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Abstract
I study how the economic value of a heterogeneously distributed environmental public 
good depends on how the endowment with this good and income are distributed. I find 
that the effect of environmental inequality on the societal willingness to pay (WTP) for the 
environmental good is determined both by its substitutability and by the correlation of its 
provision with income. Specifically, environmental inequality decreases societal WTP for 
substitutes, but this effect is reversed if the environmental good is a complement or distrib-
uted strongly in favour of richer households. Moreover, I show that richer households liv-
ing in places where environmental good endowment is high increases (decreases) societal 
WTP if and only if the environmental good is a substitute for (complement to) consump-
tion goods. I propose novel adjustment factors for structural benefit transfer to control for 
differences in the spatial distribution of environmental goods. Using forest preservation 
in Poland as an empirical example, I find that societal WTP is up to 4% higher for equal 
access to forests and up to 8% higher for an equal distribution of both income and access to 
forests.

Keywords  Inequality · WTP · Heterogeneously distributed public good · Spatial 
distribution · Benefit transfer · Forest ecosystem services

JEL Classification  D63 · Q51

1  Introduction

Environmental policy making is increasingly informed by economic values assigned to 
non-market environmental goods (e.g. OECD 2018), which are often distributed highly 
unequal among households. For instance, Boyce et  al. (2016) recently found that expo-
sure to industrial air pollution in the United States is even more unequally distributed than 
income. In many cases such environmental inequalities reinforce prevailing economic ine-
qualities: For centuries, wealthy citizens have tended to live in areas where environmental 
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quality is high, while pollution has been burdened disproportionately on poor citizens.1 
As biodiversity change and the loss of many environmental goods is accelerating (IPBES 
2019; Baumgärtner et al. 2015; Butchart et al. 2010; MEA 2005) and income is distributed 
increasingly unequal in most parts of the world (Alvaredo et al. 2017), it is timely to study 
the interplay of environmental and income inequalities.

The monetary valuation of non-market goods has become a central challenge for envi-
ronmental economics. So far, however, valuation studies have paid little attention to the 
implications of environmental inequalities and their (spatial) coupling with income ine-
qualities (Drupp et al. 2018). Recently, Baumgärtner et al. (2017a) presented a model of 
how the distribution of income affects the societal value of a homogeneously distributed 
public good at the stage of aggregating individual values. For an equal preference model 
set-up in which all households are endowed with the same level of an environmental good 
but differ in exogenously given income, they find that societal willingness to pay (WTP) 
decreases (increases) with income inequality if and only if the environmental good is a 
substitute for (complement to) manufactured consumption goods. As the majority of 
environmental goods considered in non-market valuation are unevenly distributed across 
households, it is crucial to extend this model framework to heterogeneously distributed 
public goods and to analyze how environmental inequalities affect societal WTP.

In this paper, I study how the joint distribution of exposure and income—and in par-
ticular, environmental and income inequality—affect the value of a public good. I present a 
model of societal WTP for an environmental public good where households differ in both 
environmental good endowment and income.2 Taking the homogenous public good model 
of Baumgärtner et al. (2017a) as point of departure, I assume (a) households to have identi-
cal preferences regarding a manufactured private consumption good and an exogenously 
given environmental good represented by a constant elasticity of substitution (CES) utility 
function, and (b) differ in log-normally distributed household income. I extend their model 
to the case of heterogeneously distributed public goods by assuming (c) that households 
are heterogeneous in their endowment with a rationed environmental good, represented by 
a log-normal distribution. While the later is certainly an approximation, the assumption of 
log-normality reflects that the access or exposure to environmental goods across house-
holds is in many cases strongly right-skewed and positive. This model setting allows to 
study the novel aspects of environmental inequality and the correlation of environmental 
good endowment with income as determinants of societal WTP.

I find that the distribution of the environmental good—and how this is correlated with 
income—affects societal WTP. In particular, I show that (1) the effect of environmental 
and income inequality on societal WTP is determined by whether the environmental good 
is a substitute for or a complement to manufactured consumption goods and by how envi-
ronmental good endowment is correlated with income; (2) a higher correlation between 
income and environmental good endowment, i.e. richer households enjoying more of the 
environmental good, increases (decreases) societal WTP if and only if the environmental 
good is a substitute for (complement to) manufactured consumption goods. Based on these 

1  For instance, Lee and Lin (2018) show that in the period from 1880 to 2010, U.S. metropolitan neighbor-
hoods close to environmental amenities increase in income over time, and that cities with a pronounced het-
erogeneous distribution of natural amenities are also characterized by a persistent heterogeneous spatial dis-
tribution of income. Heblich et al. (2018) show that in 90 English cities, air pollution around 1880 explains 
a large share of both the historical and current spatial income distribution.
2  Societal WTP in this paper is measured as the sum, or equivalently the mean, of individual WTPs.
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theoretical insights, I derive theory-based adjustment factors for benefit transfer to account 
for differences in the distribution of environmental goods and income. Finally, an appli-
cation to forest preservation in Poland illustrates economic effect sizes of the proposed 
adjustments in the range of several percentage points.

My research adds in particular to two strands of literature: First, I contribute to the 
development of theory-based (‘structural’) methods for spatial benefit transfer. Practical 
policy analysis usually draws on monetary values from past studies to inform policy mak-
ing in a different context (OECD 2018), which is commonly referred to as ‘benefit transfer’ 
or ‘value transfer’. As the associated errors are often large, several scholars have argued 
that benefit transfers should be based more firmly in micro-economic theory (Bateman 
et  al. 2011; Smith et  al. 2002). Indeed, benefit transfer functions specified purely based 
on statistical fit, might be theoretically inconsistent (Moeltner 2019; Newbold et al. 2018). 
Recently, there has been a growing interest in spatially explicit approaches to benefit trans-
fer (e.g. Kuminoff 2018; Turner 2017; Perino et al. 2014; Brander et al. 2012). In the pre-
sent paper, I add to this literature by developing a structural benefit transfer approach for 
the valuation of spatially distributed environmental public goods.

Second, I contribute to the literature on spatial inequality and neighborhood sorting. 
My analysis is thus related to Brueckner et al. (1999), Lee and Lin (2018), Heblich et al. 
(2018), who show that environmental amenities induce neighborhood sorting, with higher-
income households sorting into neighborhoods where environmental quality is high. In a 
seminal paper Epple and Platt (1998) firstly developed a more general neighborhood sort-
ing model where households differ in both income and preferences,3, resulting in two-
dimensional household stratification. In this class of models, conditional on preferences, 
richer households sort into places with higher environmental good endowment. The cor-
relation between environmental quality and socio-demographic variables such as income 
has been scrutinized under the headline of ‘environmental justice’ for decades (e.g. Ash 
and Fetter 2004; Banzhaf et al. 2019). Here, I link the societal valuation of environmen-
tal amenities to sorting by analyzing differences in the correlation between environmental 
goods and income.

The remainder is structured as follows. I present the model in Sect. 2, and the results 
from the model analysis in Sect. 3. An empirical application for a forest protection policy 
in Poland is presented in Sect. 4. I discuss limitations of my analysis in Sect. 5 and con-
clude in Sect. 6. The appendix contains all formal proofs.

2 � Model

I extend the homogenous public good model developed in Baumgärtner et al. (2017a) to 
make it applicable to spatially heterogeneously distributed public goods. Consider a soci-
ety that consists of a continuum of households. This might be a city, region, or country. 
There is a single environmental amenity providing an environmental good that households 
enjoy at different levels. Several households might be endowed with the same level of 
the environmental good.4 A household i derives utility by consuming two goods: a pri-
vate, manufactured consumption good, Xi > 0 , traded on a market at price P > 0 , and the 

3  Epple and Sieg (1999) provide a first empirical estimation of this model. For an application to ozone con-
centrations see Smith et al. (2004). Kuminoff et al. (2013) give an overview on this literature.
4  By ‘environmental good’ I refer to all types of goods and services people receive from nature. In the 
following, I study an environmental good that is public, i.e. non-excludable and non-rival, and heterogene-
ously distributed over space so that exposure or access varies across households within a society. My analy-
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non-market-traded, public environmental good, Ei > 0 . The household cannot choose the 
level of the environmental good, which is exogenously fixed at quantity Ei . Household 
i’s endowment with the environmental good, Ei , might be measured in physical units, for 
example ‘parts per million’, ‘park area density’ or ‘distance to the nearest environmental 
amenity’ such as an urban park or forest.

Households have equal preferences regarding these two goods, represented by a con-
stant elasticity of substitution (CES) utility function

where � ∈ (0,+∞) is the constant elasticity of substitution between the market-traded 
consumption good and the non-market-traded environmental good. The other preference 
parameter � ∈ (0, 1) measures the weight of the consumption good relative to the envi-
ronmental good in the household’s overall utility. The CES utility function is the simplest 
preference representation that is still rich enough to study different degrees of substitutabil-
ity in the consumption of the environmental good and manufactured goods. It contains the 
cases where both are substitutes ( 𝜃 > 1 ), Cobb-Douglas ( � = 1 ) and complements ( 𝜃 < 1).

To obtain the virtual price or marginal WTP, � , for the environmental good, I draw 
on the “standard […] rationed model of consumption” (Flores and Carson 1997, p. 288), 
where a public good is consumed in fixed quantity. One may consider the hypothetical 
decision problem, where Household i’s maximizes utility from a freely-chosen aggregated 
consumption good, Xi , subject to a budget constraint given by their income, Yi > 0 , and 
to the exogenously fixed level Ei (cf. Flores and Carson 1997, p. 288; Ebert 2003, p. 439; 
Baumgärtner et al. 2017a, Eq. 2):5 

Marginal WTP can then be derived from household i’s indirect utility function at the 
currently enjoyed level of the environmental good, Ei , the market prices of consumption 
goods, P, and income, Yi (see Appendix 1.1). As only a single, aggregated consumption 
good Xi is considered here, Eq. (2) implies that the household spends all income on Xi.

