, 2001; Brander
et al. (2006) being an exception by using GDP).

Our main result is that rising income increases peoples” WTP for nature conservation,
though income alone is not able to explain much of the variation found. Nevertheless, this
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might be important for nature conservation plans with long time horizons, as it indicates that
as societies become richer, they tend to value biodiversity more highly. Benefits in present
value terms can thus be expected to rise over time, independently of any scarcity-induced
increase in values. This is a point first made conceptually by Krutilla and Fisher (1975),
but now it appears that there is good empirical evidence to back up this claim. However,
the income elasticity of WTP for biodiversity conservation is less than one: environmental
protection, on this evidence, is not progressively distributed, despite willingness to pay rising
with economic well-being.

Acknowledgements We would like to thank the authors of the studies included who have provided us with
information not given in published papers, even when they had to dig it out from quite old material. We also
thank participants at the 2007 European Association of Environmental and Resource Economists conference,
Henrik Lindhjem and two anonymous reviewers for comments on an earlier version. Jette Bredahl Jacobsen
would also like to thank the Danish Research Council who financed part of this study.

@ Springer



J. B. Jacobsen, N. Hanley

152

SyIoMIAU
Ansa1ojoide Arear
1 ON SOA JO JuowysIqeIsy “Kypedroruniyl 90TUaA 6661 (1007) 'Te 19 oduer]
(uonearasaid jeyIqey
pue 19)eM "TOUI)
‘seare [eInynoude
Z ON SOX. urejsns o) owueISoiq uemrey, 1002 (S007) Surx pue Suey)
(7661)
eI[RNSNY ‘[B 12 uosIe)) pue
(Sururwr 03 pasoddo ‘AI0JLLIQY, UIQYIION (8661) PasIARI ($661)
z ON SOX se) yred [euoneN ‘uor3a1 npeyey 1661/0661 u33me) pue uorowre))
vSsn
4 SOX ON querd Jurddoyay ‘BYSBIY 0] SeXa], €861 (8861) T103S pue IyMmog
v SN SO uonearasaid pue[yiesy yrewuag $00C (S007) ‘T 12 uasatog
vsn
‘eurjoIe)) ymos
1 ON SOX pue[ [eIM[NOLISY ‘Auno)) I[IAUID) 78-1861 (6861) ‘& 12 wons3eg
QAIOSOY
I SR SR aInjeN 238peN elensSNy ‘Alaque)) 6L61 (#861) Nauuag
puB[IoM IOJeMYSAI}
‘are)s Juasard (L661)
I ON SOX ur speoiq SuIAIsuo)) urejlg jeoIn 1661 ploj3ue] pue upwleyg
(#002)
¢ SR ON jueydorg ueisy ByURT LIS ‘OqUIO[0)) 100C [[opSL], pue viapueyg
1 ON SOX 1S910J JO UOTJBAIISAI] ueIp 00T (9007) "Te 30 pefouruury
Rl
[eNU2-YINOS
SIOALI SUO[R 1510 ‘eare uejrjodonowr
9 ON SOX uerredny/spuepap asno[noy, 0002 (2002) T¢ 10 sonsiwy
sqjeWNS
pasn jo uoneArasard uoneardsaid
Ioquunn soroadg jeqeH panyea ST ey uonerndog Kpnys Jo 1e0x QOURIRJY

sIsATeue-Bjow ) UT pApNJOUT SAIPMIS

1 xipuaddy

pringer

Ns



153

Are There Income Effects on Global Willingness to Pay for Biodiversity Conservation?

vsn
BoIR ‘eurjore)) yuoN
8 ou/sox SOX uerredLl JO UONEIOISY ‘KIUn0)) UOSBIN 000T (+007) 'Te 10 SOW[OH
VS ‘UISUOdSIM
UIOYIION
Kunod ur ‘soanuno))
¢ ou/sox Ou/sox soye[ [[e ‘Afenb 1oyepm BpISUQ) PE SB[IA 8661 (S002) T® 10 UI[I2qaY
puepom
[4 ON SIA Jo uonealssald uemre], €661 (1007) Te 12 Nruwey
1S910§ IMoI3
pio swweidoxd
¢ SOX SOX UONBAIOSUOD) BpRUR)) ‘BUAqQ[Y G661 (0002) 'Te 10 n[rey
I ON SOX yred reuoneN eIpu] ‘Aequiog G661 (L66T) T8 19 IpeH
QAIOSY QINJEN
Ul UOTBAIISUOD
K)ISIOAIPOIq
[4 S9A ON 10J QuIUIeISOI] BUIYD 100T (€002) Suon
wersold £10A0001
uory eag I9[[a1S vsn
I SOX ON [e10pa jo uorsuedxq ‘y3nolog ueysery 000T (Z007) pnean
ordwres ojeredas
B Ul VS d[oym
AU} puB BUOZLIY
‘OOTXIIN MAN
UI9ISIAN ‘OpRIO[OD)
UI2)SBAYINOS
4 SOX ON [0 panods ueBdIXOIN ‘yeyN) uIeyInos G661 (6661) “T& 12 pnein
QAIISAI
1S0I0J UI BUNEJ pUE (poystiqndun
1 ON SOX BIOJ JO UOTBAIISUOD) BISAR[RIN $00T ‘9007) Tueyn
4 SO ON uonovjoId ooreury 001y o1aNng S00T (9007) zodoT-ero1e0)
S9JBWIIISO
pasn jo uonearosard uoneArosard
IoqunyN saroadg jelqRH panyea SI ey uone[ndog Apnis Jo 180X QOURIRJY

