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Abstract: We study how the distribution of income among members of society, and in-
come inequality in particular, affects social willingness to pay (WTP) for environmental
public goods. We find that social WTP for environmental goods increases with mean
income, and decreases (increases) with income inequality if and only if environmen-
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WTP for environmental normally changes more elastically with mean income than with
income inequality. We derive adjustment factors for benefit transfer to control for dif-
ferences in income distributions between a study site and a policy site. For illustration,
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income distribution for empirical case studies in Sweden, China and the World. We find
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1 Introduction

Estimation of willingness to pay (WTP) for non-market-traded environmental goods
has become a major subfield of environmental economics, with growing importance for
environmental management (Bateman et al. 2011, Smith 2000). Lately, this develop-
ment has been particularly spurred by the emergence and now wide-spread use of benefit
transfer (Kaul et al. 2013), that is, the transfer of benefit estimates for an environmental
good from a study site to another context where this information is to be used for envi-
ronmental management (“policy site”). Such benefit transfer requires knowledge of how
the benefits provided by environmental goods depend on the context’s characteristics,
including environmental and socio-economic variables. With this information one can
control for differences in the level of these variables when doing benefit transfer.

One important determinant of the benefits of environmental goods, as measured
by the WTP for these goods, is the level of income. As individual income determines
individual WTP, mean income in the society considered determines social WTP. But
social WTP is also determined by the (in)equality of the distribution of income among
individual members of society. While there has been substantial research on how the
level of (individual or societally mean) income influences (individual or social) WTP for
environmental goods, the similarly relevant question of how income inequality within
society influences social WTP for environmental goods has hardly been studied.

Here, we study how the distribution of income among members of society, and income
inequality in particular, affects social WTP for environmental public goods.

The question of how WTP for environmental goods depends on income has been
studied, so far, mainly in terms of the income elasticity of WTP. Ebert (2003), follow-
ing up on previous work by Aaron and McGuire (1970), Kovenock and Sadka (1981),
Kristrom and Riera (1996), Flores and Carson (1997), has scrutinized the incidence of
environmental benefits and has shown that the income elasticity of WTP for an environ-
mental public good has an inverse relationship to the elasticity of substitution between
a composite consumption good and the environmental good in question, assuming a

constant-elasticity-of-substitution (CES) utility function. Hence, the income elastic-



ity of WTP is smaller (greater) than unity if and only if the environmental good and
consumption good are substitutes (complements).

Empirical evidence, as gathered mainly from contingent valuation studies, suggests
that the income elasticity of WTP for environmental goods is generally below unity
— usually between 0.1 and 0.6." Tt thus follows from Ebert’s (2003) result that the
environmental goods assessed in these studies are substitutes to private consumption
goods. This conclusion has been challenged by Schlépfer (2006), Schlapfer and Hanley
(2006). In particular, Schlapfer (2006) argues that the incidences of income elasticities of
WTP smaller than unity may be an artifact of the current design of contingent valuation
studies.

In benefit transfer studies, it is current practice to adjust WTP-estimates for differ-
ences in mean income between the study site and the policy site (Ready and Navrud
2006, Czajkowski and Scasny 2010). But the effects of income inequality are unac-
counted for, so far. Indeed, we are not aware of studies on how the distribution of
income among members of society, and in particular income inequality, affects WTP for
environmental goods.

In our analysis of this issue, we employ a specification of the model of Ebert (2003),
where a continuum of individual households have identical self-regarding preferences
over a market-traded private consumption good and a non-market-traded pure public
environmental good, represented by a CES utility function.? While the CES utility
function is a particular functional representation of preferences, and thus of limited
generality, it is an appropriate basis for our analysis for the following reasons: (1)
Benefit transfer is typically based on a constant income elasticity of WTP. Our approach

of deriving transfer factors from the CES utility specification thus yields results that

1See e.g. Kristrém and Riera (1996), Séderqvist and Scharin (2000), Hammitt et al. (2001), Barton
(2002), Ready et al. (2002), Horowitz and McConnell (2003), Hokby and Séderqvist (2003), Liu and
Stern (2008), Scandizzo and Ventura (2008), Jacobsen and Hanley (2009), Khan (2009), Broberg (2010),
Pek et al. (2010), Chiabai et al. (2011), Wang et al. (2013), Lindhjem and Tuan (2012).

2Hence, we focus on statistical effects of income inequality across a population of self-regarding

individuals, and do not study the potential effect of other-regarding individual preferences or behavior.



are consistent with this practice. They are thus directly relevant for environmental
management. (2) The CES specification is the simplest, yet rich enough functional form
that allows studying substitutability. (3) Qualitatively, our key result on how income
inequality affects the mean WTP for environmental public goods holds more generally,
beyond the CES functional specification. We demonstrate this in Appendix A.12.

We extend Ebert’s (2003) model by assuming that an exogenously given amount of
total income is log-normally distributed over households,® and consider two alternative
measures of income inequality: the coefficient of variation and the standard deviation of
income. These correspond to relative and absolute notions of inequality, respectively.*

We find that (i) social WTP for the environmental good increases with mean income;
(ii) social WTP for the environmental good decreases (increases) with income inequal-
ity if and only if the environmental good and the manufactured good are substitutes
(complements); (iii) the effect of income inequality on social WTP is the stronger, the
higher the mean income; (iv) social WTP for the environmental good changes more
elastically with mean household income than with income inequality, except for extreme
cases of parameter values. We also derive transfer factors for benefit transfer to control
for differences in income distributions between a study site and a policy site.

To illustrate our theoretical results, and to estimate the potential size of these ef-
fects, we quantify how social WTP for environmental public goods depends on the
respective income distribution for three empirical case studies: (1) an environmental

good of cultural importance, the existence of large predator species, in Sweden (from

3Also this particular functional representation of unequal distribution may be generalized to any

mean preserving spread of the income distribution (see Appendix A.12).

4While the coefficient of variation satisfies all standard requirements for inequality measures (weak
principle of transfers, decomposability, income scale and population size independence), the standard
deviation is an absolute measure and thus increases with the level of income (Cowell 2009: 72). We
sketch results for the Gini coefficient, which is another popular measure of income inequality, only
briefly. For, the Gini coefficient it does not satisfy the criterion of decomposability (cf. Cowell 2009:
64) and, under a log-normal income distribution, the Gini coefficient is completely determined by the

standard deviation of income (cf. Cowell 2009: 153) and therefore yields fully equivalent results.



Broberg 2010), (2) water quality improvement in rural China (from Wang et al. 2013),
and (3) biodiversity conservation at a global scale (from the meta-study of Jacobsen and
Hanley 2009).

As for the quantitative size of effects, a benefit transfer for biodiversity conservation
from the global study with high income inequality to the case context of Sweden, a
country known for its low income inequality, would entail a WTP correction for income
inequality of 11 percent. We further find that in a hypothetical world of a completely
equal income distribution WTP for global biodiversity conservation would be 16 percent
higher than it actually is under the current unequal global income distribution.

This paper is organized as follows. We present the model in Section 2, and the results
of the model analysis in Section 3. In Section 4, we illustrate these results with empirical
data. In Section 5, we discuss our main assumptions. Section 6 concludes. All formal

proofs are contained in the Appendix.

2 Model

We employ the model of Ebert (2003) with a specific utility function and a specific dis-
tribution of income. There is a population of households whose well-being is determined
by consumption of two goods — a market-traded private consumption good, X, and a
non-market-traded pure public (i.e. non-rival and non-excludable) environmental good,
E. Both goods may be composites, and their amounts are continuously scalable with
X, E > 0. All households have identical preferences over these two goods, represented

by the utility function
6—1 6—1 %
UX,E) = (aX'? +(1-a)B)" (1)

where 0 with 0 < # < 400 is the constant elasticity of substitution between the two
goods, and 0 < a < 1. The utility function (1) is strictly quasi-concave, preferences are
homothetic, and both the private good and the environmental public good are normal
goods. An individual household’s income is exogenously given and denoted by Y. The

distribution of income over households is described by a continuous density function



f(Y') over non-negative incomes. While the consumption good is traded on a market
at given price p > 0, consumption of the environmental good is fixed at an exogenously
given level E > 0 which is the same for all households.® Each household maximizes its

utility subject to the budget constraint and fixed level of the environmental good:®
max UX,E) st. pX =Y and F fixed . (2)

We follow Aaron and McGuire (1970) and Ebert (2003) in defining the individual
income-equivalent total WTP for the environmental good at level E as the willingness

to pay w per unit (Lindahl price) times the total number E of units:
WTP =wkE . (3)

The Lindahl price w of the environmental good is implicitly defined as the virtual price
that yields the environmental good level E as the ordinary (unconditional) Marshallian
demand in the hypothetical choice problem where the environmental good is considered
a private market good. In this hypothetical choice problem, the environmental good can
be individually chosen and must be paid for at the Lindahl price, and the household has
an income of Y plus the expenditures on F (Neary and Roberts 1980, Hanemann 1991:
Equation 11, Flores and Carson 1997: 289). With utility function (1), a household’s
total WTP for the environmental good at level £/ then depends on income Y and the

other model parameters as follows (see Appendix A.1):

l—«

, 1
WTP(Y) =k Y" with &= WE) T, =7, (4)
«

where 7 is the (constant) income elasticity of WTP and & is a factor that depends on

all parameters of the model and on the quantity of the environmental public good.

5Denoting by E both the variable ‘environmental-good-consumption’ and the fixed level at which
the environmental good is provided should not cause any confusion, as in our analysis the amount of

the environmental good is never variable but fixed throughout.

In this ‘equal-preference’-model, which is standard in public economics (Buchanan 1964), house-
holds have identical preferences and differ only in terms of income, i.e. differences in the evaluation of
the environmental good between rich and poor households are caused by differences in income, not by

differences in preferences.



One interesting and important implication of the underlying constant-elasticity-of-
substitution utility function is that the income elasticity of WTP, n, is simply the inverse
of the elasticity of substitution between the consumption good and the environmental
good, #. This result, which has already been obtained by Kovenock and Sadka (1981)
and Ebert (2003: 452-453), merits some attention. It means that the income elasticity
of WTP is larger than one, n > 1, if and only if the consumption good and the envi-
ronmental public good are complements, # < 1. The income elasticity of WTP is equal
to one in the Cobb-Douglas case, # = 1; and the income elasticity of WTP is smaller
than one, n < 1, if and only if the private and the public good are substitutes, § > 1. It
follows that WTP for the environmental good rises progressively (proportionally, regres-
sively) with income if and only if the consumption good and the environmental good
are complements (Cobb-Douglas, substitutes).”

