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PART II

Chapter 11

Distribution and cost-benefit analysis

Conventional CBA for the most part continues to regard (intra-generational)
distributional or equity concerns as having little or no place in making its
recommendations about policy formulation or investment projects. Identifying this
oversight is one thing, responding to it is more controversial especially where this
involves weighting costs and benefits according to equity criteria. But this usefully
might just involve simply identifying the costs and benefits of individuals and groups
on the basis of differences in the characteristic of interest. Perhaps this sounds
unambitious but given the starting position (where this seldom happens), more routine
cataloguing of this type surely would be useful. Moreover, this could involve not only
cataloguing how costs and benefits are distributed across people but also how
particular environmental goods and bads (such as air quality, unwanted land uses and
so on) are distributed. One catalyst almost certainly could be demand from policy
makers. That is, the observation that too much practical CBA neglects distributional
concerns may not just be a supply problem (a single-minded focus of cost-benefit
practitioners on efficiency), it is also likely to be an issue about demand: perhaps, for
example, policy makers perhaps have not required this information in the terms of
reference guiding that practical work. Taking this further might involve weighting costs
and benefits and scrutinising proposals on the basis of a distributional cost-benefit test.
While a long-standing analytical option, there is no easy answer to the equally long-
standing question about what value these weights should take. Nevertheless, exploring
this question has led to some interesting empirical insights about inequality aversion
generally and for specific goods and bads (such as health risks).
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11.1. Introduction
Practical cost-benefit analysis (CBA) is concerned (primarily) with efficiency in

allocation of economic resources. That is, it recommends actions with benefits greater

than costs, where these monetary net benefits reflect the willingness to pay (or accept) that

affected people have for various impacts of the proposal. Of course, actual decisions will

not solely be based on efficiency. For example, project or policy selection and design may

give rise to questions about the “rightness” of a given action or the social desirability of a

particular distribution of benefits and costs.

Economic appraisal is not silent on those issues. There exists long-standing and

elaborate guidance on incorporating some of these distributional concerns in CBA. How far

this advice is actually heeded is another matter, however. For example, in some OECD

member states, including estimates of the distribution in CBA across transport investments,

energy investments, new policy assessments as well as ex post assessments, is done

compulsorily but in other members it is less frequent (see Chapter 16). This does not mean

that distributional effects are ignored altogether where CBA is done. More likely these are

dealt with in other ways, explicitly or otherwise.

A specific example is the economic appraisal that preceded the introduction of the

London Congestion Charge (LCC). Under original proposals for the LCC, from February 2003,

motorists would pay a uniform charge to enter the congestion charge zone around central

London during (weekday) designated peak hours. Certain groups were to be exempted or to

face a lower charge, depending on whether they were residents or worked in particular

occupations. The charge revenues collected were to be reinvested in London’s bus services.

Each of these provisions had a distributional rationale, but plausibly entailed some

sacrifice in efficiency as, for example, those groups enjoying exemptions from the charge

would still treat road-use as being “free” at the point of access.

Presumably London’s decision makers reasoned that this sacrifice was worth it if it

allayed at least some of the public’s concerns about the distributional impacts of the LCC.

However, the point here is that, insofar as CBA was concerned, these distributional

considerations were (it appears) a “fait accompli’. In other words, the official CBA of this

scheme carried out on behalf of the Greater London Authority (GLA) – the body responsible

for administering the LCC – was conducted on an option which already had these

distributional decisions built into it. One response might be to consider this the natural

order of things. That is, distributional concerns were dealt with elsewhere in the impact

assessment process, leaving CBA to deal with what is its core activity. However, if practical

CBA were better able to reflect concerns about distribution then it too would have an

obviously clearer contribution to such earlier deliberations about options.

This is the question considered in this chapter. That is, how distributional implications

of projects and policies reasonably can be accommodated within environmental cost-benefit

appraisals. This, in turn, reflects an assertion, not necessarily shared by all cost-benefit

practitioners, for appraisals to be more sensitive to concerns about distributional justice or
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equity. (See also Chapters 8 and 12 for a discussion of equity between generations in the

context of CBA.) The emphasis is on how this might be done in practice. However, there is

also a need for principles and theory to inform this pragmatic approach. And while the

onus is on practitioners to advance this agenda, so too is there an onus on decision-makers

to require this information; that is, it is about demand as well as supply.

11.2. Equity and CBA
Projects and policies with environmental impacts inevitably have distributional

consequences. Indeed, for a great many environmental policies this is the point in that

these interventions work by favouring (relative to the status quo) victims of pollution at the

expense of polluters. Typically, the economic justification for these interventions is

couched in terms of their efficiency (in the sense of giving rise to higher overall economic

gains for society). However, this application of the polluter pays principle (e.g. OECD, 1975)

owes as much to the perceived desirable distributional consequences of assigning property

rights to the victims of pollution or natural capital damage.

Clearly, the relationship between polluter and victim is only one dimension of

difference between people affected by project or policy proposals. Polluters might be

households or economic producers (such as firms1), rich and poor, young and old, as well

as vulnerable (in some other way) or otherwise. What is to be distributed between these

people or institutions is also of considerable importance given that it can help to define

differences in which are thought to be relevant. This could include well-being generally as

well as its particular component parts, although it might instead refer to some other set of

concepts such as “functionings” and “capabilities” (Kriström, 2005, Decancq et al., 2014).

