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How the valuation of environmental goods is related to income is a key question for
economics, but the role of income inequality is often neglected. We study how income
inequality affects the international transfer of the estimated value of environmental goods
from a study to a policy site—a practice called value or benefit transfer. Specifically, we
apply theory-driven, structural transfer factors to examine whether adjusting for income
inequality affects errors made in benefit transfer, drawing on a multi-country valuation
study on water quality improvement. Our convergent validity analysis shows that the
structural income inequality adjustment reduces benefit transfer errors by more than 1.5
percentage points on average across all transfers. The adjustment for inequality is par-
ticularly important when income is distributed more unequally at the policy site relative
to the study site, yielding reductions in transfer errors of up to 33 percentage points.
Our results highlight the importance of taking the effects of economic inequality into
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1 Introduction

There is a growing interest within economics and in society at large in the implications
of income inequality.! A crucial question for economics concerns how the valuation of
environmental goods is related to income. Numerous studies investigate this relationship
by estimating how willingness to pay (WTP) for environmental goods depends on the
level of income. They usually find that WTP increases with individual income, but
at a lower than proportionate rate.? This implies that poorer households value these
environmental benefits disproportionately and it suggests an important role of economic
distribution for environmental valuation that has been largely neglected so far (Drupp
et al. 2018). In a recent Science perspective, Frank and Schlenker (2016: 652) conjecture
that “the income distribution might [...] be as important as overall economic growth”
for the valuation of environmental goods. Related to this conjecture, Baumgartner et al.
(2017a) theoretically examine how mean WTP for environmental public goods within
a society depends on the distribution of income. They find that mean WTP decreases
(increases) with income inequality if the income elasticity of WTP is below (above) one,
but that it—except for extreme cases—changes more elastically with mean income than
with income inequality.

In this paper, we demonstrate that adjusting for income inequality in a structural,
theory-driven fashion can improve one of the most frequently used methods for environ-
mental valuation: benefit transfer. Benefit transfer—also often called value transfer—
makes use of WTP estimates for an environmental good derived from a study site to
estimate values for a policy site, where this information is to be used to inform decision-
making for environmental management (Johnston et al. 2015). As sites and affected

populations often differ in many ways, it is crucial to control for variations in key ex-

For example, Piketty’s (2014) work on economic inequality has received widespread attention, and
while Google searches for “income inequality” have increased by more than 200 [110] percent in the USA
[UK] from 2008 to 2016, searches for “income” only increased by 10 [19] percent (cf. Google Trends).

2Technically, these studies estimate the income elasticity of WTP for environmental goods, which is

the percentage change in WTP relative to a percentage change in income. Almost all studies thus find

that the income elasticity of WTP is positive and smaller than unity.



planatory variables, including income, as part of the transfer. This paper is the first to
utilize theory-driven benefit transfer factors for income inequality, which have recently
been developed by Baumgirtner et al. (2017a), to scrutinize whether controlling for
differences in income inequality across sites improves the WTP estimates derived from
benefit transfer in a multi-country convergent validity study.

Obtaining theoretically sound, empirically relevant and easy-to-use methods for ben-
efit transfer is of first order importance as WTP-estimates from such transfers are in-
creasingly used to inform policy decisions (Richardson et al. 2015). International and
inter-regional benefit transfer have been frequently applied to inform environmental
policy making in the European Union and the United States. For example, to inform
the policy process on Natura 2000, the economic benefits from Natura 2000 sites were
assessed for all of Europe (European Commission 2013).3 As only limited primary val-
uations for ecosystem services from Natura 2000 sites were available (34 values from 20
studies), these were scaled up using the benefit transfer method. Consequently, the re-
sulting value estimates entail scope for substantial benefit transfer errors. Furthermore,
the U.S. EPA has been required to conduct benefit-cost analysis on environmental reg-
ulation for more than three decades (Griffiths et al. 2012). Benefit transfer has been
applied, for instance, to estimate the recreational benefits of water quality improvements
under the 2002 Combined Animal Feeding Operations rule (U.S. EPA 2014). WTP esti-
mates from a national contingent valuation survey by Carson and Mitchell (1993) were
used to value predicted water quality improvements across U.S. states.

As benefit transfer has become “the bedrock of practical policy analysis” to inform
regulatory decision-making (Pearce et al. 2006: 266), improving its accuracy is an im-
portant research area. Kaul et al. (2013) review 20 years of studies that scrutinize
the errors made by using benefit transfer. Their analysis suggests that benefit transfer

should control for a range of covariates of WTP with their levels calibrated to policy-

3Natura 2000 is Europe’s most important legislation to protect nature and biodiversity. The network
of protected areas has the objective to conserve Europe’s unique biodiversity including endangered
species, rare habitats and genetic diversity. Covering over 18 percent of the EU’s terrestrial area it is

globally the largest coordinated network of protected areas (European Commission 2008, 2013).



case conditions. Other studies find that simple transfers adjusted for only purchasing
power parity and income perform best (Czajkowski et al. 2017, Ready et al. 2004). A
central finding of most studies is that accounting for income plays an important role
for the accuracy of benefit transfer. Many policy applications of international benefit
transfer, such as for Natura 2000, adjust WTP estimates exclusively for differences mean
income, government guidance documents suggest the use of formulas for mean income
correction (UBA 2012, Pearce et al. 2006, Defra 2007), and many academic studies on
benefit transfer have employed this approach (e.g. Krupnick et al. 1996, Ready et al.
2004). However, while it is common practice to control for differences in mean income
across sites, adjusting for differences in income inequality has, to our knowledge, not
been considered in benefit transfer evaluations.*

The literature on benefit transfer has been mainly driven by empirical approaches
such as using meta-regressions, with only very few exceptions of studies following a
more structural utility theoretic approach.> Bateman et al. (2011) argue that parameters
controlled for in benefit transfer should be based on economic theory rather than ad-hoc
statistical approaches that may be over parametrized when applied out of the sample.
As far as we know, Smith et al. (2002) first proposed a structural approach to benefit
transfer, which requires specifying a utility function as well as all relevant additional
conditions, such as the budget constraint, and then calibrating the function’s parameters
with information from the study site. Despite several advantages of such a theory-
driven approach, its application has been limited among others due to the advanced

micro-economic skills that may be required (Phaneuf and Requate 2017). Recently,

4We surveyed a number of academics and practitioners working on benefit transfer and the general
response was that ‘no study ever controlled for differences in income inequality’. Furthermore, it is
not mentioned as a potential control factor in the guidelines of i.a. Germany (UBA 2012), the OECD
(Pearce et al. 2006), the UK (Defra 2007, HM Treasury 2011) as well as the USA (U.S. EPA 2014).

®Bergstrom and Taylor (2006) survey theory-based approaches to benefit transfer and distinguish
three approaches: non-structural as well as weak and strong structural utility theoretic approaches.
While the strong structural approach explicitly specifies the relationship between WTP and its ex-
planatory variables, this is only loosely the case in the weak structural approach. We are only aware

of very few strong structural approach studies (Baumgértner et al. 2017a; Smith et al. 2002, 2006).



Baumgértner et al. (2017a) have shown how aggregate WTP for an environmental public
good depends on the distribution of income, based on a structural model with constant-
elasticity-of-substitution preferences and an unequal distribution of income, and have
derived theory-based and easy-to-apply benefit transfer factors, in particular for mean
income and income inequality.

