EQUITY IN COST-BENEFIT ANALYSIS

A Case Study of the Third London Airport*

By V. C. Nwaneri

The abstract meaning of equity is a problem for the moral philosopher rather than the
economist. — 4. R. Prest.

The research team appointed by the Roskill Commission on the Third London
Airport recently completed its cost-benefit assessment of the four alternative sites
at Cublington (Buckinghamshire), Nuthampstead (Hertfordshire), Foulness (Essex)
and Thurleigh (Bedfordshire). These four sites were selected from a long list of
proposals at the first stage of the Commission’s investigations. The coastal site of
Foulness, to be reclaimed from the sea, has some shortcomings compared with the
inland sites. It is 48 miles east of London, with relatively poor surface transport
connections, and farther than any of the three inland sites from traffic originating
anywhere in the country except in the south-east. Despite this, it became the most
popular choice, primarily for reasons of noise and amenity, factors which are not
easily quantified in money terms. It was therefore inevitable that any comparison
between Foulness and the inland sites would raise fundamental issues of equity. The
research team’s study [1] has attracted considerable public discussion. Most of the
criticism has been directed at the validity of a conventional cost-benefit analysis
which does not take account of equity implications. The object of this paper is to
cxamine the equity issues arising from the Third London Airport project and to
suggest a model for incorporating these equity considerations in the cost-benefit
results. It is assumed that the cost-benefit analyst is free to make the necessary value
Jjudgements for this purpose.

We shall start by considering why equity issues arise in cost-benefit research,
identifying the groups on whom the costs and benefits of the airport will ultimately
fall, and explaining the meaning and scope of the equity issues to be taken into
account. We go on to suggest a model for recalculating the research team’s results
to take account of the equity implications. Finally we give the results of recalculating
the team’s costs on the basis of the proposed model. The notations, sources and
derivation of the weights used in the model are explained in Appendix A.

*This paper follows up a previous paper [2] which explains the methodology used by the research
team in the evaluation of the environmental impact of the airport. I am grateful to Mr. D. Lee for
computing the results discussed in the last section and to Mr. F. P. Thompson for his comments.
The views expressed in this paper are entirely mine.
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ISSUES OF EQUITY

Why Equity Issues Arise

It is often argued, for example by Weisbrod [3], that if cost-benefit analysis is
to have any prescriptive value it must answer both, and not just the first, of the
following questions:

(a) Is the public expenditure on the project in question “economically”
efficient ?

(b) Are the results of the public expenditure socially desirable in the sense of
being equitable?

Conventional cost-benefit analysis of the type used by the research team has
regarded the two questions as separable, and the analysts’ attention has been focussed
on the first question. Equity issues arise in all project analysis, but they preseat a
problem to the cost-benefit analyst if one regards the two questions as inseparable.
Since the analysis is an application of the theory of resource allocation, which is
itself at the core of welfare theory, the issue can be resolved by resorting to welfare
theory, in essence the theory of welfare criteria. Few, if any, projects where cost-
benefit analysis is applied can pass Pareto’s test (that no one be made worse off and
at least one person be made better off by the economic effects of the project).
Kaldor [4] and Hicks [5] abandoned the requirement that no one be made worse
off and substituted the criterion that beneficiaries from the project be able to com-
pensate the sufferers, though the compensation need not necessarily be made. This
criterion of “potential Pareto improvement” is the basis of conventional cost-
benefit analysis and provides the theoretical justification for separating the “equity”
from the “efficiency” questions. It is up to the state, so it is argued [20], to take any
necessary fiscal measures to remedy the lot of the sufferers. To those who maintain
that the two questions on equity and efficiency are inseparable this means that the
analyst, rather than solving the problem, has thrown it right back to the decision-
makers.

There are circumstances in which conventional analysis, based on the criterion of
potential Pareto improvement, can produce results which are clearly different from
those that would be produced if the analyst took account of equity issues by using
the criterion of actual rather than potential Pareto improvement. This is particularly
true of local, as distinct from national, equity issues, for the following reasons:

(i) Existence of Spillover Effects. For projects like the Third London Airport,
which will have considerable spillover effects on the neighbouring area,
separation of equity from pure economic efficiency is almost certain to lead
to wide divergence in the results based on the two criteria of potential and
actual Pareto improvement.

(ii) Income Differences. In an egalitarian community the divergence between
the two criteria would be minimal. At the national level progressive income
taxes produce egalitarian results; but if the local community affected by
the airport contains wide differences in income, equity issues become more
significant.

(i) The Scitovsky Effect. When the effects of the project are so large that the
price-output structure is altered, Scitovsky [6] has shown that the criterion
of potential Pareto improvement leads to contradictions. The appropriate
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criterion then requires that beneficiaries be able to compensate the sufferers
in the price structures prevailing both before and after the project. One
does not expect a new airport to affect national price levels, but it may
well lead to considerable changes locally: a major impact on income
and production in the area is to be expected, not only from the airport
itself but also from its associated urbanisation and transport services.

