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Abstract. The economic value of environmental goods is commonly determined using the concepts
of willingnessto pay (WTP) or willingness to accept (WTA). However, the WTP/WTA observed in
different countries (or between individuals) will differ according to socio-economic characteristics,
in particular income. This notion of differentiated values for otherwise identical goods (say, agiven
reduction in mortality risk) has been criticized as unethical, most recently in the context of the ‘ social
cost’ chapter of the IPCC Second Assessment Report. These critics argue that, being a function
of income, WTP/WTA estimates reflect the unfairness in the current income distribution, and for
equity reasons uniform per-unit values should therefore be applied across individuals and countries.
This paper analyses the role of equity in the aggregation of climate change damage estimates, using
basic tools of welfare economics. It shows one way of how WTP/WTA estimates can be corrected
in aggregation if the underlying income distribution is considered unfair. It proposes that in the
aggregation process individual estimates be weighted with an equity factor derived from the social
welfare and utility functions. Equity weighting can significantly increase aggregate (global) damage
figures, although some specifications of weighting functions a so imply reduced estimates. The paper
also shows that while the postulate of uniform per-unit values is compatible with a wide range of
‘reasonable’ utility and welfare specifications, there are also cases where the common-value notion
is not compatible with defensible welfare concepts.
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1. Introduction

The principles of willingness to pay (WTP) and willingness to accept compensa-
tion (WTA) that form the basis of economic valuation have a feature that some,
particularly non-economists, often findirritating and even morally offensive: values
depend on income. If the marginal rate of substitution between income and envi-
ronmental services is decreasing with increasing income, as will normally be the
case, rich people require a higher compensation, or are willing to pay more for a
given change in environmental quality. One implication is that, in absolute terms,
environmental damage imposed on a poor person is less important than the same
damage imposed on arich person. This s often considered unjust. Most recently,
the issue has been raised in the context of climate change impacts, in particular the
valuation of climate change-induced mortality risks (e.g., Ekins 1995; Meyer and
Cooper 1995).
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The basic concern is that, if it is to be contained, climate change involves
significant policy measures to abate the emission of greenhouse gases. Deciding
how much control to exercise is problematic. A benefit-cost test appears to fall
foul of the inequity of economic valuation: many who will suffer the adverse
conseguencesof climate changewill beinthedeveloping countries. If those adverse
consequences receive low weights due to low (because income-dependent) WTP
or WTA, then the benefit-cost comparison may result in limited action on global
warming control. In particular, if human lifeisat risk, asit is with climate change,
then the benefit-cost test may produce the result that less should be spent to ‘save
alife’ in developing countries than in developed countries. ‘Lives, it seems, are
valued unequally, and it is this apparent implication that offends the critics.

Some authors have suggested to use uniform WTP/WTA valuesfor all countries
instead, either for all or a selection of damages. Usually they utilise values at
WTP/WTA at OECD level (e.g. Ekins 1995; Hohmeyer and Gartner 1992; Meyer
and Cooper 1995). The approach is not without problems either, as values in
devel oping countries now depend on the source of therisk. ‘Lives' at risk through
climate change are valued higher than domestic mortality risk, and hence it pays
off to concentrate on saving those (implying that health care and development aid
budgets should be cut in favour of greenhouse gas reduction expenditures).

Much of the controversy seemsto havearisen from thefusion of thetwo separate
issues: the valuation of environmental damages at an individual level, whichis a
matter of empirical analysis, and the comparison and aggregation of these effects,
which is a palitical process involving ethical judgements on, among other things,
the socially desirable distribution of income.!

There is nothing unfair per se in differentiated WTP/WTA values. Consider a
situation where income is distributed fairly, i.e., in accordance with the prevailing
notion of equity. Thisideal distribution may or may notinvolveauniformallocation
of income across individuals. Under some welfare concepts it is acceptable to
allocate higher incomesto certain people (for example, becausethey aregifted viola
players, or have other useful talents), under othersitisnot. If incomedisparitiesare
possible, differencesin WTP/WTA will occur as a consequence of the privileged
status society has granted to some individuals. In addition, people’'s WTP/WTA
may differ because they have different preferences for environmental goods. In
both cases, disparities provide important signals for decision makerswhich should
not be ignored.

The situation changes if the income distribution is unfair. In this case, differ-
encesin WTP/WTA still manifest the privileged position of some (in addition to
differences in taste), but this time there is no ethical justification for the higher
status of these people. When comparing individual estimates or aggregating them,
it now becomes necessary to adjust estimates according to the desired income
distribution and the currently observed distortions.