In the context of economic appraisal, a starting point for this concern presumably is

how the net benefits are distributed between those affected by a proposed action. A simple

illustration is as follows. Assume there are just two individuals in society, this time denoted

by R and P, affected by a project and that the net benefit to each individual (R and P) of some

environmentally improving project is:

● Individual R: +EUR 200

● Individual P: -EUR 100

The total net benefit of the project is EUR 100; therefore, the project is worthwhile in

the sense that it increases economic efficiency. These gains, however, are unevenly

distributed. The question is whether this matters.

Much of practical CBA arguably takes the view that this outcome does not matter; that

is, Kaldor-Hicks criterion can be invoked. As long as winners can potentially compensate the

losers then all is well. That is, it makes sense to select proposals so as to maximise the size

of economic pie that our society here can enjoy. If, for some reason, there were

distributional concerns then policy makers could worry separately about how this pie is

divided, using alternative redistributive policy instruments at their disposal. Perhaps,

however, it is thought that – in the round – net losers of such a project will be net winners

for efficient projects implemented elsewhere. In this case, worrying too much about one

decision – in isolation – is a mistake. Alternatively, perhaps distribution is considered to be

optimal (in terms of its implications for social welfare). In this case, there is nothing to be

gained by shuffling economic resources from one person to another to achieve a better

distribution (one that achieves more in terms of social welfare).
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The case for arguing that such differences do matter might begin by considering the

possible problems with these aforementioned perspectives. In practice, however, efficiency

and equity might not be as straightforwardly separated as this standard approach implies. If,

for example, compensation is not really feasible to sort out through other policy instruments

then project selection (or design) arguably, and within reason, should not be ruled out as a

way of addressing society’s distributional goals. Whether gains and losses ultimately do even

out is another matter (Persky, 2001) – although presumably, an interim conclusion is that the

case for believing in such a coincidence act is doubtful, while not impossible. If distribution

is not optimal – e.g. maybe there are political or administrative obstacles to introducing the

requisite measures – there is a further rationale for worrying about distributional impacts.

Even so, it is not altogether clear exactly to do to reflect distributional concern in an

economic appraisal. While the above example is simplicity itself, the possible answers to

this can get complicated very quickly. For example, what if individual P – the net loser – is

poor relative to the net beneficiary of this project? In other words, the project worsens an

already unequal distribution of income or wealth. Presumably, this might temper an

otherwise positive interpretation of the net worth of the project. But what if also P is also a

polluter and R is vulnerable and its gains reflect how he or she benefits from the

environmental improvement. How might this alter again judgements about the proposal,

and more importantly, what can a cost-benefit practitioner do about it?

11.3. Analysing the distributional impacts of projects within a cost-benefit
framework

Various proposals exist about how to bring the distributional consequences of projects

and policies within the ambit of cost-benefit appraisals. One suggestion, which is followed

in this chapter, is to view these proposals as a hierarchy necessitating ever more explicit

judgement, on the part of the cost-benefit analyst, about the social desirability of possible

distributional outcomes. At the heart of any such judgement lies a standpoint or appeal to

evidence about how society ought to distribute well-being, income, wealth or some more

specific good such as environmental quality.

Kriström (2005) has shown how these proposals can be thought of as a hierarchy of

options. These include: 1) identifying and cataloguing how project-related costs and

benefits are distributed, in physical units but perhaps also in monetary terms; 2) calculating

implicit distributional weights: e.g. if a project generates net aggregate losses but net gains

are enjoyed by a group that society is particularly worried about, what weight would need

to be assigned to these gains such that the project was deemed to have a positive social

value?; and lastly, 3) re-calculating the project’s net benefit based on assigning explicit

distributional weights to the benefits received and costs incurred by different societal

groups.

Important to all these stages is the consideration of distributional consequences

alongside (or within) standard appraisal procedures. In doing so, information can also be

provided about the balance (or implied trade-off) between maximising the overall benefits

of an intervention and directing interventions towards certain groups. Activities supported

in the lower (initial) reaches of this hierarchy are less contentious in that these do not

attempt to alter the main recommendation of a CBA. Rather what is done is augment that

rule with further information, in effect, provided as an adjunct to a CBA. Towards the top

of this hierarchy, however, the decision-rule itself is altered.
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11.3.1. Identifying distributional impacts

CBA is frequently criticised as being pre-occupied with a project’s or policy’s “bottom-

line” in the form of its net social benefits. Assuming, for the moment, that this criticism is

justified, it is problematic for a variety of reasons, including that it abstracts from

information that policy makers worry about: namely, how policy impacts are distributed.

This disaggregated information might be valuable for a number of counts. There may be

pragmatic reasons for knowing which groups win and which groups lose from implementing

the project. Perhaps it is the case the project’s losers are in a position to affect the project’s

success or failure (in the sense of net benefits being realised). But there are also analytical

frameworks that are both relevant to a social decision and can be usefully illustrated using

such information. This might be the established theory underpinning CBA, based on social

welfare functions describing how (changes in) consumption translates in social well-being.

But it may be a distinct tradition drawing on other disciplinary or policy perspectives as well

perhaps taking as its inspiration the idea of “value plurality” discussed in Chapter 2.