(iv) Alternative Policies. At the national level there exists machinery for dealing
with national equity issues. This includes the democratic political process
(including pressure groups nationally organised), fiscal policy and project
selections [3].

For these reasons, local equity issues are likely to be much more significant than
are national issues for a project like the Third London Airport.

Beneficiaries and Sufferers
The Roskill research team identified the main groups of people on whom the
airport costs and benefits will ultimately fall. These can be broadly classified as
beneficiaries and sufferers.
The beneficiaries can be subdivided into b . . . by (n = number of subgroups).
These subgroups include:
(i) the British Airports Authority and its employees;
(ii) the British and foreign airline operators and their employees;
(iii) U.K.-resident and foreign leisure air travellers;
(iv) British and foreign employers of business air travellers;
(v) British and foreign air freight operators;
(vi) industries attracted by and dependent on the airport.
Similarly the sufferers can be subdivided into s; . . . sp (m = number of sub-
groups). These include, for example:
(i) the communities living in the areas affected by the airport,
(i) the people who will bear the burden of any additional drain on public funds

(by taxation, inflationary financing or reduced public expenditure) as a
result of the project.

EQUITY ISSUES ARISING FROM THE AIRPORT PROJECT

Problems of equity can arise for the following reasons. Reasons (c), (d) and (e)
constitute problems which need to be resolved at the national level before the
analyst can take full account of equity.

(a) There are differences in social circumstances between the beneficiaries and the
sufferers caused by differences in income, age, sex, region, family size, education, etc.
As a result, each group of beneficiaries must be compared with each group of
sufferers for each of these social dimensions and the cost-benefit analyst must find a
way of eliminating the effect of these differences; then, and only then, will the groups
be comparable on an equitable basis. For example, the research team’s study!
showed that on average air travellers enjoy higher incomes than the main sufferers,

1[1], chapters 4 and 27.
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i.e., the communities affected by the airport and the average U.K. taxpayer. An
equitable comparison of the costs and benefits to the air travellers and the sufferers
is one which scales down the costs and benefits to air travellers so that a marginal
£ of cost or benefit is of the same value to them as it is to the sufferers. In the next
section we shall assume that the tax structure is optimal and shall use the marginal
tax rates for this purpose. These rates have the effect of equalising tax incidence.
For example, a marginal rate of x per cent means that the net reward from an

i . X .
additional £ is f1— Too" Alternatively, we can say that costs and benefits (to

whomsoever they may accrue) are taken net of taxes and subsidies.

(b) (i) Among the sufferers themselves differences in social circumstances will lead
to varying incidence of costs and benefits. For example, differences in income,
education, occupation, age, etc. lead to variations in the ability of sufferers to take
protective measures against nuisance from the airport. Low-income households may
be unable to move away from the noise area even if they are willing to move. In the
research team’s model? movement out of the area is a strong determinant of dis-
benefits estimated, and it is argued that income constraints will lead to inequitable
calculation of disbenefits to low-income householders. Another type of inequity
deriving from income differences, but this time operating against high-income
households, results from the fact that for a given noise impact the losses on house
prices are unequal and are positively related to house prices. Households in a given
noise zone cannot therefore be regarded as a homogeneous group of sufferers.
Similarly schools and hospitals may differ in their ability to insulate their buildings
against noise, and commercial or industrial establishments, recreational activities,
etc. may be unable to move elsewhere as predicted by the research team. Apart from
these intra-site differences in social circumstances, there will also be inter-site
differences. Our model (described below) will introduce weights additional to
marginal tax rates so that intra-site and inter-site differences in social circumstances
may be taken into account.

(b) (ii) Within the group of beneficiaries similar differences will occur in the
incidence of costs and benefits. The varying ability of beneficiaries to shift cost
incidence may be considered inequitable. But in the model no account is taken of
inequity within the group of beneficiaries.

(c) Political decisions must determine the socially optimal distribution of the
main social dimensions — income, age, region, education, family size, etc. Then, and
only then, can the analyst evaluate the equity implications of the airport project in
the light of these optimal distributions. In the absence of such political decisions, the
analyst has to make his own assumptions about these things. In our model described
below the current distribution of income is assumed to be optimal, and the object
of the model is to remedy any movement away from that distribution. For this
reason we take the current tax structure as optimal.

2[1], chapter 20.
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(d) A project like the airport will affect a large number of people directly or
indirectly — not only U.K. but also foreign citizens. The research team treated foreign
air travellers in exactly the same way as U.K. residents, in accordance with general
practice in studies of the type undertaken for road schemes and the Channel Tunnel.
This may be considered inequitable, especially if foreign travellers predominate as
beneficiaries and U.K. citizens predominate as sufferers. This inequity is aggravated
by the fact, pointed out by the research team,? that the beneficiaries may not make
adequate payments for benefits received and the sufferers may not be compensated
for their disbenefits:

“The choice of a site more convenient to air travellers will confer benefits on
this group (and indeed on society in general) for which they will not have to pay,
for as long as the airport functions. Conversely, in the areas affected by noise,
there will be many suffering disbenefits without full compensation in the present
state of the law. Furthermore these disbenefits could well amount to a sizeable
fraction of the total capital assets of the persons concerned, where these are
defined to include consumer surplus.”
A more equitable approach, from the point of view of U.K. citizens, might well be
to limit the consideration of benefits and costs to U.K. citizens only. There is no way,
however, of removing this type of inequity in our model, so the beneficiaries and
sufferers are taken to include all those considered by the research team.