The issue is not new. In the early debates on benefit-cost analysis a number
of suggestions were made for integrating an equity judgement into the efficiency
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outcomes that benefit-cost dictates. An early discussion can be found in Pearce
(1971). One suchruleisto adjust WTP measures by theratio of individual income,
Y;, to averageincome, Y. That is, WTP; is the equity weighted WTP; such that

Y
WTP; = WTP, - (?> 1)

In this formulation, as long as WTP;/Y; = WTP,/Y}, i.e., if WTPs as proportions
of income are the same across individuals, then the equity adjusted WTPs are the
same.

More generally, social weights reflecting some judgement of the ‘right’ distri-
bution of income can beintegrated into benefit-cost analysis, indeed explaining why
benefit-cost was prefaced with theterm ‘socia’ in the 1970s. The early manual s of
benefit-cost analysis addressed this issue extensively — see for example Marglin et
a. (1972) and Squire and van der Tak (1975).

None of the damage estimates surveyed in IPCC (1996a) have been corrected
in this way. Three reasons (hone of which is fully convincing) may be given to
justify thisomission. First, it could be assumed that the current income distribution
isjust, or that distributional issues do not matter. Such an assertion would clearly
be hard to defend. Second, the combination of identical and linear utility func-
tions with a symmetric, linear welfare function also leads to a situation where no
equity weighting is necessary. Thereisonly limited empirical support for this case.
Although a linear welfare function is for example compatible with utilitarianism,
the assumption of linear utility would be unusual. Third, it could be argued that
distributional issues should not be mixed with global warming abatement. They
should be dealt with separately. This third point is in keeping with perhaps the
main criticisms that can be raised against equity weights. Equity weighting can be
opposed on the grounds that investment projects are not an appropriate means of
altering the distribution of income. In this line of argument, changing the income
distribution is better reserved for wider macroeconomic and fiscal policy, as well
as for specifically oriented projects targeted at the needs of the poor. Not least for
this reason, equity weighting has fallen out of general use in applied benefit-cost
appraisal. The argument has been refuted by Dreze and Stern (1987), however,
who point out that as long as redistribution incurs costs, the impact of projects on
the need for redistribution cannot be ignored. In the case of global warming, it can
further be argued that objections raised in the narrow context of project appraisal
should not apply to such a far reaching and globally pervasive issue as climate
change.

Generalizing equation (1) above, this paper takes the uncorrected damage esti-
mates of IPCC (1996a) and shows how estimates could be corrected in different
ways, depending on the type of welfare function adopted. The difficulties and
scope of including equity considerations into economic valuation have also been
discussed on a more theoretical level by e.g. Burtraw and Kopp (1994), and in the
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context of mortality risk valuation, by Jones-Lee and Loomes (1995). Other issues
that were raised in the discussion on the IPCC social cost chapter are dealt within
Fankhauser and Tol (1995, on purchasing power parity correction), and Fankhauser
et al. (1996, on issuesrelating to valuation, including the choice between WTP and
WTA).

The paper is structured as follows. Section 2 reviews the theory of aggregation
and shows how equity weights are calculated. Section 3 summarizes the climate
change damage estimates of IPCC (1996a). Section 4 shows how these figures
change when equity weights are applied. The section works with different types
of welfare functions, including utilitarian, Bernoulli-Nash, and maximin. Section
5 reverses the argument and asks what choice of welfare function and parameter
values would imply uniform WTP/WTA values between regions, the suggestion
put forward by authors such as Hohmeyer and Gartner (1992). Section 6 concludes.

2. Aggregation Theory
2.1. VALUATION OF INDIVIDUAL DAMAGES

Globa warming damage estimates measure the change in individual utility that
results from a change in climate, and express it in monetary terms. Formally,
utility for individual i can be described as a function of income Y and a vector of
non-market services, Z (such as good health and an agreeable climate)

u' =u' (Y, Z) @)

Climate changeis likely to cause market as well as non-market damages (IPCC,
1996a; see Section 3). That is, it affects people’s income — e.g. through changes
in productivity — as well as the vector of non-market services. Say income and
non-market services decrease from levels Yy and Zg to Y1 and Z3, respectively.
Monetary damage estimates, D, measure people’s willingness to pay to avoid this
deterioration as follows

u'(Yg — D', Zo) = u'(Y{, Z1) 3)

That is, Di is chosen such that an individual is indifferent between sacrificing
income D* and facing the impacts of climate change on Y’ and Z.2

2.2. AGGREGATION

To obtain global estimates, theindividual WTP estimatesD* haveto be aggregated.
To this end, a social welfare function, W, is defined. W combines the utility levels
of individuals to create aranking of different states of the world from the point of
view of society. Formally,

