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THEorder of discussionin this survey article will be as follows: in I we
shall outline the development and scope of the subject in general terms; II
will be concerned with general principles; in III we shall survey particular
applications of cost-benefit techniques, examining the uses made of them in
a variety of fields-water-supply projects, transport, land usage, health,
education, research, etc. We shall proceed to a general summing up in
IV, and conclude with a bibliography.
I. INTRODUCTION

Cost-benefit analysis 2 is a practical way of assessing the desirability of
projects, where it is important to take a long view (in the sense of looking at
repercussionsin the further, as well as the nearer, future) and a wide view
(in the sense of allowing for side-effects of many kinds on many persons,
industries, regions, etc.), i.e., it implies the enumeration and evaluation of
all the relevant costs and benefits. This involves drawing on a variety of
traditional sections of economic study-welfare economics, public finance,
resource economics-and trying to weld these components into a coherent
whole. Although the subject of cost-benefit analysis has come into prominence among economists only in recent years, it has quite a long history,
especially in France, where Dupuit's classic paper on the utility of public
works,one of the most original path-breakingwritings in the whole history of
economics, appeared as long ago as 1844 [19]. In the present century costbenefit analysis first came into prominence in the United States. Here,
according to Hammond [32], it was " in origin an administrative device
owing nothing to economic theory and adapted to a strictly limited type of
Federal activity-the improvement of navigation " (op. cit., p. 3).
The River and Harbor Act 1902 required a board of engineers to report
on the desirability of Army Corps of Engineers' river and harbour projects,
taking into account the amount of commercebenefitedand the cost. Another
Act further required a statement of local or special benefits as a means for
1 This is the sixth and last of the series of surveys supported by the Rockefeller Foundation.
The authors are indebted to M. E. Beesley, J. L. Carr, 0. Eckstein, M. J. Farrell, M. S. Feldstein,
0. D. Foster, R. N. McKean, E. Mishan, A. T. Peacock, M. H. Peston and C. S. Shoup for most
valuable comments and suggestions on an earlier draft.
2 Altematively christened " investment planning " or " project appraisal."
No. 300.-VOL. LXXV.
YY
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charging local interests with part of the cost. So the Corps of Engineers
worked out valuation techniques confined to tangible costs and benefits.
In the thirties,with the New Deal, the idea of a broader socialjustification
for projects developed. The Flood Control Act of 1936 thus authorised
Federal participation in flood-control schemes " if the benefits to whomsoever they may accrue are in excess of the estimated costs." The practice of
making analyses then spread to the other agencies concerned with waterdevelopment projects. The purpose was not only to justify projectsbut also
to help to decide who should pay.
By the end of the war, agencies had broadened their approaches by:
(a) bringing in secondary or indirect benefits and costs;
(b) including intangibles.
In 1950 an inter-agency committee produced the " Green Book " [40], an
attempt to codify and agree general principles. It was noteworthy as bringing in the language of welfare economics.
Interest among economists in this technique has grown tremendously in
the last few years, as can be seen from the number of referencescited in the
bibliography and the years in which these works appeared.' There seem
to be several reasons for this. One has been the growth of large investment
projects-absorbing a large amount of resources, having repercussionsover
a long period of time or substantially affecting prices and outputs of other
products, etc. Another obvious reason is the growth of the public sector,
e.g., the Central Government, local authorities and public enterprisessuch
as nationalised industries accounted for 45 % of gross fixed investment in the
United Kingdom in 1963, compared with 33% in 1938. A technique
which is explicitly concerned with the wide consequences of investment
decisions is obviously of much more interest to-day than it was twenty-five
years ago. Another reason for increasing interest by economists is the rapid
development in recent years of such techniques as operations research,
systems analysis, etc., both in the public and the private sectors of the
economy. This is a point on which McKean [53] has laid particular
emphasis.
It is always important, and perhaps especially so in economics, to avoid
being swept off one's feet by the fashionsof the moment. In the case of costbenefit analysis, one must recognise that it is a method which can be used
inappropriately as well as appropriately. There are two very clear general
1 Alternatively, one can look at earlier works to see what their authors had to say about the
principles of public investment expenditures. If one selects Dalton [16] for this purpose-and in
doing this one can hardly be accused of selecting someone uninterested in the subject-one finds the
following kind of statement:
" There is thus a large field for the intervention of public authorities to increase economic
provision for the future and to create a better balance between its component elements. These
two objects furnish the key to nearly all public expenditure designed to increase productive
power " (op. cit., p. 157).
This is unexceptionable but hardly a complete guide to policy-makers.
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limitations of principle (as distinct from the many more of practice) which
must be recognised at the outset. First, cost-benefit analysis as generally
understoodis only a technique for taking decisionswithin a frameworkwhich
has to be decided upon in advance and which involves a wide range of
considerations, many of them of a political or social character. Secondly,
cost-benefit techniques as so far developed are least relevant and serviceable
for what one might call large-size investment decisions. If investment decisions are so large relatively to a given economy (e.g., a major dam project
in a small country), that they are likely to alter the constellation of relative
outputs and prices over the whole economy, the standard technique is likely
to fail us, for nothing less than some sort of general equilibrium approach
would suffice in such cases. This means that the applicability of the technique to underdeveloped countries is likely to be less than is sometimes
envisaged, as so many investment projects involve large structural changes
in such areas. Of course, this does not rule out all applications of this technique in such countries, as a number of valuable studies (e.g., Hawkins [34],
Farmer [22]) bear witness. Nor should it do so, given the shortage of capital
resourcesin such countries. The point is simply that one must remain more
acutely aware of the limitations of the technique in these cases.
So much for the general limitations of cost-benefit analysis. It must be
made clear at this point that this survey has particular limitations as well.
First, cost-benefitanalysis has many facets and many applications 1which we
cannot hope to cover fully. There are thereforegaps in both subject matter
and references. Secondly, a good deal of the material in the field lies unpublished in the files of government departments or international agencies
and is thereforeinaccessible. Third, there is no discussionof such maximisation methods as linear and non-linear programming, simulation, game
theory, etc. Finally, we shall confine ourselves to the applications of these
techniques in economies which are not centrally planned and where there is
a reasonable amount of recognition of the principle of consumersovereignty.
This should not be taken to mean that we think that cost-benefit analysis has
no relevance at all in centrally planned economies, but simply that we are
not attempting to deal with such cases.
II.

GENERAL

PRINCIPLES

1. PreliminaryConsiderations
(a) Statement
of theProblem
As we have seen, cost-benefit analysis is a way of setting out the factors
which need to be taken into account in making certain economic choices.
Most of the choices to which it has been applied involve investment projects
1 The bibliography cited by McKean [53] contains references to works on, e.g., government
budgeting, capital budgeting, strategy, investment theory, welfare economics, highway pricing,
operational research, staff and management control.
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and decisions-whether or not a particularprojectis worthwhile, which is the
best of several alternative projects,or when to undertakea particular project.
We can, however, apply the term " project " more generally than this.
Cost-benefit analysis can also be applied to proposed changes in laws or
regulations, to new pricing schemes and the like. An example is furnished
by proposals for regulating the traffic on urban roads. Such schemes
involve making economic choices along the same lines as investment
schemes. As choice involves maximisation, we have to discusswhat it is that
decision-makerswant to maximise. The formulationwhich, as a description,
best covers most cost-benefit analyses examined in the literature we are surveying is as follows: the aim is to maximise the present value of all benefits
less that of all costs, subject to specified constraints.
This formulation is very general, but it does at least enable us to set out
a series of questions, the answers to which constitute the general principles
of cost-benefit analysis:
1.
2.
3.
4.

Which costs and which benefits are to be included?
How are they to be valued?
At what interest rate are they to be discounted?
What are the relevant constraints?

Needless to say, there is bound to be a certain degree of arbitrarinessin
classifying questions under these four headings, but that cannot be helped.
(b) A GeneralIssue
Before we can take these questions seriatim it is convenient to discuss an
issue which involves more than one of these questions. It arises because
the conditions for a welfare maximum are not likely to be fulfilled throughout
the economy. If they were, and so resource allocation were optimal, the
marginal social rate of time preference and the (risk-adjusted) marginal
social rate of return from investment would coincide. A single rate of
interest would then serve both to compare benefits and costs of different
dates and to measure the opportunity cost of that private investment which
is displaced by the need to provide resourcesfor the projectsin question. As
things are, however, no single rate of interest will fulfil both functions
simultaneously; in a non-optimal world there are two things to be measured
and not one.
The problem has been discussed by a number of authors, including
Eckstein [20, 21], Steiner [80], Marglin [48] and Feldstein [23, 24, 25].
They suggest that the costs and benefits of a project are the time streams of
consumption foregone and provided by that project. The nature of this
approach emerges clearly from Feldstein's remarkson the social opportunity
cost of funds transferredfrom the private sector to the public sector in [25]:
" Part of the money taken from the private sector decreasesconsumption immediately, while the rest decreases investment and therefore
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future consumption. A pound transferred from consumption in a
particular year has, by definition, a social value in that year of 1.
But a pound transferredfrom private investment is worth the discounted
value of the future consumption that would have occurred if the investment had been made. The original investment generates an income
stream to investors and workers. Some of this income is spent on consumption and the remainder is invested. Each of these subsequent
investments generates a new income stream and thus consumption and
furtherinvestment. The final result is an aggregate consumption timestream generated by the original investment. It is the current value of
this aggregate that is the social opportunity cost of a one pound decrease
in private investment."
The application of this approach to both costs and benefits produces a
complicated expression for the present worth of a project's benefits less its
costs. Nobody has as yet succeeded in quantifying such expressions, however,1 so at present the approach can only serve as a reference-standardfor
judging simpler but more practicable ways of tackling the problem. Meanwhile, we note that the problem arises to the extent: (i) that a project's
benefits are reinvested or create new investment opportunities, or (ii) that
some of the funds used for the project would otherwise have been invested
or that the project renders impossible some other and mutually exclusive
investment project. If neither of these conditions is fulfilled; if, in other
words, benefits and costs both consist exclusively of consumption (directly
provided and, respectively, precluded by the project), then these complications do not arise, and the problem is reduced to one of choosing an appropriate social time preference rate of discount.
2. The Main Questions
(a) Enumeration
of CostsandBenefits
(i) Definitionof a Project. In most cases the scope and nature of the
projects which are to be submitted to cost-benefit analysis will be clear.
For the sake of completeness, however, we must make the point that if one
authority is responsiblefor producing A goods and B goods, then in judging
between A goods investment projects of different sizes it must take into
account the effect of producing more A goods on its output of B goods.
There are all sorts of complications here: relationships between A and B
goods may be on the supply or demand side, they may be direct (in the sense
of A influencing B) or indirect (in the sense of A influencing C, which
influences B) and so on. One illustration is the operations of an authority
responsiblefor a long stretch of river; if it puts a dam at a point upstream
this will affect the water level, and hence the operations of existing or
potential dams downstream. Construction of a fast motorway, which in
1 " Estimating many of the variables and parameters needed to calculate net social benefit may
indeed be difficult " (Feldstein [23], p. 126).
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itself speeds up trafficand reduces accidents, may lead to more congestion or
more accidents on feeder roads if they are left unimproved. All that this
amounts to saying is that where there are strong relationshipson either the
supply or the demand side, allowances must be made for these in cost-benefit
calculations. We shall return to this point later (see p. 704 infra), when
discussinginvestment criteria.
(ii) Externalities. We now come to the wide class of costs and benefits
which accrue to bodies other than the one sponsoring a project, and the
equally wide issue of how far the sponsoring body should take them into
account. We shall discuss the general principles at stake and then apply
them to particular cases.
McKean [53, Ch. 8] discussesthe distinction between technological and
pecuniary spilloversat length. The essential points are that progenitors of
public investment projectsshouldtake into account the external effectsof their
actions in so far as they alter the physical production possibilities of other
producers or the satisfactions that consumers can get from given resources;
they shouldnot take side-effects into account if the sole effect is via prices of
products or factors. One example of the first type is when the construction
of a reservoir by the upstream authority of a river basin necessitates more
dredging by the downstream authority. An example of the second type is
when the improvement of a road leads to greater profitability of the garages
and restaurantson that road, employment of more labour by them, higher
rent payments to the relevant landlords, etc. In general, this will notbe an
additional benefit to be credited to the road investment, even if the extra
profitability, etc., of the garages on one road is not offset by lower profitability of garages on the other, which are now less used as a result of the
trafficdiversion. Any net differencein profitabilityand any net rise in rents
and land values is simply a reflection of the benefits of more journeys being
undertaken, etc., than before, and it would be double counting if these were
included too. In other words, we have to eliminate the purely transferor
distributional items from a cost-benefit evaluation: we are concerned with
the value of the increment of output arising from a given investment and
not with the increment in value of existing assets. In still other words, we
measure costs and benefits on the assumption of a given set of prices, and
the incidental and consequential price changes of goods and factors should
be ignored.'
No one can pretend that this distinction is a simple one to maintain in
practice; there may well be results from investment which are partially
technological and partially pecuniary. Nor is the task of unravelling made
easier by the fact that some of the transfersoccasioned by investment projects
may affect the distribution of income significantly, and-hence the pattern of
demand. But as a general guiding principle the distinction is most valuable.
We now consider the application of this principle. Firstof all, an investI