ponunuod | xipuaddy

pringer

Qs



J. B. Jacobsen, N. Hanley

154

$]S3aI0J 2ATIRU

9 OU/SAX SOA 931e] © JO UONEIOISY 3N ‘pueods G661 (1007) "T® 1 UB[[IUoRIA
uonerndod piq
PUEB SOINOSAI JIUIIS
‘£307099 aa1asa1d
‘oye| auresiodAy
1 SOA SIA SJowWalI & JO UONI0Id VSN ‘BIuIojIED G861 (L861) stuoo]
REVNGE VS ‘opero[o)
PUE JBIIQRY OPISIOALL ur SonUNod
JO uonooIg ueSIOIA ‘PIOM
1 ON SOA UOTIRINE)SAT JOATY ‘Iop[nog ‘swepy 8661 (0007) 'Te 30 STwo0 |
1S2I10J IMoI3
(9 ON SOX PIO JO uoneAIISAI] eIfensny 1seg-yinos 661 (€661) ‘T& 32 SIWOo0|
Mo
panods 10j 1eiqey (8661)
SE JS2I10J ImoI3 VSN ‘pue[sug ueqe)-S9[BZUOD)
1 SOX SOA PIO JO uU0NI0IJ MIN pUR BIUIOJI[RD) S661 puE STUo0 |
uorejafoa
9ATIRU JUBUIWAT eIfRIISOY (8661)
4 ON SOA JO uoneardsald ‘SO[eAN YINOS MIN L661 A119q120) PUB POOMYI0]
syred
% ON SOX Teuoneu jo dnoin uredg ‘enreue)) uein €661 (9661) U0
owwersoxd
1 ON SOX UOTJBAIOSUOD 1SAI0,] pueuLy 00T (£007) 'Te 30 USUOIYT
sanfea BAIOY ‘BaIR
1 SO SOX Ajuowre 49s210j ueqIn) ue)i[odonay [NodS 100T (€007) ‘T8 12 Jemy]
soroads paroguepus BI[RNSNY 9661 Pue (1007)
¢ SOX ON JO UOTBAIISUOD) ‘BLIOIDIA JO Q1BIS 8861 un3eI(] pue uossqoye[
FTBWUR(T ‘SonuUNod
L ON SOX yred [euoneN Jo quinu S00T (9002) ‘T® 12 udsqodef
SAJRWIS
pasn jo uoneArasaxd uonearasaid
IoquinN saroadg jeqey panfeA ST IRYA uonendod Kpnis Jo 1eox Q0UAIRJY

panunuod | xipuaddy

pringer

Ns



155

sourddifryq
“yred ourrew sourddiyyq
ON SA [euoneu Ul §jo9y QD uozon®y 00C—100¢ (S002) apeqns
spuepom
ON SOX JO uoneAIasald S9[eM INOS MAN 9661 (8661) 'Te 10 1oAQNS
SPUBTIOUION
SYL ‘pue[soLy (S661) [95EUaAI0H
SOX SOX BOIR MOPAW JBO] “Jeaus Jo A1) €661 pue syruuedg
VSN ‘BpHod
SOX ON uonovjoid soeueIy ‘£1unod snnrD 100C ($002) 'Te 1° uowo[os
159105
JATRU — 911 1SAI0J
ON SOX jsurede uono0Ig [orIs] €661 (8661) "B 12 1Yd2YyS
‘030
ON SOX IOA0 15910 9SBAIOU] uredg ‘eruorere) 6661 (8007) T 10 BIdTy
SEOIE SSOUIOP[IM MU
9/ pue syred [euonjeu
€ JO JuUWIYSI[qeISd
ON SA ‘uonoajoxd 1esa( VSN ‘BruIoje) €661 (S661) Toyory
vsSn
‘epeAdN ‘uo3a1I0
“01e)s UOISUTYSLAN
‘KolreA
umnbeor ueg
IPISINO BIUIOJI[RD)
ON SOX JuowoAoIdwI PuBIom ‘Ko[eA umbeor ueg 0661 (L661) STWOOT pue aeg
uonearesaid uonearasaid
saroadg jeIqRH panyea sI ey uone[ndog Apnis Jo Teox QOURIRJY