This paper builds on these theory-driven transfer factors to systematically examine
the effects of a structural benefit transfer approach to income inequality adjustment
using data from a valuation study on water quality improvement in all nine Baltic
Sea countries (Ahtiainen et al. 2014). The unique feature of this study making it an
ideal test-bed for our theory-driven approach to benefit transfer is that the contingent
valuation study employed the same survey instrument across countries with substantial
differences in income distributions for a well-defined change in environmental quality
that has region-wide public good characteristics. It thereby offers the possibility to
compare transferred WTPs across countries with actual primary valuations. Specifically,
we calculate transfer factors to account for differences in mean income, income inequality
and combinations of both, and evaluate transfer errors on a country-by-country basis.

By confronting theory-driven benefit transfer factors with a unique multi-country
data set, this paper adds to the literature by providing a convergent validity excercise
to test whether structual adjustment for income inequality can reduce errors made in
benefit transfer. For the nine-country Baltic Sea study on water quality improvement,
we find that (i) income inequality adjustment decreases transfer errors by more than 1.5
percentage points on average; (i) Income inequality adjustment becomes particularly
relevant when income is more unequally distributed at the policy relative to the study
site. It decreases transfer errors by more than 5 percentage points on average when
inequality at the study site is less than 80% of the policy site’s income inequality; (iii)
Even though adjustment for income inequality is of second-order compared to adjusting
for the level of mean income, our study shows that accounting for income inequality
can further improve benefit transfers and that its application is straightforward. We
perform a number of robustness checks and find that our main conclusion is not affected

by considering other transfer factors—for differences in the price level or the mean level



of the environmental goods accross countries—in addition. Finally, we show that a
naive transfer adjustment for income inequality would increase benefit transfer errors,
emphasizing the importance of employing structural theory-driven factors.

The remainder of the paper is organized as follows. We introduce the model frame-
work and transfer factors derived from this in Section 2. In Section 3 we present data
from the Baltic Sea study and describe in Section 4 our strategy to empirically test
the proposed transfer factors. We report our main results in Section 5.1 and test their
robustness in Section 5.2. Finally, we discuss limitations to our analysis in Section 6

and conclude in Section 7.

2 Theory-driven benefit transfer factors

This paper tests the effect of income inequality on the convergent validity of benefit
transfer. For this, we draw on recent theoretical work by Baumgértner et al. (2017a),
who have derived a generic transfer function, which disentangles transfer factors for mean
income and income inequality. In the following, we apply their modelling framework
for our setting of benefit transfer, which seeks to transfer willingness to pay (WTP)
estimates from a primary valuation study in one country or region s (the ‘study site’) to
inform environmental policy making in another country or contect p (the ‘policy site’):

Assume that in each country ¢, with ¢ € {s,p}, there are N¢ individuals, denoted
by ¢, who derive utility from the consumption of a market-traded private good, X7, and
a non-market-traded pure public environmental good, £E°. The consumption good Xf
is traded at a given market price P¢ > 0, while the consumption of the environmental
good is fixed at level £¢ > 0.5 Individuals have identical preferences over the two goods

represented by a constant elasticity of substitution (CES) utility function

-1 0—-1\ -1
vz B) = (ax: ™+ - e ) 1)

6In Section 5.2, we discuss how this theory can be extended to the case of local public goods. We
can show that if the consumption of a local environmental public good is uncorrelated with income,

then the transfer factors for mean income and income inequality remain unchanged.



where 0 € (0,400) is the CES between market-traded consumption goods and non-
market-traded public environmental goods, and « € (0,1) is a preference parameter
capturing the weight of market-traded consumption goods as part of overall utility.”
The decision problem of each individual 7 is then to maximize utility over the con-
sumption of these two goods subject to the income constraint and the fixed level of
E¢. While we assume that individuals have the same preferences, they differ in their
individual incomes Y, which are given exogenously. Specifically, income is assumed to
be distributed log-normally with mean, S, and standard deviation, o¢ .8

Individual :’s WTP for the environmental good E° is then determined by the level

of income Y, and the parameters of the utility function and the level of E°

_ 1
(P, =, )

l—«

WTP(Y) = x°Y "  with k=
(0%

where 7 is the income elasticity of WTP. The CES utility function implies that the
income elasticity of WTP, 7, is the inverse of the CES, 6, between the market-traded
consumption good, X7, and non-market-traded public environmental good, E°, and
thus also a constant.” While this simple model of individual WTP explicitly captures
some fundamental determinants of WTP, such as individual income, the level of the
environmental good and the price level, the parameter o can be thought of as a residual
that may capture, for example, the effect of culture on WTP for environmental goods.

Based on this modelling set-up, mean WTP for a marginal change in E° depends,

inter alia, on mean income and income inequality as follows

c c c c c c c 2l 1l —a
pawyre(py, CVy, PSES) = py” (1+CVY2) ’

S (PEYT, ()

"While the assumption of identical preferences may seem demanding, it is often implicitly made in
the benefit transfer literature. We discuss how this assumption can be relaxed in Section 6.

8 The assumption of log-normality allows for simple closed-form solutions (Baumgértner et al. 2017a).
While there may often be more complex distributions that yield better fits (McDonald 1984), the log-
normal distribution provides a decent approximation for many income distributions at a national level,
as well as for the world as a whole (Pinkovskiy and Sala-i-Martin 2009).

9While the assumption of a constant income elasticity of WTP has been challenged (Barbier et al.
2016), it is superior to other functional forms in benefit transfer for the Baltic Sea study that we use

in this paper (Czajkowski et al. 2017), and it is typically applied by practitioners of benefit transfer.

7



where CVY§, = o} /u$ is the coefficient of variation of income, which measures the
spread of the income distribution relative to the income level. Equation 3 implies that
mean WTP increases with mean income in society, yet decreases (increases) with income
inequality if the income elasticity of WTP is below (above) unity (cf. Baumgértner et al.
2017a). The effect of income inequality on mean WTP can intuitively be explained as
follows: For the case of an income elasticity of WTP smaller than unity, an increase in an
individuals income results in an increase in WTP, but at a lower-than-proportional rate
as compared to the increase in income (cf. Equation 2). Thus, individuals with a low
income are willing to pay a larger share of their income than individuals with a higher
income. Now, consider a society in which income is redistributed such that income
inequality decreases but mean income remains constant, i.e. at least one individual with
income below average has more and one individual with income above average has less
income. As WTP increases at a lower-than-proportional rate than income, the increase
in WTP of the poorer individual overcompensate the decrease in WTP of the richer
individual, thus establishing the effect of changes in income inequality on mean WTP
that we will make use of for our analysis of benefit transfers.!”

The benefit transfer function, 7(---), for transferring mean WTPs from the study
site, ufyp, to the policy site, pfyrp, while controlling for the variables that differ across
sites in this theoretical equal-preference framework, is now defined as the ratio of the
mean WTPs at the policy and the study sites:
favre 1y, CVy, PP, EP)
twrp (13-, CVY, P3, E9)

n(n—1)

(Equ. 3) (1211 + CVE2) ™ (PPEP)I—n

n(n—=1)

(15)7(1+ CV3.2) 5 (PoE#)—n

T(py, CVy, PP, EP; iy, OVY, P E?) o=

This transfer function neatly disentangles into four individual transfer factors, with:

/L}\;VTP = f (M%/TP)

= Tultry, 1) - Tov(CVY, CVS) - Ty(PP, P*) - Te(E”, E°) - pyre - (4)

10The rationale is reversed for an income elasticity of WTP larger than unity: In this case, an increase

in income inequality would lower mean WTP.