W =Wlul,...,u"] 4
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The welfare function is of the Bergson-Samuelson form, and it is assumed that
society’s view on equity and fairness can be reflected in W through an appropriate
choice of functional form. Making these assumptionsinvolves strong value judge-
ments with which not everybody may agree. On the other hand, it is well known
that unless policy makers are willing to make certain judgements about the form
of the welfare function, very little can be said and obtaining an acceptable welfare
ordering may not be possible (see Arrow 1951; a good discussion of the issue
is found in Boadway and Bruce 1984).3 Once an appropriate welfare function is
defined, the change in social welfare due to climate change can be expressed as

AW = —(Wy-ui- - DY+ ...+ W, - u} - D) (5)

where W; denotes the first order derivative of social welfare with respect to u?, and
ué. the marginal utility of income of person i. Note that initial income and non-
market servicesare measured at pre-climate changelevel (Yo and Zo, respectively).
Instead of a complex pattern of market and non-market impacts, social welfareis
affected by the equivalent changein income AY* = D? (see equation (3)).%

Equation (5) denotes the social welfare change AW associated with climate
change. Note that the total welfare effect is a weighted sum of individual WTP
estimates D*. However, it is easily shown that, as long as the observed income
distribution is just (i.e., satisfies the equity concerns of society), distributional
weights will actually be identical. To see this, recall that all equity concerns are
embedded in the social welfare function. The most desirable income distribution
from an equity point of view is therefore the one that maximizes social welfare.
Optimality in turn will assure equal marginal contributionsto social welfare across
individuals, and hence identical equity weights.

Toillustratethispoint, consider the problem of the optimal distribution of agiven
amount of income M. The most desirable distribution is obtained by maximizing
equation (4) with respect to all Y’s, subject to the constraint ©Y* = M. Thisyields
thefirst order condition

Wit = ... = Wyul (6)

Equation (6) assures that the equity concerns reflected in the welfare function are
observed in the best way possible.® At the sametime, equation (6) alsoimpliesthat
the weights of equation (5) are identical. That is, as long as equity concerns are
taken care of (i.e., the generally accepted social welfare function (4) is optimized),
all damages can be treated equally. Different weights only occur, and are only
needed, if the observed income distribution is not just.

It is also worth to reemphasize that an optimal income distribution does not
necessarily imply equality of WTP/WTA. As noted above, and made clear in
equation (3), WTP/WTA estimates depend on preferences, income and other socio-
economic characteristics. That is, only if income is distributed equally, if this
distribution is considered fair, and if tastes are identical across individuals will
WTP/WTA estimates be the same for everybody.
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2.3. MONETISATION

Equation (5) measuresthe welfare effect of climate changein utility units, or ‘ utils'.
To aobtain a global monetary damage estimate, equation (5) has to be converted.
This is done by dividing AW by the marginal welfare gain from income, W,; =
OW/OM.

A common way of defining W, isto interpret it as the welfare increase that is
obtained by marginally slackening the income constraint, evaluated at the optimal
point.® It is equal to the Langrangean multiplier of the maximization problem that
yielded equation (6)

Wir = Wi - u|(yizy ) (7)

where Y* denotesthe optimal amount of incomeallocated toi according to equation
(6). Note that since W), is evaluated at the optimal point, equation (6) holds, and
W;ui- will beidentical for all i.

Combining equations(5) and (7), total, worl dwide damage can now be expressed
as

Wi - ul W, - u}
pwortd — <7%/;Y> D'+ ...+ (712/1\?) D" (8)

where the terms in brackets denote the equity weights. It is easily seen that if the
incomedistributionisjust (i.e., if equation (6) holds), weightswill beequal to unity.
That is, given a just income distribution, individual damage estimates can simply
be added up. The same will be the case for a symmetric, linear welfare function
and identical, linear utility functions, that is, if Wiug/ is constant and identical for
all individuals and income levels.

Section 4 provides estimates of equation (8) for the case of climate change
impacts. Before we do this, the next section reviews available estimates of indi-
vidual damages D* (disaggregated to regional level).

3. Climate Change Damage Costs

Working Group |1 of the Intergovernmental Panel on Climate Change (IPCC) has
extensively reviewed the physical impacts of climate change on human society
and natural ecosystems (IPCC 1996b). Chapter 6 of IPCC Working Group |11
has assessed the available monetary damage assessments (IPCC 1996a; see also
Fankhauser 1994, 1995; Fankhauser and Tol 1995; and Tol 1995).