While all households have identical preferences, represented by utility function (1),
income Y is distributed unevenly over households. In particular, we assume that Y is
log-normally distributed with mean py and standard deviation oy. For instance, the
world income distribution, as well as the income distribution in many countries, can
be described by a log-normal distribution with good approximation (Pinkovskiy and
Sala-i-Martin 2009). The log-normal distribution is handsome for analytical purposes
too, as it is completely determined by its first two statistical moments, py and oy.®

In this society, the mean (over households) total WTP for the environmental good

at level E, pwrp, is given by
pwre(fy, oy) = /fln(y;ﬂy,UY)WTP(Y) ay (5)
0

where fi,(Y; puy,oy) is the density function of the log-normal distribution of Y with
mean py and standard deviation oy, and WTP(Y) is given by Equation (4). This

"WTP for the environmental good is said to rise progressively (proportionally, regressively) with

income Y if and ounly if dWTP(Y)/Y)/dY > (=,<) 0.

8Strictly speaking, the first two statistical moments of the log-normal distribution are m and s.

These two biuniquely determine py and oy (see Equations A.36 and A.37 in Appendix A.2).



yields (see Appendix A.2):

1—

o2\ 20 )
pwre(fy,oy) = /fpé,/g (1 + H_g) or, equivalently, (6)
Y
_ 1/6 2\ 557
MWTP(NYvCVY) = Ky (1+CVY) ) (7)
where CVy := oy /uy is the coefficient of variation of income.” While the standard

deviation oy measures the width of income distribution in monetary units, the coefficient
of variation CVy, i.e. the relative standard deviation of income, measures the width of
income distribution as a percentage of mean income. Both measures of income inequality
seem plausible. First, one could simply take the standard deviation oy as a measure of
income inequality. This is in line with an idea that absolute income inequality matters,
that is, inequality as a mean absolute deviation (in monetary units) from the mean.
Second, one could take the coefficient of variation CVy as a measure of income inequality.
This is in line with an idea that relative income inequality matters, that is, inequality
as measured as a mean relative deviation (as a percentage) from the mean income.

In our analytical framework, changes in py and oy (or CVy ) can be interpreted as
outcomes of some stylized, not explicitly modelled policies for the growth and redistri-
bution, respectively, of income.!°

Since the social WTP is the sum of individual WTPs, which is the mean WTP multi-
plied by the (constant) number of households, the mean WTP studied here (Equation 6
or 7) can be identified with the social WTP.

9Denoting both functions, (6) and (7), by puwrp saves notation but is, strictly speaking, an abuse
of notation, as they depend on different variables. However, this should not cause any confusion, as
we will always specify both arguments of the function. So, the reader will always know whether we
speak of mean WTP as a function of mean income and standard deviation of income, or as a function

of mean income and coefficient of variation of income.

10We thereby abstract from restrictions to redistribution schemes that actual policy may face (e.g.
Requate and Lange 2000), as a main application of our results — the theory and practice of benefit

transfer — concerns cross-country comparisons and adjustments.



3 Results of model analysis

In this section, we study how the mean WTP for the environmental good, uwrp (Equa-
tion 6 and 6), changes if mean income, uy, and/or income inequality change. We do
this for both relative and absolute measures of income inequality, coefficient of variation
CVy (Section 3.1) and standard deviation oy (Section 3.2), in turn. We start with the

coefficient of variation as this yields simpler and more intuitive results.

3.1 Relative income inequality

We start by by briefly stating how mean WTP for the environmental good changes if

mean income changes.

Proposition 1

Mean WTP for the environmental good, pwrp, increases with mean household income,

My
0 prwrp (py, CVy)

0 pry
Proof. See Appendix A.3. O]

>0. (8)

The proposition states that the influence of mean household income on mean WTP
is unambiguous and straight forward: mean W'TP for the environmental good increases
with mean income. At bottom, this reflects the fact that both the private consumption
good and the environmental public good are a normal good for all households in the
population, and that, therefore, individual willingness to pay for the environmental good
increases with individual income. Our proposition transfers this well known result about
individual WTP to the context of a society with unequally distributed income, where it
becomes a statement about mean variable values.

We now come to our key result on how income inequality affects mean WTP for the

environmental good.

Proposition 2

1. Mean WTP for the environmental good, uwrp, decreases (increases) with relative



income inequality, CVy, if and only if the environmental good and the consumption

good are substitutes (complements):

aMWng?;;CVY) § 0 if and only if @ E

1. 9)

2. Opwrp/0CVy decreases (increases) with mean income, if and only if the environ-

mental good and the consumption good are substitutes (complements):

2
o “g;:(g‘é’viv‘“) S0 ifandonlyif 6 2 1. (10)

Proof. See Appendix A.4. O

Statement 1 of the proposition shows that the influence of relative income inequality
on mean WTP crucially depends on whether the environmental good and the con-
sumption good are substitutes or complements. If they are substitutes, a more equal
distribution of income increases mean WTP. If they are complements, in contrast, a
more equal distribution of income decreases mean W'TP. The rationale behind this re-
sult is as follows. The two goods being substitutes is equivalent to an income elasticity
of WTP below unity (cf. Equation 4). Then, households with lower incomes are willing
to pay relatively more of their income for the environmental good than are households
with higher income. This means that if a household experiences an increase (decrease)
in income, their WTP increases (decreases) only by less than his income. In addition, a
more equal income distribution means that some high-income households have a lower
income, while some low-income household have a correspondingly higher income, and
mean income remains unchanged. Taking these two effects together explains the result,
as shifting income from relatively high income levels to relatively lower levels reduces
the WTP of the higher income levels, and it also increases the WTP of lower incomes,
and the sum of WTP increases at low-income households is larger than the sum of WTP
reductions at high-income households.

The size of this effect depends on the level of mean income in the society (Statement 2
of the proposition). In particular, in the case of substitutes the negative effect of relative
income inequality on mean WTP is aggravated by the mean income level: its negative

effect is increased in absolute magnitude if mean income is higher.

10



Our key result on how income inequality affects mean WTP, is more general than
stated in Proposition 2. We assumed a particular functional specification of the utility
function (CES-function with substitution parameter 6, Equation 1) and of the income
distribution (log-normal distribution with mean py and standard deviation oy ), for ease
of exposition and direct applicability in empirical cases (Section 4). Yet, a similar result
can be casted in more general terms for any concave utility function and any regular
distribution function as long as the WTP function is globally concave or globally convex
(see Appendix A.12 for details).

Since both mean income and relative income inequality influence mean WTP for the

environmental good, we ask: which one of the two influences is relatively stronger?

Proposition 3

Mean WTP for the environmental good, pwrp, changes more elastically with mean
household income, uy-, than with relative income inequality, CVy-, except for the extreme
case where the environmental good and the consumption are strong complements, 6 <
1/2, and relative income inequality is larger than \/m . In this case, mean WTP
for the environmental good changes less elastically with mean household income than

with relative income inequality:

0 pwrp(py, CVy) Ly
,CV = 11
|77#WTP,#Y (MY Y)' aﬂy [WTP (,UYy va) ( )
>
0 pwrp(py, CVy) CVy
—= = Cv
P CVY [WTP (,UYa va) ‘nHWTPych (MY> Y)’
<
92% or €<—andCVy<,/
if and only if 0 <iand CVy = /% (12)
6 <iand CVy > /L
\ <3zan Y >\ 120
Proof. See Appendix A.5. O

This proposition means, that — except for the extreme case where the environmental

good and the consumption good are strong complements and relative income inequality

11



is large — mean WTP for the environmental good reacts more elastically to the mean
income level than to income inequality. That is, a one-percent increase in society’s mean
income level will increase society’s mean WTP relatively more, i.e. by more percent, than
a one-percent reduction in the coefficient of variation of income. In the extreme case,
the relative effect size will be the other way round, though. For the delineation of this
extreme case, what is a “large income inequality”, CVy, depends on the elasticity of
substitution, \/m . The stronger complementary the two goods are, i.e. the
smaller 6, the smaller is this expression,!! and the smaller the “large income inequality”
that defines this case.

Finally, we derive adjustment factors for the effects of the income distribution on
mean WTP. These can be useful for different applications, such as benefit transfer or
sustainability policy. Here, we present these adjustment factors in the context of benefit
transfer, while we illustrate the role of these adjustment factors for sustainability policy
in Section 4.

The increasing demand for the valuation of environmental goods on the one hand
and the resource-intensity of primary valuation studies on the other hand have caused
a frequent application of benefit transfers, that is, the transfer of benefit measures from
one site to another (Kaul et al. 2013). While benefit transfers have many limitations
they are, due to budget constrains, often the only option to account for monetary values
of environmental goods in the planning or policy process.

In the practice of benefit transfer, WTP-estimates are transferred from a study site,
where a primary valuation study has been undertaken and which is characterized by
site-specific variables (E50dy, pstudy - Sndy eystndy =y o g policy site, where benefit
measures are needed and which is characterized by site-specific variables (EPoliey ppolicy,
u%’f“cy,CV‘;onCy, ...). It is widely acknowledged that a valid benefit transfer needs to
correct for the difference in the amount of environmental good available at both sites,
and the difference in the mean income level (e.g. Richardson et al. 2015, Ready and

Navrud 2006). But so far, adjusting for the difference in income inequality has been

11,/6/(1 — 26) monotonically increases with 6, from 0 (for # — 0) to +oo (for 6 — 1/2).

12



neglected.