Are There Income Effects on Global Willingness to Pay for Biodiversity Conservation?

ponunuod | xipuaddy

pringer

Qs



J. B. Jacobsen, N. Hanley

156

(039 ‘UOISOID TI0S
jsureSe uonosojoxd
Je)IqRY]) SAJIAIDS

I ON SOX WA)SAS009 FULI0ISAY BUYD 100T (£002) ‘Te 10 urwuoyy
[o1nbs
PpaI ‘arey umoiq
4 SOX ON J10j ue[d uonearasalg SN QIYSHIOL YLON L661 (1007) ‘T8 1° YA
Q[OA I3JeMm ‘1IN0
¢ SOX ON J10j ue[d uoneAIasaId SN QIYSIOX YLON 9661 (L66T) ‘T8 10 YA
SSOUIOP[IM
I ON SOx JO UONBAISAI] VSN ‘9IS OpeIo[o) 0861 (#861) 'Te 12 US[emy
saroads
9] ou/Sox OU/SOX A115210J paroSuepuyg KemIoN 7661 (#007) ‘T® 12 UISTA
soquAjy BOLITY
S SOX SOX A[reroadsa ‘Ajisroarporg yInog ‘ode) uI0)sopm 100C (€007) ording,
ueder
‘(eno eyomyoq
‘Quuiyy ‘emedey]
‘eurysnyo],
‘iyonSewex
“eWITYSOITH
‘ewrekeyQ
‘ewreAeyep
a10ys [nJnnesq ‘050kH ‘exesQ) (€002
9 Ou/Sox SO ® JO UONERI0ISY SJUQPISAI [BISROD) 8661 BPIYSBAN PUB 23nS ],
SRS
pasn jo uonearasard uonearasaid
IoquinN soroadg jeNqeyq PanyeA ST jeyMm uonerndog Apmis Jo Teox QoudIRJIY

panunuod | xipuaddy

pringer

as



Are There Income Effects on Global Willingness to Pay for Biodiversity Conservation? 157

References

Amigues JP, Boulatoff C, Desaigues B, Gauthier C, Keith JE (2002) The benefits and costs of riparian analysis
habitat preservation: a willingness to accept/willingness to pay contingent valuation approach. Ecol Econ
43:17-31. doi:10.1016/S0921-8009(02)00172-6

Armirnejad H, Khalilian S, Assareh MH, Ahmadian M (2006) Estimating the existence value of north forests
of Iran by using a contingent valuation method. Ecol Econ 58:665-675. doi:10.1016/j.ecolecon.2005.
08.015

Bal F, Button KJ, Nijkamp P (2002) Ceteris paribus, meta-analysis and the value transfer. Socioecon Plann
Sci 36:127-138. doi:10.1016/S0038-0121(01)00022-2

Bandera R, Tisdell C (2004) The net benefit of saving the Asian elephant: a policy and contingent valuation
study. Ecol Econ 48:93-107. doi:10.1016/j.ecolecon.2003.01.001

Barbier EB (1997) Introduction to the environmental Kuznets curve. Environ Dev Econ 2:369-381. doi:10.
1017/S1355770X97000193

Bateman 1J, Langford IH (1997) ‘Non-users’ willingness to pay for a national park: an application and critique
of the contingent valuation method. Reg Stud 31:571-582. doi:10.1080/00343409750131703

Bateman1J, Jones AP (2003) Contrasting conventional with multi-level modelling approaches to meta-analysis:
expectation consistency in UK woodland recreation values. Land Econ 79(2):235-258. doi:10.2307/
3146869

Bateman 1J, Mawby J (2004) First impressions count: interviewer appearance and information effects in stated
preference studies. Ecol Econ 49:47-55. doi:10.1016/j.ecolecon.2003.12.006

Bateman 1J, Langford IH, Turner RK, Willis KG, Garrod GD (1995) Elicitation and truncation effects in
contingent valuation studies. Ecol Econ 12:161-179. doi:10.1016/0921-8009(94)00044-V

Bateman I, Carson R, Day B, Hanemann M, Hanley N et al (2002) Economic valuation with stated preference
techniques. Edward Elgar, Cheltenham

Bennett JW (1984) Using direct questioning to value the existence benefits of preserved natural areas. Aust
J Agric Econ 28:136-152

Bergstrom JC, Dillman BL, Stoll JR (1985) Public environmental amenity benefits of private land: the case
of prime agricultural land. South J Agric Econ, July, 139-149.