In particular, this transfer function yields the transfer factors for differences in the level

of mean income and income inequality that will be the main focus of our analysis:!!

iy \"
Tl s) = (—) , (5)
My
n(n—1)
1+Cve?2\ °
Tov(CVE.CVE) = | ——5 . 6

It is common practice in benefit transfer to adjust WTP-estimates for differences in
mean income using 7,(uy-, i45-). For instance, Krupnick et al. (1996) adjusted estimates
in this fashion for health impacts from Western Europe and the US to evaluate benefits
from reductions in ambient air pollution in Central and Eastern European countries.
Pearce (2000) stated this formula in policy advice used by the European Commission
for international benefit transfer on health estimates. Moreover, policy guidance on
benefit transfer, for instance for the UK (Defra 2007), Germany (UBA 2012) and from
the OECD (Pearce et al. 2006), propose this formula to adjust WTP estimates for
differences in mean income. Yet, none of these studies or guidelines on benefit transfer
(UBA 2012, Defra 2007, Pearce et al. 2006, U.S. EPA 2014) mentions income inequality.

The income elasticity of WTP for environmental goods, n, plays a central role for the
transfer factors. We therefore discuss different parameter values for n. First, we focus on
the simplest case of n = 1 that is most often assumed in the literature on benefit transfer

(see, e.g., Barton (2002) and Czajkowski and Scasny (2010)) and in policy applications

HThe theory also yields transfer factors for the market price level Tp (PP, P®) = (}sz)lfn and the

EP
Es

quantity of the environmental good Tg(EP, E®) = ( )1—n . As there is empirical evidence that the
environmental good under study is a region-wide public good (see Section 3), we assume EP = E* for
the main part of our analysis. We ease this assumption to a local public good in a sensitivity analysis
in Section 5.2, where we apply Tg(EP, E®). We show that including this additional transfer factor does
not alter our main result. Furthermore, we directly use the income and WTP data from the Baltic
Sea study, which have already been made internationally comparable by using PPP-corrected currency
exchange rates. As such our analysis starts out from a situation where differences in the market price

levels between policy and study site are accounted for and hence we take PP = P*. To further establish

the robustness of our main result for inequality, we also explicitly apply Tp (PP, P*) in Section 5.2.
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Figure 1: Relationship between the transfer factor for income inequality 7cv(-) and the

ratio of income inequality in the study and policy country for n = 0.28 and C'V§} = 0.56.

(see, e.g., ten Brink et al. (2011)). The theory-driven transfer factors suggest that
controlling only for the difference in mean incomes is correct if and only if the income
elasticity is equal to unity, which is often assumed for simplicity. However, as the income
elasticity of WTP for environmental goods is in general not equal to unity, we also have
to consider not only the transfer factor for mean income but also income inequality.

As there is only sparse empirical evidence for n > 1, we focus on the empirically
most relevant case of n < 1 (see Figure 1).!? For income elasticities below unity, n < 1,
WTP-estimates have to be adjusted by the ratio of mean income in the policy and study
sites to the power of the income elasticity of WTP, T, (u4-, 1i5-). A closer inspection of
this theory-driven transfer factor from Baumgértner et al. (2017a) for income inequality,

Tov(CVY, CVY,), reveals that it increases in the ratio of income inequality at the study

and the policy site, g—‘% at a decreasing rate (Figure 1). This suggests that it is in
particular relevant to control for income inequality when income inequality is higher at

the policy site than on the study site (i.e. in the lower-left part of Figure 1).

12Most studies find an income elasticity of WTP between 0 and 1. This is also the case for the Baltic
Sea study (Barbier et al. 2016). Surveying recent evidence on income elasticities, Drupp (2018) finds

that only two of 18 considered studies imply mean income elasticities greater than unity.
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3 Data

We investigate the empirical relevance of income inequality adjustment in benefit trans-
fer using data from a multi-country contingent valuation study on the benefits of a water
quality improvement in the Baltic Sea (Ahtiainen et al. 2014). Respondents were asked
for their WTP for a nutrient reduction programme with associated consequences for
water clarity, blue-green algal blooms, the abundance of sea grass beds, and fish species
composition. Figure 2 shows a map of the Baltic sea and its neighboring countries, with
levels of income inequality and mean WTP for water quality improvement.

The data is particularly suitable to study the performance of the theory-driven trans-
fer factors as the same survey instrument was used to elicit the WTP for a common
change in this environmental good across populations with substantially different mean
income levels and income inequalities. Ahtiainen et al. (2014) designed the survey such
that it is both comparable and meaningful to the population in each country border-
ing the Baltic See. Respondents were informed that the benefits of nutrient reductions
would occur in open-sea areas across the whole Baltic Sea (Czajkowski et al. 2017),
suggesting region-wide public good characteristics.!

The payment vehicle was framed as a 'Baltic Sea tax’ for nutrient reduction levied in
all countries bordering the Baltic Sea. A payment card with country specific bid vectors
based on the WTP distributions in pilot studies was employed to elicit WTP. In the
following we take individual maximum WTP to equal the mid point of the stated WTP
interval, as previously done by Ahtiainen et al. (2014) and Barbier et al. (2016).

The survey was conducted from October to December 2011 in all nine countries

bordering the Baltic Sea: Denmark (DEN), Estonia (EST), Finland (FIN), Germany

13Respondents understanding was validated by the following survey questions: “Did you consider
the whole Baltic Sea or a certain area of the Baltic Sea when answering how much you were willing to
pay?”, "To what extent did you consider open sea and coastal areas when answering how much you
were willing to pay?” It shows that respondents indeed predominantly state that they considered the
whole Baltic Sea opposed to the shore line when stating their WTP values. Moreover, Ahtiainen et al.
(2014) find in their fully specified regression models a significant negative effect of respondents distance

to the Baltic Sea on WTP for water quality improvement in only one out of nine countries.

11
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Figure 2: Countries neighboring the Baltic Sea with mean WTP for water quality im-

provement, [i{yrp, and income inequality, C’~V§/, of the surveyed population.

(GER), Latvia (LAT), Lithuania (LIT), Poland (POL), Russia (RUS) and Sweden
(SWE). For comparison all WTP figures were converted to units of 2011-purchasing-
power-converted-EUR [72011-PPP-EUR”]. Country samples show substantially differ-
ent estimated mean WTPs, ji§yrp (Table 1).1* These range from 5.74 [2011-PPP-EUR]
elicited in Latvia to 80.64 [2011-PPP-EUR] in Sweden.

Respondents were asked to state their personal mean monthly net income by selecting
the applicable interval. Income was then set to the interval mean, for all but the highest
category, where it was set to the lower interval boundary.

Income distributions of the countries bordering the Baltic Sea differ substantially
regarding both mean income and income inequality (Figure 2). Respondents mean

monthly net income, f$, ranges from 343 [2011-PPP-EUR] in Lithuania up to 1,659

4We qualify estimates with a tilde to distinguish them from the true values in the population.

12



Table 1: Sample statistics by country

Country N¢ i, CVy Cini§, [iSyrp

Denmark (DEN) 1,061 1,659 0.46 0.26 31.50
Estonia (EST) 505 857 0.71 0.37 21.23
Finland (FIN) 1,645 1,585 0.51 0.28 42.84
Germany (GER) 1,495 1,559 0.60 0.33 25.59
Latvia (LAT) 701 483 0.66 0.36 5.74
Lithuania (LIT) 617 343 0.53 0.30 9.61
Poland (POL) 2,029 841 0.69 0.33 12.99
Russia (RUS) 1,508 666 0.50 0.28 8.57
Sweden (SWE) 1,003 1,431 0.36 0.20 80.64

Note: Monthly net income and WTP per year in 2011-PPP-EUR.