Proposition 4

The benefit transfer function for adjusting mean WTP for the quantity of the environ-
mental good to be valued, the market price level, the level of mean income and relative
income inequality from a study site with (Estudy  pstudy smdy oystedyy 46 5 policy site
with (EPolicy  ppolicy quOHCy,CVI;OhCy ), assuming identical preferences (6, «) in the study

and the policy sites, is given as

st (1, CVy) = @(BPOIey, pPoliey  golley, QVReiey, ptudy potudy | Sndy GVERY) - piGak (py, CVy)
(13)

with the following disentangled transfer factor:

(I)< ) ) _ (I)E(EPOHCy, Estudy) . (I)p(ppOhCy,pStudy) . (I)M(Mpydicy, Iuiﬁudy) . @CV(Cv};olicy’ Cviﬁudy)

(14)
with
. ud Epolicy 51
(I)E(EPO 1cy’ Estu Y) — (Estudy) , (15)
li tud proiey o
v — (52) (19
upolicy é
olic stud
(I)u(ﬂg ymuY y) = (/;s/tudy> ) (17)
Y
1-6
) 1+ CVpolicyZ 202
@CV(C\/g’,OhCy, CVSthUdy) = <ﬁ . (18)
1+ Ve
Proof. See Appendix A.6. O

Our result (Proposition 4) shows that adjusting WTP-estimates for differences in
income inequality is easy, as the transfer factor fully factorizes into a product of variable-
specific factors. So, each of the site-specific variables can be controlled for separately. As
expected after Proposition 2, the income-inequality specific transfer factor &y may be
greater or small than one, depending on whether the environmental good and the market

good are substitutes or complements, § > 1 or § < 1, and whether income inequality

13



is greater or smaller in the policy site than in the study site, CVP?'Y > CVI"Y or
Cvg)/olicy - Cvsytudy'

If the two goods have an elasticity of substitution of one, as for Cobb-Douglas-
preferences, one has ®cy = 1 so that there does not need to be any adjustment for
income inequality. In this case, there is also no need to correct for differences in market
prices for private goods or the endowment with the environmental public good. Yet,
in the empirically more relevant case ¢ > 1, all these correction factors will in general
differ from one.

As a by-product, Proposition 4 also states how to control for the difference in market
price level, p, that is, the purchasing power of income, between the study site and the

policy site.

3.2 Absolute income inequality

After having discussed in the preceding Section 3.1 the effects of relative income in-
equality, measured by the coefficient of variation of income, CVy, on mean WTP for
the environmental good, we now go through the same suite of questions and statements
once more, but consider absolute income inequality, measured by the standard deviation
of income, oy. As some of the results will be very similar to those already obtained
for relative inequality, we will be shorter in this section and focus on the qualitatively
different results.

The first question is, again: how does mean WTP for the environmental good change

if mean income changes?

Proposition 5

1. Mean WTP for the environmental good, pwrp, increases with mean income, py,
at all levels of mean income if the environmental good and the consumption good
are substitutes or weak complements:

8MWTP(MY7OY)
8uy

>0  if 0>1/2; (19)

2. Mean WTP for the environmental good, puwrp, decreases (increases) with mean

14



income if the environmental good and the consumption good are strong comple-

ments, § < 1/2, and mean income puy is smaller (greater) than /1/0—20y:

Opwre(py,0v) < o ¢ uy S V/1/0—20y if #<1/2. (20)
8uy = =

Proof. See Appendix A.7. n

The proposition states that, unless the environmental good and consumption good
are strong complements, the influence of mean household income on mean WTP is
unambiguous and straightforward: mean WTP for the environmental good increases
with mean income. A difference to the corresponding Proposition 1 for relative income
inequality is that, keeping absolute income inequality fixed, mean WTP may decrease
as mean income increases — namely if the two goods are strong complements, § < 1/2,
and mean income is smaller than the threshold value of \/m oy. This threshold
value increases with the degree of complementarity (it goes to +o0o for # — 0) and with
absolute income inequality, oy .

In terms of absolute income inequality, our key result on how income inequality af-
fects mean WTP for the environmental good is as follows. Again, this result can be gen-

eralized beyond the particular functional specifications used here (see Appendix A.12).

Proposition 6

1. Mean WTP for the environmental good, pwrp, decreases (increases) with absolute
income inequality, oy, if and only if the environmental good and the consumption

good are substitutes (complements):

aMWTP(MY;UY) <
aO'y >

0 ifandonlyif 6 = 1. (21)

2. (a) Opwrp /0oy does not change with mean income, py, at all if and only if = 1/2

or 0 =1:

3N%VTP(MY7UY>
0 py0oy

=0 forall yy >0 ifandonlyif 6§=1/20r0=1. (22)

(b) Opwrp/doy decreases with mean income, puy, for gy < oy 1/1/6 and increases

with mean income, uy, for py > oy 1/1/60, if and only if the environmental good
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and the consumption good are substitutes or strong complements:

8:“/%VTP(:UY’O-Y) <

5 100 = 0 for py S V1/0oy ifandonlyif 6 <1/20r6>1.
Uy O Oy

(23)

(¢) Ouwrp/Joy increases with mean income, py, for py < oy /1/6 and decreases
with mean income, py, for py > oy 4/1/0, if and only if the environmental good
and the consumption good are weak complements:

8M%VTP<NY7UY)
O py 0oy

Z 0 for py S /1/0oy ifandonlyif 1/2<6<1. (24)

Proof. See Appendix A.S8. O

Statement 1 is exactly as in the case of relative income inequality (Proposition 2,
statement 1). In contrast, Statement 2 now contains an additional qualification: the
effect of income inequality on social WTP not only depends on the degree of substi-
tutability but also on the level of mean income.

Since both mean income and absolute income inequality influence mean WTP for

the environmental good, we ask: which one of the two influences is relatively stronger?

Proposition 7

Mean WTP for the environmental good, pwrp, changes more elastically with mean
household income, py, than with absolute income inequality, oy, except for the extreme
case where the environmental good and the consumption are strong complements, 6 <
2/3, and mean income is smaller than may. In this case, mean WTP for the

environmental good changes less elastically with mean household income than with

16



relative income inequality:

N P TR L L0 S )
pTE Y AT 0 py pwre (fy, oy)
>
d prwre (py, oy) oy _.
= 80’}/ MWTP(MY O'y) - ‘nMWTPJY (NY70Y)|
<
)
0> %, or 0 < % and py > +/2/0—3 0y
if and only if 0 < % and py = 1/2/0—30y : (26)
0 < % and py < /2/0—30y
.
Proof. See Appendix A.9. O]

This result is similar as the corresponding result for relative income inequality
(Proposition 3).

Finally, we derive the benefit transfer function for absolute income inequality.

Proposition 8

The benefit transfer function for adjusting mean WTP for the quantity of the environ-
mental good to be valued, the market price level, the level of mean income and absolute
income inequality from a study site with (Estudy, pstudy - study - osudyy o 5 policy site

with (EPolicy, policy poliey - bolieyy " agqming identical preferences (6, ) in the study

and the policy sites, is given as

policy . policy , policy , policy _policy, study ,study , study _study study
MWTP (/’LY70-Y) - @(E P y by y Oy 3 E P y Hy y Oy ) 'MWTPO’LY?O-Y)

(27)
with the transfer factor:
(I)( ) ) — cI)E(Epolicy7 Estudy) : (I)p(ppolicy7pstudy> . CI)M,J(M};/OHCY, Ugolicy’ Miﬁudy7 O_;};udy) (28)

with

. 1/6 . . =0
policy policy ; policy\2 \ 262
) ( policy O_policy study O_study> _ Hy . 1+ (UY /uY ) (29)
o \Hy Y My =50y - study 1 study ; study\o
+ (o iy )

Hy
and @ g(EPolicy pstudy) @ (ppolicy pstudy) a5 in Equations (15) and (16).
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Proof. In anlogy to the proof of Proposition 4, see Appendix A.6. m

The transfer factors for the level of the environmental good, F, and for the market
price level, p, are the same as for the case of relative income inequality (cf. Propo-
sition 4). The transfers factors for the two moments of the income distribution, py

and oy, are not algebraically decomposable and, therefore, appear as a joint factor,

policy _policy = study _studyy 12
polpy™ oy iy oy ).

4 Empirical analysis

In this Section, we provide three empirical case studies to illustrate the theoretical results
from Section 3, and to estimate the order of magnitude of the comparative static effects.
We have chosen these cases to represent different environmental goods and different
socio-economic contexts, to demonstrate a range of potential effects. We have based
selection on the crucial criterion of availability of recent data on the income elasticity
of WTP for the environmental goods.

The first case concerns an environmental good of high cultural importance in a
developed country: the existence of large predator species in Sweden (Section 4.1.1,
based on the study described in Broberg and Brannlund 2008, and in Broberg 2010).
The second case features an essential environmental good in a poorly developed area:
water quality improvement in Lake Puzhehei, Yunnan Province, China (Section 4.1.2,

based on the study of Wang et al. 2013). The third case examines a global environmental

12 As the Gini coefficient is also often used as an inequality measure, we report here the corresponding
transfer function: For the case of log-nomally distributed income the Gini coefficient (G) depends
only on oy and can be represented as G(o,) = 2F (0, /v/2) — 1 (Cowell 2009: 153), where F(-) is the
cumulative distribution function of the standard normal distribution A (0, 1). Hence, the transfer factor
®,, +(...) can be expressed in terms of the Gini coefficient as follows:

1—-6

policy 1/6 1 —1 Gl;oucy-i-l policy\2 207
) . ] ) + 2F
(Mpollcy’ G[{/ollcy study7 G;‘/cudy) _ (NY ) . (( ((\[ ( 2 ))/MY ) )

Y ) My study Gotudy 11
Y L+ (V2P L (Fg=2)) iy ™)?

)

u,G
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good — the existence of biodiversity worldwide (Section 4.1.3, based on the meta-study
of Jacobsen and Hanley 2009).

We first describe each of the three case studies separately and review how the re-
spective data have been gathered and processed (Section 4.1). We subsequently present

the results of our empirical analysis in an overview of all three cases (Section 4.2).

4.1 Data description and processing
4.1.1 Existence of large predator species in Sweden

The existence of large predator species provides a range of culturally important services
to humans, including direct use and option values for hunters or wildlife tourists and
in particular bequest and existence values for the broader population. In Sweden, four
large predator species were threatened with extinction at the time of the study: the
wolf and the wolverine are ‘critically endangerd” and ‘endangered’, respectively, while
the populations of bear and lynx are ‘vulnarable’ (Broberg and Brannlund 2008: 1066).

Broberg (2010) studied the income effects on WTP for the 2009 Swedish Predator
Policy, which aims at securing the survival of these predator species. His analysis builds
on survey data from 872 Swedish individuals from May 2004.!% Respondents had filled
out a multiple bounded payment card matrix which was based on a polychotomous-
choice question that elicited WTP according to different levels of an annual tax to be
paid in the next five years with nine amounts ranging from 10 Swedish krona (SEK) to
5,000 SEK and five uncertainty levels, from “definitely yes” to “definitely no” (Broberg
2010: 7). Mean WTP of Swedish survey respondents was found to be pfiis=449.67
SEK (Broberg and Brinnlund 2008: 564).14

13The survey was sent by mail to 4,050 randomly selected Swedish individuals, who were chosen on
the basis of a stratification process to ensure the selection of individuals living far from, close to and
within wildlife areas. Of the 2,455 respondents, those 872 were selected to estimate the WTP function
who stated a positive WTP, had non-zero income, and consistently filled out the multiple bounded

payment card matrix.