Apart firomallowances necssary to get a measure of the change of surplus (see p. 691 infra).
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ing agency must try to take account of obvious technological spillovers, such
as the effects of flood control measures or storage dams on the productivity
of land at other points in the vicinity. In some cases no explicit action may
be needed, e.g., these effects may be internal to different branches of the same
agency, or some system of compensation may be prescribed by law. But
in others there should at least be an attempt to correct for the most obvious
and important repercussions. Although in principle corrections are needed
whatever the relationship between the interacting organisations, it must be
expected that in practice the compulsion to take side-effects into account
will be much greater if similar organisations are involved, e.g., one local
authority is more likely to take account of the costs it imposes on other bodies
if those mainly affected are one or two other local authorities than if they are
a large multitude of individuals.
(iii) SecondaryBenefits. The notion that some pecuniary spillovers are
properly included in benefits has appeared in a particular guise in arguments
about secondary benefits. The American discussion of this matter has
centred on the benefit estimation procedures used by the Bureau of Reclamation in respect of irrigation projects. In their analysis of the problem,
McKean [53], Eckstein [20] and Margolis [52] all start by describing these
procedures. The essential principle can be made clear by taking the case
of irrigation which results in an increase in grain production, where the
direct or primary benefits are measured as the value of the increase in grain
output less the associated increase in farmers' costs.
The increased grain output will involve increased activity by grain merchants, transport concerns, millers, bakers and so on, and hence, it is
asserted, will involve an increase in their profits. If the ratio of total profits
in all these activities to the value of grain at the farm is 48% then secondary
benefits of 48% of the value of the increase in grain output are credited to
the irrigation project. These are called " stemming " secondary benefits.
" Induced " secondary benefits, on the other hand, are the extra profits made
from activities which sell to farmers. The profit rate here has been computed as averaging 18% of farmers' purchases.
All the three authors mentioned are highly critical of these notions, as
they were set out by the Bureau of Reclamation in 1952. We shall not give
a blow-by-blow account of the arguments of each author, but instead attempt
to provide our own synthesis.
Where the output of a project has a market value this value plus any
consumers' surplus can be taken as the measure of the gross benefit arising
from the project. But where the output either is not sold or is sold at a price
fixed solely with reference to cost-sharing considerations, it is necessary to
impute a value to the output. Thus, in the case of irrigation water, a value is
obtained by working out what the water is worth to farmers as the excess of
the value of the increased output which it makes possible over the cost of the
necessary increase in all the farmers' other inputs. The question now arises
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whether we should not impute a value to the increased farm output just as
we have imputed one to the water instead of taking the market value of that
output. Thus, supposing (to simplify the argument) that wheat is the only
farm output, that all the wheat is used to make flour and that all the flour is
used to make bread, why should we not value the water by taking the value
of the increased output of bread and deducting the increase in farmers',
millers' and bakers' costs? Consumption is, after all, the end of all economic
activity, so is not what matters the value of the increase in consumption
of bread made possible by the irrigation project less the sacrifice of alternative
measured by increased farming, milling and
consumption involved-as
baking costs ?
The answer must be that a properly functioning price mechanism performs the function of imputing values for us. It does so not only as regards
the increase in farmers' costs (as the argument implicitly assumes) but also
as regards the increase in their output (as it seems to deny). The market
demand for wheat is a derived demand, and so reflects the value of extra
bread and the marginal costs of milling, baking, etc. Imputation of values
by the analyst is thus necessary only where there is no market for a product,
i.e., only for the water itself.
We conclude, therefore, that if the conditions for optimal resource allocation are fulfilled in the rest of the economy the estimate of benefits obtained
by using the price of wheat and the price of farming inputs constitutes an
adequate measure. Putting the matter the other way round, we need worry
about secondary benefits (or, for that matter, costs) only to the extent that
market prices fail to reflect marginal social costs and benefits. The real
problem concerning secondary benefits (and costs) is thus a matter of secondbest allocation problems.
(iv) ProjectLife. Estimation of length of life is clearly a highly subjective
process depending on assessments of the physical length of life, technological
changes, shifts in demand, emergence of competing products and so on.
The effect of any error will depend on the rate of discount adopted; the
higher this is, the less do errors of estimation matter. Some investigations
seem to show that different assumptions about lengths of life do not affect
the viability of schemes to an enormous extent (Foster and Beesley [28]).
We have here, incidentally, one example of the scope for sensitivity analysis,
where the calculations are repeated many times for different values of
variables. This is an extremely important tool when estimates of costs and
benefits are uncertain.

(b) Valuationof CostsandBenefits
(i) TheRelevantPrices. When we are dealing with costs and benefits which
can be expressed in terms of money it is generally agreed that adjustments
need to be made to the expected prices of future inputs and outputs to allow
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for anticipated changes in relative prices of the items involved (including
expected changes in interest rates over time), but not for expected changes in
the generalprice level. The essential principle is that all prices must be
reckoned on the same basis, and for convenience this will usually be the
price-level prevailing in the initial year.1 Future developments in output
levels have also to be taken into account, e.g., it is customary in cost-benefit
studies of highway improvements to allow for the long-term trend of traffic
growth.
Changes. With the exceptions discussed below, market
(ii) Non-marginal
prices are used to value the costs and benefits of a project. Difficulties arise
when investment projects are large enough to affect these prices. In the
case of final products, the benefits accruing from investment cannot be
measuredby multiplying the additional quantum of output either by the old
or the new price. The formerwould give an over-estimateand the latter an
underestimate. What is needed, as has long been recognised (Dupuit [19]),
is a measure of the addition to the area under the demand curve, which, on
the assumption that the marginal utility of money remains unchanged, is an
appropriate measure of the money value of the benefits provided, in the
sense of assessingwhat the recipients would pay rather than go without them.
When the demand curve is linear an unweighted average of before and after
prices will suffice; but more complicated techniques are necessary for other
forms of demand function-when they are known. In the case of intermediate products, the demand curve is a derived one, and so it can only be
a perfect reflectorof social benefit if the optimum welfare conditions are met
all along the line. If this condition is satisfied the gross benefit arising from
a project concerned with intermediate products is measured by the market
value of sales plus any increase in consumers' and producers' surplus in
respect of any final products based on the intermediate ones.
On the costs side there is a double problem, clearly distinguished in
Lerner's treatment of indivisibilities [45]. First, it is necessary to adjust
prices of factorsso as to eliminate any rental elements, which will be measured
by excessesover transferearningsin their next best alternative use. Second,
one has an exactly analogous problem to the demand side, in that as more
and more of a factor is absorbed in any one line of output the price of the
alternative product which it might have been making rises further and
further. Therefore we are faced with the choice between valuation of
factors at the original price (i.e., that ruling prior to the expansion of output
of the commodity in question), the ultimate price, or some intermediate
level. On the assumptionof linearity, a price half-way between the original
and ultimate levels will meet the bill, as on the demand side. Obviously,
either or both of these two types of adjustments may be necessary at any
I Hirshleifer [37, p. 143] argues that, since the " true " interest rate lies below the " monetary "
- one when prices are expected to rise, a downward adjustment should be made to market rates to
allow for this.
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particular time, and so to this extent the adjustmentsfor indivisibilities on
the costs side are likely to be more complex than those on the benefit
side.
(iii) MarketImperfections.Departures from Pareto-optimum situations
arise when monopolistic elements or other imperfections in goods or factor
marketsare such as to twist relative outputs away from those which would
prevail under competitive conditions. In cases of this kind investment
decisions based on valuations of costs and benefits at market prices may not
be appropriate; failure to correct for these distortions is likely to lead to
misallocations of investment projects between different industries.
The relevance of this point for public decisions concerning investment is
several-fold. First, if a public authority in a monopolistic position behaves
like a private monopolist in its pricing and output policy its investment
decisionswill not comply with the principlesof efficientallocation of resources
unlessthe degreeof monopolyis uniformthroughoutthe economy. Secondly,
complications may arise when there is monopolistic behaviour at a later
stage in the production process. This can be illustrated by the example of
an irrigation project which enables more sugar-beet to be grown, and hence
more sugar to be refined. If the refiners enjoy a monopolistic position the
sugar-beet farmers' demand for irrigation water will not be a sufficient
indication of the merits of the irrigation project. If the refiners were producing at the (higher) competitive level they would absorb more beet, and
this would in turn react back on the demand for irrigation water.
A third illustration is in respect of factor supplies. If the wages which
have to be paid to the labour engaged on an investment project include some
rental element and are greater than their marginal opportunity costs, then
a deduction must be made to arrive at an appropriate figure: conversely, if
wages are squeezed below marginal opportunity costs by monopsony
practices.
Fourthly, there may be an excess of average over marginal costs. This
raises the well-known difficulty that if prices are equated to short-run marginal costs, as they must be to ensure short-period efficiency, the enterprise
will run at a loss. Various ways (see, e.g., Hicks [36]) of getting over the
problem have been suggested, but there are snags in all of them. Charges
can be made, e.g., by means of a two-part tariff, but this is likely to deter some
consumerswhose marginal valuation of the output exceeds its marginal cost.
Various systems of discriminatory charges can be devised, but these may
imply inquisitorial powers on the part of the authorities. Voluntary subscriptionscan be askedfor, but this runs into the Wicksell objection in respect
of collective goods.' If none of these solutions are acceptable one must be
prepared to countenance losses. So this is still another case where investment decisions have to be divorced from accounting computations of profits.
Instead, they must be based on notions of what people would be willing to
1

See infra, p. 696.
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pay or what the project " ought to be " worth to customers, as Hicks [36]
puts it. It must be emphasised that this is not a case where prices of goods
or factors are imperfect measures of benefits and costs per se, but where the
present value of net receipts no longer measures benefits.
These are all examples of what is fundamentally the same problem: the
inapplicability of investment decision rules derived from a perfectly competitive state of affairs to a world where such a competitive situation no longer
holds. It should be noted that there are two possible ways of making the
necessary accounting adjustments: either a correction can be made to the
actual level of costs (benefits), or the costs (benefits) arising from the market
can be taken as they stand but a corresponding correction has to be made
to the estimation of benefits (costs). Normally, the first of these two methods
would be less complicated and less liable to cause confusion.
(iv) TaxesandControls. Imperfect competition constitutes only one case
of divergence between market price and social cost or benefit. Another is
that of taxes on expenditure. Most economists prefer to measure taxed
inputs at their factor cost rather than at their market value, though the latter
would be appropriate when the total supply of the input in question has a
zero elasticity of supply, e.g., an imported item subject to a strict quota. A
possible extension of this particular example relates to the cost of imported
items in an economy with a fairly high level of tariff protection where it
could be argued that price including duty is the best measure of social cost,
because in the absence of protection the country's equilibrium exchange rate
would be lower. Perhaps the most important example of a tax which it has
been decided to exclude from costs occurs in the estimation of fuel savings
resulting from road improvements [14].
Public decisions may properly differ from private ones in the investment
field in respect of direct tax payments too. While private profit-making
decisions should allow for income and profits tax payments, this is not apposite in the public sector. What one is primarily concerned with here is
a measurement of cost which corresponds to the use of real resources 1 but
excludes transfer payments. Hence profits or income taxes on the income
derived by a public authority from its project are irrelevant.
As an example of government controls, we may take agricultural price
supports and production controls. There seem to have been cases in the past
in the United States (e.g., the Missouri Basin project) where estimates of the
benefits from sugar-beet production were made without taking any notice of
existing sugar-beet quotas or considering whether sugar-beet production
would actually be allowed to increase! Hard as it is to cope with refinements
'Additional government expenditures necessitated by a public authority project should be
included as part of its costs. But whether these expenditures are, or are not, financed by taxes
on that authority is irrelevant.
When public projects are being compared with private ones there must obviously be a common
standard of comparison in respect of transfers to and by government, the simplest being to ignore
them.
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of this sort, obviously some attempt must be made to take cognisance of
the more blatant discrepancies.
(v) Unemployment.A divergence of social cost from private cost which
is sometimes of major importance arises when there is unemployment.
When there is an excess supply at the current market price of any input that
price overstatesthe social cost of using that input. Furthermore,when there
is general unemployment, expenditure upon a project, by creating a multiplier effect, will create additional real incomes in the rest of the economy.
Hence the use of market values to ascertain direct costs and benefits of a
project overstatesits social costs and underestimatesits total benefits (by the
amount of " induced benefits"). Under these conditions almost any project
is better for the country than no project, so that, to achieve sub-optimisation,
autonomous public agencies should bring these considerations into their
benefit and cost calculations, while agencies subject to central government
control over their expenditure should either choose the same or be told to do
so. This simple picture only holds, however, when there is but one issue to
decide: shall a particular project be initiated or not? But such a choice
never exists in this solitary state. The Government can choose between
public works and other methods of curing unemployment. The agencies
responsible for the public works can choose between a number of possible
projects, some of them mutually exclusive (e.g., the choice between building
a four- or six-lane motorway along a particular alignment). And it is not
at all obvious that unemployment-adjusted estimates of costs and benefits
constitute the right tool for making these choices.
The arguments against correcting costs for an excess of the market price
of factors over the price which would clear the market for them and against
including multiplier effects in benefits are largely 1 practical (cf. McKean
[53]):
(a) It is easier to allow for the overpricing of labour which is to be
used in constructing or operating a project than to allow for the overpricing of equipment, fuel, materials, etc., which are overpriced because
they, too, include in their costs some overpriced labour. Yet if correction is made for project labour costs only, the relative social costs of
project labour and of other inputs may be more poorly estimated than
if no correction at all is made.
(b) Correcting future costs requires estimates of future unemployment. Government agencies are not usually equipped to make such
forecasts, and governments may be reluctant to provide them on a
realistic basis in view of the difficulty of keeping them out of public
notice.
1 But not entirely: it is possible to conceive of an unemployment situation in which shadow cost
pricing would make a very large number of investment projects pass a cost-benefit test-in fact, a
larger number than would be needed to reach full employment. The problem is to fix the shadow
prices so that one can select the best projects but not so many of them that one has more than full
employment.
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(c) The effect of a project upon unemployment depends not only
upon the expenditure which it involves but also upon the way it is
financed, and this may not be known to the people doing the costbenefit analysis (e.g., in the case of an agency financed by government
grants).
These arguments suggest that in most cases it is best for unemployment
policy to be left to the central government and for the agencies responsible
for public works to confine their corrections of market prices on account of
under-employment (i.e., overpricing) to divergences which are local or
which relate to some specialised factor of production. National unemployment, to take an example, should be no concern of the National Coal Board,
but the alleged lack of alternative employment opportunities for miners in
certain coalfields should.
(vi) Collective Goods. Market prices clearly cannot be used to value
benefits which are not capable of being marketed. Thus we meet the collective goods issue (Samuelson [72, 73, 74], Musgrave [60], Head [35]).
The essential point is that some goods and services supplied by Government
are of a collective nature in the sense that the quantity supplied to any one
member of the relevant group cannot be independently varied. For example,
all members of the population benefit from defence expenditure, all the
inhabitants of any given district benefit from an anti-malaria programme,
and all ships in the vicinity benefit from a lighthouse. The difference between separately marketable goods and such collective goods can be shown
as in Figs. 1 (a) and 1 (b), following Bowen [8].
Demand
price D2

DI

demand curves

\Individual
D
/

J

demand
curve
' Aggregate
D

\DXD2

Quantity
Irrigation water
FIG.