[2011-PPP-EUR] in Denmark. The surveyed income inequality is lowest in Sweden with
a coefficient of variation, C~V;, of 0.36 and highest in Estonia with a C~V§/ of 0.71,

corresponding to Gini-coefficients, Gini$-, of 0.20 and 0.37, respectively.'®

15 Compared to national statistics, sample mean income is below the national averages for most
countries (exceptions are Poland and Estonia where sample mean income is slightly higher). The mean
absolute deviation from the national income level is 14.48(%£15.09)%. Concerning income inequality
the picture is more mixed: Income inequality within the sample as measured with the Giniy is below
official national figures for four countries (DEN, LIT, RUS, SWE), but higher for the other five countries
(EST, FIN, GER, LAT, POL). The majority of differences are mostly below ten percentages points,
with mean absolute deviation of 11.95(+8.92)%. Russia is an exception, where the surveyed income in

the exclave Kaliningrad Oblasthas shows a substantially lower Giniy than for the whole country.

13



4 Empirical strategy

For each pair of countries in our dataset we hypothetically transfer WTP-estimates from
one country to the other and compare the transferred WTP with the actually surveyed
WTP-estimates. This approach is often termed convergent validity, as it cross-validates
the results of the benefit transfer with another estimate for the true WTP.1¢

The accuracy of benefit transfer is assessed by calculating transfer errors, which
are a common measurement to study the convergent validity of benefit transfers (e.g.
Kaul et al. 2013). Accordingly, the relative transfer error associated with a single benefit
transfer is measured as the difference between the mean WTP estimate transferred from
the study site f(fijyrp), and the actually observed mean WTP-estimate at the policy

site, fiyp, expressed as a percentage (Kirchhoff et al. 1997):

‘TE| _ |WTPtmns — WTPobé?’ _ |f(ﬂig/VTP) — ﬂ€VTP| '
WT Fops ﬂgVTP

(7)

Each transfer is conducted using unadjusted unit transfer, income inequality adjusted
transfer, mean income adjusted transfer as well as mean income and income inequality
adjusted transfer.

For simple unit transfer the transferred WTP-estimate, f(fij,7p), equals the WTP

surveyed at the study site, fijyrp, and this becomes:

— ’/]’IS/VTP B ﬁ%/TP| . (8)

\TE] ~
,u];VTP

To adjust for differences in income inequality, the level of mean income between policy

and study sites, or the combination of both we draw on the theory-driven benefit transfer
(1)

~ ~ s P2
factors for income inequality T, (CVy,, CVy,) = (ig‘; §2> i (Equation 6), and for
~ Y

~ n
mean income T, (piy?, piy®) = (%p) (Equation 5). The transfer errors after correcting

for income inequality, |T'E|, , mean income, |T'E |7L , as well as both income inequality

and mean income, |T'E|. | read:
y7

16Note that the estimate from the primary valuation at the policy site, jifj,p, might itself be a biased

estimate of the ’true’ WTP, pujyrp.
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Tov(CVy, CVy 1) - yrp — Byrp

‘TE’TCV = ﬂ]p;vTP ) (9)
P ~s =\ &s _~p

|TE|T _ ‘E(H%MY:WZP Hwrp :uWTP‘ ’ (10)

! Kwrp
and
b s o i

Tev(CVy, CVy, 1) - Tulfiy, iy, 7) - fyrp — fyrp

TElr,, = . (11)

~p
Hwrp

The performances of benefit transfers after adjusting for income inequality, mean income

and both, Tov, T,, Tov,, , are evaluated against unit transfer. Accordingly, reductions

in mean transfer errors are measured (in percentage points) as

A |TE‘7—CV = ’TE|TCV o ’TE|un’Lt )
A |TE|T# = |TE|TM —|TE]
and

To investigate whether income inequality adjustment increases the validity of benefit
transfers, we are interest in the change in transfer errors when adjusting for income
inequality and mean income compared to pure income-adjustment, and refer to this as
additional income inequality adjustment, A |TE|, ~—~—A[TE|. =[TE ’ch,u —|TE|,.

The theory assumes that the income elasticity of WTP, 7, is common to the popu-
lation at the study and the policy site. In practical applications of benefit transfer this
would be reflected in applying an estimate for the income elasticity, 7, from a meta-
study such as Jacobsen and Hanley (2009).!” In the context of this Baltic Sea study, we
assume that there is an income elasticity of the WTP for water quality improvements of

the Baltic Sea common to all neighboring countries. We therefore rely on the estimate

I"We also explore the option of country-specific income elasticities and report the corresponding

results in the discussion (Section 6).
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for pooling income and WTP data across all countries in Barbier et al. (2016), who esti-
mate a pooled income elasticity for a range of model specifications, and use the estimate
of n = 0.28 from the Box-Cox regression in the constant income elasticity specification
with heteroskedascity and apply it throughout formulas (9) to (11).'®

For nine countries this yields a set of 9 x 8 = 72 possible transfers for each specifi-
cation, based on which we calculate summary statistics (mean, standard deviation and
median) for the transfer errors |T'E|. We perform this analysis for the full set of benefit
transfers as well as for sub-samples for different ratios in income inequality between
study site and policy site in order to identify conditions under which income adjustment

is likely to reduce transfer errors.

5 Results

5.1 Main result

Calculating transfer factors for mean income, 7,(-), for income inequality, 7oy (+), and
for both together, Tov,, = T.(-) X Tev(-), is straightforward by plugging in countries’
mean income, CV of income (from Table 1) and income elasticities of WTP for the
environmental good, 7, in Equations (5) and (6).

Transfer factors for income inequality, Tov (+), range from 0.97 (Sweden to Estonia)
to 1.03 (Estonia to Sweden), which have the lowest (Sweden) and highest (Estonia)
levels of income inequality. Populating the conceptual sketch from Figure 1 with data
from our case study, Figure 3 now depicts the relationship between the transfer factor for
income inequality 7oy (+) and the ratio of income inequality in the study and policy sites.
In particular, we depict the two extreme cases, using Estonia (left panel) and Sweden

(right panel) as the study sites and all countries as potential policy sites, respectively.

18 Alternatives to determine a pooled income elasticity of WTP could be to use an estimate from
another global case study, such as Jacobsen and Hanley (2009), to use an average of individual country’s
income elasticities, fi,5,, or to construct a pooled estimates of the income elasticity that incorporates

subjects from individual countries relative to the countries’ population sizes.
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Figure 3: Relationship between the transfer factor for income inequality 7oy (+) and the

ratio of income inequality in the study and policy sites, for Estonia (Sweden) as the

study site in the left (right) panel. Each blue dot represents a possible benefit transfer.

Adjusting WTP-estimates for differences in mean income requires higher transfer fac-
tors, 7,(-), ranging from 0.64 (Denmark to Lithuania) to 1.56 (Lithuania to Denmark),
which have the highest and lowest mean income in our data set.

Simple unit transfers result in substantial transfer errors, with a mean absolute
transfer error of 152.35%. This mean transfer error is reduced by A[T'E|, = —1.80
percentage points to [T'E|,, = 150.55% when WTP-estimates are adjusted for income
inequality.'® It is reduced by A [T'E|, = —36.88 percentage points to [TE|, = 115.48%
when adjusting for mean income, underscoring that this is the more important adjust-
ment in quantitative terms. Combining income inequality with mean income adjustment
produces the best result (’TE|TCV,H = 114.02%), where mean transfer errors are reduced
by A|TE ‘ch,u = —38.33 percentage points. Thus, additional income inequality adjust-

ment reduces mean transfer errors by A |[T'E |chu —A|TE|; = —1.46 percentage points

9The transfer errors associated with each individual benefit transfer are reported on a country-by-
country basis in Tables 3 to 6 in the Appendix. Summary statistics on the absolute transfer errors for

each specification of the benefit transfers are reported in Table 8.
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Table 2: Mean differences in transfer errors (in percentage points) for pure and additional

income inequality adjustment, A[TE[,. —and A[TE |chu - ATE|;.