4Broberg and Brinnlund (2008: 564) employed different estimation techniques for the WTP function,

including an expansion approach where data are recoded such that “definitely yes” and “probably yes”
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For each survey respondent, Broberg (2010) took household income data from the
income register of Statistics Sweden, which have a very high degree of accuracy. Among
other income variables, he reports annual disposable household income (net income

including capital income and social benefits) in 2003. Mean annual disposable household

income of all 872 survey respondents is p$VE=304,422 SEK, with a standard deviation

of o3WE=174,879 SEK and a corresponding coefficient of variation of CV3"VF=0.57.
The constant income elasticity of WTP for the Swedish Predator Policy using annual
disposable household income was estimated to be n°WF=0.37, with a standard error of
AnSWE=(.1 (cf. model Mod.3yy of Broberg 2010).15

We now build on these results. To quantify the impact of changes in the income
distribution on mean WTP for the Swedish Predator Policy, we need to specify the

inputs to Equation (7): u$WVE, o$WVE CVIWVE 0SWE = 1/9SWE and SWE: First, for p3"Ve,

osWVE and CVSVE we use the income data of disposable household income from Broberg

(2010), which is depicted in Figure 1 in the form of a histogram as well as the curve of the

best-fitting log-normal distribution, that is, the log-normal distribution with mean p$"VEe

SWE
Y

and standard deviation oy, We assumed this log-normal distribution to be the true

income distribution.'® Second, the elasticity of substitution between consumption goods

OSWE s given through the inverse income elasticity

and the cultural environmental good,
of WTP, 1/n°WE=1/0.37=2.63 (Equation 4). Taking into account the standard error in

the measurement of the income elasticity, AnSWF=0.1, we obtain corresponding errors in

means “yes”, and the other answers mean “no”. This approach was used by Broberg (2010) in his

subsequent analysis of the income effects.

15T model the relationship between WTP and income, Broberg (2010) employed a range of functional
forms (linear, quadratic, linear in logarithms), different income variables and other determining factors.
He found that income has a significantly positive effect on WTP, with income elasticities of WTP
ranging from 0.14 to 0.4, depending on the functional form. The specification yielding a constant
income elasticity of WTP “doles| not have significantly worse overall fit” than other specifications

(Broberg 2010: 15).

16We assume income data in this case study to be log-normally distributed even though a Kolmogorov-

Smirnov test reveals that the null-hypothesis of log-normality is rejected at common significance levels.
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Figure 1: Histogram of the distribution of disposable annual household income in Sweden

[in 1,000 SEK], as used by Broberg (2010), and best-fitting log-normal distribution.

0>WE that translate into the following upper and lower bound estimates: 65%";=2.12,
6’2%@27:3.66. Third, the factor s is a function of all model parameters, including 6
(Equation 4). Since some of these parameters are unknown, we use py »=449.67 as
well as 03WE | SWVE and CVIVE to calculate xSV indirectly via Equation (7). The
residual, calibrated factor xSWE is 4.24. As k, by definition (Equation 4), depends on
0 = 1/n, we take into account the measurement error in 7 impacting x. Using a standard

method for estimating error propagation (Appendix A.10), we obtain: /@372\6947:3.38 and

4.1.2 Water quality in Lake Puzhehei, Yunnan Province, China

Due to rapid economic expansion and lack of wastewater treatment, the water quality in

many waterways and lakes in China has greatly deteriorated. This decline in water qual-
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ity is accompanied by the loss of important provisioning ecosystem services. To counter
this development, the World Bank supports the Government of Yunnan Province, China,
to enhance the watershed environment, including an improvement of water quality in
Lake Puzhehei in Qiubei County, one of the least developed regions of China (Wang
et al. 2013). The specific objective is to prevent the lake from tipping towards heavy
eutrophication and thus to preserve and enhance access to basic environmental infras-
tructure. Further projected benefits include an increase in biodiversity and property
values, a reduction of water- and air-borne diseases as well as in the damage from future
flooding.

We draw on the study by Wang et al. (2013), which assessed WTP for the World
Bank project that aims at improving the water quality of Lake Puzhehei by one grade
level. WTP [in units of Chinese yuan (CNY)] per month for five years for this project
was elicited using a multiple bounded discrete choice method based on in-person inter-
views in 2007. Of the 507 households from Qiubei County selected using a multiple-stage
stratified random sampling approach, 485 households entered the analysis as they pro-
vided complete information and stated WTP not exceeding 20% of household income.
Annual household income in the previous year 2006 [in CNY] was elicited categorically,
exhibiting a mean annual household income of u{=12572 CNY and a standard devi-
ation of o$1'=12,291 CNY, with a coefficient of variation of CVY=0.98 (Wang et al.
2013: 61).17

Based on conservative assumptions,'® Wang et al. (2013) found that mean WTP per

household for the water quality improvement project was pGis=29.75 CNY per month

1"Wang et al. (2013) elicited the interviewees’ total household income in ten income classes with
varying class sizes (Shi, personal communication). They transformed this categorical income data into
a continuous income variable by using the respective class averages as income values. For example, if a
household stated an income in the category 12,001-20,000 CNY, it was assumed that their household
income is 16,000 CNY. This categorical-to-continuos-conversion generates an income distribution with

485 data points that consists of only nine different values.

BWang et al. (2013) assume that WTP is normally distributed within the population, in contrast to
being log-normally distributed, which would yield a mean WTP of M\C;VI{TIP = 33.36 CNY.
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Figure 2: Histogram of the distribution of annual household income in Qiubai County,
Yunnan Province, China [in units of 1,000 CNY]), as used by Wang et al. (2013), and

log-normal distribution with the same mean and standard deviation.

for five years. Wang et al. (2013) further analyzed the determinants of WTP using
common socio-economic characteristics, including household income and the household’s
relation to the project. Their regression analysis showed that the explanatory variable
‘log(income)’ is positively significant and the estimator for the constant income elasticity
of WTP is n°M=0.21, with a standard error of Ap®M=0.05 (Wang et al. 2013: 27,
Table 6).

We now build on these results and specify the inputs to Equation (7) as follows.
First, we take u$M=12,572 CNY, o$"=12291 CNY and CV{M*'=0.98 as reported by
Wang et al. (2013: 61). We further assume that household income in Quibai County
is log-normally distributed with moments as estimated by Wang et al. (2013). Yet, we
must emphasize that the quality of the income data used for this case study is very poor.
Figure 2 depicts a histogram of the income data from Wang et al. (2013) as well as a curve

QCHI

corresponding to the assumed log-normal distribution. Second, is given through
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1/n“M=1/0.21=4.76. Taking into account the standard error in 7" of An“Hl = 0.05,
we obtain corresponding errors in §°M" = 1/nH: 9] =3.85, 65 4=6.25. Third, as
above, we calculate k“M! indirectly as 4.33. Taking into account the standard error in
n impacting k, through a standard error propagation estimation (Appendix A.10), we

obtain: ko1 »,=3.92 and k{1 1=4.79.

4.1.3 Global biodiversity conservation

For our analysis of how mean WTP for an environmental good depends on the dis-
tribution of income on a global scale, we draw on the meta-study by Jacobsen and
Hanley (2009), who gathered 145 WTP-estimates from 46 contingent valuation stud-
ies across six continents. These contingent valuation studies assessed WTP for differ-
ent kinds of ecosystem service preservation projects, with a focus on existence values.
Most studies included in the dataset are located in developed countries and have been
conducted between 1979 and 2005. Jacobsen and Hanley (2009) estimated an income
elasticity of WTP for global biodiversity conservation of n*©=0.38, with a standard

error of An©tO

=0.14, through a double-log estimation with ‘WTP per year’ [in units
of 2006-purchasing-power-converted-USD, “2006-PPP-USD”| as the dependent variable
and ’annual household income’ [in units of 2006-PPP-USD] as the explanatory variable
(Table 3 in Jacobsen and Hanley 2009: 145) from 127 data pairs with household in-
come. The estimated mean WTP for global biodiversity conservation is pu$*©=89.51
2006-PPP-USD.

As there is — to our knowledge — no better estimate for an income elasticity of global
WTP for environmental goods, we treat it as a proxy for the global picture. The income
data in the sample of Jacobsen and Hanley (2009) consist of the mean income values of
the single studies. Thus, this income data is not representative of the world distribution
of household income, but reflect the arbitrary study selection, with an over-proportionate
representation of studies from developed countries. We therefore generated an approx-
imation of the world household income distribution that more closely resembles the

actual distribution.

We specify the inputs to Equation (7) as follows. First, for the moments of the world
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Figure 3: Best-fitting log-normal distribution of annual household income worldwide [in

units of 1,000 2006-PPP-USD], based on Pinkovskiy and Sala-i-Martin (2009).

distribution of household income, we draw on the study by Pinkovskiy and Sala-i-Martin
(2009), who estimate log-normal income distributions for 191 countries as well as for the
world, suggesting a global mean income per capita in 2006 of 9,550 USD and a standard
deviation of 15,400 USD (Pinkovskiy, personal communication). To derive the world dis-
tribution of household income, we combine their per-capita income data with estimates
on average national household size, which originate from the year 2002 (Dorling et al.
2010). Simple multiplication produces the moments of the global distribution of house-
hold income. We find that global mean household income is p§$*©=37,552 2006-PPP-
USD, with a standard deviation of o{*°=60,555 2006-PPP-USD corresponding to a co-
efficient of variation of CV$*°=1.61. The curve of the log-normal distribution with this
mean and standard distribution is depicted in Figure 3. Second, #*© is given through

1/n%0=1/0.38=2.63. Taking into account the standard error in n*© of Apt¥©=0.14,
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Table 1: Descriptive statistics for the three case studies.