1 (a). -Marketable

Goods.

Whereas aggregation of individual demand curves is obtained by horizontal
summation in the Fig. (1) (a) case, it is obtained by verticalsummation in the
Fig. 1 (b) case. This reflects the fact that though individuals may differ in
their marginal valuation of a given quantity of a commodity, they all consume the same amount, in that each unit is consumed by all of them. For
example, flood control afforded to different individuals is a joint product.
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1(b).-Collective Goods.

Ever since Wicksell, it has been recognised that any attempt to get consumers to reveal their preferences regarding collective goods founders on
the rock that the rational thing for any individual consumer to do is understate his demand, in the expectation that he would thereby be relieved of
part or all of his share of the cost without affecting the quantity obtained.
Although a number of people (notably Lindahl) have attempted to find ways
out of this impasse, it seems safe to say that no one has succeeded. In fact,
the difficulties have multiplied rather than diminished, as Samuelson [72,
73, 74] and Musgrave [60] have demonstrated that even if the non-revelation of preferences problem is ignored, there is still another major snag, in
that there is no single best solution but rather a multiplicity of alternative
optimum solutions.
The relevance of this discussion for our purposes is that where commodities are supplied at zero prices or at non-market clearing prices which bear
no relationship to consumer preferences, there is no basis for arriving at investment decisions by computing the present values of sales. Of course, the
problem does not apply to collective goods alone; a whole range of other
goods and services may be supplied free (or at nominal prices) by government for a whole variety of reasons.
(vii) Intangibles. Some costs and benefits (such as the scenic effect of
building electricity transmission lines) cannot be quantified, and others,
although they can be quantified, cannot be valued in any market sense (e.g.,
a reduction in lives lost). Such costs and benefits have been called intangible
costs and benefits. They are obviously important in many cases and, equally
obviously, have to be presented to the decision-maker in the prose which
accompanies the cost-benefit arithmetic, since they cannot be incorporated in
the arithmetic itself. It may be possible to gain some idea of their import-
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ance on the basis of consumer questionnaires, but one has to be careful of the
well-known difficulties inherent in such efforts (Yates [90]).
There is one possible exception in the case of quantifiable items.
Consistency requires that the net marginal cost of, say, saving an average
citizen's life be the same whether it be achieved by hiring more traffic police
or by having more ambulances. If there were consistency and if the marginal
cost were known, then it would measure how much decision-makers were
ready to pay to save a life, and hence it could be used for valuing lives saved.
So the importance attached to particular "intangibles " may sometimes be
inferred from private or public behaviour. Thus, one might suggest that
British public standards of visual amenity are higher than the private standards manifest in most back gardens!
(c) Choiceof InterestRate
(i) The Social Time PreferenceRate. The literature on the choice of
appropriate interest rates for public investment projects is voluminous, and
we cannot hope to survey it in detail. But starting from the constellation
of rates that one finds in the private sector, various questions have to be
raised. Even if one can select a single or average risk-free long-term rate,
it is not clear what significance can be attached to it. Straightaway we come
up against all the old arguments about whether market rates of interest do
bear any close relationship to the marginal productivity of investment and
time preference or whether the relationship is so blurred as to be imperceptible. This is partly a matter of different interest theories (neo-Classical,
Keynesian, Robertsonian, etc.) and partly a matter of how particular
economies tick at particular times-do governments intervene in capital
markets with any effectiveness, how well organised and unified is the capital
market in a country, etc.? Both pure theory and imperfections in the
capital market are thus involved.
Another issue is whether any market-determined interest rate would
suffice for community decisions even if neo-classical theory is accepted and a
perfectly functioning capital market assumed. Some writers believe that
social time preference attaches more weight to the future than private time
preference and that it is the former which is relevant for determining the
allocation of society's current resources between investment and consumption. A number of arguments in favour of such a proposition have been
produced over the years. Pigou [65], for instance, suggested that individuals
were short-sighted about the future (" defective telescopic faculty ") and
that government intervention might be needed to give adequate weight to
More recently, other
the welfare of unborn generations (op. cit., pp. 24-30).
arguments, which seek to avoid the objection that the Pigou position is a
fundamentally authoritarian one, have been put forward (Eckstein [21],
Marglin [49]). One point made really relates to a special kind of externality.
It is that any one individual's preference for current consumption, relatively
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to future consumption by himself or his successors,will be less if there is some
sort of government-organisedprogramme for imposing sacrifices on everybody-or at least on a large section of the population-than if the solution
is left to the market. More generally, one might follow the lines indicated
by Feldstein [24] and distinguish between: (1) market preferences; (2) preferences expressed through the ballot box; (3) what the Government in its
wisdom thinks is good for this generation; and (4) what the Government
thinks is good for this generation and future generations taken together.
Whatever the ultimate pros and cons of these arguments, there are two
difficulties, if one tries to give effect to them. The first is actually to determine the social rate of discount. Marglin accepts that this does pose serious
difficulties, but goes on to suggest that one can set about it by choosing the
growth rate for an economy and thence (on the basis of the marginal
capital/output ratio) determine the rate of investment; the social rate of
discount must then be equated with the marginal productivity of investment.
The practicability of such a procedure does not commend itself to us; but
we must leave this to others to judge.
Another difficulty of operating with a social rate of discount is that we
have the very awkwardproblem that different rates of interest would be used
in the public and private sectors. There is then likely to be considerable
inefficiency in the allocation of funds inside the investment sector-in the
sense that if the Governmentis, say, responsiblefor electricity and the private
sector for oil, inferior projects of the former kind will supplant superior projects of the latter kind.' This particular difficulty leads us right back to the
point discussed at the beginning of Section II, i.e., that one rate of interest
cannot perform two functions in a non-optimal situation. One way out of
this is to recommend making the situation an optimal one. For instance,
Hirshleifer [37] has suggested that the Government should take action to
push down market rates of interest to the social rate, so that all investment decisions, whether in the public or private sectors, should be taken
on the same basis. While applauding this idea in principle, other writers
quite reasonably feel that in practice economists will still have to deal with
sub-optimisation problems.
Cost Rate. The government borrowing rate
(ii) The Social Opportunity
is a popular and easily applicable measure of costs, both because it is a
financial cost in the case of government financed investment and, more
academically, because it can be regarded as " the " risk-freerate of interest.2
Yet despite the recent empirically founded recrudescence of belief in the
interest elasticity of private investment, no one has demonstrated that the
latter's marginal efficiency does actually equal the interest rate. A direct
attempt to measure marginal rates of return on private investment is therefore required. Even if such a measure were made, however, it would be
1 Defining " inferior " and " superior " in terms of present values of net benefits.
2 Abstracting from uncertainty about the price level.
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relevant only in so far as the costs being evaluated consisted exclusively of
displaced private investment.
Recognising this problem, Krutilla and Eckstein [43] assumed that the
alternative to public investment would be a tax cut, considered the ways in
which a likely tax cut would affect income groups, and then asked how the
notional recipients would utilise their hypothetical receipts, thus finally
arriving at a weighted average rate of return. An alternative postulate was
that the additional public investment would be offset by tighter monetary
policy; it was then asked which individuals would suffer and what sort of
weighted interest rate could thence be derived. The general result from
both assumptions was that Federal capital in the United States in the late
'fifties had an opportunity cost of 5-6%. Quite apart from the logical and
statistical problems associated with the techniques of assigning tax cuts to
the different income groups, etc., as Eckstein himself has noted [21], this
approach deals with only two out of many relevant alternatives (e.g., more
public investment might be met instead by less public consumption). It has
also been severely criticised by Hirshleifer [37] on the grounds that the
composite interest rate finally derived has an unknown allowance for a risk
premium in it. Feldstein has also commented on this approach [25].
(iii) AdjustmentforUncertainty. The various ways in which uncertainty
impinges upon cost-benefit analysis are discussed by Dorfman [48, Ch. 3],
McKean [53, Ch. 4], Eckstein [21, Section 5], Hirshleifer [37, pp. 139-41]
in their admirable surveys, and we need only add two remarks here. The
first point is that there is no reason to argue that public investment projects
are free of uncertainty (see, especially, Hirshleifer [37]). The second is that
allowances for uncertainty can be made: (1) in the assessmentsof annual
levels of benefits and costs; (2) in the assumptionsabout length of life; and
(3) in the discount rate. The firstis most appropriateif the riskof dispersion
of outcomes (or inputs) is irregularly, rather than regularly, distributedwith
time. If the main risk is that there may be a sudden day of reckoning when
benefits disappear or costs soar, the second type of adjustment is needed.
The third correction, a premium on the discount rate, is appropriate where
uncertainty is a strictly compounding function of time.
(iv) The Needfor an InterestRate. When the problem of choice involves
no opportunity cost of capital-as happens when all of a fixed budget is to
be spent-there is obviously no need for an opportunity-costrate of interest.
It has been argued by some authors, e.g., McKean [53], that in this case
there is no need for a social discount rate of interest either. This can be
generally true, however, only if the maximand is not the present worth of
benefitsless costs, for if it is, some rate of discount is obviously required. We
shall not elaborate this point here, since one of us has already published a
purely expository note on the subject in thisJOURNAL[83].

(v) Principlesvs. Practice. Discussions about social rates of time preference, social opportunity cost, etc., do not cut very much ice in most empirical
z z
No. 300.-VOL. LXXV.

700

THE ECONOMIC JOURNAL

[DEC.

work, and we have not been able to discover any cases where there was any
convincingly complete application of such notions.1 Nor do ideas about
allowing for future changes in interest rates seem to receive much attention.
In practice, the most usual kind of procedure is to select an interest rate or
rates, on the basis of observed rates ruling at the time, for calculating present
values, etc. For example, Weisbrod [86] takes a rate of 10% to represent
the opportunity cost of capital in the private sector (on the basis that the
observed yield of 5 % for corporate stocks should be grossed up to approximately double that figure to allow for the corporate profits tax) 2 and one of
4% to representthe cost of Federal Government borrowing. He then makes
his present value calculations on both bases. It can obviously be said that
this may give ambiguous results, e.g., that project A is preferableto project B
on one basis, but project B is preferableon the other. This is indisputable;
but there are also examples to show that the choice of varying discount rates
does not, within the 4-8% band, make much difference to assessmentsof a
project (Foster and Beesley [28]), though the same conclusionsdo not necessarily hold for a ratherwider band. The truth of the matter is that, whatever
one does, one is trying to unscramble an omelette, and no one has yet invented a uniquely superior way of doing this.
(d) RelevantConstraints
(i) Introduction.Eckstein [21] has provided a most helpful classification
of constraints. First, there are physical constraints. The most general of
these is the production function which relates the physical inputs and outputs
of a project, but this enters directly into the calculation of costs and benefits.
Where choice is involved between different projects or regarding the size or
timing of a particular project, external physical constraints may also be
relevant. Thus, one particular input may be in totally inelastic supply, or
two projects may be mutually exclusive on purely technological grounds.
Next there are legal constraints. What is done must be within the framework of the law, which may affect matters in a multiplicity of ways, e.g.,
rights of access, time needed for public inquiries, regulated pricing, limits
to the activities of public agencies and so on. Third, there may be administrative constraints,related to limits to what can be handled administratively.
Fourth, uncertainty can be introduced by constraints, for example, by the
introduction of some minimum regret requirement. Finally, there are
distributional and budgetary constraints; these need more extended discussion.