(e) Finally, there is an equity problem at the national level related to a standard
(or lack of a standard) treatment of equity issues, arising from all public policy
regarding resource allocation and monetary, fiscal and international economic
management.

With all these policies there are beneficiaries and sufferers and hence equity issues.
To urge the analyst to take account of equity in the question of the airport is to
argue that standard methods be developed for dealing with equity in all public
policy questions. To isolate the airport in this respect from other public projects is
itself inequitable, unless of course it can be shown that there exist satisfactory
methods of dealing with equity in other spheres of public policy and that these
methods are unsatisfactory in the case of the airport. Fiscal policy, project selection,
and individual ministerial decision-taking are all methods of dealing with equity
issues at the national level.

In the light of these problems it has been argued (for example, by Musgrave [20]),
that the model, and indeed any of the proposed methods of incorporating equity
issues in cost-benefit studies, can only be a “‘second-best” measure; this is particularly
true if equity issues are taken at the national level, i.e. (c) to (e) above. Ideally the
analyst aims at a “‘grand-efficiency solution” which takes full account of all the
problems raised under (a) to (e) above. Then all the favourable equity effects of the
airport are included in the benefits and all the unfavourable ones in the costs. In this
respect, as Weisbrod [g] has argued, equity issues are not separable from issues of
pure economic efficiency. Whether the “second-best” measures of incorporating
equity in cost-benefit studies bring the analysis nearer to the “grand-efficiency
solution” than conventional analysis is another question which will not concern us
here.

3[1], chapter 1, p. 22.
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THE MODEL

There is a growing literature on the subject of equity in cost-benefit analysis. Several
authors [3, 7-11] have proposed methods of integrating considerations of income
distribution in cost-benefit analysis. These methods can be broadly divided according
to the nature and size of weights which they would attach to costs and benefits:

(i) Foster [17] has suggested that “All benefits and costs — other than the financial
receipts and outgoings of the scheme in question — are to be scaled down or up by
the ratio of their income per head to the population mean (depending on whether
theirs is above or below the population mean)”.

(i) Eckstein [8] has suggested that “The effective marginal rates of personal
income tax at different income levels can be interpreted as implying a marginal
utility of income curve. If a government is assumed to act on the principle of equi-
marginal sacrifice, then marginal effective tax rates can be the basis for deriving a
measure of the government’s notion of marginal utilities of income” (page 448).

(iii) Wise [19] had used the elasticities of the marginal utility function proposed
by Frisch [16] and McGuire and Garn [10] to derive weights based on the concept
of diminishing marginal utility of income. These weights can then be used to scale
down costs and benefits accruing to beneficiaries (in this case air travellers).

(iv) Marglin [9] suggests a completely different approach to weighting. He shows
how a single instrument can be used to solve multiple objectives. Equity issues are
included in the objective function by setting constraints regarding distributional
effects of the project. This approach is not followed here.

The objective of the model proposed here is to derive from these methods weights
which can be used to recalculate the research team’s cost-benefit* figures so that
all the groups affected by the airport can be compared on a more equitable basis by
taking account of some of the issues described above. In particular, the following
equity issues are considered:

Beneficiaries and Sufferers

Here we consider inequity arising from income differences between the benefi-
ciaries and the sufferers. If we assume that the income tax structure is socially
optimal, this inequity can be taken into account by a weight defined in Appendix A
as q and derived from marginal tax rates. Two alternative methods will be con-
sidered:

Method I scales down costs and benefits for beneficiaries (air travellers), leaving
costs (disbenefits) to sufferers unchanged.

Method II scales upwards the costs (disbenefits) to sufferers, leaving costs and bene-
fits to beneficiaries unchanged.’

4[1], Table 29.1.

B
5In scaling down costs or benefits (I orII) Foster has suggested that a ratiov = % be used where

By = average income per head of B and Sy = average income per head of S (if By > Sy). Our
model, however, uses the weight q based on marginal tax rates and defined as q = rp — rg where
rB = average marginal tax rate for B and rg = average marginal tax rate for S. Musgrave [20] will
“prefer an explicit assignment of weights, based on the deviation of income from the norm set by the
poverty line” (p. 803). The state is to announce its scale of weights and require all departments to
use it. In our terms this suggests that we use By — Sy. But reliable data on By and Sy is difficult
to obtain; hence we use rg — rg.
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The Group of Sufferers
Two types of equity issues are considered.