For example, the environmental justice movement in the United States has argued that

unwanted or hazardous land-uses (such as waste disposal and transfer facilities) are unfairly

or inequitably distributed: i.e. located predominately in areas, which are relatively highly

populated by low-income groups or particular ethnic groups. The environmental justice

perspective has been broadened to a number of other environmental burdens both within

and across countries (e.g. urban air pollution, lack of access to green space and vulnerability

to climate change) (see, for example, Walker, 2012). This does have relevance for economic

appraisal, based as it is on rationing economic resources to those projects and policies where

willingness to pay is highest, whereas the contribution of environmental justice has been to

emphasise how benefits and burdens are distributed amongst different socioeconomic or

ethnic groups and whether the processes that have led to this distribution can be judged to

be fair.

This suggests that, at a minimum, one useful element of a CBA would be the provision

of detailed information about distributional impacts. Put this way, there is no requirement

that the cost-benefit analyst makes a judgement about the empirical evidence as regards

how to weight the impacts enjoyed or suffered by different groups. It requires only that

these be documented to the extent that the data and other resources permit. How these

distributional consequences might translate into an assessment of the social value of the

project can be left to the political process. Of course, it would be naïve to assume that value

judgements are wholly eliminated. For example, a decision must be made at some point,

about which societal groups are to be described. However, as later sections will illustrate,

there is less need for tricky judgements relative to other analytical options in the hierarchy

of distributional CBA.

There may be practical difficulties in identifying “winners” and “losers” and their

incomes and/or some other aspect of their relative position in society in sufficient detail. Of

course, without this basic building block, the more ambitious analysis of distributional

concerns (described below) cannot be contemplated either. This problem is likely to be a

matter of degree and it is just as likely that many cost-benefit appraisals do not generate

these data simply because they are not compelled to do so rather than because of the

unfeasibility of the task. It is interesting that much of modern benefit assessment in the form

of stated preference methods such as the contingent valuation method (Chapter 3) already

may contain a wealth of data about the distribution of non-market impacts (Kriström, 2003).
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That is, these studies typically elicit a wealth of information about respondent’s

demographic and socio-economic characteristics as well as detailed data about, for example,

uses and experiences of an environmental good under consideration. Such data could

provide valuable insights into how certain project impacts are distributed.

Although not necessarily incorporated within economic appraisals, empirical

evidence exists about the way in which a growing number of environmental outcomes (but

particularly, air quality) are distributed amongst different societal groups. Studies by

Pearce et al. (2011) and Ribeiro et al. (2015) provide similar types of analysis for respectively

New Zealand and Portugal. In a similar vein, a study by Defra (2006) for the UK, looked at

how a range of air pollutants are distributed including PM10, NO2, SO2 and (ground-level) O3.

A measure of multiple deprivation (including income, health and housing) was the object

of interest, in that study, in terms of characterising the socioeconomic status of those

affected by differential air quality.

A number of interesting findings and nuances emerge from the subsequent mapping of

air quality levels and this deprivation index. Exposure to lower ambient air quality is

influenced by proximity to urban areas and roads in particular. And, in general, the concerns

of those who assert that worse environmental outcomes are associated with higher levels of

deprivation appear to be confirmed, especially for PM10. However, in some cases, the resulting

socioeconomic distributional outcome is one where those most exposed are those who are the

least and the most disadvantaged (i.e. respectively those households in the bottom decile and

the top decile of the deprivation index). In other words, geographical detail appears to be

important with different areas of the country experiencing a somewhat different relationship

between exposure to air pollution and deprivation. Presumably, this has implications for

thinking through the distributional consequences of proposed policy interventions.

Day and Maddison (2015) suggest that cost-benefit practitioners could usefully respond

to these environmental justice concerns. For example, they note the potential for using

evidence about the way in which (air) pollution burdens are distributed by (household)

income. These could be summarised in a Gini-coefficient, perhaps calculated for a policy

proposal (and compared with the status quo). Examples of this work can be found in the

water resource literature (via the so-called “Water Gini”; see, for example, Wang et al., 2012;

Seekel et al., 2011). Clearly, however, there are multiple dimensions to inequality and, to be

meaningful, such summaries of distribution also need to explicitly account for this (e.g. by

age, vulnerability, and so on).

Another manifestation of distributional concern is in judgements about the affordability

of policies for households. Practical examples here include the use of CBA in the

implementation of environmental Directives amongst relatively new (and lower-income)

entrants to the European Union (e.g. European Commission, 2008). This is often codified in

(seemingly arbitrary) rules of thumb about when the proportion of income that households

pay becomes unaffordable for a particular good (such as water supply or waste collection).

Such concerns, however, may conflict with other considerations, such as the polluter pays

principle or (where it is considered appropriate) full cost recovery for projects such as waste

management. So while affordability is clearly a concern, there is a risk created if this is

addressed by widening any gap between project revenues and project costs through setting

tariffs too low.

Potential also exists, of course, for greater attention to the distributional impacts in other

standard non-market valuation methods of the type discussed in earlier Chapters (see 3-7).
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Loomis (2011) illustrates this potential with reference to two empirical studies of non-

market values from the United States. Specifically, the author discusses the results from a

CV study of willingness to pay (WTP) to low flow alleviation in a river in Colorado in the

United States from a distributional perspective. This leads to some interesting (and

additional) insights. Benefits do not necessarily vary much with income levels of

respondents. But while project selection is not being driven by a “bias” towards the

disproportionately high WTP of those with high-income, on the cost side there is concern

dependent, of course, on how the improvement is financed. Clearly this is important

information for the implementing authority to know.