(ii) DistributionalConstraints.The notion that the choice between projects can be made solely on the grounds of " economic efficiency," because
1 Eckstein [21] concluded after several pages of discussion " thus the choice of interest rates
must remain a value judgment " (op. cit., p. 460).
2 It might be argued that a further correction should also be made to bridge any gap between
earnings yield and dividend yield. This would make for a wider spread of the rate band.
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any unfavourableeffects on income distribution can be overcome by making
some of the gainers compensate some of the losers, is rarely applicable in
practice.
It is perfectly possible to compensate property-ownersnot only for property which is expropriated but also for property which is reduced in value.
Similarly, it is possible to levy a charge in respect of property which has been
enhanced in value. These payments of compensation and charges, being
lump sums, are not likely to have any direct effects upon resource allocation.
Another way in which extra money can be raised from the beneficiariesof a
project without affecting resource allocation ariseswhere some of the project
outputs are sold and intra-marginal units of these outputs can be priced at
more than marginal units. (Thus electricity consumers may be charged
on a two-part tariff.)
In general, however, attempts to get beneficiaries to pay more than the
marginal social cost of the projectoutputs they consume will affect the allocation of resources. Such attempts may be made either because of a desire
not to raise the real income of the beneficiariesto an extent regarded as unfair or because of a desire to raise funds to compensate a group who are made
worse off by the project or simply because of a general belief that projects
ought to break even. Whatever the reason, the pricing policy adopted will
affect project outputs, and hence project costs. Tolls on a motorway, for
instance, will affect the volume of traffic, and this may affect the appropriate
width at which it should be constructed. Thus, benefits and costs are not
independent of pricing policy.
This can affect cost-benefit analysis in either of two ways. The first is
relevant when pricing rules have been laid down in advance in the light of
political or social notions about income distribution. Here the task is to
maximise the present value of benefits less costs subject to certain specified
financial requirements,i.e., subject to one or more constraints. The second
way in which income distribution requirements may affect cost-benefit
analysisoccurs when the authoritieshave not laid down any specificfinancial
rules but do clearly care about income distribution. In this case it is up to
the analyst to invent and present as alternatives a number of variants of a
project which differ both as regards the particular people who pay (or are
paid) and the prices charged and, in consequence, as reg4rds outputs and
inputs. For each alternative, the analyst will have to set out not only total
costs and benefits but also the costs and benefits for those particular groups
whose economic welfare is of interest to the decision-maker.
In cases like this the choice can be formalised-if the decision-taker
allows it-by expressingit in terms of maximising the excess of total benefits
over total costs subject to constraints on the benefits less costs of particular
groups. Alternatively, it can be expressed in terms of maximising the net
gain (or minimising the net loss) to a particular group subject to a constraint
relating to total benefits and costs. Whether or not this is helpful in practice
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is not known, but at least it may explain why income distribution considerations have been brought into this survey under the heading of constraints.
It should be noted that these considerationsmay relate to many different
kinds of groups. In one context notions of " fairness" to workersmay predominate, while in another it may be notions of " equity " between different
geographical areas which are important. If one is taking a regional, rather
than a national, viewpoint the assessmentand measurementof costs and benefits may be quite markedly different. For instance, it has been argued that
one of the benefits of the Morecambe Bay barrage scheme would be the
attraction of more industry to the Barrowarea. This would no doubt benefit
Barrow; but it is perfectly conceivable that there would be equivalent or
even greater losses to South Lancashire, or for that matter other regions of
the United Kingdom. Therefore one gets an entirely different picture of
benefits and costs, if one looks at them from the viewpoint of the Barrowarea,
from that prevailing for the whole of the North-west or the whole of the
United Kingdom.
(iii) BudgetaryConstraints.Discussionsof this topic combine (and sometimes confuse) three issues: first, ought such constraints to exist; second,
what form do they take; and third, how can they be incorporatedinto investment criteria? We shall deal with the third issue shortly when we reach
the general subject of investment criteria. We do not propose to discuss the
first point, but might note that Hirshleifer [37] has argued that if the
budgeting authorities are worth their salt the amount allocated to the subbudgets will take account of the productivity of the projectsavailable to them
and the costsof obtaining the necessaryfunds. If this is not done, it is argued,
the answer is to recast the system of budget allocation rather than to go into
python-like contortions at the sub-budget level. This argument, however,
is rather unrealistic. For the present, at any rate, many decisions are in fact
taken within the frameworkof a budget restraint, and the economist might
as well help people to sub-optimisewithin this framework,even if, as a long-run
proposition, he thinks in his private capacity that it should be changed.
On the second issue there is not much to be said in general terms. There
may be a constraint upon-total capital expenditure over one or more years,
as, for instance, when the projects undertaken by a public agency have to
fit within a budget frameworkdetermined in advance. The sums involved
may be either maxima which do not have to be reached or amounts which are
to be spent entirely.' In the first case, but not the second, the expenditure
in question has an opportunity cost, since once the decision is made to use
funds, they are effectively a bygone. There can be other kinds of constraint
applying to capital expenditure, such as a prescribed percentage of selffinancing, and constraints can also apply to current expenditure and/or to
revenue, for example, a financial target for gross or net accounting profits.
1 " Maximum " or " specific " rationing to use the convenient terminology of Hirshleifer [37].
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3. Final Considerations
Criteria
(a) Investment
We believe that the most common maximand where projectsinvolve only
costs and benefits expressedin terms of money is the present value of benefits
less costs. Other maximands are possible, however, such as capital stock
at a final date. We shall not attempt to argue the relative merits of different
maximands, but, continuing to accept present value, now introduce the
subject of investment criteria or, as they are sometimes called, decision
algorithms.
Where no projectsare interdependent or mutually exclusive, where starting dates are given and where no constraints are operative, the choice of
projects which maximises the present value of total benefits less total costs
can be expressedin any of the following four equivalent ways: 1
(1) select all projectswhere the present value of benefits exceeds the
present value of costs;
(2) select all projectswhere the ratio of the present value of benefits
to the present value of costs exceeds unity;
(3) select all projects where the constant annuity with the same
present value as benefits exceeds the constant annuity (of the same duration) with the same present value as costs;
(4) select all projects where the internal rate of return exceeds the
chosen rate of discount.
Once the various complicationsjust assumed away are introduced, more
complicated rules are required. We shall explain the impact of these
1

Symbolically, these criteria can be summarised as follows.
series of prospective costs in years 1, 2, . . . n;
constant annuity with same present value as cl, c2, . . .c,^
series of prospective benefits in years 1, 2, ... n;
constant annuity with same present value as bl, b2, . . .bn;
scrap value;
appropriate rate of discount for annual compounding;
internal rate of return.
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complicationsin terms of the present-valueapproach without claiming that it
is always the most convenient one. Which approach is most convenient will
vary with the facts of the case. Where a rule which is not algebraically
equivalent to the present value approach is used, the issue is not one of convenience, but involves either error 1 or a different maximand.
Where the costs and/or benefitsoftwo schemesA and B are interdependent
in the sense that the execution of one affects the costs or benefits of the other
(seep. 687/8supra),they mustbe treatedas constitutingthreemutuallyexclusive
schemes, namely A and B together, A alone and B alone. Thus, if one wants
to improve communications between two towns one has the choice between
a road improvement, a rail improvement and a combination of road and rail
improvements.
Mutual exclusivity can also arise for technological reasons. Thus, a road
intersection can be built as a cross-roads,a roundabout or a flyover. Similarly, a large or a small dam, but not both, may be put in one place. Whatever the reason for mutual exclusivity, its presence must be allowed for in
formulating investment rules.
Where there is a choice of starting date it must be chosen so as to maximise the present value of benefits less costs at the reference date.
Constraints cause the biggest complications, particularly when there is
more than one of them and when mutual exclusivity and optimal timing are
also involved. Indivisibilities also complicate matters when constraints are
involved.
We shall not venture into the algebraic jungle of constructing decision
algorithms. Anyone who seeks examples can turn to Marglin's discussionof
income distribution and budgetary constraintsin his exemplary synthesis of
much of cost-benefit analysis [48] or to his monograph on dynamic investment planning [51]. A most useful discussion is also to be found in an
article on capital budgeting by Dryden [18].
Matters
(b) Second-best
Since cost-benefit analysis is essentially a practical tool for decisionmaking, it is not worth our while pursuing the second-best problem into the
higher reaches of welfare economics. The non-fulfilment of the conditions
for a welfare maximum elsewhere in the economy is relevant to cost-benefit
analysis only in so far as it makes the market values of outputs and inputs
obviously biased measures of benefits and costs. Small and remote divergences from the optimum will cause biasesin these measureswhich fall within
their margin of error, while large divergences of an unknown sort create
unknowable biases which are necessarily irrelevant to action. Only those
divergences which are immediate, palpable and considerable thus deserve
1 A naive error in early writings was the use of benefit-cost ratios to choose between two mutually
exclusive projects. One project may have the lower benefit-cost ratio, yet will be preferable if the
extrabenefits exceed the extracosts. This is clearly brought out by McKean [53, pp. 108 ff.].
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our attention. We have discussed some of these already, and will bring in
further examples in our survey of particular applications of cost-benefit
analysis.
Ideally, all such divergences should be taken into account, for otherwise
a sub-optimum will not be achieved. Yet it does not follow that public
agencies ought always to take account of them; the ideal involves administrative costs. It has to be recognised that public agencies have defined
spheresof competence and that the responsibilityfor wide issues lying outside
these spheres rests not with them but with the Government which created
them and their tasks. It is not the businessof, say, the Scottish Development
Department to decide whether or not the currencyis overvalued, for instance,
and it is not within its competence to put a shadow price upon the foreignexchange content of proposed expenditure. Either it must value imports at
their import price or it must be told to adopt a shadow rate for planning
purposes by the central government, whose function it is to consider such
matters. The division of labour in administrationwhich is necessary if the
public sector is to avoid monolithic sluggishness requires each part of the
machine to act as if the rest were doing its job properly. After all, to continue with this example, it may be better if all government agencies value
foreign exchange at a uniform but incorrect exchange rate than if they each
have their own different shadow rates.

III.