Boiesen JH, Jacobsen JB, Thorsen BJ, Strange N, Dubgaard A (2005) Vardisetning af de danske lyngheder
[Valuation of Danish heathland]. Working paper 14, Forest & Landscape, 68 pp

Bowker JM, Stoll JR (1988) Use of dichotomous choice nonmarket methods to value the whooping crane
resource. Am J Agric Econ 70:372-381. doi:10.2307/1242078

Boxall PC, Adamowicz WL, Swait J, Williams M, Louviere J (1996) A comparison of stated preference
methods for environmental valuation. Ecol Econ 18:243-253. doi:10.1016/0921-8009(96)00039-0

Brander LM, Florax RIGM, Vermaat JE (2006) The empirics of wetland valuation: a comprehensive summary
and a meta-analysis of the literature. Environ Resour Econ 33:223-250. doi: 10.1007/s10640-005-3104-4

Brander LM, Van Beukering P, Herman SJC (2007) The recreational value of coral reefs: a meta-analysis.
Ecol Econ 63:209-218. doi:10.1016/j.ecolecon.2006.11.002

Brouwer R, Bateman I (2001) The temporal stability of contingent WTP values. In: Proceedings from EEARE
11th annual conference, University of Southampton, UK, 28-30 June 2001

Brouwer R, Langford IH, Bateman 1J, Turner RK (1999) A meta-analysis of wetland contingent valuation
studies. Reg Environ Change 1:47-57. doi:10.1007/s101130050007

Bruvoll A, Fachn T, Strom B (2003) Quantifying central hypotheses on environmental Kuznets curves for a
rich economy. Scott J Polit Econ 50(2):149-173. doi:10.1111/1467-9485.5002003

Cameron TA, Quiggin J (1994) Estimation using contingent valuation data from a “Dichotomous choice with
follow-up” questionnaire. J Environ Econ Manage 27:218-234. doi:10.1006/jeem.1994.1035

Cameron TA, Quiggin J (1998) Estimation using contingent valuation data from a “Dichotomous choice with
follow-up” questionnaire: reply. J Environ Econ Manage 35:195-199. doi:10.1006/jeem.1998.1026

Carson RT, Wilks L, Imber D (1994) Valuing the preservation of Australia’s Kakadu conservation zone. Oxf
Econ Pap 46:727-749

Chang K, Ying YH (2005) ‘External benefits of preserving agricultural land: Taiwan’s rice fields. Soc Sci
J42:285-293. doi:10.1016/j.s0s¢ij.2005.03.008

Christie M, Hanley N, Warren J, Murphy K, Wright R, Hyde T (2006) Valuing diversity of biodiversity. Ecol
Econ 58:304-317. doi:10.1016/j.ecolecon.2005.07.034

Deacon RT, Norman CS (2006) Does the environmental Kuznets Curve describe how countries behave. Land
Econ 82(2):291-315

Ebert U (2003) Environmental goods and the distribution of income. Environ Resour Econ 25:435-459. doi: 10.
1023/A:1025052225929

@ Springer


http://dx.doi.org/10.1016/S0921-8009(02)00172-6
http://dx.doi.org/10.1016/j.ecolecon.2005.08.015
http://dx.doi.org/10.1016/j.ecolecon.2005.08.015
http://dx.doi.org/10.1016/S0038-0121(01)00022-2
http://dx.doi.org/10.1016/j.ecolecon.2003.01.001
http://dx.doi.org/10.1017/S1355770X97000193
http://dx.doi.org/10.1017/S1355770X97000193
http://dx.doi.org/10.1080/00343409750131703
http://dx.doi.org/10.2307/3146869
http://dx.doi.org/10.2307/3146869
http://dx.doi.org/10.1016/j.ecolecon.2003.12.006
http://dx.doi.org/10.1016/0921-8009(94)00044-V
http://dx.doi.org/10.2307/1242078
http://dx.doi.org/10.1016/0921-8009(96)00039-0
http://dx.doi.org/10.1007/s10640-005-3104-4
http://dx.doi.org/10.1016/j.ecolecon.2006.11.002
http://dx.doi.org/10.1007/s101130050007
http://dx.doi.org/10.1111/1467-9485.5002003
http://dx.doi.org/10.1006/jeem.1994.1035
http://dx.doi.org/10.1006/jeem.1998.1026
http://dx.doi.org/10.1016/j.soscij.2005.03.008
http://dx.doi.org/10.1016/j.ecolecon.2005.07.034
http://dx.doi.org/10.1023/A:1025052225929
http://dx.doi.org/10.1023/A:1025052225929