A ‘TE‘TCV A ‘TE‘TCV,M - A ‘TE|7L Ntrtmsfer

all ~1.80 —1.46 72
cvs
v <1 ~3.82 ~3.01 36
cvs
vt <08 ~6.31 —4.96 20

(see Table 2, row 1). We find that changes in transfer errors from both income inequality
adjustment, A |T'E|, , and additional income inequality, A ‘TE’TCV,H’ are significantly
different from a zero transfer error reduction at p < 0.01 for all 72 transfers.?

We now examine under which conditions (additional) income inequality adjustment
particularly reduces benefit transfer errors.?! Figure 4 depicts the relationship between
reductions in absolute transfer errors through additional income inequality adjustment,
A |TE|7—CW, and the ratio of income inequality at study and policy site, % We
find that income inequality adjustment substantially reduces transfer errors in cases
where income inequality is higher at the policy compared to the study site. For the
36 transfers where income inequality is higher at the policy site than at the study site,
reduction in mean transfer errors roughly doubles compared to the whole set of transfers
to A|TE |ch = —3.82 percentage points for pure income inequality adjustment and

to A|TE |ch,u — A|TE|; — 3.01 percentage points for additional income inequality

adjustment (see Table 2, row 2). The improvements in transfer accuracy due to income

20This also holds for non-parametric tests, such as the Wilcoxon signed-rank test. If we only consider
uni-directional transfers, i.e. half the sample, we find that the results still hold at p < 0.05 on average.
Moreover, if we measure transfer errors as absolute changes instead of relative changes, i.e. define
|TE'| := |WTPtrans — WTPgps|, two-sided t-tests reveal that (additional) income inequality adjustment

reduces transfer errors even at p < 0.001.

2INote that transfers for mean income as well as income inequality lead to some cases in which
adjustments to not improve transfer errors. See Tables 4 to 6 in the Appendix, and Figure 4 for the

case of additional income inequality adjustment.
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Figure 4: Relationship between reductions in transfer errors after additional income
inequality adjustment, |TE |7—CVM — |TE|z,, and the ratio of income inequality in the

study and policy country for n = 0.28.

inequality adjustment are even more pronounced for the 20 transfers where inequality in
the study sites is less than 80% of the policy site’s estimate. Here, reductions in mean
transfer errors are A |[TE[;. = —6.31 and A |TE|TCW — A|TE|;, = —4.96 percentage
points for pure and additional income inequality adjustment (see Table 2, row 3). The
most substantial reduction of transfer errors is for a benefit transfer from Sweden to
Latvia. Here, accounting for income inequality, over and above adjusting for differences
in mean income, reduces the transfer error by 24.51 percentage points. Compared to
the unit transfer, accounting for income inequality even reduces transfer errors by up to
33.31 percentage points. This is driven by both the large differences in mean WTP and

income inequality between Sweden and Latvia.
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5.2 Robustness checks

We perform a number of checks to examine the robustness of our main result—that
theory-driven (additional) adjustment for income inequality improves benefit transfer.
In particular, we extend our main analysis to consider (i) differences in level of the
environmental good, (ii) differences in market prices as well as (iii) naive, non-structural
adjustment for income inequality.

First, we test whether our main result still holds when we also consider differences
in the level of the environmental good across countries. We thus depart from the sim-
plifying assumption of a region-wide public good and allow EP #* Es. We assume that a
respondent’s level of consumption of the environmental good depends on her exposure
to it, approximated by her distance to the shore. A respondent’s distance to the Baltic
Sea, d;, is measured from the geometrical centre point of the municipality or postal
codes area they live in to the Baltic Sea (Ahtiainen et al. 2014). There are large coun-
try differences in respondents’ mean distance to the Baltic Sea reflecting that countries
vary substantially in length of their coastline relative to their land area and geographical
population density.?? Since distance would give disutility, we take as an estimate for
a country’s level of the environmental good, E¢, the average of respondent’s negative
distance rescaled to the [0,1]-interval

Ne

1 max (d) — df
~ N¢ 4~ max (d) — min (d)’
1

[c

(12)

where the sample’s minimum and maximum distance to the Baltic Sea are min (d) = 0
and max (d) = 9.300 km.?* Thus, to stay in line with the model, we consider differences

in the level of the environmental good across countries, but not within a country.?*

22Denmark and Estonia have the shortest average distances to the Baltic Sea (d”FN = 10km and

dPST = 30km), while Germany and Russia have the largest (d9FF = 360km and d*VS = 880km).

23 As an alternative proxy one could also use a country’s average inverse distance (restricting d; to a
minimum of 0.1 km to avoid infinite values of E;), with E; = d; 7! for d; > 0.001 and E; = 0.001"* =
1000 for d; < 0.001. While this approach would increase transfer errors compared to a unit transfer,

adjusting for inequality still reduces transfer errors on a comparable magnitude.

24Meya (2018) extends the theory of Baumgirtner et al. (2017a) to local public goods. He shows that
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We adjust WTP-estimates for differences in the closeness to the Baltic Sea in the
hypothetical benefit transfers by using E° in E(E”, ES) = (%)1_17 and additionally
adjusting for differences in mean income and income inequality. We find that the ad-
justment for the level of the environmental good, A [T E| -, reduces the average transfer
error compared to the unit transfer by 2.87 percentage points.?> However, this does not
much affect our main results on how adjusting for income inequality affects transfer
errors: We find that accounting for income inequality over and above for differences
in the level of the environmental good, A|TE|. — A[TE|y, . reduces transfer er-
rors on average by 1.78 percentage points. This is almost the same effect size as if we
had not controlled for differences in the level of the environmental good, which leads
to a reduction of 1.80 percentage points. When adjusting for income inequality ad-
ditionally to both transfers for the environmental good and mean income differences,
A|TE |7—E,CV,,u —A|TE |75, We find that it further reduces average transfer errors by 1.45
percentage points. Recall that the effect size without controlling for differences in the
level of the environmental good was 1.46. Thus the effect sizes presented in the main
results section remain largely unchanged.

Second, we test whether our main result still holds when we explicitly adjust for
difference in the market price level, that is allowing P? # Ps. For this we take the annual
average exchange rates of the national currency in Euro for 2011 from OECD.Stat.
Dividing countries PPP-estimates used in Czajkowski et al. (2017) by their exchange

rates yields their market price level, P26 In contrast to our previous approach of

the transfer factors for income inequality employed here also hold for environmental local public goods
if their consumption is uncorrelated with income. Otherwise, one also needs to account for environ-
mental inequality and the correlation between the environmental good and income when adjusting for
income inequality. Yet, in this case, one cannot neatly disentangle transfer factors. For the Baltic Sea
dataset correlating a possibly differential level of the environmental good, approximated as respondents’
closeness to the Baltic Sea, and income produces mixed results, As there is no significant correlation (at

p < 0.05) in the majority of cases, we refrained from further extending our analysis in this direction.

25Summary statistics on the absolute transfer errors for the closeness-adjusted benefit transfers are

depicted in Table 9 in the Appendix.