PARTICULAR APPLICATIONS

We now come to illustrationsof the waysin which the principlespreviously
set out have been employed in cost-benefit studies. We shall first look at
some water projects and then turn to transport-these being the two areas
where cost-benefitstudies have been most common. Subsequently, we shall
survey the application and applicability of these techniques in land-usage
schemes (urbanrenewal, recreationand land reclamation), health, education,
research and development, and defence. Throughout, we shall be illustrative rather than comprehensive-both in the sense that we are concerned
only with the main features of, say, irrigation schemes rather than
detailed case studies, and in that we shall emphasise the differencesin treatment rather than the similarities. This means that we examine general
techniques for enumerating and evaluating costs and benefits rather than
"standard " items, such as the choice of appropriate discount rates, the
exclusion of superogatorysecondary benefits, etc.' We are not reproducing
any examples in full detail, but good ones can be found in Krutilla and
Eckstein [43, Pt. II] on water-resourceprojects, Foster and Beesley [28] on
transport and Borus [6] on labour retraining.
1 As general sources of reference on all these matters see the U.S. " Green Book " [40] and a
Canadian contribution (Sewell et al. [77]).
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1. WaterProjects
Water projects take many different forms. They may differ enormously
in respect of their engineering characteristics, e.g., an estuarine barrage or
a dam in the hills. Similarly, the purposesof water investment are manyprovision of more water for an industrial area, provision of irrigation water,
prevention of flood damage and so on. In some cases there may be only one
such purpose in a particular scheme; in others it may be a case of multipurpose development. The details of cost-benefit analysis inevitably differ
from project to project, and we can only cover a sample. We shall look at
irrigation, flood control and hydro-electric schemes in turn, and in this way
hope to catch the smell even if not the flavour of the ingredients. Finally,
we shall have a few words to add on the particular characteristicsof multipurpose schemes.
(a) Irrigation
Since it is seldom possible to ascertain directly the price at which water
could be sold upon the completion of a proposed irrigation project, and since
this price would in any case give no indication of consumers' surplus, the
directbenefits of a project have to be estimated by:
(i) forecastingthe change in the output of each agriculturalproject,
leaving out those outputs which, like the cattle feed, are also inputs;
(ii) valuing and summing these changes;
(iii) deducting the opportunity cost of the change in all farming
inputs other than the irrigation water;
in order to get, as a result, the value of the net change in agricultural output
consequent upon the irrigation of the area.
We now discuss each of these steps in turn.
(i) Forecasts of additional output, whether sold in the market or consumed on the farm, can be made in countries with well-developed agricultural advisory services. But this is only the beginning of the story. Even
if there were no delay in the response of farmers to new conditions, it will
often be the case that the full effects of irrigation will take some years to be
felt. Since, in addition, farmerswill take time to adapt, it is clear that what
is required here is not just a simple list of outputs but a schedule showing the
development of production over time. Yet this is too complicated in practice, and usually the best that can be done is to make estimates for one or two
benchmark dates and extrapolate or, alternatively, postulate a discrete lag
in the response of farmers.
The forecastis difficult as well as complicated (in principle), because it is
the behaviour of a group of people that is involved, behaviour which may
depend upon peasant conservatism,superstition,political tensions and so on
just as much or more than it depends upon any nice agronomic calculus.
Thus, an Indian study (Sovani and Rath [79, p. 138]) reports that the peasants in an area irrigated by the Hirakud dam erroneously believed that
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planting a second crop on the valley-bottom land would lead to waterlogging and salinisation. The authors explicitly assumed that in the first
ten years after irrigation began the area would settle down to irrigated agriculture with the least possible change in techniques and capital investment.
The probability that farmerswill not follow an income-maximisingcourse
of action is one reason why a farm-managementor programming approach
may be of little use-except in setting an outside limit to outputs. Another is
that the requisite information may be lacking. Thus, it is frequently
necessary either to substitute or supplement the projections based upon the
assumption of maximising behaviour with projections based upon the
assumptionthat the behaviour of other farmerselsewhereconstitutes a useful
precedent. The effect of irrigation in A is then forecast by comparing an
irrigated area B either with B before irrigation or with an unirrigated area,
C. There is obviously scope for judgment (and bias) here.
(ii) The amount the farmer gets for his crops may differ markedly from
their value to the community where agriculture is protected or subsidised,
as in the United States or the United Kingdom (Eckstein, [20, p. 200],
Renshaw [68]). In fact, some United States calculations have allowed for
this by making an arbitrary20% deduction in the prices of major commodities in surplus or receiving federal support. This is one example of the
point that when the conditions for optimal resource allocation are not fulfilled in the rest of the economy market prices may prove a poor guide to
project costs and benefits. Another general problem on which we have
already touched ariseswhen the increment in the output of any crop is large
enough to affect its price, so that there is no unique price for valuation purposes. There is the further point that output should be valued at a given
price-level, consistent with the valuations of other benefits and of costs, but
that future changes in price relativitiesneed to be taken into account. Thus,
price projections are required, and once again there is scope for judgment,
as anything from simple extrapolation to highly sophisticated supply and
demand studies may be utilised. Finally, there is the old problem, much
aired in social accounting literature (e.g., Prest and Stewart [66]) about the
appropriatevaluation of subsistence output.
(iii) The principles for valuing farm inputs are the same as those for
valuing outputs, while the forecast of input quantities is clearly related to
the forecast of output quantities. In an elaborate income-maximising
analysis inputs and outputs would be simultaneously determined, while in
a simpler approach inputs per acre of irrigated land or per unit of output
will be taken as being the same as on comparable irrigated land elsewhere.
In either case, costsinclude the opportunity earnings,if any, of any additional
farmerswho come to work in the irrigated area.'
1 One particular difficult problem is the price to be assigned to water itself, which
may not be
a free good, if pre-emption for irrigation cuts down the amount available for, say, industrial purposes
(cf. Eckstein [20, p. 218]).
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The secondarybenefits which have sometimes been regarded as appropriately included in irrigation benefit calculations reflect the impact of the
project on the rest of the economy, both via its increased sales to farmersand
via its increased purchases from them. We have already discussed the
appropriatenessof including these benefits. More important is the technological interdependence which is likely to be found in many irrigation
schemes, such as when the effects on the height of the water-table in one area
spill over to another district.
Any irrigation project will have a number of minoreffects not obviously
covered in the categories so far discussed. As these will vary from case to
case, and no general list is possible, some examples may be of use. They are
taken from an ex-poststudy of the Sarda Canal in India [63]:
Canal water is also used for washing, bathing, watering cattle.
Silt is deposited at the outlet heads, which necessitates constant and
laborious cleaning of the channels.
Some plots of land have been made untillable by unwanted water.
The canal divides the area (and sometimes individual fields) into
two parts, but has few bridges, so that much time is wasted in circumnavigating it.
Many such effects will be unquantifiable, but must nevertheless be remembered in any analysis.
(b) FloodControl
Ever since the River and Harbor Act of 1927 the United States Army
Corps of Engineers has had the responsibilityof preparing plans for improving major rivers for flood control purposes-as well as irrigation, hydroelectric power and navigation. On the flood control side, the major benefits
which have been categorised in this-and other-work have been the losses
averted. Losses of this sort can refer to different types of assets-property,
furnishings,crops, etc.; or to different types of owners-individuals, business
firms, government and so on. In all these cases the general principle is to
estimate the mathematical expectation of annual damage (on the basis of
the likely frequency of flood levels of different heights) and then regard such
sums as the maximum annual amounts people would be willing to pay for
flood control measures.
Other benefits which must be taken into account are as follows:
(i) Avoidance of deaths by drowning. We shall deal with the
general principles relevant in such cases in connection with health
improvements.
(ii) Avoidance of temporary costs, e.g., evacuation of flood victims,
emergency sand-bag work, etc.,' risks of sanitation breakdowns, epidemics, etc.
1 In so far as this work is done by volunteers in their leisure time (e.g., Cambridge students during
the floods in the Fens in 1953), the cost involved raises the same issues as the saving of leisure time
resulting from road improvements (see below, pp. 712 and 713).
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(iii) Possibilities of putting flood land to higher uses if the risk of
inundation is eliminated.1
The costs involved in flood control calculations are relatively straightforward. Obviously, the initial costs of the flood-control works and their
repair and maintenance charges must be included. The most difficult point
in any such compilationis likely to be the cost of land acquisitionfor reservoirs,
etc. In the absence of anything remotely approaching a free land market in
a country such as the United Kingdom there is bound to be an arbitraryelement in such items.
There are some obvious reasons why private investment principles are
insufficient in the case of flood-control measures. Protection for one
inhabitant in a district inevitably implies protection for another, and so one
immediately runs into the collective goods problem; protection for one
district may worsen flood threats to another, and so this inevitably brings up
technological externalities; finally, flood works often have to be on a large
scale and of a complex nature, and so this brings up non-marginal and
imperfect competition problems. So one simply has to try to estimate
willingness to pay for flood protection by the roundabout devices described
above. There is no simple short-cut appeal to market principles.
(c) Hydro-electric
PowerSchemes
The standardway of measuringthe value of the extra electricity generated
by a public hydro-electric scheme is to estimate the savings realised by not
having to buy from an alternative source. This sounds simple, but in fact
raises all sorts of complicated issues: we shall look at these by, first, considering the simple alternative of a single hydro-electric source versus a single
private steam plant, and secondly, by considering the implications of adding
another source to a whole supply system.
In the first case the general point is to say that benefits can be measured
by the costs of the most economical private alternative. As Eckstein shows
at some length [20, Ch. VIII], this raises a number of issues, e.g., a private
sector station will not be working under competitive conditions, and so its
charges may not coincide with opportunity costs; private sector chargeswill
not be directly relevant to public sector circumstancesin that they will reflect
taxes, private sector interest rates, etc.; as we need the pattern of future,
as well as current, benefits, we have to allow for the effects of future technological changes in reducing alternative costs, and hence benefits, through
time. A further point arises when a new hydro-electric station provides a
proportionatelylarge net addition to the supply in a region. In this case the
alternative-cost principle would produce an over-estimate of benefits, and
we are forced back to a measure of what the extra output would sell for plus
1 To avoid double-counting, the loss of income through damage to property, etc., has to be
calculated at the lower level of use prevailing before the flood measures.

710

THE ECONOMIC JOURNAL

[DEC.

the increased consumers'surplusof its purchasers. Presumably a survey of
the potential market for the power will provide some of the needed information, but the difficultiesof making reliable estimates are clearly enormous.
We now turn to the case where a new hydro-electricstation has to be fitted
into a whole system.
The amount of power produced by a new hydro-electric station and the
times of year at which it will be produced depend not only upon the physical
characteristics of the river providing the power but also upon the cost
characteristicsof the whole electricity supply system and upon the behaviour
of the electricity consumers. The supply system constitutes a unity which is
operated so as to minimise the operating costs of meeting consumption
whatever its time pattern happens to be. Hence the way in which the hydroelectric station is operated may be affected by alterationsin the peakinessof
consumption, the bringing into service of new thermal stations and so on.
If we now try to apply the principle of measuring benefits by the cost
savings of not building an alternative station it follows from the system
interdependencejust described that the only meaningful way of measuring
this cost saving is to ascertain the difference in the present value of total
system operating costs in the two cases and deduct the capital cost of the
alternatives. A simple comparison of the two capital costs and the two
running costs, that is to say, will only give the right answer if the level and
time pattern of the output of each would be exactly the same. In general,
therefore, a very complicated exercise involving the simulation of the operation of the whole system is required (Turvey [84]), as, for that matter, may
be the case for other water-resourceanalysis (Maass [48]).
Finally, there is another point, emphasisedby Krutilla and Eckstein [43].
Even if two or more hydro-electricstations are not linked in the same distribution and consumptionnetwork, there may be productioninterdependence.
The clearest example is that when upstream stations in a river basin have
reservoirsfor water storage, this is highly likely to affect water flows downstream, and hence the generating pattern of stations in that area. If
technological interdependenceof this type is not internalised by having both
types of station under the same authority it will be necessary to have some
system of compensatory arrangement if we want to cut down resource
misallocation.
Schemes
(d) Multi-purpose
In practice, many river developments have a number of purposesin mind
-not only those we have dealt with above but also transportimprovements,
etc., as well. Obviously, the range of choice now becomes much wider.
Not only does one have to look at the cost-benefit data for, say, different
sized hydro-electricstations, but one also has to take different combinations
of, say, irrigation and navigation improvements. The calculations will also
be more complicated, in that the possibilitiesof interdependence are clearly
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multiplied, and so the warnings we have already uttered about the feasibility
of some calculations will be even more applicable. We shall have no more
to say at this stage on multi-stage projects, but simply make the final point
that these reflections are highly apposite in the case of projects such as the
Morecambe Bay and Solway Firth barrage schemes (providing for industrial
and domestic water supplies, transport improvements, land reclamation,
improved recreationfacilities, etc.), which are receiving a good deal of attention at the time of writing (in 1965).
2. TransportProjects

(a) Roads
A great deal of work has now accumulated on the principles and methods
of application of cost-benefit techniques in this field,2 ever since the first
experiments in the State of Oregon in 1938. We shall illustrate the arguments by references to the work done on the M1 in the United Kingdom
(Coburn, Beesley and Reynolds [14], Reynolds [70], Foster [27]), this
being a typical example of what one finds in this field.
The calculation of net annual savings was classified under four heads:
(i) those relating to diverted traffic; (ii) those to generated traffic; (iii)
savings in non-business time; and (iv) the effects of the growth of G.N.P.
Under (i) (diverted traffic) estimates were made of the likely net savings of
the traffic diverted from other routes to the MI, i.e., positive items, such as
working time savings of drivers, vehicle-usage economies, petrol savings,3
accident reductions,etc., together with negative items in respect of additional
mileages travelled on faster roads and maintenance costs of the motorway.4
In respect of generated traffic the argument is that the opening of the
motorway would in effect reduce the " price" (in termsof congestion and inconvenience of motoring) and enable demand which had hitherto been
frustratedto express itself in motorway usage. As it must be assumed that
benefits per vehicle-mile to frustrated consumers are of less consequence
than those to actual consumers (if not, they would not remain frustrated),
they were rated as half as great as the latter in the MI calculations.
Savings in non-business time were the third main ingredient. This
calculation involves many complications, to which we shall return in a
1 Although we shall not discuss air transport specifically, it might be noted that the cost-benefit
technique has been applied to government aviation expenditure (Fromm [30]).
2 For a general survey see T. E. Kuhn [44].
3 Valued at factor cost. We have discussed the logic of this point above (p. 693).
See also
J. Lesourne [46, Ch. 4].
4 It will be noted that no credit is given for the effect of road improvements in triggering off new
industrial development. Such an effect is: " an additional net benefit . .. only to the extent that
three conditions are fulfilled: (1) the specific investment would not have been made in the absence
of the highway improvement; (2) it utilizes resources that otherwise would have remained unemployed; and (3) it does not displace economic activity that otherwise would have taken place"
(Mohring and Harwitz [58, p. 55].
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moment. The fourth component was the introduction of a trend factor, to
allow for the long-term growth of G.N.P. and the effects on the demand for
road travel-an obvious ingredient of any calculation, whether relating to
private or public investment. The upshot of the combined calculations was
that the rate of return was of the order of 10-15%.
A number of comments can be made on these calculations. First, there
are the obvious statistical shortcomings which are recognised by everyone,
including the authors. Second, there are a number of minor omissions,such
as allowances for police and administrative costs, the benefits accruing to
pedestriansand cyclists, etc., the advantages of more reliable goods deliveries
(Foster [27], pp. 268 if.). Thirdly, there are some inconsistencies in these
particular calculations, in that on some occasions a long-period view seems
to be taken (e.g., when calculating the savings resulting from reductions in
road vehicle fleets) and on others a short-period one (e.g., in assessing the
benefits of diversion of traffic from the railways). Much more important
than these points are the savings due to accident reduction and to economies
in travel time, where important logical and practical issues arise. On the
first of these, the economic benefits of a fall in the amount of damage to
vehicles and to real property, the work done by insurance companies, the
work of the police and the courts are simple enough. It is the loss of production due to death or, temporarily,to accident or illness which raisescomplications. However, these complications are exactly the same as those raised in
cost-benefit studies of health programmes, and so it will be convenient to
leave discussion of this general topic until we reach that heading.
This leaves us with the problem of valuing time savings; as these savings
often form a very high proportionof total estimated benefits of road improvements, they are extremely important. Unfortunately, these calculations
have not so far been very satisfactory.
Whatever the valuation procedurefollowed, it is necessary to assume that
one time saving of sixty minutes is worth the same as sixty savings each
lasting one minute, since estimates of the value of time savings of different
lengths are unobtainable. On the one hand, it is clear that some short-time
savings are valueless, since nothing can be done in the time saved. On the
other hand, however, there are cases where the extra time makes possible
some activity which would otherwise be precluded, as, for instance, when
arriving a little earlier at a theatre means that one does not have to wait until
the interval to gain one's seat. Similarly, the value of an hour gained may
depend partly upon when it is gained. Fautedemieux,such variations have
to be ignored and an average treated as meaningful.
It is customary to distinguish between working time saved and leisure
time saved, valuing the former at the relevant wage-rate, e.g., drivers'wages
in the case of buses and lorries. The argument is simply that this is what the
worker's time is worth to his employer. As Winch has pointed out [89,
p. 73], this raises certain difficulties: if the driver does the same work as
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before, the gain is a matter of his having more leisure, while if he works the
same hours as before and does more work, the value of his marginal net
product may fall. The first point matters only if leisure time is valued
differently from working time, as Winch points out, but the second is
awkward, if only in principle.
The various methods that have been proposed for valuing leisure time all
rest upon the observation of choices which involve the substitution of leisure
for some other good which, in contrast to leisure, does have a market price.
Leisure can be substituted:
(i) for wages, net of tax, by workers;
(ii) for transport expenditure, by those who travel in their own
time and are able to choose between alternative speeds of travel either
directly (as drivers) or indirectly (e.g., train versus bus);
(iii) for housing and transport expenditure, by people who can
choose the location of their dwelling in relation to that of their place of
work, and hence determine the length of the journey to work.
Each of these approaches has its difficulties. One difficulty which is common to all of them is that the substitution rarely involves just leisure and
money; for example:
(i) A man may refuse to work an extra hour for an extra J1, yet
value leisure at less than Jl because extra work involves missing a bus.
(ii) The driver who pays a toll and alters the running cost he incurs
in order to get to his destination faster by using a toll-road is buying
not only a time-saving but also the pleasure of driving along a restricted
access highway. (A separate and trickier problem is that he may not
know the true effect of the change in route and speed upon his car's
running costs.)
(iii) A house nearerwork may be in a less or more attractive environment.
These problems are surveyed in Winch [89]; Mohring [57] presents the
theory underlying the approach via land values and shows how difficult it is
to apply in practice; and Moses and Williamson [59] discuss the related
problem of passengers' choice between alternative modes of transport and
list American applications of the approach via toll-road utilisation. A recent piece of research in the United Kingdom (Beesley [2]) produces valuations of time savingson journeys by public transporton the basis of comparing
different combinations of cash and time outlays for given journeys; by
substituting this result into the comparison of public and private transport
opportunities, an estimate of the valuation of time savings by private transport is obtained. It might be noted that those investigationsyield markedly
lower estimates than those quoted on previous occasions in the United
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Kingdom (e.g., Foster and Beesley [28], Reportof Panel on Road Pricing [55]).