Information on the impacts of global warming is available for several regions
and countries. The best studied regions are developed countries, in particular the
United States, where climate change impacts have been analyzed in a series of
studies. Far less information is available on impacts in developing countries,
although the number of studiesisincreasing.



THE AGGREGATION OF CLIMATE CHANGE DAMAGES 255

Studies usually deal with only a subset of damages, and are often restricted to a
description of impactsin physical terms. Estimates generally combine the costs of
adaptation (such assealevel rise protection) and the costsof residual damages(such
astheinundation of unprotected areas). By far the best studied impact categoriesare
agricultural impacts and the costs of sealevel rise (see |IPCC 1996a). Several types
of impacts have largely been ignored so far, because they could not be sufficiently
guantified. Other damages were estimated on the back of an envelope. Attempts
at a comprehensive monetary quantification of al impacts are relatively rare, and
usually restricted to the United States (Cline 1992; Titus 1992; Nordhaus 1991).
Fankhauser (1995) and Tol (1995) have provided preliminary monetary damages
for different world regions. Valuation isbased on amix of WTP, occasionally WTA,
and various approximations, including benefit transfers.

Available estimates on the costs of climate change are therefore neither accu-
rate nor complete. There is a considerable range of error. Figures on developing
countries in particular are usually based on approximation and extrapolation, and
are clearly less reliable than those for developed regions. Nevertheless, the avail-
able estimates can serve as an indication of the relative vulnerability of different
regions.

The scientific research on global warming impacts has focused predominantly
on the (arbitrarily chosen) 2x CO, scenario — the impacts of an atmaospheric CO,
concentration of twice the preindustrial level. The figures reported here reflect the
impact of a 2xCO, climate on the current society. Table | shows the aggregate
damages, based on the assessment of Fankhauser and Tol (1995). Compared to
IPCC (1996a), the Fankhauser and Tol (1995) figures are additionally corrected for
differences in purchasing power parity. Figures vary between 0 and 7 percent of
real (purchasing power parity corrected) GDP, with relative damagesin developing
countries typically higher than those in OECD countries.

The figuresin Table | are best guess estimates — they do not reflect the uncer-
tainties. The estimates neglect the possibility of impact surprises (such as social
and political unrest), and of low probability/high impact events (such as a shut
down of the ocean conveyor belt).

Table | highlights the substantial differences between regions. For the former
Soviet Union, for example, damage could be as low as 0.4 percent of rGDP,
or even negative (climate change is potentially beneficial). Asia and Africa, on
the other hand, could face extremely high damages, mainly due to the severe
life/morbidity impacts. Developing countries generally tend to be more vulnerable
(in relative terms) to climate change than developed countries, because of the
greater importance of agriculture, lower health standards and the stricter financial,
institutional, and knowledge constraints on adaptation.

4. Resultsfor Different Specifications of Utility and Welfare

In this section the theoretical aggregation concept of section 2 is applied to the
IPCC damage estimates introduced in the previous section. To do this specific



256

SAMUEL FANKHAUSER ET AL.

Tablel. Monetary 2x CO, damage in different world regions.

Fankhauser (1995) Tol (1995)

bn$ %rGDP? bn$ %rGDP?
European Union 63.6 14
United States 61.0 13
Other OECD 55.9 1.2
OECD America 74.5 15
OECD Europe 57.4 16
OECD Pacific 60.7 3.8
Total OECD 180.5 13 192.7 19
E. Europe/Former USSR 208 04° -148 —04
Centrally Planned Asia 50.7¢ 2.9° -40 -01
South and South East Asia 92.2 53
Africa 46.4 6.9
Latin America 40.3 31
Middle East 115 55
Total Non-OECD 141.6 0.9 1717 17
World 322.0 11 364.4 18

2 Rea (or purchasing power parity corrected) GDP; note that the GDP base
may differ between the studies. Tol’s initial estimate for the Middle East was

corrected for atypographical error.
® Former Soviet Union only.
¢ Chinaonly.

Source: Fankhauser and Tol (1995). The figures in this table differ from the
sources and those reported in IPCC (1996a); they are fully corrected for pur-

chasing power parity.

functional forms need to be defined for the general functions used in section 2.
To underline the sensitivity of resultsto different ethical paradigms, we work with
three different welfare functions: Utilitarian, Bernoulli-Nash (Cobb-Douglas), and
maximin. They are among the most popular and often used welfare concepts.