26The estimated market price level is only PLAT — (.48 in Latvia but PPPN = 1.37 in Denmark.
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starting off with PPP-corrected WTP-estimates, we now first convert WTP-estimates
to 2011-EUR and then explicitly adjust for differences in the market price level in
benefit transfers by applying 7}(?” , PS) = <§>1n . Simple unit transfer to a single
currency converted WTP-estimates results in a mean transfer error of 302.01%, which
is substantially reduced when adjusting for the market price level, |T'E ‘TP = 179.91%.
Thus, this approach yields higher transfer errors than in our main results specification
(compare it to the mean transfer error of 152.35 for unit transfer of the PPP-adjusted
WTP-estimates). However, additional income inequality adjustments continue to reduce
transfer errors: Adjusting for income inequality in addition to the market price level
reduces mean transfer errors by A [T'E|;.  —A |TE|,, =—2.28 percentage points. When
also adjusting for mean income or for mean income and the level of the environmental
good the reduction are still A ‘TEchv,p,u - A ’TE|7—P,N = —1.85 and A |TE‘TCV,P,M,E -
A|TE |TP%E = —1.84 percentage points, respectively.

Finally, we test whether adjusting WTP-estimates for income inequality in a naive,
non-theory driven fashion also reduces transfer errors. Without being informed by eco-
nomic theory, a natural ‘naive’ approach to adjust for income inequality in benefit
transfer would most likely be to follow common practice in mean income adjustment

using income ratios and thus to adjust WTP-estimates from the study site by the ra-

tio of income inequality at policy and study site, i.e. applying T'cv(CV},, CVy) =

CVI;/ . O'I{,
cvy oy’

All other things equal to Section 5.1, using such a naive income in-
equality adjustment increases transfer errors compared to unadjusted unit transfer by
A|TE|,, = 57.55 percentage points instead of reducing them and results in mean
transfer errors of [T'E|, == 209.90%. Compared with mean income adjustment addi-
tional inequality adjustment in such a naive way worsens the accuracy of benefit transfer
by A \TE]T,CW — A ‘TE‘TQL = 47.54 percentage points.This finding highlights the im-

portant role of theory for specifying functional forms.
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6 Discussion

This section provides a discussion of crucial assumptions and major limitations of our
analysis. These include (i) the public good characteristics of the environmental quality
improvement employed in the contingent valuation survey, (ii) the quality of the income
data, (iii) alternative measures of income inequality, (iv) the potential for non-constant
income elasticities, as well as (v) the assumption of identical preferences.

First, our theoretical basis for the benefit transfer factors relies on the assumption of
a pure public good character of the environmental good in question. Yet, water quality
improvement is not always a pure public good and may entail a number of benefits that
have a mixed-use character. As such it may also be classified as a local public good, in
which exposure to the good differs depending on one’s distance to it. In our case, how-
ever, respondents were informed that the benefits of nutrient reductions would occur in
open-sea areas across the whole Baltic Sea. Indeed, respondents predominantly stated
that they considered the whole Baltic Sea, as opposed to only their country’s shore line
when stating their WTP values (Czajkowski et al. 2017). This is also reflected in the
finding by Ahtiainen et al. (2014) that respondents’ distance to the Baltic Sea negatively
effects their WTP in only one out of nine countries. It thus seems a reasonable assump-
tion that the environmental good in question matches the pure (region-wide) public
good characteristics in the theoretical model used to derive the transfer factors. Never-
theless, we eased this assumption in Section 5.2 finding that the effect of (additional)
income inequality adjustment remains unchanged.

Second, the quality of the income data is not ideal, as income was only elicited on a
limited interval scale (Ahtiainen et al. 2014). As such this is a typical initial situation
for benefit transfer; since income data elicited in valuation studies is usually coarsely-
grained. We followed Ahtiainen et al. (2014) in setting individual income estimates to
the interval mean for all but the highest category, where it was set to the lower inter-
val boundary. This provides conservative estimates of both mean income and income
inequality and implies that the reported effect of inequality adjustment is likely a con-

servative estimate of the actual effect of inequality. This limited information on income
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data also does not allow for a proper test of the assumption of a log-normal distribu-
tion of income. As there is mixed evidence on how well the log-normal distribution fits
actual income data within countries and for the world as a whole (e.g. McDonald 1984,
Pinkovskiy and Sala-i-Martin 2009), our results only hold in approximation.

Third, there are a number of different measures for income inequality that one could
use to develop transfer functions (see, e.g., Cowell 2009). In particular, one can distin-
guish notions of absolute and relative income inequality. Measures of absolute income
inequality include the standard deviation of income, 0¥, as well as the Giniy-coefficient.
It is possible to derive transfer factors for benefit transfer for differences in these mea-
sures of absolute income inequality (Baumgértner et al. 2017a). However, as transfer
factors for mean income and income inequality cannot be disentangled for these two
absolute measures of income inequality, we have restricted our analysis to the coefficient
of variation, C'V{¢, as a measure of relative income inequality to isolate the effects. As
country-level Giniy-coefficient data may be more widely accessible, we also conduct a
simple check on whether it is particularly worthwhile to adjust for income inequality
in benefit transfer, based on the Giniy for data from the Baltic Sea study. For this,
we consider those 16 cases for which a Giniy-coefficient ratio between the study and
the policy site is smaller than 0.8 and compute mean reductions in transfer errors by
including the transfer factors. For these cases, we find that as compared to unit trans-
fer or mean income adjustment, respectively, additionally considering income inequality
adjustment reduces transfer errors by 7.73 percentage points for A |TE |ch and by 6.15
percentage points for A [T'E |ch,u — A|TE|;,. This suggests that our rule-of-thumb—
that income inequality adjustment is particularly relevant for cases in which inequality
at the study site is below 80 percent of the policy site’s level of inequality—might even
be more pronounced when considering the Giniy-coefficient.

Fourth, the theory-driven transfer factors employed in our analysis rest on the as-
sumption of a constant elasticity of substitution utility function and an associated con-
stant income elasticity of WTP. This assumption is most often adopted in the practice
of benefit transfer (e.g. ten Brink et al. 2011), is supported by some primary valuation

studies (e.g. Jacobsen and Hanley 2009, Broberg 2010) and has been shown to produce
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the best fit in terms of reducing transfer errors in the benefit transfer analysis of the
Baltic Sea study by Czajkowski et al. (2017). Despite these encouraging results and
the attractiveness of a constant elasticity approach for tractability reasons, it is unlikely
that the elasticity is constant in general. Recently, Barbier et al. (2016) have provided
evidence that suggests a non-constant income elasticity of WTP, varying with the level
of mean income, based on a different analysis of the Baltic Sea study. Additionally, some
theoretical studies have provided arguments for non-constant income elasticities, for ex-
ample, by taking into account a subsistence consumption level of environmental goods
(Baumgértner et al. 2017b, Drupp 2018), or environmental risk and individual risk-
aversion (Baumgértner et al. 2017c). While this paper provides a theory-driven analysis
of income inequality adjustment in benefit transfer that rests on the most widely used
framework, further theoretical research on benefit transfer functions is required.
Finally, the theory-driven transfer factors rely on the assumption of homogeneous
preferences within and across countries. Specifically, we assumed (a) that the utility
weight individuals put on the environmental good relative to consumption good, «, is the
same, and (b) that the elasticity of substitution and thus the income elasticity of WTP,
7, is the same for all individuals. However, it is possible to introduce heterogeneities.
First, we address assumption (a), i.e. the share parameter . For simplicity consider a
case where the mean weight parameters differ across countries, perhaps due to cultural
differences or education leading to a higher or lower weight put on environmental goods