Existence of large Water quality Existence of biodiversity
predator species (Sweden) improvement (China) (Global)
N 872 485 127 (for WTP data)
WTP
mean WTP 449.67 [annual SEK for 29.75 [CNY per month 89.51 [annual
(LwTp) five years] for five years] 2006-PPP-USD]
income elasticity 0.3770 10 0.211002 0.387014
of WTP (n)
clasticity of 2.6975-97 4767551 2.637051
substitution ()
constant (k) 4.2415:99 4.33704¢ 1.90%030
Income
annual mean 304,422 [SEK] 12,572 [CNY] 37,522 [2006-PPP-USD]
(ky)
standard 174,879 [SEK] 12,291 [CNY] 60,555 [2006-PPP-USD]
deviation (oy)
coeflicient of 0.57 0.98 1.61

variation (CVy)

we obtain corresponding errors in -0 = 1/n%t0: 900 =1.92, 0550, =4.17. Third, as
above, we calculate xCM© indirectly as 1.90. Taking into account the standard error in

n impacting k, through a standard error propagation estimation (Appendix A.10), we

obtain: kL5,=1.64 and £{LE,,=2.20.

4.2 Results of empirical analysis

We now quantify and illustrate how mean WTP for environmental goods depends on the

distribution of income in a society (Propositions 1 through 8) using the three case studies
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Table 2: Elasticities of mean WTP with respect to mean income as well as relative
and absolute income inequality for the model with relative income inequality (Equa-
tions A.44, A.45) and the model with absolute income inequality (Equations A.73, A.77),
with (=SWE,CHI,GLO.

Existence of large Water quality Existence of
predator species improvement biodiversity
(Sweden) (China) (Global)
Elasticities of mean WTP for the model with relative income inequality (Proposition 3)
owerpiy (s CVY) 0.374015 0.2145:65 0.38¥513
B v, (1 OVE) 0065438 00833 01743

Elasticities of mean WTP for the model with absolute income inequality (Proposition 7)

nf"WTPvl"Y (M%ﬂ Ug’) 043t8%(1) ()297:88; 055t8}g

; i i 0.00 0.01 0.01
ULWTP,UY 1y, 0%) O-06J—r0.01 O~08J—r0.02 O~17J—r0404

described above. We do this in parallel for both measures of relative and absolute income
inequality, the coefficient of variation and standard deviation of income, respectively.
Due to the symmetry of the analysis, we only discuss in detail the results of the case
study concerning the global picture (Section 4.1.3), and report the corresponding results
of the two remaining case studies in Tables 2 and 3. The quantitative inputs from the
three case studies to the empirical analysis are summarized in Table 1.

First, we examine how mean WTP for global biodiversity conservation changes with
adjustments in mean world household income. Figure 4 illustrates this relationship for
the income elasticity of WTP of n%0=0.38 (§9%°=2.63), from Jacobsen and Hanley
(2009), depicted as the solid black curve, with a shaded error range of one standard
error in the income elasticity of WTP, while holding the coefficient of variation of income
constant at the given level of CV$*?=1.61 (Proposition 1).

Mean WTP for global biodiversity conservation is an increasing, concave function

of mean world household income. If mean world household income increased by 1%,
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Figure 4: Relationship between mean WTP for global biodiversity conservation, u\i o,

and mean world household income, p$*°, with an error margin of one standard error

of the income elasticity of WTP (shaded in grey), for a given coefficient of variation of
income of CV$*9=1.61. The adjustment factor ®,(2u$"°, u$©) for a (hypothetical)

doubling of mean income corresponds to an increase in mean WTP, AuSES,, of 30.13%.

and global relative income inequality stayed constant, mean WTP would rise by ap-

proximately nSLO = 0.38% 013 (Proposition 3, Equation A.44, see Table 2). The

HWTP Y

reported range corresponds to one standard error in the income elasticity of WTP.!?

A hypothetical doubling of mean world household income for a constant coefficient of

variation of income, corresponding to an adjustment factor ®,(2u$™0, u$l0), would

lead to an increase in mean WTP for environmental goods, AuGsS, of 30.13% '35
(Proposition 4, see Table 3).2° For the case of a constant absolute income inequality,

mean WTP would rise by 10 (uy,0y) = 0.55%1315 if mean household income

9This is the only source of error we report, as the quality of the data does not permit us to provide

reliable standard errors for the estimation of the moments of the distribution of income.

20At historical or forecasted world long-term growth rates of between 1.6% and 2% (Drupp et al.

2015), such a doubling would occur within 35 to 44 years, that is, within the lifetime of one generation.
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increased by 1% (Proposition 7, Equation A.73, see Table 2), and by 42.66% 1230 in
case of a hypothetical doubling of mean income, corresponding to the adjustment factor
D, (2uSEO g GLO [, GLO 5GLOY (Proposition 8, see Table 3).

Second, we look at how mean W'TP for global biodiversity conservation changes with
income inequality, as measured by either the coefficient of variation or the standard
deviation of income, for a given level of mean world household income u{*©=37,552
2006-PPP-USD. Figure 5 illustrates this relationship for the coefficient of variation as a
measure of relative income inequality.?! Mean WTP for global biodiversity conservation
decreases with income inequality. Increasing either relative or absolute income inequality
by 1% would decrease mean WTP by 0.177001% (Propositions 3 and 7, see Table 2).

As a hypothetical scenario, reducing relative or absolute income inequality to zero
and thus obtaining a perfectly equal income distribution, would yield an adjustment
factor of ®cy (0, CVSEC) or @, , (10,0, u$O, ¢$HO) that corresponds to an increase
of mean WTP for global biodiversity conservation, AuGh, by 16.29% 155, For a more
realistic scenario of a benefit transfer from a global study to an application in Sweden,??
that is, a transfer of WTP-estimates from a study site with an income inequality of
CVS9=1.61 to a policy site with an income inequality of CV3"¥=0.57, mean WTP
would increase by AuGES of 11.1179%2% corresponding to an adjustment factor of
Doy (CVIVE CVSEO),

Third, we study whether the negative effect of income inequality on mean WTP
for environmental goods depends on the level of mean income. As shown in Proposi-
tion 4, the adjustment factor ¢y that concerns the relationship between mean WTP
for environmental goods and relative income inequality is independent of the level of
mean income. This means, reducing relative income inequality to zero from its original
value CV$M© raises mean WTP by ApGEY = 16.29% irrespective of the initial level

of mean income. This finding does not hold for the relationship between mean WTP

2IThe respective figure for the standard deviation as a measure of absolute income inequality shows

exactly the same curve and error margin.

22Sweden is a country known for its relatively low income inequality.
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Figure 5: Relationship between mean WTP for global biodiversity conservation, uGre,

and the coefficient of variation of world household income, CV%LO, for a given level of
mean world household income p$*°=37,552 in 2006-PPP-USD, with an error margin
of one standard error (shaded in grey). The adjustment factors ®cy(0, CV$?) and
Doy (CVEVE CVEEO) correspond to an (hypothetical) increase in mean WTP, AuGkS,,
of 16.29% and 11.11%, respectively. While the former is the WTP-adjustment for the
extreme case of complete income equality, the latter is the WTP-adjustment for income

inequality between the global situation to the setting in Sweden.

for environmental goods and absolute income inequality as measured by the standard

deviation, oy (cf. Proposition 8). We find that for the world mean household income

GLO

level of puy™®, reducing absolute income inequality to zero, corresponding to an adjust-

ment factor @, ,(u$0, 0, u$tO, oULO),

leads to an increase of mean WTP for global
biodiversity conservation by AuGHe = 16.297193%. In comparison, for a 30% lower
world mean household income level, the same reduction of absolute income inequality,
corresponding to an adjustment factor @, ,(0.7u$1°,0,0.7u$0, 0FL0), leads to an in-
crease of mean WTP for global biodiversity conservation by AuGhS = 24.231151%: and

for a 30% higher world household income level, corresponding to an adjustment factor
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Table 3: Changes in mean WTP for environmental goods Apiyrp in percent corre-

sponding to the adjustment factors ®, with Apiypp = ® —1, and i=SWE,GLO,CHL.

Adjustment factor Existence of large Water quality Existence of
predator species improvement biodiversity
(Sweden) (China) (Global)
Changes in mean WTP for the model with relative income inequality (Proposition 4)
(2414 11y ) 29417355 15.671523 301371503
®ev(0,CVY) 3.39702% 572419 16.2073:05
Doy (CVIVE CVE) 0 3.281057 11117562

Changes in mean WTP for the model with absolute income inequality (Proposition 8)

i (24l 0% 1y oY) 32.561553 20.13%24 426671320
D10 (1, 0, 4y, o) 3.39102 5724101 16.29+1:03
110 (07155, 0,071ty }) 6.2015 55 9.39+1:69 24937101
Py (130, 0, 1.3y, 0%) 21170355 3.79+0.66 11.60+973

D, (1.3u$10,0,1.3u§L0, o¢LO) | the increase is ApuGHe = 11.607973% (Table 3). So,
the negative effect of income inequality on mean WTP is more than twice as strong, in
percent, when the income level doubles.

Fourth, since both mean income and income inequality influence global mean WTP
for biodiversity conservation, we study which one of the two influences is relatively
stronger (Propositions 3 and 7, see Table 2). The elasticity of mean WTP with re-
spect to mean income for CVy as the measure of relative income inequality is sim-
ply the inverse of the elasticity of substitution between the composite environmental
good and consumption good: nGL0 = 0.387011% (Equation A.44). The elastic-
ity of mean WTP with respect to mean income for oy as the measure of absolute
income inequality is nS-Q (v, 0y) = 0.557013%. (cf. Equation A.73). The elas-

ticity of mean WTP with respect to both absolute and relative income inequality is
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N0 vy (CVy) = 05O (py,ov) = 0.17700,% (Equations A.45 and A.77). It thus
follows that the influence of a change in mean income on mean WTP is relatively stronger
than a change in either relative or absolute income inequality, while this relative effect

is greater for the case of absolute income inequality.

5 Discussion

In this section, we discuss to what extent assumptions made in this analysis limit the
generality of our results. First, our model applies to pure environmental public goods
only. The meta-study of Jacobsen and Hanley (2009), employed in our empirical illustra-
tion, draws on contingent valuation studies that elicit WTP for biodiversity conservation
with a particular focus on existence values. Although these habitat and species preser-
vation projects will not benefit all households equally on a global scale, existence values
may be regarded as a prime example of pure-public-good-type benefits. However, there
are many environmental goods with only a limited spatial range of benefits, or with at
least some degree of rivalry in consumption. Our analysis does not cover cases of such
impure public environmental goods.