The specification of theutility function shouldin principleincludetwo variables,
income Y and non-market goods Z. However, because climate change impacts are
assumed to be already reflected in the WTP estimate D (see equation (3)), non-
market services remain constant and variable Z can be ignored. We therefore use a
conventional iso-€elastic utility function that depends solely onincome (superscripts
are suppressed for simplicity)

a

.y (d—e)
l1—e

u =

(9)
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Non-market services can be thought of either as an additive argument to the func-
tion, or as being included in factor a (i.e., a(2)). For example, if climate change
affects mortality, factor a would denote the probability of being alive to enjoy
utility (Freeman 1993). Different values for parameter e (the income elasticity of
marginal utility) will be used below. Values between 1 and 1.5 are commonly used
in the literature (see e.g. the discussion in Cline 1992), although Pearce and Ulph
(1994) note that household behaviour models aso support lower values of about
0.8.7

A useful specification for the welfare function that encompasses a number of
conceptsis (see Boadway and Bruce 1984)8

S ul())
1-v
where v is a parameter of inequality aversion. The larger is «, the larger is the
concern about equality. For v = 0, equation (10) reduces to a utilitarian welfare
function. Letting v approach 1 gives a Bernoulli-Nash function, while v — oo

represents the maximin case.

W = (10)

4.1. UTILITARIAN WELFARE FUNCTION

The utilitarian welfare function takes the form
W= u'() (11)
=1

that is, the utility of each person is given equal weight, and utilities are smply
added up.

To express equation (8) using the specific functional forms (9) and (11), we
first calculate the value of income W,,. Recall that W,,; denotes the welfare gain
obtained from an increase in income, evaluated at the point of optimal income
distribution. Since the welfare function (11) is symmetric, the fairest distribution
of income (the one which maximizes equation (11), given M) isto allocate to each
party an equal share of income. The value of income (equation (7)) thusis

W = uy (%) — uy(7) (12)

where Y = M/n is the identical, average income granted to each individual. That
is, the marginal welfare gain from an increase in income is equal to the marginal
utility of income evaluated at average income.

Using this result and equation (9), total damage (equation (8)) is then easily
derived aswhich isagenera form of the simple rule given in equation (1) (where
e=1).

Dworld — Xn: (;) . Dt (13)

=1
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Tablell. Globa 2x CO, damages, corrected for inequality (annual damages, bn$).

Fankhauser (1995) Tol (1995)

Uncorrected damages 322.0 364.4
Utilitarian welfare function
e=05 315.6 411.4
e=10 405.2 614.3
e=15 621.9 1057.6
Bernoulli-Nash welfare function® 405.2 614.3
Maximin welfare function
e=05 95.8 89.4
e=10 181.0 172.2
e=15 3427 3318

2 Bernoulli-Nash weights are independent of e, and correspond to the case e = 1 of
the utilitarian welfare function.

Source: own calculations based on Fankhauser and Tol (1995).

Inthe caseof autilitarian welfarefunction, welfareweightsareinversely related
to the per capita income of a person, raised to the power e. People with a below
average per capita income are given a weight greater than one, people with an
above average income are assigned weights less than one. Table Il illustrates
how the application of these welfare weights affects the damage calculations of
Fankhauser (1995) and Tol (1995). The calculations are based on 1988 income
data, corrected for differencesin purchasing power parity (see Fankhauser and Tol
1995).°

Tol's equity weighted global damage is considerably higher than non-equity
weighted damage, and increases with inequality aversion e. Fankhauser’s equity
weighted damage is lower than non-weighted damage for e = 0.5, but increases
rapidly for higher values of the inequality aversion parameter. The explanation
is that, in general, Fankhauser estimates the poorer regions to be dightly less
vulnerable than the richer regions (hence an initial drop in damage). At the same
time the weight assigned to China, which is highly vulnerable, increases rapidly
with e. For both sets of estimates, damages would increase rapidly for e > 1.5.

4.2. BERNOULLI-NASH (COBB-DOUGLAS) WELFARE FUNCTION

In the symmetric form of the Bernoulli-Nash welfare function, socia welfareisthe
product of individual utilities,

W =" ju’(-) (14)

Taking the logarithm of equation (14) (a monotonic transformation) yields afunc-
tion where social welfare is the sum of the logarithms of individual utility. Thisis
the specification we use.®
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Symmetry again implies that the most desirable income distribution would be
to allocate equal sharesto all individuals. The value of income W, (equation (7))
is therefore again evaluated at average income, as in the utilitarian case. Global
damages are then calculated as

world g Y )
D _2;(1/) -D (15)
Equity weightsin the case of a Bernoulli-Nash-type welfare function are inversely
related to the per-capita income of an individual. Interestingly, damages do not
depend on the income elasticity of marginal utility (parameter €). Equation (15)
coincides with equation (13) for e = 1. The corresponding aggregated damage
figuresare givenin Tablell.