Equivalently, this marginal WTP can be obtained by considering the hypothetical choice 
problem, where household i chooses both Xi and Ei to maximize utility subject to a hypo-
thetical (or virtual) budget constraint and constant income (Flores and Carson 1997, p. 289; 
Ebert 2003, Eq. 1):

(1)U(Xi,Ei) =

(
�X

�−1

�

i
+ (1 − �)Ei

�−1
�

) �

�−1

,

(2)max
Xi

U(Xi) s.t. PXi = Yi, Ei fixed.

5  To save on notation, I use Ei to denote both the variable ‘household i’s endowment with the environmen-
tal good’ and the actual consumed quantity, as the consumed quantity Ei is fixed throughout the main analy-
sis (see “Appendix 1.7” for how this assumption might be relaxed).

Footnote 4 (continued)
sis therefore applies mainly to use values as opposed to non-use values, which generally do not depend on 
exposure or access. For example, one may think of regulatory ecosystem services such as clean air and cul-
tural ecosystem services such as recreation opportunities provided by urban green spaces or forests. For the 
sake of brevity, I only refer to E as environmental good in the following. Nevertheless, the analysis equally 
holds for a reduction in environmental bads, such as local air pollution or environmental disamenities such 
as hazardous waste sites or highways.
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where Ŷi = Yi + 𝜔Ei as the household does not actually pay for Ei in this hypothetical deci-
sion. The marginal WTP (so called ‘Lindahl price’), � , is the price the household would 
have been willing to pay if the level of the environmental good that the household enjoys, 
Ei , had been freely chosen on a hypothetical market.

Following Aaron and McGuire (1970), Ebert (2003) and Baumgärtner et  al. (2017a) 
I define household i’s total WTP for the environmental good at level Ei as the marginal 
WTP, � , per unit of the environmental good at level Ei times the enjoyed quantity of Ei : 
WTP(Yi,Ei) ∶= �(Yi,Ei)Ei . This benefit or value concept is suitable for applications, 
where the whole environmental good is valued with a single price, as common in natu-
ral capital accounting (e.g. United Nations et  al. 2014) or applied benefit transfer (e.g. 
European Commission 2013). Defined this way, total WTP provides an income-equivalent 
measure (cf. Aaron and McGuire 1970), that does not include consumer surplus and allows 
direct comparison of the distribution of environmental benefits and income (Ebert 2003). 
Since income equals the price times the quantity of the private goods consumed, Yi = PXi , 
total WTP, defined also as (Lindahl) price times (environmental good) quantity, follows the 
same logic as the evaluation of private goods and gives a measure in income (Ebert 2003).6

For the CES utility function, household i’s total WTP for the environmental good at 
level Ei can be expressed as a function of income, Yi , price level, P, and preference param-
eters, � and � , as follows (“Appendix 1.1”):

is the marginal WTP for the environmental good. Equation (4) implies that the elasticity 
of substitution, � , between the manufactured consumption good, Xi , and the environmen-
tal good, Ei , is the inverse of the income elasticity of WTP, � , which consequently is also 
constant.7 As most approaches to benefit transfer are based on a constant income elasticity 
of WTP, this property makes the CES utility framework the preferred functional form to 
deduct benefit transfer factors in the following. While the inverse relationship, � = 1∕� , 
plays no role for the remainder theoretical analysis, it eases interpretations and is handy for 
empirical applications (see Sect. 4) as � is not directly observable.8

Recall that households have heterogeneous exposure to the environmental good, which 
they enjoy at different exogenously fixed levels Ei . In order to model this heterogeneous dis-
tribution, I assume that the environmental good is unevenly and continuously distributed over 
households, represented by a log-normal distribution,

(3)max
Xi,Ei

U(Xi,Ei) s.t. PXi + 𝜔Ei = Ŷi,

(4)WTP(Yi,Ei) = w(Yi,Ei)Ei, where w(Yi,Ei) =
1 − �

�
P

�−1

� E
−1∕�

i
Y
1∕�

i

6  The appropriate value or benefit measure depends on the purpose of valuation. Alternatively, total ben-
efits from consuming Ei could be measured by a Hicksian welfare measure like compensating or equiv-
alent variation. These would be suitable for applications, where, among others, consumer surplus is 
of interest. I show in “Appendix  1.10”, that total WTP defined as compensating surplus is given as 
WTP(Yi,Ei) =

�(Yi ,Ei)

P
dEi , where dEi is the marginal change in Ei.

7  The relationship � = 1∕� for CES preferences is already well established (Baumgärtner et  al. 2017a; 
Ebert 2003; Kovenock and Sadka 1981). Ebert (2003) has shown that for a general ordinal utility function 
U(Xi,Ei) , the income elasticity of WTP, � , depends inversely of the elasticity of substitution, � , between Xi 
and Ei and is proportional to the income elasticity of demand, � , for Ei , i.e. � = �∕� (see Ebert 2003, Result 
9, p. 451). For CES preferences the income elasticity of demand equals one, � = 1.
8  In contrast to � , the income elasticity of WTP, � , has been elicited in a number of stated preference stud-
ies and mostly found to be below unity (Drupp 2018; Kriström and Riera 1996).
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where 𝜇E > 0 is the mean level of the environmental good and �E is the spread of environ-
mental good endowment across households. The frequency of households having access or 
exposure to a certain level of the environmental good is given by the corresponding density 
function. Assuming a log-normal distribution reflects that the endowment with environ-
mental goods is positive and that some households in society enjoy a higher level of the 
environmental good than the majority of households—for instance, households living very 
close to environmental amenities. The assumption of log-normality is in line with empiri-
cal evidence that in many cases environmental good endowment is strongly right-skewed 
(see Sect. 5).

Households are also heterogeneous in income, represented by a log-normal distribution

where 𝜇Y > 0 is the level of mean income and �Y is the spread of the income distribution in 
the society. Empirical evidence supports this assumption of log-normality as a fairly good 
approximation for many national income distributions as well as the global distribution of 
income (Pinkovskiy and Sala-i-Martin 2009).

In this setting, society’s mean WTP (or ‘sociatel WTP’), �WTP , for the environmental 
good can be formulated as expected value

where fln(Y ,E;�Y , �Y ,�E, �E, �) is the continuous density function of the bivariate log-nor-
mal distribution for income, Y - with mean �Y and standard deviation �Y—and the environ-
mental good, E—with mean �E and standard deviation �E—and their correlation, �.

The density function of the bivariate log-normal distribution is (e.g. Yue 2000)

where � ∈ (−1, 1) is the product-moment correlation coefficient of Y and E.9 The bivariate 
log-normal distribution contains the cases where income and endowment with the envi-
ronmental good are positively correlated ( 𝜌 > 0 ), negatively correlated ( 𝜌 < 0 ), or distrib-
uted independently ( � = 0 ). While all three cases seem plausible, several empirical stud-
ies report a positive correlation between income and the endowment with environmental 

(5)Ei ∝ ln(�E; �
2
E
),

(6)Yi ∝ ln(�Y ; �
2
Y
),

(7)�WTP(�Y , �Y ,�E, �E, �) =

∞

∫
0

∞

∫
0

fln(Y ,E; �Y , �Y ,�E, �E, �)WTP(Y ,E) dY dE,

(8)

fln(Y ,E;�Y , �Y ,�E, �E, �)

=

exp
[
−

1

2(1−�2)

(
(ln(Y)−mY )

2

s2
Y

− 2�
ln(Y)−mY

sY

ln(E)−mE

sE
+

(ln(E)−mE)
2

s2
E

)]

2� Y E

√
s2
Y
s2
E
(1 − �2)

,

(9)with mj = ln(�j) −
1

2
ln

(
1 +

�2
j

�2
j

)
, s2

j
= ln

(
1 +

�2
j

�2
j

)
, j ∈ {Y ,E},

9  The product-moment correlation coefficient (often also referred to as Pearson correlation coefficient), � , 
is defined as �(Y ,E) = �[(Y−�Y )(E−�E )]

�Y�E
 , where �[⋅] is the expected value. Applied to a sample with 

{Y1,… ,YN} and {E1,… ,EN} , the sample Pearson correlation coefficient, r, is r =
∑N

1
(Yi−�Y )(Ei−�E )√∑N

1
(Yi−�Y )

2

√∑N

1
(Ei−�E )

2

 , 

where �Y and �E are the sample means.
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goods such as urban green spaces (Jensen et al. 2016; Tan and Samsudin 2017) or air qual-
ity (Ash and Fetter 2004; Hsiang et al. 2019).

Mean WTP can then be expressed as a function of the moments—�Y , �Y ,�E, �E, �—of 
the distribution of income and environmental good endowment (see Appendix 1.2):

where the coefficients of variation CVY ∶=
�Y

�Y

 and CVE ∶=
�E

�E

 describe the spread of the 
distribution of income and the environmental good relative to their mean level. In the fol-
lowing I employ CVY and CVE as measures for relative income inequality and relative envi-
ronmental inequality, respectively.10 When all households are exposed to the same amount 
of the environmental good, i.e. �E = 0 or equivalently CVE = 0 , mean WTP for the envi-
ronmental good in Eq.  (10), reduces to the case of a homogeneously distributed public 
good, ∀i ∶ Ei = E , studied by Baumgärtner et al. (2017a).

When income and environmental good endowment are distributed independently, � = 0 , 
then the last term in Eq.  (10) becomes one, Ψ(CVY , CVE, �) = 1 , and the expression for 
mean WTP reduces to

which is an import special case as the terms for income inequality and environmental ine-
quality factorize. It follows directly that the key result of Baumgärtner et  al. (2017a) on 
how income inequality affects mean WTP for homogeneously distributed public goods can 
be generalized to heterogeneously distributed public goods that are distributed indepen-
dently of income.