So, at the very least, one can say that there are major unknowns which may
or may not prove tractable to further analysis.
So far we have made no mention of the many American studies of the
impact of road improvementson by-passed shopping centres, on the value of
adjacent property and on the pattern of land use. This is because, as
Mohring and Harwitz [58, pp. 132-3] explain, these " studies suffer from
either or both of two shortcomings: (1) they have concentrated on measuring
benefits to specific population groups, and have done so in such a way that
net benefits to society as a whole cannot be estimated from their results;
and/or (2) they have concentrated on measuring highway-related changes
in the nature and locus of economic activity and have not isolated those
aspects of change that reflect net benefits."
We have concentrated on the application of cost-benefit analysis to a
major motorway construction. The same general principles apply in other
types of road investment, ranging from the " simple " kind of case such as
the Channel Tunnel or the Forth Bridge 1 to the far more complex network
problems such as the whole transportsystem of a metropolitan area. If one
wishes to include the BuchananReport[56] notion of " environment" 2 in the
calculus for urban road improvements the estimation process is likely to
become very complex and laborious, if indeed it is feasible at all. The
Report's own attempt to give an empirical filling to the idea is perfunctory
in the extreme,3 but Beesley and Kain [4] have proposed the principle of
" environmental compensation " as an operational way of taking some
account of environmental benefits and disbenefits in allocating budgeted
expenditure on urban roads.
Finally, one might take note of the work of Bos and Koyck [7]. They
construct a complete general equilibrium model of a simple economy with
three geographical areas and four goods. This involves a series of demand
equations, technical equations, supply equations and definitional equations.
They show that a reduction in transportcosts between two of these areas will
raise national income by much more than the customary estimate of benefits,
i.e., the saving of transport costs of existing traffic between these areas plus
half the cost of saving for the generated traffic. The essential point is that
there is a much fuller allowance for ramifications, e.g., they not only allow
for the effects on goods transportedbut also on goods not transported. This
system, of course, requiresknowledge of all the demand and supply equations
in the economy, so is scarcely capable of application by road engineers. It
does, however, serve to remind us of the limitations of partial analysis.
SeeJ. M. W. Stewart " For Whom the Bridge Tolls," New Saltire Magazine, August 1962.
" The idea of a place, an area or even a street which is free from the dangers and nuisances of
motor traffic " (op. cit., p. 37).
3 The illustration on p. 214 [56] of the applications of cost-benefit analysis in the context of the
Report's principles is based on purely hypothetical data.
1
2

COST-BENEFIT ANALYSIS:

1965]

715

A SURVEY

(b) Railways

Railways have received a great deal less attention than roads from costbenefit analysts, perhaps because they have, relatively if not absolutely, been
a contracting sector of the transportindustry in many countries. However,
there have been two railway projects which have attracted attention in the
United Kingdom in the last few years, and brief reference to them may be
sufficient to illustrate the general principles.
In their well-known study of the new Victoria underground line in
London, Foster and Beesley [28] followed much the same principles as those
employed in cost-benefit studies on the roads. The main benefits were time
savings, cost savings (e.g., private vehicle operating costs), extra comfort and
convenience, and a variety of gains to Central London resulting from an
effective widening of the catchment area. These benefits were distributed
among the trafficdiverted to the Victoria line, the trafficnot so diverted and
generated traffic. But by and large, gains by generated traffic were unimportant compared with the other two categories; and of the various
categoriesof savings, time savings amounted to almost half the total. When
compared with the totality of costs involved in constructingand maintaining
the line over a fifty year period it was found that there was a " social surplus
rate of return " 1of something of the order of 11%,the precise figure depending on the rate of interest chosen. The reasons why this rate of return is
much greater than any financial or accounting return were said to be twofold: first, that London Transport'spolicy of averaging fares over different
modes of travelling from one place to another meant that potential money
receipts would underestimate benefits, and second, that potential revenue
was reduced by the fact that road users are not charged the full social cost
of the resourcesthey absorb.
Although the proposals in the Beeching Report [10] for closing down
sections of the United Kingdom main-line railway system were not couched
in cost-benefit terms, various commentators (e.g., Ray and Crum [67]) have
looked at these aspects. The financial savings of the measuresin view can be
classifiedunder four heads: improved methods of working, increased charges
to some particular users (e.g., National Coal Board), the savings from closing
commuterlines and the savingsfrom rural closures. The firstof these clearly
represents a social as well as a financial saving, and need not detain us
further. The second is more debatable; raising charges does not as such
save any real resources,but it is possible that it would stimulate some savings
of cost, and so to that extent would involve a social gain. In so far as the
closure of commuter lines leads to further road congestion in large cities, the
social saving is likely to be very small indeed, if anything at all. Finally, the
closure of rural lines involves questions such as redundancies of specialist
labour in out-of-the-wayareas, extra road maintenance, more road accidents,
1 Defined as " total benefits less costs other than interest charges as a return on the capital
invested, averaged over the whole period of operation and construction."
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lengthier journeys, etc. We are not concerned with the details of such
calculations, but it might be noted that the overall result of Beeching would
seem to be a substantial saving in real terms, even if not quite as large as the
financial one. This does, however, leave out many intangibles, such as the
more indirect and longer-term effects on particular regions, e.g., the North
of Scotland; and no one, to our knowledge, has suggested any unique and
convincing way of quantifying and incorporating such repercussions in the
analysis.
To summarise, the principles developed in the analysis of road improvements can fairly readily be applied to railway investment and in the assessment of the overall consequences of railway closures. As before, time savings
are an important item in many cases, and to the extent that we are still very
ignorant of how to crack this hardest of nuts, we are still in a position of
intellectual discomfort.
(c) Inland Waterways
A good deal of work has been done in the United States on
of benefits from new canals or from rendering an existing
navigable. It has been discussed especially by Eckstein [20]
[68, 69]. This is of interest both for its own sake and for the
on other transport fields.
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Let us start with some points first made by Dupuit [19] and raised diagrammatically by Renshaw [68, 69]. Let DD in Fig. 2 be the d emand curve
for transport of a given commodity along a specified route and OFr be the
present rail freight rate. Then FrR will be the existing volume of traffic.
If a canal were built and the barge freight rate were OFb traffic would expand
to FbB and the gain to shippers would be FrRBFb. This can be approximated
by multiplying the existing volume of traffic FrR by the unit freight saving
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FrFb, and this is the procedure followed in practice, e.g., by the United States
Corps of Engineers.
We now bring in complications.
1. The gain to shippers will not measure social gain unless freight rates
adequately reflect marginal social costs. The main reason why this may not
be so is that railways are frequently subject to regulation. Thus, if the
freight receipts of the railway from the traffic in question exceed its avoidable
costs, part of the gain to shippers is merely a transfer from the railway's
owners, and must be deducted to obtain a measure of the social benefit from
the canal.
2. The single demand curve of the diagram is a legitimate construction
only when neither canal nor railway are part of a network and only when they
both link exactly the same points. If neither of these conditions is fulfilled a
more complicated construction is required, since total system rail traffic and
total system barge traffic are both functions of both rail and barge freight
rates (including shippers' terminal costs). The net gain to shippers who
direct traffic from rail to a canal joining points A and B will differ from the
simple product of the freight rate differential between A and B and the
number of tons of freight diverted to the canal because:
(i) There may be a saving or gain in transport costs beyond A and
B. Consider, for example, traffic from A to C; this may previously have
gone by rail all the way without going through B.
(ii) There may be a saving or gain in costs other than freight. Thus,
if canal is slower than rail more working capital will be required.
(iii) The railway may cut its freight rate in response to competition
from the canal, so reducing the amount of traffic diverted. This is
discussed by Eckstein [20] with examples.
Taking these three complications into account we find that the social
benefit from the canal (gross of its costs) equals:
The saving in railway system costs
Less barge costs
Less increase in shippers' other costs
Plus the value to shippers of generated traffic on the canal.
This amount will be less than the product of the diverted traffic volume
and the rail-canal freight rate differential unless the consumers' surplus on
generated canal traffic outweighs any excess of railway rates over avoidable
costs, any deficit between canal freight rates and barge costs and any
increase in shippers' other costs. Thus, except where traffic generation is
expected to be large, multiplying the rate differential by traffic diversion
may exaggerate benefits.
An example of the application of these techniques in a particular case
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relates to a cross-Florida barge canal.' The following figures were produced:
$000 per annum.
Corps of
Engineers.

Item.
Amortisation,- interest, maintenance .
.
.
.
Transportation savings
.
Commercial fishing boats' benefits
Contractor's floating equipment benefits
.
.
New vessel delivery benefits
.
Recreational boating benefits .
.
.
.
Flood control benefits
Enhancement of waterfront land values
.
.
.
.
Benefit-cost ratio

.
.
.
.
.
.

.
.

.