4.3. MAXIMIN WELFARE FUNCTION

In the case of amaximin welfare function,
W = min[u'(-)] (16)

only the welfare of the poorest individual (or group of individuals) matters. That
is, W, = 1 for the poorest individual(s) p, and W; = O for all other individualsi #
p. The maximin concept has a rough similarity with the welfare theory of Rawls,
and istherefore sometimes associated with his name. However, as has been argued
by Elster (1992), such alabel would be misleading, since Rawls' theory of justice
is essentially non-welfarist.

Maximin again implies a uniform income distribution at the optimum, and the
value of incomeis again evaluated at average income. Total damage is therefore

=~ \ €
pword — <%> - DP (17)

Total damages are much lower than in the other two cases, since the only impacts
that matter are those that occur in the poorest region of the world.*! Impactsin all
other regions are given aweight of zero.

Table Il provides the figures. Fankhauser’s equity weighted figures equal the
damagein China, Fankhauser’sregion with the lowest per capitaincome. Damages
are much lower than the simple aggregate for low values of e, but exceed the non-
equity weighted aggregate for higher values. Tol’s figures equal African damage,
Tol’s poorest region. Damages are dlightly lower than Fankhauser’s.

5. Thelmplicit Assumption Behind Uniform Values

Some papers on climate change damage estimation have advocated the use of
uniform per-unit values for damages (e.g. Ayres and Walter 1991; Hohmeyer and
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Gartner 1992; Ekins 1995; Meyer and Cooper 1995).12 The case in favour of
equal per-unit values in all these papers is made entirely on the basis of ad hoc
judgements with an undeveloped ethical justification, not on the basis of welfare
theoretic reasoning. This section analysesthese valuejudgementsin the framework
of the model of section 2, and calculates the type of welfare function implicitly
prescribed when using uniform per-unit damage values. Jones-Lee and Loomes
(1995) have used a similar approach to analyze the question of mortality risk
valuation, using a more general set of welfare functions.

For simplicity, we assume that there are only two types of individuas, inhabi-
tants of OECD countries (denoted by superscript r) on the one hand, and inhabitants
of non-OECD countries on the other (denoted by superscript p). We are interested
inthedifferencein per-unit damage values(for exampletherelative WTP/WTA per
acre of wetlands lost) between these groups. Suppose the ratio actually observed,
based on the current income distribution, isV"/VP. The aim then is to choose the
parametersof the utility and welfare functions such that theratio of equity weighted
per-unit valuesis unity. Using equation (8) this requirement can be written as

W, - uy \%
rovy 18
(Wp-u’;/> Vp (18)

Using equation (10) for welfare and equation (9) to specify utility, equation (18)
becomes, after some manipulation

e-y—y—e=1 (19)

with © = [In(V?) — In(V)]/[In(Y") — In(YP)]. Recall that v is the parameter for
inequality aversion in the welfare function, and e the income elasticity of the
marginal utility. That is, for any givenvaluefor 2 and e (which are both determined
empirically intheideal case), the presumptionthat climate changeimpactsareto be
valued equally implies a certain value for -y, and thus a certain degree of inequality
aversion.

Table |1l presentsy as afunction of e and V"/VP. As before, we assume values
for e between 0.5 and 1.5, the most likely specification according to empirical
evidence (see Cline 1992; Pearce and Ulph 1994).

Theratio V'/VP is more difficult to determine, as empirical evidenceis scarce.
An often used starting point is to assume an income elasticity of WTP of one
(Pearce 1980). In this case WTPs as proportions of income are identical across
individuals. That is, V'/Y" = VP/YP, which in turn implies V'/\? = Y'/YP, or a
per-unit value ratio of about four (recall that Y is purchasing-power corrected per
capita income and that the poor group includes middle income as well as low
income countries). The estimates quoted in IPCC (1996a) took the same starting
point, but rounding and extrapolation inaccuracies, aswell as deviations from this
rule for some damage categories, mean that the average income elasticity of WTP
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Table I1l. Implied inequality aversion () as a function of the
income elasticity of marginal utility (€) and empirical value ratio
(V"IVP)
V' IVP 1.36 2 42 8 10
Elast. of WTP 0.35 066 100 116 1.20
~, for
e=05 —056 —-001 100 198 231
e=10 +oo®  +oo® 100 £oo®  £oof
e=15 2.56 201 100 002 -031

& corresponds to the case V'/\VP = Y"/YP,
by tooforel1,andy | —ocoforet 1.
¢ ~y)—ocoforetl,andy 1 ooforel 1.