In the following, I conduct comparative statics with respect to marginal changes in 
income inequality, CVY , and in the distribution of the environmental good ( CVE , � ). Mar-
ginal changes in the distribution of the environmental good can be understood as various 
stylized, not explicitly modelled environmental policies: Increases (decreases) in CVE can 
be interpreted as environmental policies that decrease (increase) equity in the endowment 
with environmental goods. Increases (decreases) in � can be interpreted as environmental 
policies that increase (decrease) the endowment of richer households with environmen-
tal goods relative to poorer households or as the effect of some exogenous, not-modelled 
neighborhood sorting.

(10)

�WTP(�Y , CVY ,�E, CVE, �) =
1 − �

�
P

�−1

� �
1

�

Y

(
1 + CV2

Y

) 1−�

2�2 �
�−1

�

E

(
1 + CV2

E

) 1−�

2�2 Ψ

with Ψ(CVY , CVE, �) ∶= exp

[
�
� − 1

�2

√
ln
(
1 + CV2

E

)
ln
(
1 + CV2

Y

)]
,

(11)�ind
WTP

(�Y , CVY ,�E, CVE) =
1 − �

�
P

�−1

� �
1

�

Y

(
1 + CV2

Y

) 1−�

2�2 �
�−1

�

E

(
1 + CV2

E

) 1−�

2�2 ,

10  In the remainder I focus on the coefficient of variation as measure of spread to facilitate comparisons 
between environmental and income inequality. Thus, I conduct a variable transformation where �j is 
replaced by a function CVj(�j) which scales �j by �j with j ∈ Y ,E.
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3 � Results of Model Analysis

3.1 � Societal WTP for the Heterogeneously Distributed Environmental Good

I am now prepared to study how mean WTP for the environmental good, �WTP [Eq. (10)], 
changes with a marginal change in (1) income inequality, CVY , (2) environmental inequal-
ity, CVE , or (3) the correlation between income and environmental good endowment, � . 
While I report all results for the elasticity of substitution, these could also be interpreted for 
the income elasticity of WTP by simply substituting � = 1∕�.

Question 1  How does income inequality affect society’s mean WTP for the environmen-
tal good?

First, I am interested in how the mean WTP for the environmental good changes with 
a marginal change in income inequality or environmental inequality. I assume that there 
is some inequality in income and the some heterogeneity in environmental good endow-
ment, CVY , CVE > 0 . These assumptions are necessary to differentiate mean WTP given in 
Eq. (10) with respect to income inequality, CVY , and environmental inequality, CVE . Note 
that I assume the correlation between income and the exposure to the environmental good 
to remain unchanged, while evaluating the sign of the mean WTP function for a marginal 
change in income inequality or environmental inequality. I conduct this stepwise for the 
case that the distribution of the environmental good is correlated with income ( � ≠ 0 ) and 
for the important special case that the environmental good and income are distributed inde-
pendently ( � = 0 ), which generates simpler results.

Proposition 1  Mean WTP for the environmental good, �WTP , decreases (increases) with 
relative income inequality, CVY , if and only if the environmental good and the private con-
sumption good are substitutes (complements) and their point correlation is lower than a 
weighted ratio of income inequality and environmental inequality, or the environmental 
good and the private consumption good are complements (substitutes) and their point cor-
relation is higher than a weighted ratio of income inequality and environmental inequality.

where a ∶=

√
ln(1+CVY

2)

ln(1+CVE
2)

 and � ≠ 0.

Proof  See Appendix  1.3. 	�  ◻

Proposition 1 states that the effect of income inequality on mean WTP is determined 
both by whether the environmental good is a substitute for or a complement to the manu-
factured consumption good and by the correlation of environmental good endowment and 
income in the society. Compared to the case of homogeneously distributed public goods, 
which is a special case in my analysis, the latter is an additional determinant for heteroge-
neously distributed public goods. It shows that the key result of Baumgärtner et al. (2017a) 
that mean WTP for environmental goods decreases (increases) with income inequality if 

(12)
𝜕 𝜇WTP(𝜇Y , CVY ,𝜇E, CVE, 𝜌)

𝜕 CVY

⋚ 0 if and only if

⎧
⎪⎨⎪⎩

𝜃 > 1, 𝜌 < a or 𝜃 < 1, 𝜌 > a

𝜃 = 1 or 𝜌 = a

𝜃 < 1, 𝜌 < a or 𝜃 > 1, 𝜌 > a

,
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and only if the environmental good and the private consumption good are substitutes (com-
plements) applies only to heterogeneously distributed public goods when the correlation 
with income is lower than a weighted ratio of income inequality and environmental ine-
quality, 𝜌 < a . For cases where the correlation between income and the environmental good 
is strongly positive, 𝜌 > a , the reverse might be true: mean WTP increases (decreases) with 
income inequality if and only if the environmental good and the private consumption good 
are substitutes (complements).

The threshold a thereby captures how unequal a society’s income distribution is rela-
tive to the provision of environmental goods. The parameter a is above unity when income 
inequality is relatively larger, CVY > CVE , but below unity when environmental inequality 
is relatively larger, CVY < CVE . I will now briefly discuss both cases in turn.

First, if income inequality is weakly greater than environmental inequality, CVY ≥ CVE , 
it follows directly that 𝜌 < 1 ≤ a as � ∈ (−1, 1) . Thus for income inequality being weakly 
greater than environmental inequality, CVY ≥ CVE—as for homogeneously distributed 
public goods—mean WTP always decreases (increases) with income inequality for substi-
tutes (complements). Second, for the case of income inequality being lower than environ-
mental inequality, CVY < CVE , the effect of income inequality depends on the correlation, 
� . When poorer households are endowed with a comparably high level of the environ-
mental good 𝜌 < 0 , then it generally holds that 𝜌 < 0 < a as a > 0 . Thus, also if income 
and environmental good provision are negatively correlated, 𝜌 < 0 , the effect of income 
inequality on mean WTP is as above. Only in the case of the environmental good being 
distributed more unequally than income CVY < CVE and richer households enjoying com-
parably high levels of the environmental good 𝜌 > a > 0 can the effect of income inequal-
ity become the reverse. Note that the more unequal the provision of environmental goods 
relative to the distribution of income, the lower a becomes and the less strongly positive 
the correlation, � , needs to be to end up in the case where societal WTP goods increases 
(decreases) with income inequality for substitutes (complements).

The rationale behind the reverse effect of income inequality on mean WTP in the case 
of a strongly positive correlation and relatively high environmental inequality is as follows: 
A decrease in income inequality means that at least one of the poorer households is better 
off, while at least one of the richer households is worse off and mean income in the society 
remains unchanged. This has two opposing effects. First, the environmental good being 
a substitute for consumption goods is equivalent to an income elasticity of WTP being 
below unity, i.e. richer households are willing to pay a smaller share of their income than 
poorer households for the environmental good. A reduction of income inequality therefore 
increases mean WTP, as the gains in WTP of the poorer household overcompensate for 
the losses in WTP of the richer household. Second, a positive correlation between income 
and the environmental good means that households with higher incomes enjoy more of the 
environmental good than households with lower incomes. For substitutes, a higher endow-
ment with the environmental good contributes to a higher WTP, and thus for a positive 
correlation, to a higher WTP of richer households relative to their income. Through this 
second channel of the ’environmental-endowment-income-correlation’ effect, reducing 
income inequality decreases mean WTP. Hence, in cases where the environmental good 
provision is more unequal than the distribution of income, the second effect might out-
weigh the first if the correlation between income and environmental good provision is suf-
ficiently strong.



244	 J. N. Meya 

1 3

Question 2  How does environmental inequality affect society’s mean WTP for the envi-
ronmental good?

Proposition 2  Mean WTP for the environmental good, �WTP , decreases (increases) with 
relative environmental inequality, CVE , if and only if the environmental good and the pri-
vate consumption good are substitutes (complements) and their point correlation is lower 
than a weighted ratio of environmental and income inequality, or the environmental good 
and the private consumption good are complements (substitutes) and their point correla-
tion is larger than a negative weighted ratio of environmental and income inequality.

where b ∶=

√
ln(1+CVE

2)

ln(1+CVY
2)
= a−1 and � ≠ 0.

Proof  See Appendix 1.4. 	�  ◻

Proposition 2 depicts that for heterogenously distributed environmental goods, environ-
mental inequality has a similar effect on mean WTP as income inequality. The effect of 
environmental inequality on the mean WTP is determined both by whether the environ-
mental good is a substitute for or complement to manufactured consumption goods and by 
how the correlation between environmental goods and income in the population of house-
holds, � , is related to the extent of environmental inequality relative to income inequality, 
b.

The logic behind the effect of environmental inequality on mean WTP is as follows. For 
the case of substitutes, � ∈ (1,∞) , which is for CES preferences analogous to an income 
elasticity of WTP below unity, � ∈ (0, 1) , individual WTP increases with environmental 
good endowment Ei , but at a decreasing rate [see Eq. (4)]. Thus, households that enjoy less 
of the environmental good (’environmentally poor’ households) have a relatively higher 
WTP than households that enjoy more of the environmental good (’environmentally rich’ 
households). A more equitable environmental good provision implies that at least one envi-
ronmentally poor household faces an increase in environmental good endowment, while at 
least one environmentally rich household faces a decrease. As a result, the gains in WTP of 
environmentally poor households exceed the losses in WTP of environmentally rich house-
holds so that society’s mean WTP for the environmental good increases.