A further example that Loomis discusses is a hedonic price study in an area of Los

Angeles again in the United States. Specifically, the policy measures looked at what are the

effects on property values of actions that would decrease the risks of forest fires. This policy,

it appears, is skewed towards benefiting the asset values of homes owned by higher income

households as well as particular ethnic groups (i.e. predominately White and Hispanic

neighbourhoods). Again the issue here is how to use this information on how benefits are

distributed to frame policy discussion about how proposals should be financed. Perhaps the

most important take-home message from both of these examples is that distributional

insights could be garnered from the growing empirical record about environmental

valuation. That this potential remains largely unrealised is a missed opportunity.

In a very different context, a relatively well-established finding is that particular groups

appear to be vulnerable to the loss of ecosystem services. Specifically, a number of studies

have highlighted the dependence (of at least some portion) of the rural poor in the

developing world on services provided by nature. Ten Brink et al. (2011) term this the “GDP of

the poor” although its antecedents can be traced to previous empirical studies of livelihoods

including Jodha (1986) and Vedeld et al. (2004). These studies have been important in making

plainer the contribution of ecosystems to the economic well-being of such communities,

something which is typically only partially reflected in official statistics, if at all.

11.3.2. Implicit distributional weights

Should cost-benefit appraisals limit the analysis of distributional issues to carefully

identifying and cataloguing how costs and benefits are distributed? Broadly speaking there

are two further options. Both are premised on thinking about how distributional

information might be used by policy makers but in a way that is comparable with the

standard net benefit rule. This entails revising the CBA recommendation on the basis of the

adjusted or distributionally weighted net benefit.

One long-standing way of being explicit about such distributional judgements in CBA

is by writing the earlier simple two-person cost-benefit problem as follows: NB = aRNBR +

aPNBP, where a weight (ai) is assigned to each of the parties” costs and benefits. An

important feature of conventional CBA becomes apparent. It assumes that a1 = a2 = 1; that

is, weights of unity are assigned to the net benefits of individuals regardless of who it is

that receives a unit of benefit or suffers a unit of cost.

What do these weights represent? Essentially, ai, can be interpreted as providing a

numerical description about the preferences of society regarding distributional outcomes.

This might be based on an introspective reflection on how say changes in consumption

translate into higher levels of well-being for individuals given how affluent they are prior

to this change. It might be based on a (related or distinct) standpoint regarding equity for
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society. (See the Annex to this Chapter for a simple elaboration of this, within the cost-

benefit framework.)

The distributional net benefit criterion is that a project should go ahead if the sum of

distributional weighted net benefits is at least as great as zero. Not surprisingly, much of the

controversy about distributional weighting surrounds debates about the relative merits of

using projects in this way as well as the problems entailed in surmising what society’s

distributional goals are. It is not difficult to imagine that there might exist some trepidation

about launching into distributional analysis of this sort, given these difficulties and debates.

A convenient way around this controversy – at least as an interim stage – is to ask

instead what set of weights would be required to “tip the balance” between recommending

that the project go-ahead (i.e. positive total NB) or not go-ahead (i.e. negative total NB)

(Gramlich, 1990; Kriström and Kanninen, 1993)? i.e. . Hence,

this is an implicit distributional test, as it does not require that weights (ai) be imputed

directly. Rather it asks, for aR = 1 and setting NB=0, how large would the implicit weight aP*

need to be to affect the decision about the social worth of the project? For the simple

example above, the answer is “2”: i.e. .

Once this “tipping point” is known, what can be done with this information? Perhaps

most importantly, it could be asked whether assigning this weight (or these weights) is

justified, perhaps in the sense of whether or not it is commensurate with society’s

preferences or what is known about political acceptability. The answer could depend, in

this simple example, on the relative income difference between the two individuals as well

as the distance that each is from recognised thresholds, such as poverty levels or average

income. The catch is that this question arguably cannot be answered properly unless one

has recourse to reliable and direct estimates of aP. Yet, the point of this implicit weighting

approach is to allow the cost-benefit analyst to avoid these potentially deep waters.

Nevertheless, implicit weights at least can be compared with the range of estimates in the

literature, which is discussed in Section 11.3.3 below.

Gramlich (1990) notes a further use of the data previously discussed. Project selection

or design is only one of many redistributive mechanisms available to governments.

Moreover, critics of distributional CBA, such as Harberger, have argued that it must be

asked whether these alternative measures are generally a less socially wasteful means of

addressing distributional concerns. For example, this would certainly be true if, say, some

fiscal mechanism could costlessly redistribute e.g. income. In such instances, it would

always be desirable to shelve inefficient but equitable projects and address distributional

disparities using this other redistribution mechanism. Needless to say, any redistributive

scheme is inefficient to a greater or lesser extent.2 However, this emphasis on “extent” is

important. One issue then is to compare, as a means of addressing distributional concerns,

project selection or design with (practical) alternatives, such as direct ways of transferring

incomes across individuals (perhaps via the tax system) or other public programmes,

which explicitly focus on, say, raising low incomes.