158 J. B. Jacobsen, N. Hanley

Flores NE, Carson RT (1997) The Relationship between the income elasticities of demand and willingness to
pay. J Environ Econ Manage 33:287-295. doi:10.1006/jeem.1997.0998

Franco D, Franco D, Mannino I, Zanetto G (2001) The role of agroforestry networks in landscape socioe-
conomic processes: the potential and limits of the contingent valuation method. Landsc Urban Plan
55:239-256. doi:10.1016/S0169-2046(01)00158-X

Garcia-Lopez G (2006) Evaluating the validity of the benefit transfer approach: the case of manatee protection
in Florida and Puerto Rico. Masters Thesis, Department of Land Economy, Cambridge University

Giraud KL, Loomis JB, Johnson RL (1999) Internal and external scope in willingness-to-pay estimates for
threatened and endangered wildlife. J Environ Manage 56:221-229. doi:10.1006/jema.1999.0277

Giraud K, Turcin B, Loomis J, Cooper J (2002) Economic benefit of the protection program for the Steller sea
lion. Mar Policy 26:451-458. doi:10.1016/S0308-597X(02)00025-8

Gong Y (2003) Opportunity cost of local people and WTP of off-site residents for biodiversity conservation
in Fanjingshan National Nature Reserve in China. CCAP Working Paper 04-E1, 39 pp

Greene WH (2002) Econometric analysis, Sth edn. Prentice Hall, New Jersey, 1026 pp

Grossman GM, Krueger AB (1995) Economic growth and the environment. Q J Econ 110:353-377. doi:10.
2307/2118443

Hadker N, Sharma S, David A, Muraleedharan TR (1997) Willingness-to-pay for Borivli National Park:
evidence from a contingent valuation. Ecol Econ 21:105-122. doi:10.1016/S0921-8009(96)00094-8

Hailu A, Adamowicz WL, Boxall PC (2000) Complements, substitutes, budget constraints and valuation.
Environ Resour Econ 16:51-58. doi:10.1023/A:1008328920083

HammittJ, LiuJ-T, Liu J-L (2001) Contingent valuation of a Taiwanese wetland. Environ Dev Econ 6:259-268.
doi:10.1017/S1355770X01000146

Hanley N, Macmillan D, Wright RE, Bullock C, Simpson I, Parsisson D et al (1998a) Contingent valuation
versus choice experiments: estimating the benefits of environmentally sensitive areas in Scotland. J Agric
Econ 49:1-15

Hanley N, Wright RE, Adamowicz V (1998b) Using choice experiments to value the environment. Environ
Resour Econ 11:413-428. doi:10.1023/A:1008287310583

Hanley N, Macmillan D, Patterson I, Wright RE (2003) Economics and the design of nature conservation
policy: a case study of wild goose conservation in Scotland using choice experiments. Anim Conserv
6:123-129. doi:10.1017/S1367943003003160

Heberlein TA, Matthew MA, Bishop RC, Schaeffer NC (2005) Rethinking the scope test as a criterion for
validity in contingent valuation. J Environ Econ Manage 50:1-22. doi:10.1016/j.jeem.2004.09.005

Hokby S, Soderqvist T (2003) Elasticities of demand and willingness to pay for environmental services in
Sweden. Environ Resour Econ 26:361-383. doi:10.1023/B:EARE.0000003581.97411.75

Holmes TP, Bergstrom JC, Huszar E, Kask SB, Orr F (2004) Contingent valuation, net marginal benefits, and
the scale of riparian ecosystem restoration. Ecol Econ 49:19-30. doi:10.1016/j.ecolecon.2003.10.015

Hunter JE, Schmidt FL (2004) Methods of meta-analysis, correcting error and bias in research findings, 2nd
edn. SAGE Publications, London, 582 pp

IMF (2007a) World economic outlook database, September 2006 edition. Downloaded from http://www.imf.
org/external/pubs/ft/weo/2006/02/data/download.aspx on 5 January 2007

IMF (2007b) World Economic Outlook, October 2007, Globalization and inequality. International Monetary
Fund, Washington, 275 pp

Jacobsen JB, Thorsen BJ (2008) Where to put a national park and what to put in it? An a priori study of
the willingness-to-pay for coming national parks. Working paper, Forest & Landscape, Copenhagen
University, 31 pp

Jacobsen JB, Thorsen BJ, Boiesen JH, Anthon S, Tranberg J (2006) Va@rdis@tning af syv mulige nationalparker
iDanmark [ Valuation of seven potential national parks in Denmark], Summary in English, Arbejdsrapport
28. Forest & Landscape, KVL, Frederiksberg, 63 pp