When the provision of environmental goods in society is not independent of income, 
the effect of environmental inequality also depends on their correlation, � , relative to a 
weighted ratio of environmental inequality and income inequality, b. For environmental 
inequality weakly greater than income inequality, CVE ≥ CVY , the condition 𝜌 < b is 
generally fulfilled as b > 1 > 𝜌 . It also follows directly for a negative correlation, 𝜌 < 0 , 
that 𝜌 < 0 < b as b > 0 . Thus, Proposition 2 states that in societies where environmental 
inequality is higher than income inequality or where the correlation between income 
and environmental good provision is negative, mean WTP decreases (increases) with 
environmental inequality if and only if the environmental good is a substitute for (com-
plement to) manufactured consumption goods. The effect of environmental inequality 
is reverse for cases of environmental inequality lower than income inequality and a 

(13)
𝜕 𝜇WTP(𝜇Y , CVY ,𝜇E, CVE, 𝜌)

𝜕 CVE

⋚ 0 if and only if

⎧⎪⎨⎪⎩

𝜃 > 1, 𝜌 < b or 𝜃 < 1, 𝜌 > b

𝜃 = 1 or𝜌 = b

𝜃 < 1, 𝜌 < b or 𝜃 > 1, 𝜌 > b

,
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positive correlation of income and environmental good provision, if only if the correla-
tion is stronger than a weighted ratio of environmental and income inequality.

Table  1 summarizes the cases in Propositions  1 and 2, on how income inequality 
or environmental inequality affect societal WTP. In most cases, mean WTP increases 
(decreases) with either inequality for substitutes (complements). A necessary, but not 
sufficient, condition for the effect to reverse is a positive correlation, i.e. that income 
rich household are endowed with more of the environmental good than the poor. The 
sufficient condition for the effect of income inequality (environmental inequality) to 
reverse, is that the correlation is stronger than a threshold value given by a weighted 
ratio of income inequality and environmental inequality (environmental inequality and 
income inequality).

The symmetry in the effects of a marginal change in both inequalities on societal 
WTP is already visible in Eq. (10). While for societal WTP the distribution of income 
and the environmental good play different roles with regard to their mean values, they 
are perfectly symmetric regarding their CVs. This is because individual WTP, Eq. (4), 
is a convex (concave) function in both income and the environmental good if and only 
if the environmental good is a substitute (complement). Jensen’s inequality implies, 
that any many preserving spread - like the log-normal distributions assumed here—in 
income or the environmental good increases (decrease) the sum of individual WTP - and 
hence mean WTP - if and only if the environmental good is a substitute (complement).

For the special case, where income and environmental good endowment are distrib-
uted independently, Propositions 1 and Propositions 2 simplify.

Corollary 1  (E and Y distributed independently) In case of the environmental good and 
income being distributed independently ( � = 0 ), mean WTP for the environmental good, 
�ind
WTP

 (Eq. (11)), 

1.	 decreases (increases) with relative income inequality, CVY , if and only if the environ-
mental good is a substitute (complement): 

2.	 decreases (increases) with relative environmental inequality, CVE , if and only if the 
environmental good is a substitute (complement): 

Proof  See Appendix 1.5. 	�  ◻

Corollary  1 shows that for the case of environmental goods uncorrelated with 
income, the effect of environmental inequality on mean WTP, �ind

WTP
 , is the same as of 

income inequality.

Question 3  How does the correlation between income and environmental good endow-
ment affects society’s mean WTP?

(14)
� �ind

WTP
(�Y , CVY ,�E, CVE)

� CVY

⋚ 0 if and only if � ⋛ 1;

(15)
� �ind

WTP
(�Y , CVY ,�E, CVE)

� CVY

⋚ 0 if and only if � ⋛ 1.
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Next, I study how a change in the correlation between environmental good endowment 
and income, � , affects societal WTP, �WTP . A change in � might result from an environ-
mental policy altering the spatial distribution of environmental amenities. This could be, 
for instance, the loss of environmental quality and equivalent compensation or offsetting of 
this loss at a near site required by an environmental impact assessment.

A further, more indirect, interpretation of a change in � , could be households adapt-
ing their location to the spatial distribution of environmental goods (‘sorting’). Household 
sorting will generally change how income and endowment with the environmental good 
is correlated within society. Richer (poorer) households moving to places where environ-
mental quality is high will increase (decrease) the correlation, � , between income and envi-
ronmental good endowment. The effect of sorting on societal WTP can thus indirectly be 
studied via its effect on �.11

Proposition 3  Mean WTP for the environmental good, �WTP , increases (decreases) 
with the correlation between income and environmental good endowment in society, � , 
if and only if the environmental good and the private consumption good are substitutes 
(complements).

Proof  See Appendix 1.7. 	�  ◻

Proposition  3 shows that the way an increase in the correlation between income and 
environmental good endowment, � , affects societal WTP, �WTP , is determined by the 
substitutability between private consumption goods and the environmental good, � . An 
increase in � reinforces societal WTP for the environmental good for the case of substi-
tutes, but decreases societal WTP in the case of complements. For instances where house-
hold sorting increases the correlation of environmental good endowment and income, � , it 

(16)
� �WTP(�Y , CVY ,�E, CVE, �)

� �
⋛ 0 if and only if � ⋛ 1.

Table 1   Effect of inequalities on societal WTP depending on relative magnitudes and correlation, � . (Color 
figure online)

CVY > CVE CVY < CVE

ρ > 0 ρ < 0 ρ > 0 ρ < 0

Substitutes (θ > 1) ↓ (↑) ↓ ↓ (↑) ↓ ↓ ↓

Complements (θ < 1) ↑ (↓) ↑ ↑ (↓) ↑ ↑ ↑

Upward (downward) arrows indicate a positive (negative) effect of inequality on societal WTP. Blue colour 
refers to income inequality, CV

Y
 , green to environmental inequality, CV

E

11  I sketch in “Appendix 1.6” for a simple case of two income groups and CES preferences that in a situ-
ation where neighborhood sorting arises only from differences in the endowment with the environmental 
good, households with higher incomes will sort into places with higher environmental quality. In such a sit-
uation, sorting increases the correlation between income and environmental good endowment, � . This find-
ing mirrors the well-established results from equilibrium sorting models, that when households differ only 
along one dimension, such as income, residential sorting results in perfectly stratified households along this 
dimension (Epple and Romer 1991; Epple and Platt 1998; Kuminoff et al. 2013).
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will thus indirectly increase (decrease) societal WTP for the environmental good if this is a 
substitute for (complement to) manufactured consumption goods.

This result can be explained as follows. All else equal, an increase in � means that at 
least one relatively income rich household experiences a higher environmental good 
endowment, while at least one poorer household experiences a decrease. Moreover, 
observe from Eq.  (4) that the cross-derivate of individual WTP with respect to environ-
mental good endowment and income, WTP

�Ei,�Yi
 , is positive (negative) if and only if the envi-

ronmental good is a substitute (complement). Thus, in case of substitutes societal WTP 
increases with a higher correlation, as the increase in the rich households’ total WTP for an 
increase Ei , overcompensates loss in WTP of the poor.

3.2 � Benefit Transfer and Heterogeneously Distributed Environmental Goods

Next, I derive structural transfer factors to account for differences in the distribution of the 
endowment with the environmental good and income. These transfer factors can be used 
to adjust WTP estimates from primary valuation studies to inform environmental policy 
and management in other contexts, as well as to adjust for the socially desired distribution. 
In benefit transfer, WTP estimates from a valuation study conducted in one context s—
the ‘study’ site—inform policy making in other context p—the ‘policy’ site. Based on the 
model set-up presented above, I specify the benefit transfer function approach (e.g. Loomis 
1992) for heterogeneously distributed environmental goods.

Proposition 4  Assume households’ preferences ( � , � ) are identical at study site s and 
policy site p. If at the study site mean WTP for the environmental good is �s

WTP
 (Eq. 10), 

the market price level for consumption goods is Ps , mean income is �s
Y
 , relative income 

inequality is CVs
Y
 , the mean quantity of the environmental good is �s

E
 , the relative environ-

mental inequality is CVs
E
 and the correlation between income and the environmental good 

is �s , then at the policy site with ( Pp , �p

Y
 , CVp

Y
 , �p

E
 , CVp

E
 , �p ) the mean WTP is given as

where the transfer function T() factorizes into the following transfer factors

with

(17)�
p

WTP
= T(Pp,�

p

Y
, CV
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Y
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p

E
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Proof  See Appendix 1.8. 	�  ◻

Proposition 4 shows how to control for differences in income inequality, environmental 
inequality and the correlation of income and environmental good endowment by using a 
closed-form transfer factor TCVY ,CVE ,�

 . The transfer factor TCVY ,CVE ,�
 captures the dynamics 

studied in Proposition 1–3. It is thus not surprising that TCVY ,CVE ,�
 can be greater or smaller 

than unity—implying a downward or upward adjustment of societal WTP—depending on 
whether income and the environmental good are distributed more equally at the study site 
or at the policy site, whether the income and the environmental good are more strongly 
correlated at the policy or at the study site, and whether the environmental good is a substi-
tute for or complement to manufactured consumption goods. Note that for � = 1 , no adjust-
ment is necessary, TCVY ,CVE ,�

= 1.
For E and Y being distributed independently ( � = 0 ) at both sites, the transfer factor for 

inequalities Tind
CVY ,CVE ,�

 , Eq. (22), simplifies to two disentangled transfer factors for income 
inequality and environmental inequality (Appendix 1.8):

Note that as Tind
CVY ,CVE

 factorizes into two variable-specific factors, one can correct for differ-
ences in CVY or CVE separately and without paying attention to the other type of inequal-
ity. In this case the transfer factors for environmental inequality is absolute analogue to the 
one for income inequality.

4 � Empirical Application

Next I illustrate empirical magnitudes for a case study on forest preservation in Poland. 
This application serves the purpose of assessing whether the argument developed above is 
associated with considerable economic effect sizes that warrant the actual use of the novel 
benefit transfer factor, TCVY ,CVE ,�

 , in public policy making. I draw on a valuation study 
offering a unique case for illustration, as WTP was elicited for a single national environ-
mental good (‘Polish ecologically-valuable forest’), the access to which differs in society 
(’proximity to the next forest’) and substantially affects households’ WTPs.