Source: own calculations, using the Fankhauser (1995) GDP data.

is slightly higher than one, in the order of 1.15-1.20. ThisimpliesaV"/V? ratio of
about 8 to 10.13 Flores and Carson (1995) and Kristrom and Riera (1996) on the
other hand argue that elasticities generally tend to be less than one, and Krupnick
et al. (1995), for example, have assumed a value of 0.35 to 1 for statistical life
estimatesin Eastern Europe. This second set of studies would imply a much lower
V"/VP ratio in the order of perhaps 1.3 to 4.0. Table 111 presents estimates of ~ for
both sets of assumptions.

AsTablelll shows, the postulate of uniform per-unit valuesis compatible with
many setsof ‘reasonable’ parameter assumptions, but by no meanswith all of them.
For several parameter specifications common values imply degrees of inequality
aversion in the utilitarian (y = 0) or Bernoulli-Nash range (y = 1).** In the case
of aunitary income elasticity of WTP, for example, uniform per-unit valuesimply
a Bernoulli-Nash welfare function. Other parameter sets imply higher degrees of
inequality aversion, andin the case of alogarithmic utility function (e= 1) common
values arein the limit only compatible with a maximin welfare function (y = o).

There are also cases where the notion of common per-unit values would seem
untenable. AsTablelll shows, thereare parameter combinationsfor which common
per-unit values would imply negative values for -, that is, ‘inequality attraction’,
which could in the limit go to a maximax welfare concept (y = —oc). With certain
parameter combinations, it can happen that weighed per-unit damages estimates
for the poor region are higher than thase for therich region. Therestriction of equal
valuesthen favourstherich. Clearly, thiswould be anindefensible welfare concept,
and it would therefore be hard to make a case for common per-unit values should
these particular parameter values prevail. As noted, the question of the appropriate
utility and WTP parameters is an empirical one, about which little is known to
date.

Finally, it should be noted that the analysisin this section was only concerned
with the equality of per-unit values. It has not prescribed equal values at a partic-
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ular level. Most proponents of uniform per-unit values, in contrast, have also
specified the level of per-unit values that should be used. Usually, damages are
to be uniformly valued at OECD level (Ekins 1995; Meyer and Cooper 1995).
The uniform use of OECD values would reguire the following extra restriction, in
addition to equation (19)

W, uy =1 (20)

With the current choice of welfare function, which only has one policy parameter,
it would evidently not be possible to satisfy both equations (19) and (20), except
by coincidence.

6. Conclusions

Climate change may involve potentially large and pervasive impacts on the well-
being of both rich and poor communitiesin the world. After the exploitation of any
‘no regret’ or ‘win-win’ measures to reduce greenhouse gas emissions, costs of
control will beincurred. One approach to determining the optimal degree of control
is based on benefit-cost comparisons involving monetized impacts and costs. But
such comparisonsthrow up concernsthat link equity considerationswith the degree
of contral: the use of income-constrained WTP (or WTA) measures will produce
resultsthat will differ from those that would ensueif developing countriess WTPto
avoid life risks and other damageswas weighted by some distributional coefficient
reflecting a judgement about equity. The suspicion then is that ‘orthodox’ benefit-
cost analysis will result in less global warming control than an equity weighted
approach.

Leaving aside the issue of whether, in practice, policy makers will pay much
heed to benefit-cost comparisons of climate control, however they are performed,
this paper has noted that the equity weighting issue is at least 25 years old in
the history of benefit-cost analysis. Although equity weighting atrophied in the
practice of benefit-cost analysis, it is arguable that climate change is such a large
and pervasive issue that it is right for equity judgements to be integrated into any
benefit-cost comparison.

Equity weighting can lead to significantly higher global damage figures than
those reported in IPCC (1996a), although some specifications also imply reduced
estimates. We re-estimated existing measures of climate change damage using
equity weights derived from a utilitarian, a Bernoulli-Nash and a maximin welfare
function. In the utilitarian case, the estimates based on Tol (1995) increase system-
atically with the value of e (the income elasticity of margina utility), while those
of Fankhauser (1995) show an increase only for values of e > 0.5. In the maximin
case, Tol'sdamage figures stay below the unweighed estimatesfor all likely values
of e, while Fankhauser’s damage figures stay below unweighed estimates for e <
1.5. In the case of a Bernoulli-Nash welfare function, equity weights are indepen-
dent of the shape of the utility function; global damagesare about 25%—75% higher
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than those reported by IPCC. Like the figuresin the underlying IPCC report, these
estimates are uncertain and not more than rough indications of the likely order of
magnitude.