5,960
6,980
70
30
110
110
240
590
120

Consultants'
evaluation.
8,235
1,102

0
0

0

0
0
0
0-13

To what extent the divergence is due to the facts that the Corps likes to
build canals and that the consultants were retained by the railroads, and to
what extent it is due to the intrinsicimpossibilityof making accurate estimates
is left entirely to the reader to decide!
3. Land Usage
(a) UrbanRenewal
The application of cost-benefit analysis to proposals for redevelopment
projects in towns has been discussed by Rothenberg [71] and by Lichfield
[47], both of whom have provided partial examples. The problem is complicated by the large number of types of people or institutions involved in
urban development. Thus, the public acquisition of all private property
in a slum area which is then redeveloped may involve more than one public
agency, the dispossessedproperty owners, dispossessedtenants, owners and
tenants of property adjacent to the redevelopment area, owners and tenants
in other areas affected by the search for alternative accommodation on the
part of the dispossessed tenants, potential developers and tenants of the
cleared area and, finally, the population of the town at large, both as taxpayers who meet some of the cost and (more indirectly) in so far as they
suffer any adverse social consequence from the slum.
Lichfield is primarily concerned to show how all the costs and benefits to
all affected parties can be systematicallyrecorded in a set of accounts. The
arguments in favour of proceeding this way instead of by simply listing and
evaluating the net amount of each type of cost or benefit are threefold. First,
starting on an all-inclusive gross basis and then cancelling out to obtain net
social benefits and costs insures against omissions. Second, the financial
consequencesof any project are sometimes important, and it may need to be
redesigned in the light of the distribution of benefits and costs so as to compensate parties who would otherwise stand to lose from it, securing their
1 United States Senate hearings on Public Works Appropriations, 1963; Civil Functions,
Department of the Army, Part 2, p. 1881.
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support for it. The notion of compensation is familiar enough in welfare
economics; here is a case where it can be important in practice. Third,
whether or not financial transfersare used to affect the final distribution of
net gains, that distribution will often be relevant to choice. In practice,
that is to say, for good or bad reasons, the attitude of a county council or
similar body towards a scheme will depend upon who gains as well as upon
how much they gain. As the client of the cost-benefit analyst, it will therefore want to know more than just the total net figures.
Rothenberg discusses those types of benefits from urban development
projects which involve slum clearance (mentioning other, aesthetic, considerationsin a footnote). The firstis the " internalisationof market externalities," which we discussin a moment, the second is the effect on real income
distribution and the third consists of the reduction in fire risks, crime and
other social consequences of slum living.
By internalising market externalities, Rothenberg is thinking of the
improvement of efficiency in resource allocation which can be achieved
when a neighbourhood is regarded as a unit where previously each of the
separate owners in it had paid no regard to the adverse effects upon other
owners' property of the inadequate maintenance of his own. Leaving aside
a property tax complication which arises in the United States, Rothenberg's
basic suggestion is that the social gain is measuredby the increase in the total
site value of the redevelopment area (" the value of the increased productivity of the land on the redevelopment site ") corrected for any change in
locational advantages brought about by redevelopment plus any increase in
the value of propertiesadjacent to the redevelopment area resulting from its
physical improvement (i.e., technological externalities). The nature of the
locational advantages is not very clear, and the convenient assumption that
the sum of locational effects in the town as a whole is zero requires a good
deal of justification.
Another difficulty relates to the increment of site values. The relevance
of site values after slum clearance is obvious enough, since these values are
the capitalised values of the rents to be had from the new buildings which are
most appropriate,lessthe present value ofthe costsof erecting and maintaining
those buildings. But the relevance of site valuesin the absenceof a redevelopment scheme is not so clear.
A second difficulty with Rothenberg's expositions is that the illustrative
example of his technique is an ex-postone. This introduces problems which
are irrelevant to the ex-ante calculations that are required if the technique is
ever to be of use. How different an actual past change in land value would
have been if things had been different, that is to say, is no concern of the man
making forward-lookingestimates. His problem is to estimate how much
the site would sell for if not only it but also all the surroundingsites were to be
redeveloped. The way to answer this question is surely to start with an
estimate of the rental or selling value of new accommodation in the improved
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area and then deduct for building costs. But does this not require the art
of the valuer as much as the science of the economist or econometrician?
(b) Recreation
The problem of estimating and valuing recreationalgains or lossesdue to
projects has received a good deal of attention in the United States, where
much of the discussion has been usefully surveyed by Clawson [12]. An
example of the problem is provided by the conflict between the provision of
hydro-electric power and the preservation of the salmon runs in the Pacific
Northwest (though this involves commercialfishing as well as sportsfishing),
while the gain to pleasure-boating from harbour improvements constitutes
another case.
The principle is clear enough: what is needed in any particular case, on
the benefit side, is measurement of the demand curve for access to the
recreational facility in question. In practice, however, the choice has often
lain between getting a figure by the wrong method and not getting one by
the right method. Thus, Crutchfield [15] lists four invalid techniques that
have been used in the case of sports fishing.
(a) The argumentthat recreationalfacilities should not, in principle,
be measured in money terms and that some level of provision should
thus be arbitrarilyset regardlessof competing demands.
(b) Expenditure on providing and using the fishery. This merely
measuresthe size of the sport fishingindustry, but providesno indication
of the loss that would be sustained if it disappeared.
(c) Imputing to sport fishing the market value of the fish caught,
which implies that the angler is simply out to get some food.
(d) Valuing anglers' fishing time at the earnings the anglers could
have acquired by working. This implies, among other things, that
every hour spent in any kind of recreation is equally valuable.
The method proposedby Clawson [12] and Trice and Wood [82], though
statistically dubious, in practice does at least attempt to get at an imputed
demand curve. The basic idea is to deduce the amount of usage at different
" prices" from data of differential travel (and other) costs actually incurred
in utilising recreationalfacilities. If visitors to a recreation area come from
a series of concentric zones one can reasonablypostulate that anyone coming
from the nearest zone enjoys a consumer's surplus which can be measured
by the difference between his travel costs and those incurred by a man
coming from the farthest zone. (There is an implicit assumption that the
inner-zone resident derives as much satisfactionfrom a visit as the outer-zone
man, but in a situation where approximationshave to be made this does not
seem too wild a one.) It is understood that this notion is due basically to
Hotelling, and that use has been made of it in an Upper Feather River basin
study. Unfortunately, it ignores the point that part of the consumers'surplus derived from proximity may be swallowed up in residential rent.
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(c) LandReclamation
A Dutch paper [41] describesthe use of cost-benefitanalysisfor evaluating
land-reclamation schemes. The particular points singled out are the insistence that one must not overlook related investment expenditure (e.g., for the
manufacture of raw materials for use on reclaimed land or for processing)
and the corresponding returns, the use of foreign exchange shadow prices
for such calculations as the expected saving in imports, allowances for harm
done to fisheriesand for benefits to road traffic and a general recognition of
the widespread nature and importance of intangibles (" indeterminables "
in Dutch-English). This is in no sense a complete listing of the relevant
variables, but may be sufficient to savour the flavour of the dish.
4. Health
The major purpose of health programmesis to save lives and reduce illness, and on this score there is some overlap with flood-preventionand roadimprovement measures. There are no special problems which relate to the
estimate of the costsof such programmes,and the special problem of quantifying their effects is a matter for engineers and doctors rather than for economists. The interest of the latter is thus concentrated on the problem of
valuing the benefits per life saved or per illness avoided, and this is all we
shall consider here. And even within this limited area, we shall devote most
of our time to the former. Our task is aided by the work of Weisbrod [86],
and the useful surveys of Mushkin [62] and Klarman [42]. It might be
further noted that this subject is a well-established one, having attracted the
attention of Irving Fisher many years ago [26].
Before exploring the conceptual problems, it should be noted that some
of the differences between authors in the way they estimate benefits stem
from differencesin the availability of statisticsrather than from differencesin
what the authors would like to measure if they could. Thus, some of the
simplificationsin Reynolds' classic paper [70] on the cost of road accidents
were surely dictated by statistical exigenciesrather than by considerationsof
high principle. This paper at least has the merit that after calculating the
average costs in 1952 of various consequences of accidents (death, injury,
property damage, insurance, administrative costs) the author went on, in an
appendix, to show how his results could be used to estimate the purely
economic benefits that would have accrued from new pedestrian crossing
regulations and from adequate rear lighting on all vehicles and cycles.
A death avoided means that a loss of production may be avoided. Thus
the present value of this is an economic benefit to be credited to the measure
responsiblefor saving life. The first step in estimating it is to ascertainwhat
the average person whose life is made safer will earn over the rest of his life.
This depends upon age at death, the probability of survival to each higher
age, the proportionof people at each age who will both be in the labour force
and employed and their contribution to production at each age.
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(a) Age at death of those whose lives would be saved can be assumed
to equal the average age of all those who die from whatever it is, unless
the proposed life-saving expenditure obviously discriminates between
age groups.
(b) The probability of survival to each age can be calculated from
a life table for the group at risk, which should be amended to take
account of any projected changes in its age-specific death-rates.
(c) Participation rates have to be forecast. It is generally agreed
that the appropriate unemployment percentage to assume is that
correspondingto " full employment." 1
(d) The earnings of a person are usually taken as a measure of the
value of his marginal product, average product being obviously too
high. Since it is future earningswhich are relevant, the trend of growth
in earnings should be allowed for if the analysis starts with figures of
current earnings.
In practice, Weisbrodwas able to constructestimates only for all men and all
women and not for any particular group at risk, on account of data limitations. He and Reynolds both took earningsin a recent year without making
any addition for future productivity increases.
The question whether housewives' services should be included as lost
production has produced some discussion. Since there can be no question
but that the loss of these services does impose a cost upon the survivors, it
would sometimes bias choice to disregard the services of housewives in calculating production loss. As Klarman [42] points out, the distribution of
diseases between the sexes is not uniform, so that the relative economic
benefits of different health programmeswill be affected by the weight given
to housewives'services. What is really at issue, therefore,is how to measure
their value, not whether to measure it. One possibility is to estimate their
opportunity cost, i.e., what housewives could earn in paid jobs (net of taxes
and extra expenses), since this provides a minimum estimate of what the
services are worth to the family. Alternatively, replacement cost, i.e., the
cost of a housekeeper, could be used. Weisbrod [86] develops a very ingenious measure along these lines, where the value of a housewife's services
is an increasing function of the number of other persons in her family.
Neither measure can be accurately estimated in practice.
An even larger question is that of consumption. If society loses the
production of the decedent, does it not also gain by not having to supply his
1 As Selma Mushkin puts it: " One obvious reason for using the simplifying assumption of full
employment is that, unless we do, we cannot arrive at any definite concept of what the resource
gain is. Apart from this, however, the fact that production losses resulting from poor health cannot
be realized in an unemployment situation should be attributed to unemployment, not to ill health.
Unemployment has its own cost, which in effect may cancel out reductions in the cost of sickness,
but for analytical purposes it is necessary to distinguish between the two. We therefore measure the
gains of disease eradication or cure in the assumed absence of costs of unemployment, recognising,
however, that unemployment itself may have an effect on the incidence of illness " [62, p. 138].
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own consumption? The answer is a matter of definition. If society is
defined to exclude the decedent, the loss is confined to the wealth he would
have accumulated and the taxes he would have paid less the transfers he
would have received, and would be borne partly by his heirs and partly by
the Government on behalf of all other taxpayers. It thus constitutes the
amount which society so defined would find it worthwhile to pay to save his
life (leaving aside all non-materialistic considerations for later discussion).
Now the society whose representatives decide whether or not to undertake a
measure which would save lives includes those people who may lose their
lives if the proposed measure is not undertaken. Hence, so the argument
might run, society is relevantly defined as including the prospective decedent,
and his consumption is part of the social loss contingent upon his death.
Those, like Weisbrod, who take the line that consumption should be deducted have to face the problem of estimating it, and Weisbrod does so with
commendable ingenuity [86, Appendix I]. He argues that marginal rather
than average consumption is relevant, and measures this as the change in
family consumption with a change in family size, given income. Using
family budget data, he calculates for each age bracket a weighted mean of
the marginal consumption of persons in mean-income families of all sizes.
It is only fair to add that he is far from dogmatic about the virtues of this
approach.
Whether or not consumption is deducted, the economic value of a life
saved varies according to a variety of factors, including age (it rises during
childhood and falls after a certain age because of the twin influences of life
Other things being equal, therefore,
earning patterns and discounting).
these calculations are worth undertaking only if we believe that more resources should be devoted to saving a more " productive " life than a less
" productive " life-e.g., the average man in preference to the average
woman of the same age, a white Protestant American in preference to a
coloured one, the average Englishman rather than the average Scot, a young
worker rather than a baby.
To put the question this way outrages many people's feelings who do not
see that the " other things " which are here assumed " equal " include
one's estimate of the moral worth and human value of the different people
and of the sorrow caused by their death. Without taking any position,
therefore, we pass on to consider the non-economic value of a human life.
By this we mean merely the amount which it is worth sacrificing in economic
terms to save a life. It is less than infinity (since there are avoidable deaths),
it exceeds zero (since money is spent to save lives) and it is worth ascertaining
(in so far as consistent decision-making implies such a value).
The problem has been discussed by two French authors (Thedie and
Abraham [81 ]) with a certain Gallic elegance which does not entirely conceal
the (necessary) arbitrariness of their procedure. They speak of " affective "
loss and distinguish: affective injury to the family, affective injury to the
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rest of the nation,pretiumdolorisandpretiumvivendi,the last two corresponding
to the prospective decedent's aversion to suffering and death respectively.
Court judgments, they consider, " should . . . make it possible in each