Intra-site differences :

Social differences between sufferers at the same airport site cause varying incidence
of a given level of nuisance. To take account of the equity issues arising from these
differences, households are divided into three sub-groups defined by the research
team: low, medium and high income households. Each sub-group is then assumed
to be homogeneous and any inequity between them is assumed to be eliminated by
using different levels of q. Intra-site inequity arises not only from income differences
among sufferers but also from variations in the levels of depreciation in house prices
for a given amount of nuisance from the airport.5 We define in the appendix a
third weight, K, which reflects these variations.

Inter-site differences:

Equity issues arise from differences between sufferers at the four proposed sites,
in particular between the numbers of households affected. This is allowed for by an
additional weighting factor, @, the derivation of which is explained in Appendix A.
Other inter-site differences (e.g. the number of families who leave the areas affected,
the number who do not, and the estimates of consumer surplus) are reflected in the
value of disbenefits to residential interests; these disbenefits were found to correlate
highly with income differences and number of households (and hence with the a
weights).

Other inter-site social differences not quantified by the team were studied for
the Roskill Commission, and the study was published as Disruption of Community
Life [14]. This survey came to the following conclusions:

“Foulness is much more ‘stable’ than any of the inland sites . . . Cublington is
more stable than the other inland sites. We have attempted to measure the
overall social standing of the inhabitants of these four areas (by income, occupa-
tion, social class, education and tenure), and, whilst we can clearly distinguish
Cublington as ‘lower’ than Nuthampstead and Thurleigh (Foulness is even
‘lower’), we have difficulty in distinguishing Nuthampstead and Thurleigh
from each other. However, Thurleigh does tend to be ‘higher’ than Nuthamp-
stead by most indicators.”

The research team’s assessment of the four sites has been criticised as inequitable
because this community study and its conclusions were not reflected in the research
team’s results. In order to incorporate these conclusions into our weighting, a
subjective judgment must be made on whether it is socially worse to disrupt com-
munities of lower social standing than those of higher social standing. Our model
assumes that disruption is worse for communities of lower social standing. This
assumption is based on the fact that households of higher social standing have higher
incomes, and are more mobile and therefore suffer less from disruption than do low
income households. Our disruption factor t is biased downwards from Foulness,

6[1], chapter 20, Table 20.7.
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Cublington, Nuthampstead and Thurleigh. The t factor is derived in Appendix A°
One can now obtain as many variants of methods I and II as one chooses®
according to the types of weights one chooses to apply.

Types of Weights used
The following five types of weights were used. Their derivation is explained in
Appendix A.
(1) A matrix of unweighted q, to be defined as Q ;
(2) A matrix of the mean of q and a, i.e. 3 (Q +2a) = Q,
(3) A matrix of the mean of q, a, and k, i.e. 3 (2 +q + k) = Q;
(4) A matrix of q biased by the conclusions of Distruption of Community Life,
e (g +t) =Qyq
(5) A matrix of unweighted b = Q5. This factor is derived from the concept of
diminishing marginal utility of income. The elasticity of income used for
the b weight is taken from Firsch [16] and McGuire and Garn [10]. The
actual derivation of b and hence of the matrix Qs is described in
Appendix A.

The Equations

In Method I, which scales down the costs and benefits to air travellers to a level
comparable to the disbenefits incurred by the sufferers, the following equation was
used :

C3 il QC3 =U (I) )
where C; = costs falling on the beneficiaries (air travellers). The C; matrix is
reproduced in the Appendix.

In Method II, where disbenefits to sufferers are scaled upwards while costs and
benefits to beneficiaries (air travellers) are left unchanged, the following equation
was used:

C+QC =2 (2)
One can obtain as many U’s and Z’s as there are variants of methods I and II
(t.e. as there are Q’s.)

RESULTS

The results of the research team’s cost-benefit study (as summarised in its Table
29.1) were recalculated on the basis of the model proposed here. The computer
program used in recalculating the team’s costs produced results for each U (based on
the team’s elements of costs) and each Z (based on the team’s elements of disbenefits).

The U and Z values are defined in equations (1) and (2) above. The difference
between the individual values of U and of Z depends on which weighting factor
(Q) is used. Hence, in method I, U, derives from the weight Q;, U, from Q,, and
so on. Similarly in method II, Z derives from Q ;, Z, from Q ,, and so on.