Jakobsson KM, Dragun AK (1996) Contingent valuation and endangered species. Methodological issues and
applications. Edward Elgar, Cheltenham, 269 pp

Jakobsson KM, Dragun AK (2001) The worth of a Possom: valuing species with the contingent valuation
method. Environ Resour Econ 19:211-227. doi:10.1023/A:1011128620388

Johnson RL, Bregenzer NS, Shelby B (1990) Contingent valuation question formats: dichotomous choice
versus open-ended responses, pp 193-204. In: Johnson RL, Johnson GV (eds) Economic valuation
of natural resources. Issues, theory and applications. Social Behaviour and Natural Resource Series.
Westview Press, Boulder, Colorado, USA, 220 pp

Kristrom B, Riera P (1996) Is the income elasticity of environmental improvements less than one? Environ
Resour Econ 7:45-55. doi:10.1007/BF00420426

Krutilla JV, Fisher AC (1975) The economics of natural environments. Studies in the valuation of commodity
and amenity resources, resources for the future. Colorado, Washington, DC

@ Springer


http://dx.doi.org/10.1006/jeem.1997.0998
http://dx.doi.org/10.1016/S0169-2046(01)00158-X
http://dx.doi.org/10.1006/jema.1999.0277
http://dx.doi.org/10.1016/S0308-597X(02)00025-8
http://dx.doi.org/10.2307/2118443
http://dx.doi.org/10.2307/2118443
http://dx.doi.org/10.1016/S0921-8009(96)00094-8
http://dx.doi.org/10.1023/A:1008328920083
http://dx.doi.org/10.1017/S1355770X01000146
http://dx.doi.org/10.1023/A:1008287310583
http://dx.doi.org/10.1017/S1367943003003160
http://dx.doi.org/10.1016/j.jeem.2004.09.005
http://dx.doi.org/10.1023/B:EARE.0000003581.97411.75
http://dx.doi.org/10.1016/j.ecolecon.2003.10.015
http://www.imf.org/external/pubs/ft/weo/2006/02/data/download.aspx
http://www.imf.org/external/pubs/ft/weo/2006/02/data/download.aspx
http://dx.doi.org/10.1023/A:1011128620388
http://dx.doi.org/10.1007/BF00420426

Are There Income Effects on Global Willingness to Pay for Biodiversity Conservation? 159

Kuznets (1955) Economic growth and income inequality. The American Economic Review 49:1-28

Kwak S-J, Yoo S-H, Han S-Y (2003) Estimating the public’s value for urban forest in the Seoul me-
tropolitan area of korea: a contingent valuation study. Urban Stud 40:2207-2221. doi:10.1080/
0042098032000123259

Lehtonen E, Kuulivainen J, Pouta E, Rekola M, Chian-Zhong L (2003) Non-market benefits of forest conser-
vation in southern Finland. Environ Sci Policy 6:195-204. doi:10.1016/S1462-9011(03)00035-2

Ledn CJ (1996) Double bounded survival values for preserving the landscape of natural parks. J Environ
Manage 46:103-118

Lindhjem H (2007) 20 years of stated preference valuation of non-timber benefits from Fennoscandian forests:
a meta-analysis. J For Econ 12:251-277

Lockwood M, Carberry D (1998) Stated preference surveys of remnant native vegetation conservation. Johns-
tone Centre, Report No. 104, Albury, 30 pp

Loomis JB (1987) Expanding contingent value sample estimates to aggregate benefit estimates: current prac-
tices and proposed solutions. Land Econ 63:396—402. doi:10.2307/3146296

Loomis JB, White DS (1996) Economic benefits of rare and endangered species: summary and meta-analysis.
Ecol Econ 18:197-206. doi:10.1016/0921-8009(96)00029-8

Loomis JB, Gonzales-Caban A (1998) A willingness-to-pay function for protecting acres of spotted owl habitat
from fire. Ecol Econ 25:315-322. doi:10.1016/S0921-8009(97)00044-X

Loomis J, Lockwood M, DeLacy T (1993) Some empirical evidence on embedding effects in contingent
valuation of forest protection. J Environ Econ Manage 24:45-55. doi:10.1006/jeem.1993.1025

Loomis JB, Kent P, Strange L, Fausch K, Covich A (2000) Measuring the total economic value of restoring
ecosystem services in an impaired river basin: results from a contingent valuation survey. Ecol Econ
33:103-117. doi:10.1016/S0921-8009(99)00131-7

Macmillan DC, Duff EI, Elston DA (2001) Modelling the non-market environmental costs and benefits of
biodiversity projects using contingent valuation data. Environ Resour Econ 18:391-410. doi:10.1023/A:
1011169413639