The choice of welfare function is essentially apolitical question that cannot be
addressed here. However, by allowing for several welfare notions, results should
have a broader appeal than the initial estimates. Even so, they are not free from
value judgements. Equity weighting necessarily requires the existence of a social
welfare function and the need to measure welfare on an absol ute scale. The axioms
and assumptions needed for these conditions to hold may not appeal to everybody.
Nor may the notion of ‘welfarism’ that isunderlying the concept, and the particular
functional forms we have chosen. One may also ask whether decision makers will
indeed be able to agree on a unique social welfare function (Brekke et al. 1994).
Nevertheless, compared to the ad hoc proceduresused in somepartsof theliterature
(e.g. Meyer and Cooper 1995), the method proposed in this paper hasthe advantage
of being firmly based on the principles of welfare economics. The main strengths
of welfare economics are its consistency and rigour.

Finally, we address the issue of ‘common values'. In the debate on the IPCC
damage cost chapter common per-unit values were mainly discussed in the context
of liferisk, since unequal valuations of statistical livesappeared to present an ethical
challenge. In order to explore this issue in the context of a benefit-cost model we
ask what degree of inequality aversionisrequired before unit damage valueswould
be the same in rich and poor countries. Although we show that the postulate of
common per-unit values is compatible with a wide range of ‘reasonable’ utility
and welfare parameters, there remain doubts about the notion. For one, there are
several cases where the notion is incongruous with defensible welfare concepts.
More importantly, uniform valuesignore differencesin tastes and socio-economic
structures that are likely to prevail evenin an equitable world.
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Notes

1. We abstract from the complication that equity considerations influence valuation. Although
conceivable in theory, no empirical evidence to this extent has been put forward in the context
of climate change.

2. For simplicity the exposition isrestricted to WTP. The equivalent formulation in the case of WTA
would be

u' (VY +d', Z1) = ' (Y, Zo) @)
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that is, anincome increase of d’ is necessary for people to accept theimpact of climate change on
income and non-market goods. (Note that d* is not necessarily equal to —D*.) For a discussion
of the two concepts in the case of climate change, see Fankhauser et a. (1996).

3. For alternative ways to provide information to decision makers, see Brekke et al. (1994).

4. To allow for the non-margina change in income the intermediate-value theorem is assumed to
hold (see Johansson, 1993).

5. For example, suppose that the two individualsk and | are of equal importance to society, i.e., Wi,
= W,. Further assume that k initially has a higher income than | so that ut- < u%-; k's marginal
contribution to social welfare is then lower than I's. Total welfare can be increased by shifting
income from k to | until the two marginal contributions are equalized. At thispoint, uf. = U} and
Y = Y!, which satisfies the premise of equality between k and | set out in the welfare function.

6. Alternatively, W could be defined on the basis of the current income distribution, for example
as the maximum welfare increase than can be obtained with an additional unit of income, or the
increase obtained by spreading additional income equally across individuals.

7. Asequation (3) makes clear, different assumptions about parameter e, i.e. the shape of the utility
function, would in principle also affect WTP/WTA estimates. We abstract from this difficulty
here.

8. A generalized version of this welfare function would allow for different weights for individual
utilities. We will use symmetric welfare functions throughout, a property sometimes called
‘anonymity’ (see Boadway and Bruce 1984): Welfare is determined in ignorance of which
household will get which utility level. We use total and not average utility; the difference is
irrelevant as population is assumed fixed (see Blackorby et a. 1995).

9. The calculations are based on the data used in the original sources. Income data may therefore
differ in the two sets of calculations.

10. Since we assume absolute measurability of welfare, this transformation will change absolute
welfare. Asiseasily checked, the monotonic transformation suggested here increases aggregate
damages by afactor Wma/W, where W denotes current welfare, and Wina the level that could be
achieved if the income distribution were just.

11. We abstract from the complication that climate change may change the poverty ranking of
countries (e.g., as a consequence of climate change, relatively well off, but heavily affected
nations such as small idand states may become poorer than less well off, but not so heavily
affected states). Note that a maximin welfare function raises serious concerns regarding the
choice of scales, and regarding its applicability to a problem with high regiona uncertainty.

12. Notethedifference between aglobal assessment without regional distinction and aglobal assess-
ment with regional distinction. Inthe former case, the common way to proceed would beto value
everything at a global average, just like Fankhauser and Tol valued at regional averages. It is
the latter case we are interested in, where regions are distinguished, and damage is regionally
assessed and subsequently compared and aggregated.

13. The figure is an average value between middle income and low income country ratios, which
are al subsumed in the ‘poor’ group. The middle income country ratio assumed by Fankhauser
(1995) is about 4:1, while the low income country ratio isin the order of 10:1 to 15:1.

14. Although ~ only approaches unity for e oo and e| co.
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