The computer program then produced a three-dimensional table for each element
of costs falling on the beneficiaries or sufferers. Hence there were five weights and
eleven cost elements falling on beneficiaries, giving 11 X 5 = 55 tables for Method
I and 10 X 5 = 50 tables for Method II, based on the ten elements of disbenefits
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TABLE 1

Cublington — Weighted Estimates of Costs and Benefits
(Lmillion 1968 prices discounted to 1975)

V. C. Nwaneri

Element of Cost Original Up* Ug* Us* Uy* Us*
1 Airport construction 184.0 144.1 137.4 139.2 127.3 112.0
2 Extension/closure of Luton —1.3 —1.0 ~1.0 —1.0 —-1.0 —1.0
3 Airport services 74.6 58.4 55.7 56.5 51.8 45.4
4 Meteorology 5.6 3.6 3.7 3.8 3.1 2.7
5 Airspace movement 960.0 752.0 717.0 726. 664.3 584.
6 Passenger user costs 887.0 694.8 662.3 671.2 615.2 540.2
7 Freight user costs 13.4 10.49 10.0 10.1 9.3 8.2
8 Road capital 7.4 5.8 5.2 5.6 5.1 4.5
9 Rail capital 4.4 3.5 3.3 3.3 3.0 2.7

10 Air safety 0.5 0.4 0.4 0.4 0.4 0.3

11 Work and service journeys

to airport 26.2 20.5 20.0 19.8 18.2 16.0

12 Total (1-11) 2161.8 1692.7 1613.9 1635.3 1496.7 1315.6

13 Cost changes (2161.8 less

row 12) 469.1 547.9 526.5 665.1 846.2
14 Add Disbenefits (103.5) to

row 13 572.6 651.4 630.0 769.1 949.7
15 Add 2161.8 to row 14 2733.8 2812.6 2791.2 2030.9 3I11.5
16 Intersite differencest o 110.2 3.1 130.2 96.8

*U; = benefits weighted by marginal tax rates only.

*Uy = benefits weighted by means of marginal tax rates and size of community.

*Us = benefits reflecting combined weights based on marginal tax rates, size of community and
depreciation in house prices.

*Uyg = benefits reflecting marginal tax rates but biased by degrees of community disruption as
revealed in [14].

*Us = benefits weighted by marginal utility of income factor.

tBased on the lowest figure in row 15 for all the sites.

and five weights. Each element of these 105 tables was a value Cyy; defined as the
weighted cost-benefit for the three dimensions — ith household group in the jth zone
for sth airport site.

The 55 tables of Method I are summarised in Tables 1—4 for each of the sites.
For each of these tables the original values of the elements of cost and benefit falling
on beneficiaries (as given in Table 29:1 of the research team’s report) are reproduced
in the first column. The other columns give the average values of U for the three
household groups.” The weighted costs and benefits to airport users (air travellers
and airport employees) were then totalled in row 12. The row giving the cost changes

TThese average values of U were calculated from tables similar to A1, A2 and Ag (reproduced in
Appendix B) by taking the arithmetic mean of the low, medium and high figures. These mean values
are given in the last row for each site, and brought forward in tables 1—4. The totals of this row are
given at the extreme right and brought forward in our summary Table 5.
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TABLE 2

Foulness — Weighted Estimates of Costs and Benefits
(Lmillion 1968 prices discounted to 1975)

Element of Cost Original U, Us Us U, Us;
1 Airport Construction 179.0 140.2 130.1 135.4 133.3 112.2
2 Extension/closure of Luton 10.0 7.8 7.8 7.6 6.4 5.2
3 Airport services 62.9 49.3 45.7 47.6 47.0 39.5
4 Meteorology 1.6 1.3 1.2 1.5 1.1 1.0
5 Airspace movement 973.0 762.2 707.1 736. 761.1 610.0
6 Passenger user costs 1041.0 782.2 756.5 787.7 741.6 619.4
7 Freight user costs 23.1 14.8 17.0 17.5 14.0 12.4
8 Road capital 7.4 5.8 5.4 5.6 5.5 4.6
9 Rail capital 16.0 12.5 1. 12.1 11.9 10.0
10 Air safety 2.5 2.0 1.8 1.9 1.9 1.6
11 Work and service journeys
to airport 26.5 20.8 19.3 20.1 19.7 16.7
12 Total (1—11) 2343.0 1798.9 1702.9 1773.2 1743.5 1432.6
13 Cost changes (2343.0 less
row 12) 544.1 640.1 569.8 599.5 910.4
14 Add Disbenefits (42.2) to
row 13 586.3 682.3 612.0 641.7 952.6
15 Add 2343.0 to row 14 2029.3 3025.3 2955.0 2984.7 3295.6
16 Intersite differences 195.5 322.9 166.9 184.0 281.5
TABLE §

Nuthampstead — Weighted Estimates of Costs and Benefits
(Lmillion 1968 prices discounted to 1975)

Element of Cost Original U Uy Us U, Us
1 Airport construction 178.0 139.4 138.3 134.7 119.0 105.5
2 Extension/closure of Luton —1.3 —1.0 —1.0 —1.0 —1.0 —1.0
3 Airport services 70.7 55.4 54.9 53.5 58.9 42.0
4 Meteorology 3.0 2.4 2.3 2.3 2.6 1.8
5 Airspace movement 987.0 773.2 766.6 746.8 660.1 585.3
6 Passenger user costs 868.0 679.9 674.2 656.8 570.5 525.5
7 Freight user costs 17.0 13.3 13.2 12.9 11.4 10.1
8 Road capital 7.5 5.9 5.8 5.7 5.0 4.4
9 Rail capital 8.0 6.3 6.2 6.1 5.3 5.0