(21)T�E
(�

p

E
,�s

E
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(
�
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E

�s
E
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,
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Forests are subject to high rates of degradation and deforestation globally. Until the 
late nineteenth century, deforestation was most pronounced in the temperate climate zone, 
where recent decades have seen net gains in forest area (FAO 2016). Forests serve crucial 
ecological functions such as carbon sequestration, water purification, and soil conserva-
tion, and offer habitats for a variety of wildlife (FAO 2016). They contribute substantially 
to human well-being (SCBD 2001), with forest ecosystem services encompassing a range 
of use values, such as timber supply and opportunities for recreation, as well as non-use 
values, such as the existence values of various rare flora and fauna. A forest’s actual array 
of ecosystem services depends on the management regime and varies from heavily eco-
nomically used forests, which are associated with high timber production but little bio-
diversity and recreational value, to pristine forests, which are associated with very little 
timber production but high biodiversity and recreational value (SCBD 2001). People live in 
different proximities to forests, which is likely to result in an unequal distribution of forest 
ecosystem services, such as recreational values. Thus, forests are an example for environ-
mental public goods, where endowment is heterogeneous.

Polish forests are among the largest and most valuable forests in Europe. 29.3% of 
Poland’s land area is covered by forest, including the Bialawiza forest, which is com-
monly referred to as the last lowland forest in temperate Europe with primeval fragments 
(Government of Poland 2014). Overall, 65% of Poland’s biodiversity resources and 50% of 
Poland’s Natura 2000 sites are situated in forests (Czajkowski et al. 2009; Government of 
Poland 2014). Approximately 3% of Poland’s 90, 000 km2 total forest area is considered to 
be highly ecologically valuable, as it is still in almost pristine condition. Only half of this 
forest area is under effective nature protection (Czajkowski et al. 2017). The remaining half 
is under pressure from human use and exploited as regular economically used forests (Cza-
jkowski et al. 2014a).

To investigate the relationship between the distribution of forest ecosystem services and 
income and the societal WTP for forest protection, I draw on survey and forest data studied 
in depth by Budziński et al. (2018) and Czajkowski et al. (2014a, b, 2017). Respondents 
were asked for their willingness to pay for an increase in national income taxes for different 
national forest management options, including protecting all of Poland’s most ecologically 
valuable forests ( 3% of the Polish forest area).12 The survey was carried out on a repre-
sentative sample of 1001 Polish adults in January 2010 employing face-to-face computer-
assisted interviews. To ensure representativeness, a multi-stage sampling strategy was 
applied, randomly selecting first communities and then adult household members. Survey 
data included respondents’ household income and ZIP codes. Additionally data on forest 
characteristics at a high spatial resolution were obtained from the European Environmental 
Agency’s CORINE Land Cover dataset and the Polish Information System of State Forests 
and aggregated on 10 × 10km2 grid squares.13

A subset of N = 714 respondents also provided information on their monthly net house-
hold income [in 2011-PLN], defining the sample used in the following. Income, Yi , is dis-
tributed with a mean of �s

Y
= 2758 and a standard deviation of �s

Y
= 1857 , corresponding 

12  Respondents were informed that forest protection would mean prohibiting any human interference except 
recreational use.
13  For further details on the survey design, see Czajkowski et  al. (2014a), and on forest data, see Cza-
jkowski et al. (2017).
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to a relative income inequality of CVs
Y
= 0.66 . With this, the sample’s relative income ine-

quality is slightly below the national average according to official statistics.14

I use a household’s forest proximity as a proxy for the endowment with forest ecosystem 
services, Ei . Forest proximity is measured as the inverse of the average Euclidean distance 
from any point in a respondent’s 10 × 10 km2 grid square to the nearest forest (independ-
ent of it ecological value) within this grid square (Czajkowski et  al. 2017). Proximity is 
chosen as a proxy for the endowment with forest ecosystem services as it has the strongest 
effect on WTP for forest protection among different forest characteristics—such as area 
of coniferous forest, deciduous forest, mixed forest, old or particularly biodiverse for-
est—with larger distances substantially reducing WTP for forest protection (Czajkowski 
et  al. 2017). The coefficient of variation of households’ forest proximity is CVs

E
= 0.57 . 

Thus, forest proximity is more equally distributed than income in Poland. The correlation 
between respondents’ forest proximity, Ei , and household income, Yi , is �s = −0.1.15 Thus, 
richer households tend to live further away from forests in Poland.16 The average distance 
to the nearest forest, the location of respondents, and their household income is depicted in 
Fig. 1. Histograms on the distribution of Yi and Ei are depicted in Appendix 1.11.

I complement these data from Czajkowski et al. (2017) with a parameter range for the 
elasticities of substitution, � , found in two global meta-studies.17 Thereby I infer � indi-
rectly from the income elasticities of WTP, � , as elicited in recent valuation studies. As 
a best guess estimate, I take the income elasticity of WTP for forest ecosystem services 
from Chiabai et al. (2011), who provide a global meta-study on forest ecosystem services 
encompassing 86 WTP estimates from 27 valuation studies. They estimate an income elas-
ticity of WTP for forest recreation of � = 0.63 and for non-use forest ecosystem services of 
� = 0.75 . As the forest preservation under question would allow for recreational use, I take 
the arithmetic mean of both elasticities and derive as its inverse the elasticity of substitu-
tion between non-consumptive forest ecosystem services and manufactured consumption 
goods, �forest = (

0.63+0.75

2
)
−1

= 1.46.18 Additionally I take a range of elasticities of substitu-
tion from Drupp (2018), who reviews existing empirical estimates for the income elasticity 
of WTP from contingent valuation studies since 2000 for different ecosystems and services 
to indirectly asses � , finding a range from �min = 0.86 to �max = 7.14.19 I use these three 

14  The World Bank estimates a coefficient of variation of disposable household income for Poland of 
CVPOL

Y
= 0.69 (Zaidi 2009), based on data from the 2006 European Union Survey of Income and Living 

Conditions. In a contingent valuation study on water quality improvement in the Baltic Sea conducted in 
2011, a representative sample of Polish respondents exhibited exactly the same coefficient of variation of 
their monthly disposable income (Meya et al. 2018).
15  The correlation coefficient � is significant at the p < 0.01 level.
16  “Appendix 1.6” shows that if locations differ only in environmental good provision then spatial sorting 
will result in richer households living where environmental quality is high, e.g. 𝜌 > 0 . However, in general 
locations differ along several other dimensions, such as the availability of jobs, which might be relatively 
more important for residence choice.
17  The use of an elasticity of substitution from meta-studies is in line with the model assumption that peo-
ple have identical preferences. While I only aim at illustrating ranges, I admit that these general measures 
for the elasticity of substitution will most likely not be a precise estimate for the population and ecosystem 
service under consideration, but might arguably be more accurate for a policy site.
18  Remarkably, this is close to an income elasticity elicited for another environmental good in the same 
region. Czajkowski and Scasny (2010) find an income elasticity of WTP of � = 0.64 , corresponding to an 
elasticity of substitution of � = 1.56 , for lake water quality improvements in Poland and the Czech Repub-
lic.
19  Drupp (2018) finds a mean of �ES = 2.31 across all kinds of ecosystem services, which implies a slightly 
larger degree of substitutability than I assume here for forest ecosystem services based on Chiabai et  al. 
(2011).
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estimates to explore the effect of different degrees of substitutability between forest ecosys-
tem services and manufactured consumption goods. All parameter inputs are summarized 
in Table 2.

I now study how my model predicts societal WTP for forest protection to change if 
households were more (un)equal in their proximity to forests, if household income were 
distributed more (un)equally, or if forest proximity were more strongly negatively (posi-
tively) correlated with income. To this end, I specify the transfer factor TCVY ,CVE ,�

 [Eq. (22)] 
with the parameters in Table 2 for different hypothetical choices of CVp

Y
 , CVp

E
 and �p.20

The resulting WTP adjustments are considerable (Table  3). Hypothetically reducing 
environmental inequality to zero, TCVY ,CVE ,�

(CVs
Y
, 0, 0, CVs

Y
, CVs

E
, �s) , would increase 

mean WTP by 4 %. As income inequality is larger in the status quo, reducing it to zero, 
TCVY ,CVE ,�

(0, CVs
E
, 0, CVs

Y
, CVs

E
, �s) , would imply a slightly higher upward adjustment of 

WTP by 5 %. Adjusting for the even more extreme situation with an equal distribution of 
forest proximity and income, TCVY ,CVE ,�

(0, 0, 0, CVs
Y
, CVs

E
, �s) , societal WTP for forest pro-

tection would be 8% higher. If forest ecosystem services were complements, �min , the effect 
would be reversed, and a complete egalitarian distribution would imply a downward adjust-
ment of societal WTP by 6%.

It is also apparent from comparing TCVY ,CVE ,�
(0, 0, 0, CVs

Y
, CVs

E
, �s) for �forest and 

�max that the required WTP adjustment does not strictly increase or decrease with the 
degree of substitutability, � . Figure  2 depicts TCVY ,CVE ,�

(0, 0, 0, CVs
Y
, CVs

E
, �s) as a func-

tion of � , which has its maximum value close to the mean elasticity of substitution 
reviewed by Drupp (2018) for global ecosystem services, �ES , and decreases sharply 
with stronger complementarity, � → 0 . Moreover, I find that for a doubling of cur-
rent environmental inequality or income inequality—implying adjustment factors of 
TCVY ,CVE ,�

(CVs
Y
, 2CVs

E
, �s, CVs

Y
, CVs

E
, �s) or TCVY ,CVE ,�

(2CVs
Y
, CVs

E
, �s, CVs

Y
, CVs

E
, �s)—

WTP would decrease by 6% or 7% , respectively. Again, the larger effect of income inequal-
ity reflects that income is more unequally distributed in Poland than forest proximity.