(think, for example, of Sweden versus Latvia).?” The transfer function would then need

to be extended by a factor for the weight parameter: 7T, (a?, a®) = z—z (1 : ZZ
Assumption (b) has implicitly been made also by benefit transfer approaches that
assume a single, constant income elasticity of WTP. It is, however, possible to relax this
assumption. For example, Baumgértner et al. (2017a) consider heterogenous preferences
for the case where individual-specific income elasticities are normally distributed and

uncorrelated with income. Different distributions of 7n-types in two countries would

then lead to mean income elasticities that differ across countries. Detailed data on 7-

2THynes et al. (2013) study how international benefit transfer may be adjusting for cultural differences.
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estimates in both countries is usually not available in the context of benefit transfer and
often times no pertinent meta-study is available. The more relevant case in practice is to
only consider the income elasticity from the study country. We therefore also estimated
the income elasticity of WTP, 7;, for all nine countries individually and applied the
study sites estimate in the transfer factors given in formulas (9) to (11).2®8 We find that
income elasticities of WTP of seven out of nine countries fall within the usual range
of 0.1 to 0.6. Yet, the estimates vary substantially. Employing the country specific
income elasticities, 7;, in the benefit transfers further reduces transfer errors over the
case of a common income elasticity, 77. It shows that mean transfer errors decrease by
A|TE|,,, = —226 and A |TE|ch,u — A|TE|; = —1.69 percentages points for pure
and additional income inequality adjustment down to a total average transfer errors of
|TE ’ch,u = 108.28 percent when controlling for mean income and income inequality.
This shows that our main results also hold when the income elasticity from the study site

is applied, and that this might even be more accurate than using the pooled estimate.?

28We assume that the income elasticity is constant within each country, estimated with an OLS
regression in log-log specification without control variables. The assumption of a log-log WTP-income
relation seems to outperform other functional forms in benefit transfer (Czajkowski et al. 2017).

29Country-specific income elasticities, aggregate statistics on transfer errors and transfer errors for

all country-to-country benefit transfers are available from the authors upon request.
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7 Conclusion

This paper has shown how benefit transfer can account for differences in income in-
equality in a theory-driven fashion and has scrutinized the applicability of this approach
drawing on a multi-country study on water quality improvement in the Baltic Sea.

Improving benefit transfer is of tremendous importance for public and in particular
environmental policy appraisal, as it has perhaps become the most important method
of non-market valuation (Richardson et al. 2015). A number of different approaches to
benefit transfer have been developed over the past decades, ranging from simple unit
transfer to sophisticated individual study based calibrations. Kaul et al. (2013) review
studies including more than 1000 benefit transfers and find substantial mean (median)
transfer errors of 172 (39) percent. Based on the same Baltic Sea data employed in
the present paper, Czajkowski et al. (2017) analyze which functional form should be
chosen for international benefit transfer. They find that a constant income elasticity
function that controls for differences in the level of mean income between the study
and the policy site performs best. As many previous approaches to benefit transfer
have been somewhat ad-hoc, Bateman et al. (2011) among others have called for benefit
transfer parameters to be more firmly grounded in economic theory and underlying
preferences. Responding to these calls, we build on theory-driven transfer factors for
mean income and income inequality that were recently developed by Baumgartner et
al. (2017a) to scrutinize whether and to what degree income inequality adjustments can
improve benefit transfer.

We find that income inequality adjustment reduces benefit transfer errors by more
than 1.5 percentage points on average for the Baltic sea data. We show that this
main finding is robust to considering a number of model variations. While our main
finding may seem as a rather small effect, it will often be economically substantial.
Furthermore, income inequality adjustment becomes particularly relevant when income
at the policy site is more unequally distributed than at the study site. On average the
reduction in transfer errors amounts to more than 5 percentage points when income

inequality at the study site is more than 20 percent lower than the level of inequality
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at the policy site. We perform a number of checks and show that our main result is
robust to additionally considering other possible transfer factors for differences in the
price level or the mean level of the environmental goods accross countries. Finally, we
show that a naive a-theoretic transfer adjustment for income inequality would increase
benefit transfer errors. This emphasizes the importance of employing the structural
theory-driven factors that we draw on in our convergent validity excercise.

Our findings are relevant in several respects: First, practitioners of benefit transfers
should consider employing transfer factors for differences in income inequality, in par-
ticular when income is distributed more unequally at the policy site compared to the
study site. Our study has shown how this can be undertaken easily by drawing on sim-
ple, theory-driven transfer factors. This would be, for example, particularly relevant for
transferring values from European countries to applications in the USA, where income is
distributed considerably more unequally. Moreover, inter-country differences in income
inequality are considerable for many pairs of European countries. Thus, studies assess-
ing EU-wide benefits by scaling up a small number of WTP-estimates from a subset
of member states, should take into account income inequality effects on value transfer.
For instance, the benefit streams from ecosystems services from all Natura 2000 sites
have been estimated to be 314 billion Euros per year using benefit transfer (ten Brink et
al. 2011: 59-64, European Commission 2013). A simple, conservative extension of this
analysis—additionally applying benefit transfer factors for income inequality—would
increase benefits by only 0.13 percent on average, which would however translate into a

sizable economic effect size of 446 million Euros per year.?® This simple application high-

300ur simple extended analysis follows the Natura 2000 steps, except that we additionally account for
income inequality assuming that the income elasticity of WTP of 0.38 is given by the mean estimate from
most comprehensive global meta-study on WTP for biodiversity conservation (Jacobsen and Hanley
2009). Data on the income distribution of European countries was taken from the European Survey on
Income and Living Conditions provided by eurostat. The survey contains upper limits of percentiles
for disposable household income in 2011 per capita (equivalised). Dencentiles and 95th, 96th, 97th,
98th, 99th percentiles were taken to construct national income distributions (taking the interval values
as means of lower and upper limits) and estimate mean income and relative income inequality. This

approach yields only a conservative estimate for the reduction in transfer errors from additional income
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lights that although adjustments for income inequality may seem of minor importance
in percentage terms, they can imply substantial effects in absolute economic terms.

Second, theory-driven transfer factors reveal that the frequent use of an income
elasticity of one in benefit transfers neglects income inequality, as the transfer factor
for income inequality becomes one for different income inequalities if and only if the
income elasticity of WTP is unity. Our analysis shows that this shortcut might perform
well if income at the policy site is distributed more equally and is relatively similar
to the study site. However this shortcut can result in serious transfer errors when
income is distributed substantially more unequally at the policy site. Thus, our study
underscores once more the importance of conducting theory-driven benefit transfer as
proposed, among others, by Bateman et al. (2011).

Thirdly, the collection of value estimates for different environmental goods in benefits
transfer databases is often hailed to be the “holy grail of benefits transfer” (Pearce et al.
2006: 267). There are several attempts in this direction, such as the The Environmental
Valuation Reference Inventory (EVRI 2017), a database including information on over
4,000 international valuation studies, that is also mentioned in several guidelines on
benefit transfer (e.g. UBA 2012, Pearce et al. 2006). For instance, the UK sees a further
increasing scope of benefit transfer as value databases expand (HM Treasury 2011: 21)
and actively supports their development (Defra 2007). One of such future applications
might be the use of benefit transfer to inform government project appraisal by drawing on
information gathered in environmental impact assessments, e.g. for economic analysis
in the context of the EU Water Framework Directive (Droste and Meya 2017). The
increasing availability of WTP-estimates for different environmental goods should be
accompanied by methodological developments to increase the accuracy of benefit transfer
(Pearce et al. 2006) that are sufficiently easy to apply—as the theory-driven benefit
transfer factors tested in this study—such as to be used widely in practice.