10 Air safety 0.5 0.4 0.4 0.4 0.3 0.3

11 Work and service journeys

to airport 24.4 19.1 19.0 18.5 16.6 14.6

12 Total (1-11) 2162.6 1694.2 1679.9 1636.7 1448.7 1203.5

13 Cost changes (2162.6 less

row 12) 468.4 482.7 526.0 713.9 869.1
14 Add Disbenefits (111.1) to

row 13 579.5 593.8 637.0 825.0 980.2
15 Add 2162.6 to row 14 2742.1 2756.4 2799.6 2987.6 3142.8
16 Intersite differences 8.3 54.0 11.5 186.9 128.7
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TABLE 4
Thurleigh — Weighted Estimates of Costs and Benefits
(Lmillion 1968 prices discounted to 1975)

Element of Cost Original Uy Us Us U, Us
1 Airport construction 166.0 130.0 132.3 125.6 124.4 100.4
2 Extension/closure of Luton —1.3 —1.0 —1.0 —1.0 —1.0 —1.0
3 Airport services 67.2 52.7 53.6 50.9 50.5 43.2
4 Meteorology 2.0 1.6 1.6 1.5 1.5 1.3
5 Airspace movement 972.0 761.4 774.4 735.5 728.5 640.0
6 Passenger user costs 889.0 696.4 708.2 672.7 666.3 570.2
7 Freight user costs 13.9 10.9 1.1 10.5 10.4 9.0
8 Road capital 2.7 2.1 2.2 2.1 2.0 1.7
9 Rail capital 3.8 3.0 3.0 2.9 2.9 2.4

10 Air safety 0.5 0.4 0.4 0.4 0.4 0.3

11 Work and service journeys

to airport 25.4 20.0 20.2 19.2 19.7 16.7

12 Total (1-11) 2141.6 1677.5 1705.9 1620.2 1607.6 1384.2

13 Cost changes (2141.6 less

row 12) 464.1 435.7 521.4 534.0 7574
14 Add Disbenefits (125.1) to

Tow 13 689.2 560.8 646.5 659.1 872.5
15 Add 2141.6 to row 14 2830.8 2702.4 2788.1 2800.7 3014.1
16 Intersite differences 97.0 o o [ o

was derived by subtracting each total U-value from the original estimate made by the
research team.

Since the site with the highest weight imposes the greatest cost to beneficiaries, the
additional cost is credited to that site. This means that the sufferers at the site with
the greatest weight should receive the greatest compensation from the beneficiaries.
For this reason the cost changes calculated in row 13 of the tables are added to other
disbenefits given by the research team, to get the figures in row 14. Row 15 gives
the weighted total cost benefit for each site, and row 16 gives the intersite differences.
The values of Ug;j are given in tables A1, A2 and Ag in Appendix B for the ith
household group in the sth site.®

SUMMARY AND CONCLUSION

Few economists will not agree that issues of equity raised in cost-benefit research are
important to decision-makers. Yet few will agree on the appropriate methods to
incorporate these issues in the analysis. Some will maintain that, though these issues

8Table Ar is based on Q| weight, A2 on Q4 and Ag on Q. Similar tables for Q5 and Q3 are
not reproduced. The column numbers in these tables refer to the elements of costs in the team’s tables
29.1 and for each site these costs are given in brackets in the first row. The low, medium and high
rows give the weighted costs based on the respective household groups.
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are important, they are separable from problems of economic efficiency on the grounds
that it is impossible to quantify the diminishing margin on utility of money. It can
be said that the real problem facing the Roskill Commission is the magnitude of
uncompensated losses, irrespective of whether such losses were imposed on the rich
or on the poor — a problem which has concerned us in this paper.

We have argued that if one regards equity issues as inseparable from the economic
efficiency issues arising from a public project, and if the analyst is allowed to make
his assumptions where the political process provides no clear-cut directive, the main
equity issues to be taken into account are local rather than national. In the case of
the Third London Airport, various aspects of these issues have been considered, and
various weights have been suggested in the model for scaling down the benefit to
the users or upgrading the costs (disbenefits) to the sufferers. The results of applying
these weights to the research team’s estimates are summarised in Tables 1 to 5.

The conclusion emerging from these tables can be easily drawn from Table 5,
which is in three parts. Part A splits the team’s unweighted estimates [1] in Table
29.1 into costs falling on beneficiaries (referred to here simply as benefits) and those
falling on the sufferers (referred to as disbenefits). Part B gives the results of weight-
ing the benefits as suggested in our model. Part G combines the unweighted dis-
benefits with the weighted benefits. In this last part the numbers in brackets indicate
inter-site differences. In Parts A and B the numbers in brackets indicate ranks from
1 onwards. (All figures, except the ranking figures, are given in £ million.)