Finally, I find that differences in the correlation between environmental good endow-
ment and income can require slightly higher WTP adjustment. All else equal, in a situation 
where forest proximity and income were positively correlated with a Pearson correlation 
coefficient of �p = 0.5 societal WTP would be 6% higher than elicited in the present study, 
corresponding to a transfer factor of TCVY ,CVE ,�

(CVs
Y
, CVs

E
, 0.5, CVs

Y
, CVs

E
, �s) . For a high 

degree of substitutability, this would imply a WTP adjustment of 18% . For complements, 
�min , the case would be the opposite: societal WTP would be lowered by 3% . Figure  5 
(Appendix 1.11) illustrates TCVY ,CVE ,�

(CVs
Y
, CVs

E
, �p, CVs

Y
, CVs

E
, �s) as a function of �p for 

different degrees of substitutability.
These estimates illustrate the importance of considering the distribution of environmen-

tal goods and income when aggregating WTP and in particular when using these aggregate 
WTPs in benefit transfer or environmental cost–benefit analysis.21

21  As expected, differences in the mean forest proximity and mean income require comparably larger 
adjustments. For instance, doubling mean forest proximity, T�E

(2�s
E
,�s

E
) , would imply an upward adjust-

ment of mean WTP by 24.37%, and doubling mean income, T�Y
(2�s

Y
,�s

Y
) , would even imply an upward 

adjustment of mean WTP by 60.81%.

20  For CVp

Y
 or CVp

E
 equal to zero, i.e. when the standard deviation of Y or E is zero, the correlation coef-

ficient � does not exist. I therefore assume independently distributed endowments with the environmental 
good and income, � = 0 , to evaluate these extreme scenarios.
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5 � Discussion

Here I discuss several assumptions made in the analysis and the extent to which these 
might limit the generality of my results. These assumptions are (1) the absence of house-
hold mobility, (2) the purely bio-physical heterogeneity in environmental good endow-
ment, (3) the log-normal distribution of the environmental good, (4) the constant elasticity 
of substitution preferences (5) the assumption of self-regarding households, and (6) the 
coefficient of variation as a measure of environmental inequality.

Forest distance [in m]
 30 - 404 
 404 - 580 
 580 - 790 
 790 - 1172 
 1172 - 8650 

Respondents household income [in 2011-PLN]

Legend

0 100 200 km

Fig. 1   Spatial distribution of distance to forests in Poland and respondents’ income. Circle sizes represent 
mean household income stated by respondents in the 10 × 10 km2 grid square of their residency. The aver-
age Euclidean distance from each point in a 10 × 10 km2 grid square to the nearest forest is shown in green

Table 2   Parameter values used in empirical application

Variable Value Source

elasticity of substitution ( �forest[�min;�max]) 1.46 [0.86;7.14] Chiabai et al. (2011) and Drupp (2018)
coefficient of variation of forest proximity 

( CVs
E
)

0.57 Own calculation based on Czajkowski et al. 
(2017)

coefficient of variation of disposable house-
hold income ( CVs

Y
)

0.66 Czajkowski et al. (2014a)

correlation of income and forest proxim-
ity ( �s)

−0.10 Own calculation based on Czajkowski et al. 
(2017)
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First, there is no household mobility and in particular no sorting with respect to environ-
mental quality in the main model. The model framework studied here allows me to evalu-
ate an exogenous change in the joint distribution of environmental good endowment and 
income, and more importantly to control in benefit transfer for differences in the correlation 
between income and environmental good endowment between two sites (which are both in 
sorting equilibrium). However, the model does not anticipate sorting effects induced by 
a change in the (heterogeneous) distribution of an environmental good. Future research 
could attempt to explicitly account for sorting by relaxing the assumption of homogeneous 
preferences building on the new equilibrium sorting models developed by Epple and Platt 
(1998). The here proposed benefit transfer factors are thus only valid for the evaluation of 
environmental policies and projects that are ‘small’ in the sense that the resulting change 
in the distribution of the environmental good is not large enough to motivate households 

Table 3   Resulting transfer factors to correct WTP for differences in the distribution of the environmental 
good and income

Transfer factor �forest = 1.46 �min
= 0.86 �max

= 7.14

TCV
Y
,CV

E
,�(CV

s
Y
, 0, 0, CVs

Y
, CVs

E
, �s) 1.04 0.97 1.04

TCV
Y
,CV

E
,�(0, CV

s
E
, 0, CVs

Y
, CVs

E
, �s) 1.05 0.96 1.05

TCV
Y
,CV

E
,�(0, 0, 0, CV

s
Y
, CVs

E
, �s) 1.08 0.94 1.07

TCV
Y
,CV

E
,�(CV

s
Y
, 2CVs

E
, �s, CVs

Y
, CVs

E
, �s) 0.94 1.06 0.95

TCV
Y
,CV

E
,�(2CV

s
Y
, CVs

E
, �s, CVs

Y
, CVs

E
, �s) 0.93 1.07 0.94

TCV
Y
,CV

E
,�(CV

s
Y
, CVs

E
, 0, CVs

Y
, CVs

E
, �s) 1.01 0.99 1.03

TCV
Y
,CV

E
,�(CV

s
Y
, CVs

E
,−0.5, CVs

Y
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E
, �s) 0.96 1.02 0.90

TCV
Y
,CV

E
,�(CV

s
Y
, CVs

E
, 0.5, CVs

Y
, CVs

E
, �s) 1.06 0.97 1.18
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Fig. 2   Relationship between the transfer factor to adjust societal WTP for differences in the distribution of 
the environmental good and income, TCV

Y
,CV

E
,� , and different degrees of substitutability. In the hypothetical 

transfer depicted, the societal WTP for forest protection in Poland is adjusted to a situation where proximity 
to forests and income is distributed equally over the population
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to move.22 Turner (2017) makes a first conceptual attempt to account in benefit transfer 
for the possibility that people and firms change locations in response to a ‘large’ environ-
mental regulation. Since valuation studies indicate that the income elasticity of WTP is 
below unity, my model nevertheless suggests that sorting is likely to increase the societal 
value of environmental goods by changing the correlation between environmental goods 
and income in society. Whether changes in the specific environmental goods studied in 
the valuation literature are below or above a level that induces households to move is ulti-
mately an empirical question that remains to be answered in future research.

Second, I studied a heterogeneous distribution of environmental benefits over house-
holds in a society arising only from an uneven distribution of biophysical quantities,23 but 
there are other sources of heterogeneity in environmental benefits. In particular, an uneven 
distribution of benefits might result from heterogeneous preferences regarding the envi-
ronmental good or because vulnerability—for example, measured as ‘dose–response func-
tions’—differs across groups within a society (Hsiang et  al. 2019). Moreover, it seems 
plausible that both preferences regarding the environment and dose–response functions 
differ across income groups. For instance, Di et al. (2017) find that the effect of air pollu-
tion on health is more pronounced for low-income groups. However, there is little empiri-
cal research to date how these sources of heterogeneity relate to income.24 Furthermore, 
empirical measurement of biophysical environmental good endowment is already challeng-
ing (Hsiang et al. 2019). For simplicity and applicability, I therefore stick to the simplest 
case of heterogeneity in the physical endowment with environmental goods and leave other 
sources of heterogeneity as an issue for future research.

Third, I approximated the distribution of the environmental good by a log-normal 
distribution. It is necessary to assume a specific distributional form in order to derive 
closed-form solutions and to develop parameterized adjustment factors for benefit trans-
fer. Employing a continuous representation extends upon the previous dichotomous 
representations in stylized two-region models in the sorting literature. The assumption 
of log-normality is certainly only a first approximation, and its empirical fit has to be 
tested in further applications. Nevertheless, the assumption of log-normal distribution 
is generally in line with empirical evidence that the distribution of environmental goods 
and ‘bads’ is non-negative and right-skewed, which makes it a preferred choice over 

22  Boyle et  al. (2009) point out, that structural benefit transfer approaches are only valid, if there is no 
pre-existing systematic sorting between the study and the policy site regarding unobserved characteristics 
of preferences for the environmental good. In the equal-preference model studied here this assumption 
is generally fulfilled, as pre-existing sorting (prior to the valuation study and the policy under considera-
tion) between the study and the policy site only occurs due to differences in income (as preferences are 
homogeneous). Thus, pre-existing sorting is fully captured by the parameters of the income distributions 
( �Y

p, CVY
p,�Y

s, CVY
s ) and the correlation coefficients ( �p , �s).

23  Measuring exposure to environmental goods and the corresponding environmental inequality is often 
challenging. While the unit of observation for measuring economic inequality is usually the individual or 
household, the exposure to environmental goods and ‘bads’ is usually not known on the level of the indi-
vidual or household. In order to avoid errors in interfering individual exposure from aggregate data, one 
should aim at using small-scale data (Boyce et al. 2016). However, in primary valuation studies, it is often 
straightforward to collect data on the endowment with environmental goods from respondents, for instance, 
the distance to environmental amenities or the frequency of visits.
24  Recently, there have been remarkable advances in estimating dose–response functions in economics. 
Schlenker et al. (2015) estimate dose–response functions for air pollution emission from airports in Cali-
fornia. Currie et  al. (2015) estimate the effect of industrial air pollution on birthweight in five large US 
states. However, these studies do not investigate how the estimated dose–response function are conditioned 
by income.
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symmetric distributions like a normal distribution. It has been shown, for instance, in 
the case of Singapore, that access to urban green spaces in cities is strongly right-skewed 
(Tan and Samsudin 2017), which also holds true for exposure to industrial air pollution 
in the U.S. (Boyce et al. 2016). Moreover, airborne particulate matter in London seems 
to follow a log-normal distribution (MacKerron and Morato 2009), as does historic air 
pollution in English cities (Heblich et al. 2018, Fig. A7ab). While a log-normal distribu-
tion thus might be supported with some first empirical evidence, I nevertheless show in 
Appendix 1.9 that in cases where income and environmental good endowment are dis-
tributed independently (Corollary 1), the effect of inequality can be generalized to any 
mean preserving spread in income or environmental good endowment.