Second, the CES-utility specification implies that both the private consumption good
and the environmental good are normal goods, and not Giffen or luxury goods. It
further implies that the income elasticity of WTP is constant, an assumption that is
supported by some empirical evidence (e.g. Jacobsen and Hanley 2009, Broberg 2010)
and adopted in many benefit-transfer applications. There is, however, also empirical
evidence that the income elasticity of WTP may vary with mean income (Barbier et al.
2015, Ready et al. 2002). Again, our model does not capture this effect. An extension
of our analysis that could capture a non-constant income elasticity is to assume non-
homothetic prefereces, for example by taking into account a minimum (subsistence)
consumption level (Baumgértner et al. 2015).

Third, we assume that households have identical preferences and differ only with
respect to income. Our results continue to hold, however, if households have different

utility functions, as long as for each household the elasticity of substitution between
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environmental goods and market consumption goods is constant, and these elasticities
as well as the other utility parameters (e.g. the relative weight of market consumption
goods to environmental goods in utility) and utility-determining variables (e.g. educa-
tion, social norms and relations) are not systematically correlated with the distribution
of income. In particular, it is easy to show that the basic structure of the model is un-
altered if the income elasticity of WTP is normally distributed over households, which
is a common assumption in empirical studies (see Appendix A.11). Thus, our results
generalize to a setting where preferences of all households are described by a constant
elasticity of substitution between the private and environmental goods, but this elastic-
ity may be different across households.

Fourth, our analysis rests on the assumption that income is log-normally distributed
among members of society. While there is sound evidence that this is the case at
the global level and in many countries, there are also suggestions (e.g. by Bandourian
et al. 2003, Giesen et al. 2010) that actual income distributions may have a ‘fatter
tail” than the log-normal distribution. As our calculation of mean WTP rests on the
assumption of log-normal distribution of income, these results would quantitatively, but
not qualitatively, change if one assumed a different kind of distribution (see last point
of discussion).

Fifth, we have only examined the statistical effect of how the income distribution,
and income inequality in particular, affects mean WTP for environmental public goods.
A further channel of influence may be through behavioral responses to income inequality
affecting mean WTP due to social preferences. The experimental findings provide hith-
erto inconclusive and contradictory results: while some studies find that heterogeneously
endowed players in public good games contribute the same percentage of their income
(e.g. Hofmeyr et al. 2007, Rapoport and Suleiman 1993), others find that players con-
tribute the same absolute amount, meaning that low-income players contribute a higher
relative share of their income (e.g. Buckley and Croson 2006). Furthermore, a recent
study by Broberg (2014) suggests that relative income effects may play a role in deter-
mining WTP for environmental goods. Yet, we are not aware of any study that relates

(income inequality dependent) contributions to a public good to the substitutability
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between market-traded consumption goods and public goods. We therefore cannot con-
clude whether taking into account behavioral reactions would amplify or dampen our
results, which crucially depend on the elasticity of substitution. Scrutinizing the in-
teraction of social preferences and the income inequality effects described in this paper
represents a fruitful area for further research.

Finally, while we have derived all our results from a particular functional specification
of the model to allow for an empirical quantification, one could qualitatively derive our
main result more generally, using more general concepts of utility, substitutability, and

income inequality. We show this in Appendix A.12.

6 Conclusion

We have studied how the distribution of income among members of society, in particular
income inequality, affects the social willingness to pay for environmental public goods.
We found that if income is unevenly distributed among otherwise identical households
(i) social WTP for environmental goods increases with mean income; (ii) social WTP
for environmental goods decreases (increases) with income inequality if and only if envi-
ronmental goods and manufactured goods are substitutes (complements); (iii) the effect
of income inequality on social WTP is the stronger, the higher the mean income; and
(iv) social WTP for environmental goods changes more elastically with mean household
income than with income inequality, except for extreme cases of parameter values.

Our results are relevant in several respects. First, for benefit transfer, one should
correct WTP-estimates for differences in both mean income and income inequality. We
provide ready-to-use adjustment factors for this purpose. With data from empirical
case studies we have demonstrated that the size of this adjustment is considerable: a
WTP-transfer for biodiversity conservation from a global case study with high income
inequality to a society with relatively low income inequality, such as Sweden, would
entail a WTP correction for income inequality of more than ten percent.

Second, as the income-inequality effect on social WTP is the stronger, the higher

the level of mean income, it is more important to take it into account in studies and
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management applications in rich countries than in poor countries.

Third, when giving policy recommendations aimed at both allocative efficiency and
distributive justice (“sustainability policy”, Baumgértner and Quaas 2010), the effect
of the income distribution on WTP has to be known. Assessment of allocative effi-
ciency may require monetary valuation of non-market goods, while the distribution of
income influences this monetary valuation in turn. The two aspects are thus mutually
interlinked and need to be studied and addressed simultaneously. For instance, one
may correct WTP-estimates for unjust income inequality, and use inequality-corrected
WTP-estimates for efficiency (e.g. cost-benefit)-analysis. In the case of global WTP for
biodiversity conservation this adjustment might lead to an increase in WTP of up to 16
percent, depending on the (in-)equality preferences of society.

Overall, our analysis demonstrates the importance of taking into account economic
inequality and equity considerations when doing benefit transfer and economic policy in

general.
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Appendix

A.1 Derivation of WTP(Y) (Equation 4)

Total WTP for the environmental good at level E is given as the marginal WTP w

times the number of units of E:
WTP =wkE . (A.30)

The marginal WTP w can be derived from the agent’s indirect utility function V' (p, E,Y")
by an extension of Roy’s identity (Ebert 2003: 440).

oV(p,E,Y)/OE

= . A.31
YTV EY)joY (A-31)
With the CES-utility function (Equation 1) the indirect utility function is
01 7T
Y\ ¢ 9-1
V(p,E)Y) = (a (—) +(1-—a)E ) (A.32)
p
and, employing (A.31), the marginal WTP is then
1
l—a (Y \?
= — | . A.33
w=p=" (o5) (A33)
Plugging this into Equation (A.30) yields
1-— -1
WTP(Y) = — S (pE) 7 YV . (A.34)
a

A.2 Derivation of pwrtp (Equation 6)

The density function of the log-normal distribution of income Y with mean py and

standard deviation oy is given by

1 (InY —m)?
Y; = —— —_— A.
fln( 3 Y UY) Y /2752 exXp ( 942 ) ( 35)
1
with m = Inp, — 3 In (1403 /pu3) . (A.36)
s = In(1+oy/1y) . (A.37)
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Equation (5) then becomes

pwre = / finlY; iy o) WTP(Y) dY
0

(A.35), (4) kY"1 (_ (Iny — m)2) 7Y

2
A.36), (A. o
(w30 (A1) <1+M§>

Y

_ 2\ 252
Yo W;/@ (1 + U—Y) : (A.38)

A.3 Proof of Proposition 1

Taking the derivative of pwrp (Equation 7) with respect to py yields

aMWTP(UY7 CVY)
O py

-1

(1+CV2) | (A.39)

L4
:’fé,uy

which is strictly greater than zero because k, 0, uy, CVy > 0.

A.4 Proof of Proposition 2

Ad 1. Taking the derivative of pwrp (Equation 7) with respect to CVy yields

d pwre (by; CVy) 1-0 1 o\ ==20%
aCVy =K 02 ,u{’/ CVY (1 + CVY ) . (A40)

Because 0, k, iy, CVy > 0, the sign of Ouwrp/ICVy is determined by the sign of 1 — 6:

a“WngL\’;;CVY) S0 ifandonlyif 0 2 1. (A1)

Ad 2. The cross derivative of mean WTP (Equation 7) is obtained by taking the

derivative of (A.40) with respect to py:

02 pwrp iy, CVy) . 1-0
8uy aCVy 03

1-0-202

pOVy (14 Cv2) e (A.42)
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Again, because 0, k, iy, CVy > 0, the sign of 8?uwrp/OuydCVy is determined by the
sign of 1 — 6:

2
9 'lgVTP(gé’VCVY) ; 0 if and only if 6 ; L. (A.43)
Hy Y

A.5 Proof of Proposition 3

The elasticity of mean WTP with respect to mean income can be calculated from Equa-
tions (7) and (A.39) as

O prwrp (py, CVy) Ky 1
v — = - >0. A .44
Nuwre,py (/LY Y) 0 Hy HWTP (;uYy CVY) 4 ( )

Hence, |77MWTP7MY (:uY7 CVY)| = Nuwre.py (:uY7 CVY)

The elasticity of mean WTP with respect to relative income inequality can be cal-

culated from Equations (7) and (A.40) as

Hiwere. 0 (fr, OV ) = aMWngJ;CVY) MWTPSXTCVY) - 19_26 1+1icv§/ S0 for 6
(A.45)
Hence
Nuwre.cVy (Hy; CVy) <
[Muwre,cvy (Ry, CVy )| = 0 for 0 ¢ = » 1. (A.46)
~Twre.cvy (Hy; CVy) >

To determine which of the two elasticities is greater in absolute terms, we have to

distinguish three cases.

Case 1: 0 >1

|nHWTP,uY (MY7 CVY)| <?7> “Nypwre,CVy (:U“Yv CVY) - |n#WTPaCVY (:uY7 CVYQAZJL?)
1 0—1 1
- <?7> A.48
6 2 1+1/CV2 (A.48)

& 1/CVy <?7> —1/6. (A.49)

As CVy > 0 and 6 > 0, the LHS (which is positive) is always greater than the RHS

(which is negative). Hence, we have

|77UWTP7NY (NYa CVY)l > }UMWTP(M%CVY%CVY’ for 6 >1. (A'5O)
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Case 2: 0 =1

|nHWTP:lJY(luY7CVY)| =1>0= |77HWTP70VY<ILLY?CVY>| for 0 =1. (A51>

Case 3: 0 < 1

|77,UWTP7MY (“Yv CVY)| <7> Nuwrp,CVy (,UYv CVY) = |77MWTP,CVY (IUY7 CVY)(A52)

1 1—-4 1
- <7> A53
9 02 1+1/CVy (A4.53)
1
& 1/0Vy <?7> 52 (A.54)

As CVy > 0, if # > 1/2 the LHS (which is positive) is always greater than the RHS

(which is non-positive), and we have

|77MWTP,MY (MY7 CVY)| > |nMWTP7CVY (MYv CVY)| for 1/2 <f0<1. (A55>

If # < 1/2, the RHS is positive and

1
1/CVE <7 > 72 (A.56)
0
? : A.
S\VTg <'> CVy (A.57)

Hence, we have

[/ 0
|7]/1«WTP7#Y (NYy CVY)| > ’nNWTP»CvY (/LY; CVY)‘ for < 1/2 and CVy > m :
(A.58)