The results of Method II (upgrading disbenefits to get Z in equation 2) are not
discussed here or included in Table 5 because, according to our model, the two
methods show alternative approaches to the same answer (i.e., we can scale up dis-
benefits while holding benefits fixed, or scale down benefits while holding disbenefits
fixed, but we cannot do both at the same time). As the size of benefits is quite large
compared with disbenefits, it is only equitable that benefits be scaled down.Moreover,
we are in theory saying that beneficiaries should compensate the sufferers for the
disbenefits in “equity” rather than “ordinary” pounds. The amount of such com-
pensation is given in Tables 1—4, row 14.

Our results, based on Method I and summarised in Table 5, show that in terms
of our “equity pounds” Thurleigh emerges in four out of five weightings as the
cheapest site, followed by Cublington, which in one weighting was the cheapest site;
then come Nuthampstead and Foulness, in that order. When we take the con-
clusions of the Disruption of Community Life survey [14] into account in our marginal
tax rate weighting, the gap between Foulness and the inland sites is narrowed and
our table shows that Foulness is the third choice. However, the survey emphasised
that

“Foulness is in no sense really comparable to the three inland sites . . .

Because of the great disparity in population sizes between Foulness and
the inland sites, it is clear that, simply in terms of the total number of people
affected by the siting of an airport, no real comparison can be made. The
disruption at each of the inland sites would be of an entirely different magnitude
to that at Foulness™ (pp. 2 and 5).

So we conclude that the research team’s finding against Foulness is not altered by
taking equity considerations into account, but, except in one weighting, the positions
of Cublington and Thurleigh are reversed: Thurleigh becomes the cheapest site.
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TABLE 5

Summary of Results
(Lmillion 1968 prices discounted to 1975)

Weights Cublington Foulness Nuthampstead — Thurleigh
ParT A
Unweighted benefits (Ranks in brackets) ... 2161.8 2343.0 2162.6 2141.6
(2) (4) (3) (1)
Unweighted disbenefits ... 103.5 42.2 IIL.I 125.1
(2) (1) (3) (4)
ParT B
Benefits weighted by marginal tax rates only (U;)  1692.7 1798.9 1694.2 1677.5
(2) (4 (3) (1)
Benefits weighted by mean of marginal tax rates  1496.7  1743.5 1448.7 1607.6
and size of community (Uj) (2) (4) (1) (3)
Benefits reflecting combined weights based on  1315.6  1432.6 1293.5 1384.2
marginal tax rates, size of community and depre- (2) (4) (1) (3)

ciation in house prices (Uj)

Benefits reflecting marginal tax rates but biased by  1613.9 1702.9 1679.9 1705.9
degrees of community disruption as revealed in (1) (3) (2) (4)
[14] (Us)
Benefits weighted by marginal utility of income  1635.3 1773.2 1636.7 1620.2
factor (Us) (2) (4) (3) (1)
Part C
Weighted benefits plus unweighted disbenefits (U;) 2733.8  2929.3 2742.1 2830.8
(intersite differences in brackets) (o) (195.5) (8.3) (97.0)
. (Uz2) =2930.9 2984.7 2987.6 2800.7
(130.2) (184.0) (186.9) (o)
(Us) grri.5  3295.6 3142.8 3014.1
(96.8)  (281.5) (128.7) (o)
(Us)  2812.6  3025.3 2756.4 2702.4
(110.2)  (322.9) (54.0) (0)
(Us)  2791.2  2955.0 2799.6 2788.1
(3.1) (166.9) (11.5) (0)
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APPENDIX A

Notations

The following symbols are used in this Appendix:

Psjj = the number of households for the sth site in the jth noise zone in year 2006 in the ith house
price sub-group: s = 1 .. 4, Cublington, Foulness, Nuthampstead and Thurleigh respec-
tively; i = 1, 2, 3, average house prices in the low, medium and high income brackets; and
j = 1...6, airport site and noise zones — over 55NN1, 50-55NN1, 45-50NNI, 40-45NN1
and g5-40NN1.

P .o
ag;j = -Z—s;—f- = the percentage of households in the ith subgroup to the total number of house-
s sy holds in the jth zone for the sth site.
1=
qsij = weighting factor derived from ryj = the marginal tax rate applicable to Pg;j and rg =
the marginal tax rate applicable to air travellers. Hence qgj = rB — rgj.
kgj = the proportional level of depreciation of house prices in the ith bracket for the jth noise

zone in year 2006.
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tsjj = disruption factor added to qgj to reflect inter-site differences in community disruption
caused by the airport and based on [10].

Sources and derivation of data

(1) Weights based on proportion of households affected (a)

Pyjj is taken from a revised version of [1], Table 20.5, page 379. This gives for sth site the matrix
Py;j from which agjj was calculated, so that

i
I oagi=1 (3)
i=1
Four matrices Ag = 1, As = 2, As = 3, and Ag = 4 were derived from equation (3). (1 = Cublington,
2 = Foulness, 3 = Nuthampstead, and 4 = Thurleigh).