Fourth and relatedly, there are several efforts underway to link ecosystem services to

economic activities in national accounts. Recently, the UN, EU, OECD, FAO and World

inequality adjustment, as in Natura 2000 WTPs are transferred to the European average rather than

on a country-by- country basis, where differences in relative income inequality are much higher.
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Bank (2014) proposed the system of environmental economic accounting - experimental
ecosystem accounting to facilitate further explorations on a country’s ecosystem account-
ing. This is accompanied by a discussion of the conceptual foundations and appropriate
valuation methods to integrate ecosystem services in accounting standards (e.g. Droste
and Bartkowski 2017, Obst et al. 2016). One approach is to make changes in ecosystem
services directly comparable to market activities through monetary valuation. As pri-
mary valuations are usually site-specific, this will regularly involve scaling-up estimates
to the national level. The UN et al. (2014: 127) thus call for “efforts aimed at improving
benefit transfer methods”. Our analysis suggests that this should include accounting
for the effects of income inequality when conducting benefit transfer.

Finally, primary non-market valuation studies should report measures on income
elasticities and on income inequality to facilitate the application of more sophisticated
and accurate benefit transfers. Ideally, studies would always state standard deviations
of respondent’s income besides relevant means, or even make the full income distribution
available in supplementary online material.

Overall, our findings add empirical evidence to the debate on the importance of
economic growth and changes in inequality for the valuation of non-market environ-
mental goods. They suggest that while accounting for differences in mean income is
relatively more important, taking into account income inequality results in considerable

improvements in the performance of benefits transfers.
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Appendix

Table 3: Transfer errors |T'E| (in percent) for unit transfer

to:

From DEN EST FIN GER LAT LIT POL RUS SWE
DEN 0 48.35 2647 23.12 448.65  227.82 142,52  267.59  60.93
EST 32.59 0 50.44 17.01 269.83  120.97 63.47  147.78  73.67
FIN 36.00 101.76 0 67.45 646.19  345.84  229.83 399.94  46.87
GER 18.78 20.49  40.28 0 345.63  166.26 96.98 198.56  68.27
LAT 81.77 72.96  86.60 77.56 0 40.25 55.80 33.00  92.88
LIT 69.50 54.75  T77.57 62.44 67.37 0 26.02 12.13  88.08
POL 98.77 38.83  69.68 49.23 126.23 35.17 0 51.57  83.89
RUS 72.80 59.64  80.00 66.51 49.26 10.82 34.03 0 89.37
SWE 1565.98  279.75 88.22  215.16 1,304.44 739.15 520.80  840.96 0
Table 4: A[TE|,. = |TE|., —I|TE|,,; (in percentage points)
from:tO: DEN EST FIN GER LAT LIT POL RUS SWE
DEN 0 —3.21 0.31 —1.40 —9.43 —1.94 —-494 —-134 —-0.26
EST —1.49 0 —-088 —0.87 1.69 3.55 0.22 456 —0.76
FIN 0.58 —3.92 0 -1.19 —9.68 —0.75 —5.33 0.31 —0.59
GER —0.93 —-1.26 —-0.43 0 —2.63 1.46 —1.79 232 —0.58
LAT —0.32 012 -0.18 —0.13 0 —0.68 0.14 -092 —-0.17
LIT —0.18 0.72  —0.04 0.20 —1.89 0 1.07 026 —0.15
POL —0.86 0.08 —0.50 —0.47 0.73 1.99 0 258 —0.44
RUS —0.10 0.73 0.01 0.26 —2.03 0.20 1.11 0 —0.11
SWE -1.70 -10.69 —-2.05 —-565 —33.31 —-10.53 —16.68 —9.67 0

38



Table 5: A|TE|, = |TE|, — |TE|

unit

(in percentage points)

to:

from DEN EST FIN GER LAT LIT POL RUS SWE
DEN 0 -25.24 0.94 -2.13  -161.45 -117.84 -42.33 -83.48 1.59
EST -13.82 0 -9.40 -15.28 -55.32 -50.42 -0.87 -17.01  -4.10
FIN 1.76  -32.16 0 -0.77  -212.77  -156.58  -54.05  -108.55 1.51
GER -1.43 -18.74 -0.28 0 -125.60 -92.71  -31.52 -63.74 0.76
LAT -7.60 -4.76 -5.35 -8.81 0 2.52 -7.50 -6.38  -2.56
LIT -17.12 -13.38  -12.14  -20.06 17.04 0 -21.36 23.17  -5.93
POL -8.72 -0.33 -5.94 -9.67 -32.81 -30.28 0 -9.65 -2.61
RUS =799  -298  -555 -9.09  -12.97 1527  -4.49 0 -2.56
SWE 10.88  -51.21 5.50 772 -371.13  -27881 -86.57 -182.78 0
Table 6: A |TE|TCW = |TE|TCW —|TE|,,; (in percentage points)
from:tO: DEN EST FIN GER LAT LIT POL RUS SWE
DEN 0 -27.90 1.25 -3.50  -168.10  -119.09 -46.40 -84.52 1.34
EST -15.62 0 -1045 -16.32 -53.88 -47.68 -0.65 -12.77  -4.99
FIN 235  -35.12 0 -1.96  -219.69 -157.07 -58.51  -108.30 0.94
GER -2.38  -19.80 -0.71 0 -127.48 -91.76 -33.03 -61.92 0.19
LAT -8.05 -4.61 -5.59 -8.99 0 4.90 -7.33 -7.39  -2.79
LIT -17.40  -12.45 -12.20 -19.75 14.96 0 -19.98 2349 -6.16
POL -9.76 -0.25 -6.54  -10.23 -32.18 -28.74 0 -7.23  -3.13
RUS -8.12 -2.19 -5.53 -8.76 -14.82 15.44 -3.31 0 -2.70
SWE 9.11 -60.46 3.39 1.93 -395.64 -285.84 -100.92 -190.57 0

39



Table 7: Transfer error changes for additional income inequality adjustment

A \TE|7-CV1H - A[TE|;, (in percentage points)

oo DEN EST FIN GER LAT LIT POL RUS SWE

from:

DEN 0 -2.67v 031 -1.37 -6.65 -1.25 -4.07  -1.04  -0.25
EST -1.80 0 -1.05 -1.04 1.44 274 022 425 -0.88
FIN 0.59 -2.96 0 -1.19 -6.92 -0.48 -4.46 024 -0.57
GER -0.95 -1.06 -0.43 0 -1.89  0.95 -1.51 1.83  -0.57
LAT -0.45 0.14 -0.25 -0.19 0 -0.62 0.17 -1.01 -0.24
LIT -0.28 093 -0.06 0.31 -2.09 0 1.38 031 -0.23
POL -1.04  0.08 -0.60 -0.56 0.63 1.54 0 242 -0.52
RUS -0.13  0.78  0.02 0.33 -1.85  0.17 1.18 0 -0.14
SWE -1.78  -9.25  -211 579 -2451 -7.03 -14.36 -7.79 0

Table 8: Transfer errors |TF| summary statistics (in percent)

TEl,., ITEl,, |TE|, [TEl,,
mean 152.35 150.55 115.48 114.02
median 72.88 72.80 67.44 66.07

sd 215.57 211.27  152.70 149.43

Table 9: Transfer errors |TE| summary statistics (in percent) when also adjusting for

differences in the level of the environmental good, E*.

ITE|, |TE|TE,ch |TE|TEW |TE|TE,W,ch

mean 149.48 147.70 113.05 111.60
median 71.86 71.82 67.21 66.04
sd 211.56 207.26 149.24 145.96
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