Assuming that there is information about how inefficient various practical and

alternative redistributive mechanisms are, then this sets an upper bound on how much

inefficiency is permissible in choosing and designing projects on the basis on distributional

criteria. Formally, this entails a comparison of the terms aP* and 1/(1-c). The coefficient, c,

0      NB NB a NB a
NB
NBR p p P

R

P

a
NB
NBP

R

P

*  
200
100
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is an indicator of how inefficient alternative redistributive mechanisms are (i.e. what

proportion of total resources is lost in the “act” of redistribution) and its value will lie

between 0 and 1. In the example above, the project should go ahead as long as it is the case

that c  0.5. In this way, distributional concerns are allowed to influence project choice

subject to this being the most cost-effective means of addressing some distributional goal.

11.3.3. Explicit distributional weights

The previous broad analytical option departs from simply asking what values

distributional weights would need to take. A rather more prescriptive approach would be to

impute explicit weights, perhaps based on the findings of past studies. For example, one

approach is based on a judgement about the importance of income to those who gain or

lose from the project. The assumption of diminishing marginal utility of income implies

that the utility value of a unit change in a poor individual’s income is greater than the

utility value of the same unit change in income of a rich person. Other things being equal,

this implies that a dollar or euro of benefit received by the latter receive less weight by the

same change for the former reflecting this difference in its relative contribution to social

welfare.

One possible weight, following this rationale, is: where: is average or

mean income per capita; Yi is income of the ith individual (or group); and  is the elasticity

of the marginal utility of income or society’s valuation of an increment to that individual’s

income. (The derivation of this weight is illustrated in the Annex to this chapter.) Clearly,

whereas data on the two former parameters are (in principle) easily measurable, it is

information about  which is crucial. Intuitively, this elasticity is said to reflect society’s

degree of inequality aversion. A logical starting point then for determining its likely

magnitude is to ask the question as to how much inequality “society” is willing to tolerate?

In principle, e could range from 0 to , although, fortunately for analysts, the literature

as discussed below suggests that the plausible range is considerably narrower than this.

Note that conventional or “unweighted” CBA is equivalent to assuming  = 0 (as this would

result in ai = 1). At the other extreme, as the degree of inequality aversion becomes ever

larger (  ), the cost-benefit test amounts to always “ruling-out” any project that

adversely affects the very worse off. (Conversely, it will always “rule-in” a project that

positively affects the very worse off.) And while the simplest assumption, in terms of ease

of computation, is to set  = 1 (and thus compare each individual’s income relative to the

mean) ultimately it must be asked whether or not this seems to imply stronger societal

preferences towards income equality than observed evidence suggests.

Table 11.1 uses the earlier example in section 11.2 to illustrate how the CBA

recommendation for this distributional outcome alters depending on what value is taken

by e. To this example, the assumption is added that the ratio of the income of our wealthier

individual R to our poorer individual P is equal to 3: i.e. YR = 3YP (e.g. such that perhaps the

former is EUR 90 000 and the latter is EUR 30 000). Note that, in general, the effect of

assuming values of e which are greater than 0, is to shrink the positive net benefits of

individual R and to boost the negative net benefits of individual P. The magnitude of e

determines how large this relative adjustment is going to be. Thus, for  = 0.5 the project

still has a small but positive NB. However, for  = 1, the sum of distributional weighted NB

is negative. It is also apparent from the table that larger values of  very quickly result in

relatively extreme weights to be placed on the losses suffered by the individual with

income below the mean.

a Y Yi i ( / ) Y
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To reiterate, distributional weights reflect a judgement about the value to be placed on

each dollar or euro received by or taken away from each individual or group. A variety of data

might be sought in order to justify this judgement. Typically, it is argued that this judgement

should be made on the basis on the revealed behaviour of (democratic and accountable)

governments with regard to, say, redistributive policies. That is, by examining public policies

where distributional issues are a predominant concern, something can be learned about the

relative weights to be placed on the costs and benefits of different societal groups. A usual

reference point is the income tax system where it is argued that the different marginal tax

rates that people, with different incomes, face tells the analyst something useful about

society’s preferences towards the social value of that income. A prominent variant of this

notion is based on equal absolute sacrifice and argues that tax system operates by imposing

an equal burden in terms of utility losses on all income classes relative to some utility

function (Young, 1994; although see, for example, Gramlich, 1990, for a discussion of the

problems of using information about marginal tax rates in this way).

Some empirical debate has centred specifically on the magnitude of e. Comprehensive

reviews of this literature can be found in Pearce and Ulph (1999) and Cowell and Gardiner

(1999). While the latter survey concludes that “a reasonable range seems to be 0.5 … to 4”

(p. 33), Pearce and Ulph (1999) argue for a much narrower range in the region of 0.8. On this

basis, Pearce (2003) argues that values of  in the range of 0.5 to 1.2 are defensible in the

cost-benefit appraisal of climate change policy. Chapter 8 reviews more recent evidence

which concludes that the value of  based on variety of analytical strategies and data

might be higher. The point is there that this accommodates a range of possible values, and

even for the simple example in Table 11.1 less clear implications of a CBA based upon this.