McPherson MA, Nieswiadomy ML (2005) Environmental Kuznets curve: threatened species and spatial
effects. Ecol Econ 55:395-407. doi:10.1016/j.ecolecon.2004.12.004

Metrick A, Weitzman ML (1994) Patterns of behavior in biodiversity preservation. The World Bank Policy
Research Working Paper 1358, 36 pp

Mitchell RC, Carson RT (1989) Using surveys to value public goods, The contingent valuation method.
Resources for the Future, Washington DC, 463 pp

Munro A (2005) Household willingness to pay equals individual willingness to pay if and only if the household
income pools. Econ Lett 88:227-230. doi:10.1016/j.econlet.2005.02.011

Nyborg K (2000) Homo Economicus and Homo Politicus: interpretation and aggregation of environmental
values. J Econ Behav Organ 42:305-322. doi:10.1016/S0167-2681(00)00091-3

Pang F, Drummond M, Song F (1999) The use of meta-analysis in economic valuation. Discussion Paper 173,
Centre for Health Economics, The University of York, 25 pp

Pate J, Loomis L (1997) The effect of distance on willingness to pay values: a case study of wetlands and
salmon in California. Ecol Econ 20:199-207. doi:10.1016/S0921-8009(96)00080-8

Poe GL, Boyle KJ, Bergstrom JC (2000) A meta analysis of contingent values for groundwater quality in the
United States. In: 10th Annual conference of the European association of environmental and resource
economists, 30 June-2 July, University of Crete, Greece

Reaves DW, Kramer RA, Holmes TP (1999) Does question format matter? Valuing endangeres species. Environ
Resour Econ 14:365-383. doi:10.1023/A:1008320621720

Richer J (1995) Willingness to pay for desert protection. Contemp Econ Policy 13:93-104

Riera P, Mogas J, Bennett J (2008) Forest value inference using contingent valuation and choice experiments.
In: Birol E, Koundouri P (eds) Choice experiments informing European environmental policy. Edward—
Elgar Publishing, Wally Oates and Henk Folmer’s ‘New Horizons in Environmental Economics’ Series,
Cheltenham, UK, 368 pp

Rondeau D, Schulze W, Poe G (1999) Voluntary revelation of the demand for public goods using a provision
point mechanism. J Public Econ 72:455—470. doi:10.1016/S0047-2727(98)00104-2

Rosenberger RS, Loomis JB (2000) Panel stratification in meta-analysis of economic studies: an investigation
of its effects in the recreation valuation literature. J Agric Appl Econ 32:459-470

Schldpfer F (2006) Survey protocol and income effects in the contingent valuation of public goods: a meta-
analysis. Ecol Econ 57:415-429. doi:10.1016/j.ecolecon.2005.04.019

Shechter M, Reiser B, Zaitsev N (1998) Measuring passive use value, pledges, donations and CV responses
in connection with an important natural resource. Environ Resour Econ 12:457-478. doi:10.1023/A:
1008397411466

@ Springer


http://dx.doi.org/10.1080/0042098032000123259
http://dx.doi.org/10.1080/0042098032000123259
http://dx.doi.org/10.1016/S1462-9011(03)00035-2
http://dx.doi.org/10.2307/3146296
http://dx.doi.org/10.1016/0921-8009(96)00029-8
http://dx.doi.org/10.1016/S0921-8009(97)00044-X
http://dx.doi.org/10.1006/jeem.1993.1025
http://dx.doi.org/10.1016/S0921-8009(99)00131-7
http://dx.doi.org/10.1023/A:1011169413639
http://dx.doi.org/10.1023/A:1011169413639
http://dx.doi.org/10.1016/j.ecolecon.2004.12.004
http://dx.doi.org/10.1016/j.econlet.2005.02.011
http://dx.doi.org/10.1016/S0167-2681(00)00091-3
http://dx.doi.org/10.1016/S0921-8009(96)00080-8
http://dx.doi.org/10.1023/A:1008320621720
http://dx.doi.org/10.1016/S0047-2727(98)00104-2
http://dx.doi.org/10.1016/j.ecolecon.2005.04.019
http://dx.doi.org/10.1023/A:1008397411466
http://dx.doi.org/10.1023/A:1008397411466

160 J. B. Jacobsen, N. Hanley

Smith VK, Kaoru Y (1990) Signals or noise? Explaining the variation in recreation benefit estimates. Am J
Agric Econ 72:419-433. doi:10.2307/1242344

Smith VK, Osborne LL (1996) Do contingent valuation estimates pass a “scope” test? A meta-analysis. J
Environ Econ Manage 31:287-301. doi:10.1006/jeem.1996.0045