Fourth, I considered household utility in the constant elasticity of substitution (CES) 
form, which is standard in economic theory. For general ordinal utility functions, the 
elasticity of substitution is inversely related to the income elasticity of WTP (Ebert 
2003; Baumgärtner et al. 2017a), which is, for CES utility, thus also constant. A con-
stant income elasticity of WTP is supported by some empirical evidence (e.g. Jacob-
sen and Hanley 2009), assumed in many benefit-transfer applications and advised in 
several governmental guidelines (e.g. OECD 2018). However, there is also empirical 
evidence that the income elasticity of WTP may vary with mean income (e.g. Barbier 
et  al. 2017). I here studied an equal-preference model, where all differences in WTP 
arise from differences in endowment with income or the environmental good and not 
from differences in preferences between rich and poor households. In particular, this 
model did not capture any effect of the income elasticity of WTP possibly varying with 
income. An extension of my analysis for a non-constant income elasticity could assume 
non-homothetic preferences, e.g. due to a minimum subsistence level in consumption 
(Baumgärtner et al. 2017b; Drupp 2018).

Fifth, I studied a purely statistical effect of environmental and income inequality at the 
stage of aggregating individual WTPs to obtain a societal value. Beyond this statistical 
effect also behavioural effects such as inequality aversion or positional externalities might 
be relevant for how inequality effects societal WTP. For instance, Aronsson and Johans-
son-Stenman (2008) show that if relative consumption matters then a household’s marginal 
WTP critically depends on whether other households will also have to pay for the public 
good provision. However, studying relative consumption concerns will in generally require 
to depart from representing preferences with a CES utility function. The later was a pre-
ferred functional form to derive parametrised results that are coherent with current benefit 
transfer practises.

Finally, I employed the coefficient of variation, CVE , as a measure of environmental 
inequality, but there are several other measures that one could apply. Using the CVE is in 
line with the idea of relative inequality, which feature prominently in scientific and public 
debates on distributive justice. For instance, Chancel and Piketty (2015) find that relative 
inequality in individual CO2-eq emissions increased over the period from 1998 to 2013 and 
interfere from this design options for an equitable financing of global climate adaptation. 
Nevertheless, one might well argue that when considering the endowment with environ-
mental goods and exposure to environmental pollution, such as air pollution, water pollu-
tion or noise, it is the absolute level that matters for health and general well-being and that 
hence an indicator of absolute inequality—such as the standard deviation or the GINI-coef-
ficient—would be more appropriate. However, employing a relative and thereby unit-less 
measure was advantageous for the purpose of this study, as it allows a direct comparison 
between environmental and income inequality (see Propositions 1 and 2). Again, I leave an 
extension to other measures of environmental inequality for future work.
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6 � Conclusion

I have studied how environmental and income inequality affect the value of a heteroge-
neously distributed environmental public good. To this end, I analyzed a model in which 
households have identical preferences characterized by a constant elasticity of substitution 
utility function and are heterogeneous in both their endowment with a public good and 
their income. While the analysis was framed for environmental public goods, it holds more 
general for all public goods where exposure or access is heterogeneous or depends on loca-
tion, e.g. public schools, healthcare, transportation infrastructure, historical amenities or 
coastal defence.

My main results are: (1) the effect of environmental and income inequality on societal 
WTP for the environmental good is determined by whether the environmental good is 
a substitute for or a complement to manufactured consumption goods and by how envi-
ronmental good endowment is correlated with income; (2) an increase in the correlation 
between environmental good endowment and income—for example, due to richer house-
holds sorting into places where environmental quality is high—increases (decreases) soci-
etal WTP if and only if the environmental good and consumption goods are substitutes 
(complements). Moreover, I derived closed-form transfer factors for application in benefit 
transfer and environmental cost–benefit analysis that account for differences in the distribu-
tion of the environmental good and income and which are particularly simple if both are 
distributed independently. Using forest preservation in Poland as an example, I illustrated 
that already for small correlations between environmental good endowment and income 
this theory-based adjustment is associated with considerable effect sizes—increasing soci-
etal WTP by up to 8% for an equal distribution of the environmental good and income 
compared to the status quo.

These findings extend the recent literature on how income inequality affects societal 
WTP for homogeneously distributed public goods. In particular, I showed that the key 
result of Baumgärtner et al. (2017a) according to which societal WTP decreases (increases) 
with relative income inequality if and only if the environmental good and the consumption 
good are substitutes (complements) also holds for heterogeneously distributed public goods 
in cases where (1) they are distributed independently of income, (2) their endowment is 
negatively correlated with income, or (3) relative income inequality is larger than relative 
environmental inequality. Moreover, the transfer factor for income inequality proposed by 
Baumgärtner et  al. (2017a) and empirically validated by Meya et  al. (2018) for a multi-
country valuation study, also holds for heterogeneous distributed public goods uncorrelated 
with income.

My results are relevant in several respects: First, when applying benefit transfer to value 
heterogeneously distributed pubic goods one could use the derived formulas to correct for 
differences in environmental good provision and its correlation with income. Public policy 
making frequently uses secondary data in cost–benefit analysis, as primary valuation stud-
ies are time intensive and costly. Therefore, ‘value’ or ‘benefit transfer’ has become a dom-
inant method of environmental valuation (Pearce et al. 2006; Richardson et al. 2015) and 
is by now “far more pervasive to policy analysis than many perhaps […] realize” (OECD 
2018, p. 160). The development of benefit transfer methods in the context of heterogene-
ously distributed public goods is of major importance for environmental policy and man-
agement, as most environmental goods are distributed unevenly. Government agencies 
are required to conduct environmental valuation and cost–benefit analysis on unevenly 
distributed public goods under several regulatory acts, such as the EU Water Framework 
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Directive, the European Marine Strategy Framework Directive, and U.S. regulations like 
the Clean Air Act. However, even though a grounding of benefit transfers in economic 
theory is generally held to ensure quality (Smith et al. 2002), the practical application of 
such structural benefit transfers remains very limited in the domains of policy making and 
management, probably due to the advanced micro-economic skills required (Phaneuf and 
Requate 2017, p. 685). Here, I contribute to the development of structural approach to ben-
efit transfer by presenting novel transfer factors to control for differences in the (spatial) 
distribution of environmental public goods. I thus hope to serve the high policy demand to 
improve spatially explicit benefit transfer methods for natural capital accounting (United 
Nations et al. 2014; World Bank 2018), in particular regarding the scaling-up of site-spe-
cific WTP estimates to larger areas.25 The employed value concept renders my results suit-
able to policy applications, where the whole stock of an environmental good is valued with 
a single price, such as in standard national accounting.

Second, my study highlighted the importance of accounting for the spatial distribution of 
environmental goods and income when aggregating WTP in environmental valuation. It is 
well known that the aggregation process of individual WTPs itself can substantially shape 
the resulting societal values (Bateman et al. 2006; Loomis 2000; Smith 1993). Primary val-
uation studies should report distributional parameters on the valued environment good and 
income to facilitate more sophisticated environmental cost–benefit analysis. In particular, 
primary valuation studies eliciting WTP should report how the valued environmental good 
is distributed, �E and �E or CVE , and correlated with income, � . Moreover, this analysis 
once more emphasizes that the income elasticity of WTP, � , which is inversely related to the 
elasticity of substitution between consumption and environmental goods, is crucial to deter-
mine how the distribution of both the environmental good endowment and income affects 
societal WTP. This points to a need for more robust empirical estimates on �.

Third, my findings are relevant for environmental policy makers who are concerned with 
both equity and allocative efficiency. In the context of gentrification, for instance, policy mak-
ers might have a preference regarding the correlation of environmental goods with income, � , 
and aim at counteracting the distributional effects of decentralized market forces by introduc-
ing explicit measures like social housing or spatially sensitive development of urban green 
spaces. When creating new environmental amenities, place new sources of pollution, or 
reduce existing ones, the developed transfer factors show how to adjust WTP in line with the 
new distribution in environmental cost–benefit analysis. Under certain conditions, the devel-
oped transfer factors are a specification of distributional weights (Drupp et al. 2018).
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Appendix 1

1.1 Derivation of the Household′s Total WTP, WTP(Y
i
, E

i
) [Eq. (4)]

Here I derive the household’s marginal and total WTP for the heterogeneously distributed 
environmental good.

First, consider the constrained maximization problem in Eq. (2). Marginal WTP for the 
environmental good Ei is given by the marginal rate of substitution between the environ-
mental good and income. For CES utility [Eq.  (1)] and substituting Xi =

Yi

P
 the marginal 

WTP reads:

The marginal WTP, � , can be interpreted as the virtual price the household is willing to 
pay in a hypothetical choice problem where the household would have voluntarily chosen 
quantity Ei , given income Yi and consumption good price P.

Second, and equivalently, consider the decision problem in Eq. (3). The corresponding 
Lagrangian is

Taking the partial derivative with respect to Xi as well as with respect to Ei , and setting 
each to zero gives two first order conditions. Rearranging each for � , setting the results 
equal to each other and rearranging gives � =

1−�

�
PX

1∕�

i
E
−1∕�

i
 . Substituting in the remain-

ing first order condition, Xi = (Ŷi − 𝜔Ei)∕P , using Yi = Ŷi − 𝜔Ei to hold income constant 
and simplifying returns Eq. (25).

Finally, total WTP for the environmental good is defined as marginal WTP, � , at levels 
Ei and Yi times the level of the environmental good Ei (Ebert 2003, p. 442)

where the income elasticity of WTP, � , is the inverse of the elasticity of substitution, � =
1

�
 . 

Hence, WTP can also be written directly for the income elasticity of WTP as

w(Yi,Ei) ∶=
�U(

Yi

P
,Ei)∕�Ei

�U(
Yi

P
,Ei)∕�Yi

(1)
=

1 − �

�
P

�−1

� Y
1∕�

i
E
−1∕�

i
.