Considering all three cases together, we thus have

< ' . 9<%andCVy>,/1_;026
|77HWTP,uY (ﬂYa CVY)' ’nMWTP»CVY (/LY, CVY)‘ if and only if .
>

else
(A.59)
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A.6 Proof of Proposition 4

The transfer function is defined as the quotient of the mean WTPs at the policy and

the study sites, and is given as:

policy , policy , policy policy , study , study , study study
(I)(E 7p a,UY 7CVY I E 7p a,uY 7CVY )

phvrs (1, CVy)
1 (11, CVy)
11—«

(Equ. 5) a
1—a

(PEPes) T (1) (1 4 CV?) it

(pEsway ) T (30 )3 (1 4 V3R 2)
(6%

_ _ 1 1-6
B (Epolicy> 8 9 ! . (ppolicy ) et 7] ! . <,U,§)/OHCY> 0 . ( 1+ va;olicy 2 > 202
stud stud, stud study 2
Estudy pstudy pimy 1+ CQV5mdy

A.7 Proof of Proposition 5

=

Taking the derivative of pwrp (Equation 6) with respect to uy yields

1-0
9 pwre(py, 0y) _ Kluéfl (1 + ﬁ) " 1— (1 - 1) L (A.60)
0 11y A 1y 0 SN}
9y

Because k, 0, uy, oy > 0,

aMWTP(,UYa UY)

1 1
> >
=0 for 1—1=--1 =0 A.61
d iy < (9 )Q_‘—§f+1 = (4.81)
Y
2
by > 1
& — = - —12. A .62
o < 0 ( )

For 0 > 1/2, the RHS is non-positive while the LHS is strictly positive, so that the
inequality holds with >. Thus, duwrp/Opy is strictly positive for all levels of mean
income py .

In contrast, for strong complementarity, 6 < 1/2, Ouwrp/Ouy (Equation A.60) can
have either sign. pwrp attains a unique minimum at the mean income level " =

\/1/0 — 20y, where Ouwrp/Opy (Equation A.60) equals zero: pwrp falls with mean

income for mean income levels below 3™ and increases with mean income above py™.
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A.8 Proof of Proposition 6

Taking the derivative of pwrp (Equation 6) with respect to oy yields

1-0—262

0 pwre(py, oy) 1 /1 1 oy\ ** oy
—wo (1) (14 v A.63
Jov gl ) e 7 (A.63)
Because k, 0, uy, oy > 0 it follows directly that
Opwre(iy,ov) < o ¢ ndonly if 0 2 1 A.64
= if and only i = 1. (A.64)

80y

This establishes the first part of Proposition 6. To prove the second part of the proposi-
tion, we take the cross derivative of puwrp (Equation 6) as the derivative of (A.63) with

respect to py and find:

0? MWTP(/W, CTY)

F1x F2xF ith A.
D iy Doy x F2x F3  wi (A.65)
1 l_s 0_2 1—2;2202
Fl:=k g we oy (1 + H_§> : (A.66)
Y
1
2
F3.= <1 = 2) (“’—’; = 1) . (A.68)
“_%’ +1 0 Oy 0
%y

As F1 > 0 for all parameter values, the sign of (A.65) depends on the signs of the
factors F2 and F3. As for F'2 (Equation A.67), we have

> : - <
F2 = 0 ifandonlyif 6 = 1. (A.69)
As for F'3 (Equation A.68), we have
1
F3 =0 if and only if 9:§oruy:\/1/90y. (A.70)
As py > 0 and oy > 0, we also have that for § < 1/2:
2
7 1
F320 & é—g Z0 & uw = V1/boy, (A.71)
and for 6 > 1/2:
2
W 1
F320 & é—g S0 & u S V1/foy. (A.72)
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Hence, the signs of F'1, F2 and F3 and, consequently, the sign of d*uwrp/duydoy
(Equation A.65) are as follows:

F1 F2 F3 dQ,UWTp/d,LLydO'y(,uy,O'y)
0<1/2 >0]|>0 EOfOI'/Lyzx/]_/@O'Y ;Oforuygx/l/eay
0=1/2 >0[>0]|= =
1/2<0<1|>0]>0 EOfOI‘/Lygx/]_/@O'Y EOfOI‘/ULygy/l/‘gO'y
0=1 >0|=0|=0 =0
0>1 >0 <0 zOfOI'/JJy;\/l/GO'Y ;Oforuygx/l/ﬁay

This establishes the second part of Proposition 6.

A.9 Proof of Proposition 7

The elasticity of mean WTP with respect to mean income can be calculated from Equa-

tions (6) and (A.60) as

Nuwre.py (MYa UY) = — 5

O pwre(py,oy) Hy 1 1 (1 ) 1
0 py pwrp (fy; Oy)

This is strictly positive for all levels of mean income puy for an elasticity of substitution

6 > 1/2. In contrast, for § < 1/2, it can have either sign:

1 1 1| - -
5 1_(5_1>ﬁ—_“ = 0 for My = \/1/9—20’y. (A74)
oy
Hence,
Nuwre py (MYu UY)
‘nMWTPwY (NYa O'Y)‘ = 0 (A75)

~Nusyre.y (Y, OY)

0>1/2,0r 0 <1/2and py >+/1/0 — 20y

for 0 <1/2 and py = /1/0 — 20y (A.76)
\ 0<1/2&Hdﬂy<m0y
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The elasticity of mean WTP with respect to absolute income inequality can be

calculated from Equations (6) and (A.63) as

Nuwre.oy (Hy; Oy) = aMWT(;gj/Y’OY) MWTP?;YJY) = % <% — 1> @:_ : z 0 for 6 =
” (A.77)
Hence,
Nuwre oy (WY 0Y) <
Nuwre.oy (By, 0] = 0 for 0 = 1. (A.78)
~Nuwre.oy (1Y, Oy) >

To determine which of the two elasticities is greater in absolute terms, we have to

distinguish the following cases:

Nawre iy (B, 0V)| = | [Nuwre oy (By, 0v)| =
116>1 Nyuwre iy ~Nuwrp.oy
210=1 Nuwre py 0
311/2<0<1 Nuwre sy Nuwrr,oy
4160<1/2and py > \/moy [P Nuwrp oy
510<1/2and puy = /1/0 — 20y 0 Nuwre,oy
6|60 <1/2and puy < /1/0 — 20y —Nwre iy Nuwre,oy

Case 1: 0 >1

|TIHWTP7MY (:U“Ya UY)|_|nHWTP7UY (MY’ UY)| = Nuwrp.py (MYa UY)+nﬂWTP70Y (lj“Yv JY) = 5 >0.

(A.79)

Hence

|nHWTP7NY (:uY7 UY)| > |n,U»WTP10'Y (MYv OY)| : (A80>

Case 2: 0 =1

’nNWTPW«Y (IUY> UY)’ - ’nNWTP,UY (NYa UY)l = Nuwre.py (:UYa UY) -0=1>0. (A81)
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Hence

|T]HWTP7HY(/"LY70-Y)| > |n#WTP,UY (MYvO—Y” : (A82)
Case 3: 1/2<0 < 1
|77MWTP7,uY (MYv UY)| - |T]MVVTP70'Y (MYa UY)I = Nuwrp.py (//JY’ UY) — Nuwre.oy (#Y’ &A)S?))
1 1 1
= l1—2(--1) 4 (A.84)
) 0 % +1

Y

Hence

1 1
|77,U«WTP7MY (“Yv UY)| ; |77MWTP,UY (MY> UY)| = [1 —2 (5 B 1) 1y ; (@\85>
%

2
>

Y

For § > 2/3 the RHS is non-positive. As py, oy > 0, the LHS is strictly positive. It
follows that [uyrp uy | > Miwre.oy | for @ > 2/3. For 6 < 2/3, the RHS is strictly positive

and we have

2
W 2 /2
|nﬂWTP7NY(/”LY’O_Y)| ; |,'7NWTP7MJ(/”LY7UY)| And U_;/ E 5_3 < My ; 5_30-1/-
Y
(A.87)

Case 4: 0 < 1/2 and py > \/1/0 — 20y

|nuWTP,#Y (,uy, UY)' = Npwre py (MY7 UY) z Npwre .oy (:uY7 UY) = |77IJWTPu0'Y (MY? 0@188)
1 1 1 1/1 1
& 7 1—(5—1> " = 5<5—1> " (A.89)
= +1 = +1
% - %
1 1 1
& - 1—2(——1)— Z 0 (A.90)
4 6 | <
g i
2
py > 2
& — = -—-3 A 91
o2 < 0 ( )
> 2
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As \/2/0 —3 > /1/60 — 2 for § < 1/2, all three potential relations between the LHS
and the RHS are feasible.

Case 5: 0 < 1/2 and py = +/1/0 — 20y

1/1 1
’nNWTPnU«Y (uY?UY>’ z |77HWTP,UY (MY,UY)‘ < 0 z 5 (5 - 1) &——0—1 (A93)
oy
As the RHS is strictly positive for all py, oy and 6 < 1/2, we have that
|nHWTP,uY (MY7 UY)| < |T’MWTP10'Y (MYv OY)| : (A94>

Case 6: 0 < 1/2 and py < /1/0 — 20y

|7]HWTP7NY (MY7 UY)| = “Nuwrepy (:LLYa UY) z Nuwre,ov (MYv UY) = |77/JWTP70Y (:qu @)9@
1 1/1 1 1/1 1
& —54—5 (5—1)MQ— z 5(5—1),;— (A.96)
J—?j +1 U—;“ +1
v v
1

As the LHS is strictly negative for all § < 1/2, we have that

’nNWTPaﬂY (ILLY7 UY)’ < ‘UMWTPJY (ﬂYa O—Y)‘ : (A98>

Putting the different cases and sub-cases together we have the following results.