Solomon BD, Corey-Luse CM, Halvorsen KE (2004) The Florida manatee and eco-tourism: toward a safe
minimum standard. Ecol Econ 50:101-115. doi:10.1016/j.ecolecon.2004.03.025

Spanniks F, Hoevenagel R (1995) Temporal embedding in contingent valuation: evidence from a study inves-
tigating the value of Wildlife Management in Agricultural Areas. In: Proceedings from the Sixth Annual
Conference of the European Association of Environmental and Resource Economists, Umea, Sweden,
June 18-20, 1995

Streever WJ, Callaghan-Perry M, Searles A, Stevens T, Svoboda P (1998) Public attitudes and values for
wetland conservation in New South Wales, Australia. J Environ Manage 54:1-14. doi:10.1006/jema.
1998.0224

Subade RF (2005) Valuing biodiversity conservation in a world heritage site. Citizens Non-use B values for
Tubbataha Reefs National Marine Park, Philippines. Economy and Environmental Program for Southeast
Asia, Research Report No. 2005-RP4, 68 pp

Tsuge T, Washida T (2003) Economic valuation of the Seto Inland Sea by using an Internet CV survey. Mar
Pollut Bull 47:230-236. doi:10.1016/S0025-326X(03)00058-4

Turpie JK (2003) The existence value of biodiversity in South Africa: how interest, experience, knowledge,
income and perceived level of threat influence local willingness to pay. Ecol Econ 46:199-216. doi:10.
1016/S0921-8009(03)00122-8

van den Bergh J, Button KJ, Nijkamp P, Pepping GC (1997) Meta-analysis in environmental economics.
Economy & Environment. Kluwer Academic Publishers, 240 pp

Veisten K, Hoen HF, Navrud S, Strand J (2004) Scope insensitivity in contingent valuation of complex
environmental amenities. J Environ Manage 73:317-331. doi:10.1016/j.jenvman.2004.07.008

Walsh RG, Loomis JB, Gillman RA (1984) Valuing option, existence, and bequest demands for wilderness.
Land Econ 60:14-29. doi:10.2307/3146089

Welsh MP, Poe GL (1998) Elicitation effects in contingent valuation: comparisons to a multiple bounded
discrete choice approach. J Environ Econ Manage 36:170-185. doi:10.1006/jeem.1998.1043

White PCL, Gregory KW, Lindley PJ, Richards G (1997) Economic values of threatened mammals in Britain:
a case study of the otter Lutra lutra and the water vole Arvicola terrestris. Biol Conserv 82:345-354.
doi:10.1016/S0006-3207(97)00036-0

White PCL, Bennett AC, Hayes EJV (2001) The use of willingness-to-pay approaches in mammal conservation.
Mammal Rev 31:151-167. doi:10.1046/j.1365-2907.2001.00083.x

Woodward RT, Wui Y-S (2001) The economic value of wetland services: a meta-analysis. Ecol Econ 37:257—
270. doi:10.1016/S0921-8009(00)00276-7

Zhongmin X, Guodong C, Zhigiang Z, Zhiyong S, Loomis J (2003) Applying contingent valuation in China to
measure the total economic value of restoring ecosystem services in Ejina region. Ecol Econ 44:345-358.
doi:10.1016/S0921-8009(02)00280-X

@ Springer


http://dx.doi.org/10.2307/1242344
http://dx.doi.org/10.1006/jeem.1996.0045
http://dx.doi.org/10.1016/j.ecolecon.2004.03.025
http://dx.doi.org/10.1006/jema.1998.0224
http://dx.doi.org/10.1006/jema.1998.0224
http://dx.doi.org/10.1016/S0025-326X(03)00058-4
http://dx.doi.org/10.1016/S0921-8009(03)00122-8
http://dx.doi.org/10.1016/S0921-8009(03)00122-8
http://dx.doi.org/10.1016/j.jenvman.2004.07.008
http://dx.doi.org/10.2307/3146089
http://dx.doi.org/10.1006/jeem.1998.1043
http://dx.doi.org/10.1016/S0006-3207(97)00036-0
http://dx.doi.org/10.1046/j.1365-2907.2001.00083.x
http://dx.doi.org/10.1016/S0921-8009(00)00276-7
http://dx.doi.org/10.1016/S0921-8009(02)00280-X

	Are There Income Effects on Global Willingness to Pay for Biodiversity Conservation?
	Abstract
	1 Introduction
	2 Determinants of the Demand for Environmental Quality
	3 Meta-analyses in Environmental Valuation
	4 Collection of Data
	5 Analysis and Results
	6 Discussion
	7 Concluding Remarks
	Acknowledgements


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