(25)L =

(
𝛼X

𝜃−1

𝜃

i
+ (1 − 𝛼)Ei

𝜃−1
𝜃

) 𝜃

𝜃−1

+ 𝜆(Ŷi − PXi − 𝜔Ei).

(26)WTP(Yi,Ei) ∶= w(Yi,Ei)Ei

(A.25)
=

1 − �

�
(PEi)

�−1

� Y
1∕�

i
,

(27)WTP(Yi,Ei) =
1 − �

�
(PEi)

1−�Y
�

i
.

http://creativecommons.org/licenses/by/4.0/
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1.2 Derivation of Mean WTP, �WTP , [Eq. (10)]

Mean WTP, �WTP [Eq. (7)], can be reformulated with respect to the moments of the bivari-
ate log-normal distribution - �Y , �Y , �E , �E , � - as follows

(28)

�WTP(�Y , �Y ,�E , �E , �) =

∞

∫
0

∞

∫
0
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Equivalently mean WTP can be expressed for relative income inequality, CVY ∶=
�Y

�Y

 , and 
relative environmental inequality, CVE ∶=

�E

�E

 . Equation (29) then becomes:

1.3 Proof of Proposition 1

Differentiating �WTP given in Eq. (10) with respect to CVY yields

where

As CVE , k′ and Ψ are strictly positive, Eq. (31) can only become negative if either 1−𝜃
𝜃2

< 0 , 

or 1 − 𝜌

√
ln(1+CV2

E
)

ln(1+CVY
2)
< 0 , while the respective other factor is strictly positive. It holds that

and
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The combination of the sign of both factors establishes the Proposition.

1.4 Proof of Proposition 2

The proof is completely analogous to the one for Proposition 1. Differentiating �WTP given 
in Eq. (10) with respect to CVE yields

where

As CVE , k and Ψ are strictly positive, the sign of Eq. (36) is determined by the sign of the 

factors 1−𝜃
𝜃2

< 0 and 1 + 𝜌

√
ln(1+CVY

2)

ln(1+CVE
2)
< 0 . It holds that

and

The combination of the sign of both factors establishes the Proposition.

1.5 Proof of Corollary 1

Differentiating �ind
WTP

 given in Eq. (11) with respect to income inequality, CVY , yields

Differentiating �ind
WTP

 , Eq. (11), with respect to environmental inequality, CVE , yields
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As � ∈ (0, 1) and 𝜃,P,𝜇Y , CVY ,𝜇E, CVE > 0 the sign of both derivatives is determined by 
the sign of 1−�

�2
 . It holds that 1−�

�2
⋚ 0 ⟺ � ⋛ 1.

1.6 Household Sorting with Respect to the Distribution of the Environmental Good

Household sorting generally affects the correlation between income and endowment with 
environmental goods. I outline how this can be formally proven for CES preferences and 
common assumptions on the housing market in the following. To this end, I present a styl-
ized model of how the distribution of environmental goods affects the residential choice 
(‘sorting’) of households that differ in income. The endowment with the environmental 
good is now a choice variable in the household’s decision problem.

Consider a city, region, or country with an environmental amenity, the exposure to 
which is distributed unevenly and continuously over locations. Following Tiebout (1956) 
each household i is perfectly mobile and chooses its location with the aim of enjoying a 
desired level of the environmental good, Ei > 0 . For instance, the environmental good 
endowment Ei could be measured as the inverse of the Euclidean distance to the environ-
mental amenity. It is therefore illustrative to consider Ei ∈ (0, 1).

As before, households have identical preferences over a consumption good, Xi , and the 
environmental good, Ei , represented by a CES utility function [see Eq. (1)]. Thus, like Lee 
and Lin (2018) and Heblich et  al. (2018), I abstract from other property characteristics 
(such as size) and implicitly assume non-environmental property characteristics to be iden-
tical across locations.

Household i’s decision problem is then to maximize utility by choosing any combina-
tion of these goods subject to a budget constraint,

where Yi is household income and R(Ei) is the annual rent collected by absentee landlords. 
Studying rents rather than property prices makes it possible to consider a static setting and 
abstract from dynamic effects. To save on notation, I assume P = 1 , i.e. Xi is the numeraire 
good. Rearranging the budget constraint and substituting for Xi , household’s utility can be 
rewritten as U(Yi − R(Ei),Ei).

In equilibrium, the rent R(Ei) has to vary over Ei so that utility is uniform across loca-
tions (e.g., Brueckner et al. 1999; Phaneuf and Requate 2017, 532). Let ū denote the refer-
ence utility level so that

where R̄(Ei) is by definition the maximum household i is willing to pay for a home in a 
location characterized by an environmental good at level (Ei) and hence referred to as 
household’s bid function.

The slope of the bid function or the marginal WTP for an increase in the environmental 
good is then given as derivative of the implicit bid function R̄(Ei) with respect to the envi-
ronmental good:

(42)
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E
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(
1 + CV2

E

) 1−�−2�2

2�2 .

(43)max
Xi,Ei

U(Xi,Ei) s.t.PXi + R(Ei) = Yi,

(44)ū = U(Yi − R̄(Ei),Ei),
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Substituting the partial derivatives

into Eq. (45) I obtain the slope of the bid function with respect to a change in Ei

which is strictly increasing in income as by definition Yi > R(Ei) and � ∈ (0, 1) , Ei > 0 . 
Note that Eq. (48) almost resembles the marginal WTP derived for an exogenously given Ei 
[see Eq. (25)], except that the household has to pay rent R̄(Ei) to enjoy the environmental 
good at level Ei.

Now, I extend this model to a situation with two groups of households j, k, that only 
differ in income Yj ≠ Yk . Without a loss of generality, I assume Yj > Yk . For the remain-
der, I proceed analogously to the argument presented by Brueckner et al. (1999). Land-
lords rent houses to the households that pay the highest rent. Thus, the income group 
that outbids the other income group on the housing market will live where the endow-
ment with E is high. Let Ê denote the threshold level of E where the group’s bids 
are equal R̄j(Ê) = R̄k(Ê) . The relative slopes of the bid-price curves at the threshold Ê 
determine whether the poor or the rich live in the part of the city (or region or coun-
try) where the endowment with the environmental good is high (cf. Brueckner et  al. 
1999, pp. 96–97): If 𝜕R̄j

𝜕E
(Ê) is greater (smaller) 𝜕R̄k

𝜕E
(Ê) than the rich (poor) will live 

where environmental quality is higher. The differences between the slopes of the bid-
functions is given as:

which is strictly greater than zero, as by definition Yj > Yk and R̄j(Ê) = R̄k(Ê).
Thus, if the marginal WTP matters for sorting on the housing market and as the 

marginal WTP increases with income, rich (poor) households will sort into locations 
with high (low) environmental quality. As a result, sorting will increase the correlation 
between income and endowment with the environmental good �.

(45)
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.
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(49)Δ ∶=
𝜕R̄j

𝜕E
(Ê) −

𝜕R̄k

𝜕E
(Ê)
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Eq.(A.48)
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Ê

�1∕𝜃

−

�
Yk − R̄k(Ê)
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1.7 Proof of Proposition 3

Differentiating �WTP given in Eq. (10) with respect to � yields

the sign of which is determined by �−1
�2

 , as � ∈ (0, 1) and P,𝜇E,𝜇Y , CVY , CVE > 0 . It holds 
that �−1

�2
⋛ 0 ⟺ � ⋛ 1.

1.8 Proof of Proposition 4

The transfer function, defined as the quotient of mean WTPs at the policy site, p , and at the 
study site, s , is given as:

If the environmental good and income are distributed independently at both study and pol-
icy site, �p = �s = 0 , the transfer function simplifies to:

which can also be obtained by assuming �p = �s = 0 in Eq. (51).
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1.9 Generalisation of Corollary 1

Assume that Y and E are both independently and randomly distributed. (Note, that this 
includes the special case where E is homogeneously distributed and only Y is randomly 
distributed or vice versa.) Then the following holds: Mean WTP increases (decreases) for 
any mean preserving spread in Y or for any mean preserving spread in E if and only if the 
environmental good is a complement (substitute) to the manufactured consumption good.

Proof  Writing mean WTP as expectation for independently, randomly distributed income 
and environmental good endowment

where k(Y) ∶= Y
1∕�

i
 is a convex (concave) function of Yi if and only if 𝜃 < 1 ( 𝜃 > 1 ), and 

l(E) ∶= E
�−1

�

i
 �WTP is a convex (concave) function of Ei if and only if 𝜃 < 1 ( 𝜃 > 1 ). Then 

by Jensen’s inequality, �WTP is increased (decreased) by any mean preserving spread in 
Y in case of complements (substitutes). The same holds true for E: �WTP is increased 
(decreased) by any mean preserving spread in E in case of complements (substitutes). 	
� ◻

1.10 Household’s WTP as Compensating Surplus

The compensating surplus, ci , is defined as U(Xi − ci,E
�
i
) = U(Xi,Ei) for a change in the 

environmental good from Ei to E′
i
 . For a marginal increase in the environmental good, 

E�
i
= Ei + dEi , the WTP reads

Using Taylor-series expansion of degree one at WTP = 0 and dEi = 0

in Eq. (54) and rearranging gives
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1.11 Histograms on Y and E in Empirical Application (Sect. 4)

See Figs. 3, 4 and 5.  
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i
Y
1∕�

i
P−1∕� dEi

(58)
Eq. (4)
=

�(Yi,Ei)

P
dEi.

Fig. 3   Histogram of the distribu-
tion of net monthly household 
income [in 2011-PLN] in Poland 
as assessed in the forest preserva-
tion survey by Czajkowski et al. 
(2014a)
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Fig. 4   Histogram of the distri-
bution of the inverse average 
Euclidean distance to the nearest 
forest (‘forest proximity’) from 
any point of the 10 × 10 km2 grid 
square where respondent lives as 
used by Czajkowski et al. (2017)
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