Estimating inequality aversion

Studies of people’s preferences for income inequality do appear to indicate that, on

average, they prefer distributions which are more equal such that, for example, they find that

less income overall is tolerable so long as it is more equally distributed. One implication of

this is that policy or project interventions which result in negative net benefits – i.e. less

overall consumption – could be preferred if that action results in a better distribution of the

consumption that is left. This is the essence of distributional weighted CBA, with the

magnitude of inequality aversion, for example, setting the parameters for what is an

acceptable trade-off between equity and efficiency. Clearly, there is an interesting question

of exactly how much net loss that people will tolerate: i.e. what are the weights that should

be used. There is also an interesting question about what weights should apply for risks to

non-income outcomes of policy or project interventions.

A study by Cropper et al. (2016), using a stated preference survey, does exactly this for

health risks: specifically cancer (and other possibly serious) risks arising from exposure to

air pollution. Respondents were asked to consider – and choose between – two scenarios

Table 11.1. Distributional weights and CBA – illustrative example

Degree of inequality aversion: Net benefits: Individual R Net benefits: Individual P Total net benefits

0 200 -100 100

0.5 163 -141 22

1 133 -200 -67

2 89 -400 -311
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each involving risks faced by two regions of equal population size (within a country) each

facing distinct health risks. In one scenario, these health risks are (highly) unequal

between these two regions. In another scenario, these risks were equally distributed.

This is described in Table 11.2. What the choice indicates is a respondent’s willingness

to trade-off how the risk is distributed and the total risk. That is, option B shares the burden

equally but entails a population risk of 14/1000 as opposed to option A where the overall risk

is 10/1000. Asking multiple respondents to make a series of these choices allows preferences,

and the magnitudes of trade-offs that people are prepared to make, to be teased out.

The results in Cropper et al. (2016) indicate that most respondents have a preference for

greater equality in the way that health risks are distributed. That is, respondents appear to

be prepared to tolerate a policy action that increases health risks so long as those risks are

shared equally. Specifically, a key finding is that the average respondent is prepared to

tolerate more than a 20% increase in total cancer cases that the population faces if everyone

is confronted with the same (elevated) risk.

This actually understates the extent of this preference as it excludes those respondents

for whom no equitable options were off the table. That is, for these respondents, no matter

how high the overall cancer risk rate in the total population, they also chose an option which

allocated this risk equally over options which had much lower (but unequally distributed)

risks. As such they appear to have lexicographic or very strong preferences for health

equality. In total, they accounted for around 30% of the sample. The result of including the

preferences of this large group is to push the tolerable increase in total cancer cases up to

50% if these are equally distributed.

How do these trade-offs compare with those found in (analogous) studies of inequalities

in income (or attitudes to risk more generally)? Cropper et al., include two further tests. One

is a “leaky bucket experiment” whereby respondents are asked to choose between scenarios

which involve (different sized) a USD 1 000 reduction in the incomes of the top 40% of income

earners while simultaneously increasing the income of those in the bottom 40%. The size of

the leak is indicated by how much less the latter is than the former: 0 < X  0. An option, for

example, might involve reducing top earners’ income by USD 1 000 but raising the bottom

earners’ incomes by USD 900 (in which case X = 100). Another option might only raise bottom

earners’ incomes by USD 500 or USD 250 and so on. Again, respondents’ choices here can be

used to infer preferences about income equality. These results appear to indicate that

respondents are willing to sacrifice between 2 and 5% of average (mean) income to secure

equality. As such, this study finds evidence that respondents seem to have stronger

preferences for health equality than income equality.

Put another way, there is no reason to think that the weights to be used for changes in

health risks are the same as those which might be used for changes in income more

generally, at least as far as these U.S. respondents are concerned. Of course, determining

appropriate weights is also a matter of social judgement rather than just the aggregation of

Table 11.2. Example choice card from Cropper et al. (2016)

Choice A Choice B

Region Y 1/1 000 mortality risk 7/1 000 mortality risk

Region Z 9/1 000 mortality risk 7/1 000 mortality risk

Preferred option?
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these sort of individual responses. However, presumably such data will have a role in making

that determination. Complications abound presumably, many projects involve health

inequality and income inequality. For example, there seems to be some evidence that those

particularly at risk from poor health as a result of exposure to air pollution are those with low

socioeconomic status.

Dietz and Atkinson (2010) also use a stated preference study to look at the different

distributional preferences of people towards policies which reduce air pollution.

Respondents, from different areas of London in the United Kingdom, were asked to choose

between options for a policy that differed in terms of conventional outcomes, such as its

ambition i.e. how much London’s air quality would be reduced and its cost. In addition, some

options included provisions for assisting those households with less income with the costs

of paying for the policy (through taxation) and whether those who were most responsible for

air pollution in London (e.g. motorists) should bear more of the burden of paying for policies

which address this.

The results of that study suggest that respondents see a trade-off between distributional

outcomes and costs: that is, on average, they are willing to pay more for policies which

achieve a given improvement in air quality in a more equitable manner. For example,

respondents were willing to pay GBP 153 more for a policy which led to a dramatic

improvement in London’s air quality (relative to a policy leading to a modest improvement).

If, however, this policy was targeted on those most responsible for the problem, these

respondents would pay 64% more. If this policy additionally assisted those who were least

able to pay, respondents were willing to pay 25% more.