(2) Weights derived from marginal income tax rates (q)

Marginal tax rates were suggested by Eckstein [8] and applied by Haveman [12] as weights to be
attached to costs and benefits of a public project. The rates used in this model were taken from A. R.
Prest [15] and updated. It is assumed that these updated rates apply in the year 1975, the base
year for discounting the airport costs and benefits. The rates apply to single persons. Weights based
on marginal tax rates are defined as

4sij = IB = Isij (4)
where rp is the rate applicable to air travellers. All the sufferers were assumed to be subject to lower
marginal tax rates than air travellers. This assumption is based on the fact that the latter have higher
average incomes than the national average (see [1] chapter 27). Table I gives the marginal tax
rates for various incomes.

TasLE 1
Single person liability to U.K. income tax 1963/64

Effective Marginal
Income (£) Tax Rate (%) Tax Rate (%)
200 Nil Nil
300 0.8 15.3
500 7-9 23-3
1,000 17.9 30.1
2,000 24.0 30.1
4,000 27.1 34.4
5,000 28.5 35.5

Source: A. R. Prest [11], p. 248.

The marginal tax rate applicable to air travellers (rg) was assumed to be 35 per cent in 1975,
and the following rates (rs;j) were assumed for the three house price brackets:

Margihal tax rates applied to all sites (s), household brackets (i) and
notse zones ( §)

Tsij (%) Asij = B — 5ij (%)
Low nil 35
Medium 15 20
High 25 10

Source: Table I adjusted.
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The unweighted Q ; matrix is therefore given as | 20| = Q; = [q;] (5)
10

By taking the average 4[a + q]s;; we obtained a new matrix Q so that

Q1 +A) =Q, (6)

(3) Weights reflecting the varying levels of depreciation in house prices (k)

Even though high income households are subject to less income restraints than low income house-
holds, they suffer greater depreciation in house prices for a given level of noise nuisance. Itis inequitable
to take account of the income differences in our weighting and ignore variations in the levels of
depreciation suffered. Table 20.7 of [1] gives the percentage depreciation levels from which (k) is
calculated as follows:

Values of k for all sites (%)
>55 NN1 50-55 NN1 45-50 NN1 40-45 NN1 35—40 NNI1

Low 15 13 10 7 3
Medium 22 20 15 12 6
High 38 35 26 18 12
Annoyance scores 5 4 3 2 1

Source: [1], Table 20.7.

This table (without the last row) forms the matrix K = [ky;j]. The average of [a + q + K]y
comprised the elements of the matrix Q 3. Hence

Qs = 3[A + Q; + K] (7)
(4) The derivation of the disruption factor for ith group in the jth zone

Site (s) and Price

Bracket () ts (%) (t+ 9)s (%)
Cublington
Low 3.1 38.1
Medium 3.0 23.0
High 3.0 13.0
Foulness
Low 5.1 40.1
Medium 5.0 25.0
High o 15.0
Nuthampstead
Low o 35.0
Medium o 20.0
High o 10.0
Thurleigh
Low —2.0 33.0
Medium —2.0 18.0
High —2.0 8.0

(Based on Table I above and [10], p. 5.)
This Table gives the matrix Q 4 defined as [t + q]sij.
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(5) Weights based on marginal utility of income (b 5ij)

The starting point in deriving these weights is the generalised Bergson-type social welfare function,
defined as

W =W (wj...wy) 8)

where W measures economic welfare and wy’ measures individual welfare for the population affected
by the airport (n’ = n + m). We assume that (i) there is no interdependence in utility amongst n
and amongst m, (ii) any income change leads to a change in economic welfare, and (iii) Equation (8)
gives a Bernoulli form marginal utility function which has a constant elasticity (=g).

Figure 1. Equity in Cost Benefit Analysis
wa

»
L 4l

I'm Tm T
See Wise, Chapman and Pearce [19].

If yp* measures income levels for n’, then

dW = Bi(dy1) + Ba(dy2) + ... + Bu'(dyn’) (9
,_Qwnr e (10)
and B = e dvyw
Comparing an individual sufferer (m) with a beneficiary (n), our weighting factor is defined as
b=m=v_m“_3=[m] 8 (1)
Wn Yo B Yn

Taking the average income data given in [1], Table 4.18 and chapter 27,

Ym = average U.K. income (1969) = £1,331

Yn = average income for air travellers (1969) = £2,670,
the model uses the elasticity of —2 quoted in writings by R. Frisch [16] and others, where the value
of —2 is the value for the median part of the population, i.e. the middle income bracket. The value
of B = —2.5 used by McGuire and Garn [10] is also assumed. By substituting these values in equation

(11),

by« o lYm) __ (1331)2'5

2.5 T = —
Yn 2670

Hence the matrix of [b;] = Q5 was taken as

= (0.49)2'5 = 0.17 (rounded).

Low 0.32
Qs = { Medium o0.24
High o.17
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