® [ Nuwrp.uy (1, 0v)| > [Muwrp.oy (By, 0y )] in the following cases:
go>1
0o=1
02/3<0<1
0 1/2<6<2/3 and py > \/2/0 — 30y
0 0 < 1/2 and py > /2/0 — 30y (which implies y1y > /1/0 — 20v)
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o [uneomgir (82 03)] = [ingapoy (1 0| i the following cases:

0 1/2 <60 <2/3 and py = +/2/0 — 30y

O 0<1/2and py = \/may (which implies py > \/may)
® [Nuwre.uy (v, 0y)| < Muwre.oy (By, 0y )] in the following cases:

0 1/2<60<2/3 and py < +/2/0 — 30y

0 0 < 1/2and \/1/0 — 20y < py < \/2/0 — 3oy

00 <1/2and uy =+/1/0 — 20y

00 <1/2and puy <+/1/0 — 20y

A.10 Error propagation

Equation (4) shows how x depends on n = 1/6:

pE) =G (A.99)

=G

Taking the natural logarithm, we obtain

Ink,=(1-n) -InG . (A.100)
=Y =

Taking G as exactly measured, and denoting by Az the absolute standard error of some
variable z, standard error propagation from x to y yields (Bronstein and Semendjajew

1987: 99-100)

%:g & AIHK:_An = Alnm:_—An-lnFa. (A.101)
Y T Ink 1—n 1—n

As k = exp (In k), the standard error in 7 gives rise to an interval around &, — the value
of k obtained from 7 according to Equation (A.99) — which is bounded by the following

values:

A
Kptan = exp (Ink, £ Alnk) = exp <{1 ¥ ﬁ} -In Hn) . (A.102)
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A.11 Heterogenous preferences

Assuming that 7 is normally distributed and uncorrelated with income, the mean WTP

is
MWTP(MY)UY) :/fln(y;,uY70-Y) \/fnorm(n;ﬂn70-77>l'{'yndn dY
0 —00

o0 0-2
:/fln<Y§MY70'Y>’{YMn+2n dY
0

et (145 , (A103)

2 2
1 (7 (1, -0
% ( 02)2<~1+2><1 n-%)
Hy
which has the same structural form as Equation (6), except that n = 1/ is replaced by
[y + 02 /2.
Similarly, if x follows some statistical distribution, for example because the parameter

a of the utility function (1) has different values for different households, one has to

replace £ in (6) by its mean value fi.

A.12 Generalization of main result

Our main result in this paper — that the mean willingness to pay for the environmental
good decreases (increases) with the inequality of the income distribution, for constant
mean income, if and only if the environmental good and the consumption good are
substitutes (complements) (Proposition 2 and Proposition 6, Statement 1) — can be be
shown to hold more generally, that is, beyond the particular functional specifications of
the utility function (CES) and the income distribution function (log-normal) used there.
We sketch the line of argument of such a more general proof in the following.

Consider the following setting. There are m private goods X; that are market-traded
at prices p; (j = 1,...,m) and a non-market-traded public environmental good E. There
are n individuals with identical preferences over the j + 1 goods that are represented by
a utility function U(X7y,...X,,, E') that is strictly increasing in all arguments and strictly
quasi-concave. Income Y is distributed over individuals according to some regular dis-

tribution over non-negative incomes.
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In order to classify the environmental good as a “substitute” or a “complement” for
the market-traded goods we build on the partial elasticities of substitution introduced
by Allen and Uzawa: the partial elasticity of substitution OAU(X s E) between the envi-
ronmental good and the private good j is defined as the percentage change of the ratio
of the quantity E to X arising from a percentage change in the price ratio p;/w keeping
utility U unchanged (cf. Uzawa 1962), where w is the Lindahl price (“virtual price”),
i.e. the willingness-to-pay per unit, for the environmental good and X and F denote the
ordinary (unconditional) Marshallian demand in a hypothetical setting where the envi-
ronmental good was market-traded at price w and income was adjusted to Y =Y 4wk,
so that the consumer would choose (X, E).

For the following, consider the following aggregate Allen-Uzawa elasticity of substi-

tution between the environmental good and the market-traded goods,

gAVagsr (X ) Z PiXi gav (% By (A.104)

which is a weighted sum of the partial elasticities of substitution where the weights are
the budget shares of market-traded good X; with respect to original income Y. This
definition of the aggregate elasticity of substitution allows us, for any utility function
U(X, E) and depending on the consumption levels X = (X1, ..., X,,) and E, a classifi-
cation of the environmental good as being a substitute (64Y99" > 1) or a complement
(0 < §AVa99m < 1) for the market-traded consumption goods, in an aggregate manner.
If HAU(Xj,E) = @ for all j = 1,...,m, as it is the case for the CES-utility function,
9AVas9r (X | E) = 4.
Ebert (2003: Result 9) has shown that
iy

nwrpy = W : (A.105)
That is, in a hypothetical setting where the environmental good was market-traded at
the price w, the income elasticity of WTP depends positively on the income elasticity
of demand for the environmental good, and inversely on the aggregate Allen-Uzawa
elasticity of substitution between the environmental and the market-traded goods. All

three quantities in Equation (A.105) depend on the level of income Y, so that this
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equation generally holds for any level of income Y. Result (A.105) is a generalization
of n =1/0 (Equation 4) for any utility function, and for a CES-utility function reduces
to the latter, as ny =1 and 9AVassr (X | E) = 0 for CES-utility functions.

Result (A.105) implies that the income elasticity of WTP, nyrpy, increases with
the income elasticity of demand for the environmental good, 7y, and decreases with
the aggregate Allen-Uzawa elasticity of substitution, QAUagg’”(X , E) It thus depends on
both, the value of 7y and the value of HAU‘LQQT(X , E), whether nyrpy is smaller or
larger than one, that is, whether WTP increases with income in a progressive or regres-
sive way. Ebert (2003: Section 4.3) illustrates this result with a number of examples of

different kinds of utility functions.
Define

9 = nE,Y N (A106)

such that for all 4V (X | E) > (<) 6 one has nyrpy < (>) 1 and WTP increases with
income in a regressive (progressive) way. In other words, WTP increases with income
in a regressive (progressive) way if and only if the aggregate Allen-Uzawa elasticity
of substitution is larger (smaller) than some threshold value § which is given by the
income elasticity of demand for the environmental good, 7 ;- (Definition A.106). WTP
is then a concave (convex) function of income Y over that range(s) of income for which
9AVa9sr (X F) > (<) 6 holds. In general, WTP(Y) may not be a globally?® concave
(convex) function of income Y.

To define what it means to say that an income distribution is “more (un)equal” than
another one we employ a fundamental axiom of inequality measurement: an income

4

distribution that emerges from another one through a Pigou-Dalton-transfer?* is “more

234Globally” here means that the WTP(Y)-function is concave (convex) over the entire support of

the income distribution.

Z4Consider a society of n individuals with income distribution Y = (Y7,...,Y,,), i.e. Y; > 0 is the
income of individual ¢ with ¢ = 1,...,n. Now take two individuals j and k with j, k € {1,...,n},j #k
and Y; < Yj. An income transfer § > 0 from individual k to individual j with Y; +¢6 < Y, — 6 which
leaves the incomes of all other members of society unaltered is called a Pigou-Dalton-transfer (Dalton

1920, following Pigou 1912).
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equal” than the original one. In a more general sense, an income distribution that
emerges from another one through a sequence of Pigou-Dalton-transfers is “more equal”
than the original one.

For a globally concave (convex) WTP(Y')-function a more equal distribution of in-
come Y implies a higher (lower) mean value of WTP, py7p. This can be seen as follows.
Consider a society of n individuals with income distribution Y = (Y3, ...,Y;,), i.e. ¥; > 0
is the income of individual ¢ with ¢ = 1,...,n. Consider in particular two individuals
j and k with j,k € {1,....,n},j # k and Y; < Y}, and an income transfer § > 0 from
individual £ to individual j with Y; +6 <Y} — ¢ which leaves the incomes of all other
members of society unaltered. This Pigou-Dalton transfer generates an income distri-
bution Y’ = (Y1,...,Y; +0,...., Yy — 6,.....,Y,,) which is, by definition, more equal than

the distribution Y. Also, the following inequality holds:

Define
)

“yov
This can be rearranged into § = (1 — A)(Yy — Y;), so that

Ai=1 (A.108)

Vi—6 = (1-NY,+ )Y, . (A.110)
As A € [0,1], this shows that for all possible Pigou-Dalton-transfers of §, the after-
transfer incomes of individuals j and k can be expressed as convex combinations of their
before-transfer incomes.

Under the original income distribution Y, mean income and mean WTP for the

environmental good are

py = M+ +Y, 4+ +Y+...+Y,)/n, (A.111)

Under the more equal income distribution Y’, mean income and mean WTP for the

20



environmental good are

pyr = Vit 4 Y404+ Y6+ ...+ Y,)/n (A.113)
rp = [WTPYY) + .+ WTP(Y; +8) + . + WTP(Yy = 6) + ... + WTP(XA] Vi)

Obviously, puy = py, that is, the Pigou-Dalton-transfer income leaves mean income

unaltered, and

thyrp — twrp = {WTP(Y; +6) + WTP(Y;, — 8) — [WTP(Y;) + WTP(Yy)]} /n .
(A.115)
Suppose the WT P(Y')-function is globally concave (convex). Then, as there exists a
A € [0, 1] such that ;46 = AY;4+(1—-N)Y}, (Equation A.109) and Y, —4d = (1-N\)Y;+\'Y,
(Equation A.110), one has — by definition of concavity (convexity)®® — that

WTP(Y;+6) = WIP(\Y; + (1 = \)Yi) > (<) AWTP(Y;) + (1 — \NWTP(Y{A. kv
WTP(Y; —68) = WTP((1 =AY, + \)Y:) > (<) (1= NWTP(Y;) + AWTP(Y{A.118)

This implies that

WTP(Y; + 8) + WTP(Y;, — 6)
> (<) AWTP(Y)) + (1 = N\WTP(Y;) + (1 = NWTP(Y;) + \WTP(Y})
— WTP(Y;)+ WTP(Y) . (A.119)

With this and Equation (A.115), it becomes obvious that
twrp > (<) pwrp - (A.120)

That is, for a globally concave (convex) WTP(Y)-function a more equal distribution of

income Y implies a higher (lower) mean value of WTP, pwrp

25 A real function ¢(r) is called conver if for all x1, x5 from its domain and all X € [0, 1], it holds that

6 Az + (1= V) < Ad(a1) + (1 — () (A.116)

If the inequality is reversed, i.e. it holds with >, the function is called concave.
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Putting the pieces together, we can make the following general proposition. Assume
that the utility function U(Xj, ...X,,, F) is such that the associated WTP(Y') function is
globally concave (globally convex). Then, there exists a threshold value of the aggregate
Allen-Uzawa elasticity of substitution between the environmental and the market-traded
goods, 0, such that the following holds: the mean willingness to pay for the environmen-
tal good, uwrp, decreases (increases) with the inequality of the income distribution — for
given mean income — if and only if the aggregate Allen-Uzawa elasticity of substitution

is larger (smaller) than 6.
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