The study by Dietz and Atkinson (2010) also surveyed a further sample of respondents

about their distributional preferences for U.K. climate policy, thereby providing a test of

how such preferences differ across environmental policy context. The “premium” on

constructing a policy that is targeted on polluters is almost identical to that for the local air

pollution context (65% compared with 63% above). However, respondents appear to care

somewhat more for assisting those on lower incomes in the climate policy context (a

“premium” of 43% compared with 25% as above).

11.4. Distributional CBA and climate change
A re-emergence of interest in distributional cost-benefit analysis (CBA) has been

particularly prominent in the literature on the economics of climate change damage (see

Chapter 14). This has involved a re-evaluation of the way in which the burdens of climate

change damage are likely to be distributed between countries, which can be characterised

as either rich or poor and vulnerable. As a result, equity weighting is now an established

part of efforts to understand the social cost of carbon (SCC). Moreover, it appears that these

procedures have influenced guidance on official (i.e. domestic government) positions on

what the SCC should be for appraising climate change policy, although does not appear to

be a universally held view.

As an illustration, , where D is the value of global damage from climate

change, Di is the damage suffered by country i and ai is the weight assigned to this damage

in country i. The convention would be for these weights to be calculated as ,

where YW and Yi is income (or consumption) per capita in the world and in country i

respectively and  is a income (or consumption) inequality aversion parameter. Intuitively,

if poorer countries suffer disproportionately from climate change damage, then this

D a DW i ii

N


 1

a Y Yi W i  /
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weighting should result in a higher social cost of carbon. The reality, however, is a little

more complicated. A paper by Anthoff et al. (2009) explains why. One reason is that higher

values of  imply a higher discount rate: i.e. , where r is the discount rate, r is the

pure rate of time preference and g is the growth of per capita consumption. Not

surprisingly, this technical issue has important practical ramifications.

Another important issue is highlighted by Anthoff and Tol (2010). Conventional

weighting procedures are just one option. There are many others. At one extreme, a

country may decide that people abroad have no standing. In terms of the implications for

the SCC, this would mean that impacts elsewhere in other countries (i.e. climate change

damage abroad) are not considered, when deciding on the SCC to use in appraising its

climate policy. Of course, this is a rather extreme position but it provides at least a lower

bound for further discussion. Once these impacts elsewhere are considered, there are a

range of possible principles which could guide estimation of the SCC (some of which

involve equity weighting).

From the perspective of a particular country, SCC can be expressed as follows:

The first term on the right hand side is the (discounted) value of damage, for the home

country. The second term expresses concern for damage caused in other all countries. This

latter term includes two weighting procedures. The first is  and reflects whether or not

any consideration at all is given to this damage occurring elsewhere. This can take a value

of 0 or 1 (or somewhere in between, if consideration is a matter of extent). The second is an

equity weight, which can take a value between (and including) 0 and 1.

Table 11.3 indicates a number of guiding principles (proposed by Anthoff and Tol)

which the government within a country might use for estimating the SCC (and each will

involve particular specifications of the above expression). The interpretation of each is

indicated as well the implications for consideration of the well-being of people in other

countries, whether (and what) equity weight to use, as well as the discount rate used to

evaluate future damages in other countries. For values of a = 1, this means that damages

abroad receive no greater (lesser) weight if a foreign country (f) is poorer (richer), in terms

of income (or consumption) per capita (Y), than the home country (h).

r g  

SCC D r a D rt
t

i i t i

t

tit
      

 1 1 ,

Table 11.3. Distribution and the social cost of carbon – Principles and practice

SCC Principle Interpretation
Weight attached to the

well-being of citizens aboard
Equity weight Discount rate

Co-operation A country behaves as a global decision-maker would: i.e. adopts
the SCC that would maximise global welfare

Yes:  = 1
a = 1

Equity weighting Equity weighting that the global decision-maker would adopt on
the basis on differences of income (or consumption) per capita
between countries

Yes:  = 1

Sovereignty A country does not consider impacts elsewhere: damage to
people abroad has “no standing”

No:  = 0
– –

Altruism A country considers impacts elsewhere to the extent that its
citizens care about those abroad

Yes: depending on extent
of altruism – i.e. 0    1

Compensation A country considers it has a duty or requirement to compensate
(nominally) damages it causes beyond its borders.
Compensation refers to how this damage is valued by those
in the victim countries

Yes:  = 1

a = 1

Good neighbour A country considers impacts elsewhere and cares about those
abroad as it would do citizens in its domestic borders

Yes:  = 1

Source: Adapted from Anthoff and Tol (2011).

r gf  

a Y YW f  /


r gf  

a Y Yh f  /
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r gh  
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Table 11.3 also reports some of the findings for the United States in Anthoff and Tol

(2010), assuming a rate of time preference of 1%. These are estimates of the dollar value of

the social cost of tonne of carbon which a decision-maker in the United States might

estimate, and use in CBA, as an analytical consequence of a particular distributional

principle being adopted at the outset of an exercise to establish the SCC. The magnitudes

of the results have important ramifications: that is, they provide an indication of the

relative aggressiveness of emissions reduction. That is, higher values of SCC will imply

more active climate mitigation policy in the home country.

Turning first to the initial column of results, for the case where an U.S. decision-maker

simply adopts the SCC that maximises (unweighted) global well-being, this is equal to

USD 16/tC. Equity weighting nearly doubles the magnitude of the SCC for the case where

h = 1. Estimating SCC according to the sovereignty principle results in a value which is not

much greater than zero (i.e. a few cents per tonne of carbon). Clearly being a “good

neighbour” implies by far the highest SCC. It shares similarities with the altruism case with

the exception of assuming that  = 1 (rather than 0.1). Turning now to the sensitivity

analysis for values of h equal to 0.5 and 1.5, perhaps paradoxically assuming higher (lower)

levels of concern for inequality decreases (increases) the value of the equity weighted SCC

in the case where h = 1. The main reason for this is that e also influences the discount rate

(see Table 11.4).

11.5. Concluding remarks
Conventional CBA for the most part continues to regard distributional or equity

concerns as having little or no place in making recommendations about project selection

and design. While this approach strikes some critics as an oddity, it would be a mistake to

conclude that this downgrades the usefulness of CBA. Even if efficiency is only one piece of

the puzzle in understanding the social worth of a project, it remains extremely important.

Moreover, there are cogent reasons why cost-benefit analysts often take this approach to

the appraisal of the costs and benefits of projects and policies. That is, it is not merely

unmindful neglect (at least, not always). However, as has been noted in this chapter, each

of the reasons supporting this assertion in favour of conventional CBA is contestable. This

suggests greater scope for scrutinising the distributional consequences of projects within

the cost-benefit framework.

Whatever the particular interpretation that is adopted, incorporating distributional

concern implies initially identifying and then possibly weighting the costs and benefits of

individuals and groups on the basis of differences in the characteristic of interest. A

Table 11.4. Estimates of the social cost of carbon for the United States
USD 1995, Time preference rate of 1%

Assumed value of

1 0.5 1.5

Co-operation 16 56 5

Equity weighting 28 72 13

Sovereignty ~0 1 ~0

Altruism 13 5 13

Compensation 34 34 14

Good neighbour 125 41 123

Source: Adapted from Anthoff and Tol (2010).
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hierarchy (e.g. Kriström, 2005) is a useful way to understand the demands that a variety of

proposals place on the cost-benefit analyst. First, there is the relatively straightforward but

possibly arduous task of assembling organising raw (i.e. unadjusted) data on the distribution

of project costs and benefits. Second, these data could then be used to ask what weight or

distributional adjustment would need to placed on the net benefits (net costs) of a societal

group of interest for a given project proposal to pass (fail) a distributional cost-benefit test.

Third, explicit weights reflecting judgement about society’s preferences towards

distributional concerns can be assigned and net benefits re-estimated on this basis.

A crucial question then is where should cost-benefit analysts locate themselves upon

this hierarchy? Given that cost-benefit appraisals are sometimes criticised for ignoring

distributional consequences altogether then the apparently simplest option of cataloguing

how costs and benefits are distributed could offer valuable and additional insights. This

suggests that, at a minimum, cost-benefit appraisals arguably should routinely provide

these data. Whether more ambitious proposals should be adopted is a matter of

deliberating about whether: (a) the gains in terms of being able to scrutinise the (weighted)

net benefits of projects in the light of societal concerns about both efficiency and equity

outweighs; (b) the losses arising from the need for informed guesswork in interpreting the

empirical evidence with regards to the treatment of the latter.

On the one hand, empirical evidence about the “correct” magnitudes of distributional

weights can be usefully employed in distributional CBA. On the other hand, even

apparently small changes in assumptions about the size of distributional weights –

indicated by the range of values in available empirical studies – can have significant

implications for recommendations about a project’s social worth. This finding should not

be a surprise for it primarily reflects the complexity involved in trying to disentangle

society’s distributional preferences. As a practical matter, the danger is whether the most

ambitious proposals for distributional CBA generate more heat than light.

Environmental CBA can play an important part here, notably through valuation

practitioners paying greater attention to distributional concerns (e.g. of WTP or

environmental impacts in physical terms). What might hasten that response? One catalyst

almost certainly could be demand from policy makers. The suspicion must be that this is

not only due to a supply problem (a manifestation of the singular emphasis of cost-benefit

practitioners on efficiency), but it is also likely to be an issue about demand: i.e. policy

makers have not required this information be provided in the terms of reference guiding

that work. Addressing that element could have an important role to play.

Notes

1. Although these firms are in turn owned by households.

2. Explanations of why this is the case typically have used Arthur Okun’s analogy of the leaky bucket
used to equalise the water volumes in two receptacles. Assuming that the distribution of water
between the two receptacles is unequal in the first instance, the transfer, via a leaky bucket,
inevitably leads to an overall loss of water in pursuit of the goal of a more equal distribution. This
is the essence of society’s problem: how much efficiency should be traded-off for more equity? For
example, in the case of taxation of incomes, the leaky bucket represents incentives affecting the
work-leisure choice. That is, ever higher marginal tax rates discourage high-income earners from
working more and thereby decreases, in some degree, the total amount of income that society has
available to redistribute.
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ANNEX 11.A1

A marginal utility of income weighting procedure

Let utility be related to income, i.e. U = U(Y), such that the marginal utility of income

function has a constant elasticity. The marginal utility of income function for individual i

can then be written:

where –e is now the elasticity of the function. For the average income we shall therefore

have

and the relative weight for the ith individual would then be
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