country to obtain an average opinion as regards the sums to be spent to
avoid the various affective losses."
Estimates of the benefits to be had from reducing illness, relating to
particular diseases, offer no new problems of principle but involve great
statisticaldifficulties. Mushkin [62] discussessome of the principles, making
the useful distinction between the effects of disability (e.g., loss of working
time) and debility (e.g., loss of capacity while at work). Weisbrod [86]
and Klarman [42] also raise valuable pointers. But the fundamental difficulty-and this affects the loss through deaths arguments too-is that of the
multiplicity of variables-when there are manifold influences at work on
life-expectancy, productivity and the like, how can one hope to sort out the
unambiguousinfluence of a particular health programmeor any other single
causative factor?
Finally, mention should be made of a different approach to all those
problems, even though, as far as we are aware, it is not one which has been
pursued. This stresses that the problem is essentially the ex-anteone of
deciding how much to spend in reducing various kinds of risk. Since people
in their private capacities do incur costs to reduce risks to which they and
their children are exposed, it is conceivable that their valuation of diminutions in risk could be inferred from their behaviour.
5. Education
Although there is a rapidly growing literature on the economics of education, not all of it falls within our purview. Thus, attempts to include human
capital as a factor of production in quantitative analyses of the sources of
economic growth scarcely qualify as cost-benefit analysis, despite their
present-dayinterest. We are primarily concerned with studies which might
assist policy-makersin choosing where and how to increase expenditure on
education. These studies concentrate on the costs of education, including
imputed earnings foregone and on those benefits of education which take the
form of higher incomes. The statistical necessity for these limitations is
obvious, and so most authors who have dealt with the subject have felt
obliged to discuss the items which have been omitted. Blaug [5], Bowman
[9] and Weisbrod [87], for example, have provided elegant accounts of some
of the unmeasured benefits.'
Here we confine ourselves to what can and has been measured. Since
1 E.g., Weisbrod [87] classifies external benefits into residence-related (e.g., mothers who are
able to go out to work when children are at school), employment-related (e.g., mutual benefits conferred by employees in a factory) and those which accrue to society in general. The width of the
last category obviously depends on the angle of view: international benefits (allowing for migration)
are greater than national, and the latter in turn greater than regional, for the same reason.
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successiveauthors all improve and refine upon the work of their predecessors
we need refer only to three recent contributions, those of Becker [1], Lee
Hansen [33] and Hunt [39]-at least so far as recent American work is concerned.
Becker summariseshis work as follows:
"In chapter V attention is focused on the social gain from college
education as measured by its effects on national productivity. The
major difficulty here, one that always plagues economists, is in measuring the benefits and costs to society that are not captured or borne by
college-educated persons. All that could be done was to derive-on
the basis of crudeinformation-lower and what is best labelled' possible '
upper limits to the social rates of return, limits that unfortunately are
wide apart. The more reliable lower limits thus derived do not differ
much from the private rates of return, but the upper levels are almost
double the latter. In the same chapter it is shown that private rates of
return on college education exceed those on business capital. The
evidence is insufficient to decide whether this, or the converse, is true
of the social rates."
Hansen, building on earlier writings by Miller, Houthakker, Schultz and
others, calculates internal money rates of return for successive stages of
education. These rates of return are those which make the present value of
the cost and return streams equal and are calculated both for social and for
private money costs and returns. Social costs include:
" (1) school costs incurred by society, that is, teachers' salaries,
supplies, interest and depreciation on capital; (2) opportunity costs
incurred by individuals, namely, income foregone during school attendance; and (3) incidental school-related costs incurred by individuals,
for example, books and travel. Private resource costs include the same
three components except that in (1) above tuition and fees paid by
individuals are substitutedfor society'scostswhich are normally defrayed
through taxation " (op. cit., p. 130).
Returns are estimated from cross-sectiondata of the incomes of individuals classified by age and education. The differences between the crosssection income streams of people with varying levels of education are attributed to the differences in education levels. (Before-tax figures are taken
as social returnsand post-tax figuresas private returns.) By postulating that
these observed relationships will endure for half a century or so, and by
adjustingfor the incidence of mortality, time streamsof the extra incomes due
to different levels of education are thus obtained. It may be noted, incidentally, that we are not only dealing with a very long pay-off period but also
with a situation where returnsmay be negative in the early years (Blaug [5]).
The obvious holes in this procedure have not escaped our authors, but it
may be as well to list some of these difficulties. First, there is the danger in
using a currentcross-sectionanalysis to predict a future time series. Second,
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there is the question whether incomes reflect marginal productivity sufficiently well to be used as a measureof social returns. Both of these problems
are examined by Blaug [5]. Third, there is the complication suggested by
Weisbrod [87, pp. 109 ff.] that the value of extra education includes the
value of the option which it confers to obtain still further education. From
a social point of view, the principle of the matter is clear: to extend someone's education from a leaving age of, say, sixteen, to one of seventeen either
will or will not be followed by a further extension to eighteen. If it is, we
must relate the cost of two years' extra education to the returns from two
extra years; if it is not, only the costs and returns of the single extra year are
relevant.
A fourth major difficulty in the estimate of returns to extra education is
perhaps the most formidable of all: that income depends on other variables
besides age and education. This leads us straightaway into the complications of multivariate statistical analysis. Becker [1] points out that he has
partly met the problem by calculating separate rates of return from college
education for white male graduates, non-whites, women and rural persons.
He also takes up the particular problem arising from the correlation between
ability and education, adducing " limited quantitative evidence ... (which)
suggests that this correlation explains only a small part of the apparently
large return." Hunt [39] has used multiple-regression techniques to ascertain the effect upon the earned incomes of some 9,000 male college
graduates in 1947 of a large number of variables, including measures of (or
proxies for) ability, expenditure per pupil, size of college, parents' education,
type of occupation and region. The results are then applied to calculate
rates of return from additional college expenditure per undergraduate pupil
and from graduate education. The confidence intervals of these estimates
are very wide, but at least it is made abundantly clear that correction for
other determinants of income is very necessary.
All the difficulties in rate-of-return calculations just discussed have recently been examined by Blaug [5]. He provides a most useful list of various
factorswhich tend to produce biased estimatesof the rates of return and points
out that the bias is mostly downward.
Research into rates of return in education has not been entirely confined
to academic education. Thus, Borus [6] has recently examined the retraining of unemployed workers. He obtained data from interviews with
373 Connecticut workersinvolved in retraining and used multiple-regression
techniques to compare the experience of those who used their training with
that of those who did not. He examined benefits and costs to the workers,
to the Government and to the economy as a whole. Like others, he
" solves " the choice of discount rates by taking two limiting cases, a rate of
5% (the rate at which a worker might lend his savings) and one of 15% (a
borrowing rate for workers).
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6. OtherFields
Cost-benefittechniqueshave been applied in a number of other fields, but
there are only two which we shall mention specifically-Research and
Development, Defence. Coverage of these two areas under one single
heading should not be taken to mean either that we think they are unimportant or that there is not much work of interest to survey, or that the problems
are identical under each heading. The point is simply that no new issues
of general principle seem to arise, and so from our point of view they can be
held to exemplify further some of the topics we have already discussed.
There is a rapidly burgeoning literature on the economics of researchand
development, and some specifically relates to the cost-benefit calculus associated with it (see, for instance, Griliches [31], Nelson [64], Williams [88],
Scherer [75]). But in reading it, one is struckby two things: one is the uncertaintyand unreliabilityofcost estimatesforparticularresearchprogrammes
and the second is the extraordinarilycomplex nature of the benefits resulting
therefrom. Anyone living in the United Kingdom is very familiar with the
belated discoveriesby government departments that particular programmes
of development (especially military ones) have cost far more than anticipated.' And although there are some examples of quantitative assessments
of benefits-among which Griliches' paper is absolutely outstanding-one
cannot help feeling that the multiplicity of benefits and their diffusion
among recipients will normally be such as to prevent precise quantification.
On defence, there has been a considerableliterature, ever since that most
public of all unpublished works-the proposals by Lerner for running the
United States part of the Second World War on market principles.2 It is
customary (McKean [54], Hitch and McKean [38]) to single out three ways
in which cost-benefit techniques can be applied. First comes the allocation
of resourcesbetween major missions,e.g., conventional v. nuclear armaments.
Second, there is the choice between different weapon systems to achieve any
given mission, e.g., land-based v. sea-borne nuclear weapons. Third, there
is the assessment of the relative merits of different military research and
development programmes. The third of these has been covered as part of
researchand development in general, and so we need say no more about it.
As for the first and second, we seem to end up in a " one hoss-shay" kind of
situation where costs but not benefits are susceptible to economic analysis.
There is obviously no objective way of comparing different military aims;
Scherer's proposal [75] to assemble the brass-hats together and apply a
sophisticated ranking technique (to projects, not people!) to sort out the
priorities arising from their collective wisdom is one which is hardly likely
1 It could presumably be argued that the range of uncertainty is reduced by virtue of the fact
that programmes never seem to cost less than anticipated; but that is of more intellectual than
financial comfort.
2 A. P. Lerner, " Design for a Streamlined War Economy "; for a summary see Hitch &
McKean [38], pp. 222-4.
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to appeal to the military themselvesor to their political masters. This means
that we are really left with the second category only-that of finding the
least-costmethod of reaching a particular target or fulfilling a particular task.
This is obviously very important, but it cannot be said to be an exercisein all
the ramificationsof cost-benefit analysis. No doubt there have been many
exercises of this kind, but in the nature of things they are not publicly
available.'

IV. CONCLUSIONS
Wide divergences of view have been expressed about the role and usefulness of cost-benefit analysis. Thus, at one extreme we have the following: 2
" We have begun to grope our way towards a practical concept of
economic planning which may prove in a few year's time to be as

revolutionary in its policy implications as was the Keynesian revolution
in economics thirty years ago. It also originated, many years ago, with
a Cambridge economist: Keynes' contemporary Pigou. It is the
concept of social costs and benefits.... This leads to the revolutionary
concept that we can actually add up the social costs and benefits, in
money terms, by asking what value people would themselves put on
them. We can then express them as a rate of return on capital, as an
ordinary capitalist would, and so determine our investment rationally,
from the point of view of the community as a whole, just as the capitalist
can now do from his private point of view."
Against this exaggerated view, Arthur Smithies concluded in 1955 [78]
after a somewhat sceptical appraisal of the usual evaluation methods:
" The foregoing discussion leads to two major conclusions: First,
judgment plays such an important role in the estimation of benefit-cost
ratios that little significance can be attached to the precise numerical
results obtained....

Second, competition is likely to drive the agencies

towards increasingly optimistic estimates; and far from resolving the
organisational difficulties, computation of benefit-cost ratios may in
fact make them worse " (op. cit., pp. 344-5).
These quotations make it clear that one can view cost-benefit analysis as
anything from an infallible means of reaching the new Utopia to a waste of
resources in attempting to measure the unmeasurable. It is now our task to
assess whether the divergences from the upper limit are likely to exceed those

from the lower one, or vice-versa-a cost-benefit analysis of cost-benefit
analysis, as it were.
There are obviously two very different sorts of limitations to the potential
usefulness of cost-benefit-those

of principle and those of practice.

On the

1 It should be noted that the example in Hitch and McKean [38, p. 155] is an illustrative

application only. See also Schlesinger [76] for a fairly sceptical appraisal of the quantitative
possibilities in this general area.
2 P. Hall, Labour'sNew Frontiers(London: Andre
Deutsch, 1964), p. 173).
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whole, we shall concentrate on the former. Statistical deficiencies differ
greatly from one country to another; they also have a habit of being remedied
over time. It would therefore seem much more profitable at this stage of a
general survey article to concentrate on the fundamental difficulties of
principle which are likely to remain however much our statistical sourcesand
techniques improve over time.
It is clear from our survey that the benefit side poses many more problems
than the costs side, and so we shall largely concentrate on that. We have
already made the distinction between the enumerationand the evaluationof
benefits, and so this will serve as a convenient point of departure. As far as
enumerationgoes, when there are many diverse types of benefit from a project
and/or many different beneficiariesit is difficult to list them all and to avoid
double counting. This is one reason why it is so much easier to apply costbenefit analysis to a limited purpose development, say, than it is to the research and development aspects of some multi-purpose discovery, such as a
new type of plastic material, or new mode of transport, such as the Hovercraft.
On the evaluationof benefits, there are several layers of difficulty. First,
there is the point that we are trying to measure surpluses, and this immediately takes us into the vast jungle (not to mention jungle warfare) of the
measurabilityof utility, the validity of the simplifying assumptions (constant
marginal utility of money to the individual as he moves along a small segment
of his demand curve) necessary to enable us to operate with Marshall's
triangle, the comparability of utilities between persons and so on.
Second, one frequently needs to go beyond measurement of benefits on
the basisof marketprices and make allowancesfor imperfections,externalities
and so on. This raises some extremely awkward problems, as has been very
clearly demonstratedin some of the recent literature on externalities (Coase
[13], Buchanan and Stubblebine [11], Davis and Whinston [17], Turvey
[85]). Thus, to take the most hackneyed of all illustrations,the cost imposed
by the smoky factory chimney on the nearby housewife'swashing line should
be measured on the basis of the minimumcost which the sufferer must incur
to avoid it.
The third major problem of evaluation is that of choosing an appropriate
discount rate. The ideal solutions which have been suggested require
knowledge of the as yet unknown answers to questions relating to many
aspects of the economy (e.g., the general level of interest rates compatible
with the desired growth rate of the economy).
The fourth difficulty-and this affects the enumeration as well as the
evaluation of benefits-is that of allowing in any systematic fashion for uncertainty. When all is said and done, none of us can predict major political
and military upheavals, to say nothing of natural disasters,and no amount of
wishing such problems at the bottom of the sea or pretending that they are
already there will be of much help in policy formation and judgment.
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These are a formidablerange of difficultieswhich might give the appearance of being a technical if not an actual knockout. But before we throw
in the towel we have to ask some further questions. First of all, is there a
better alternative? The practical problem is that decisions do have to be
taken by public agencies. It can, of course, be said that one can sidestep the
issue by requiring public agencies to operate on a " commercial " basis,
leaving resourceallocations to be resolved through the operation of the pricing system. Those who wish to support this kind of policy must believe that
externalities, market imperfections, etc., have no importance whatever. It
seems reasonable to ask them to demonstrate this.
An important advantage of a cost-benefit study is that it forces those
responsible to quantify costs and benefits as far as possible rather than rest
content with vague qualitative judgments or personal hunches. This is
obviously a good thing in itself; some informationis always better than none.
Furthermore,quantification and evaluation of benefits, however rough, does
give some sort of clue to the charges which consumers are willing to pay.
It may well be a salutary check on the biases likely to creep into estimated
costs and benefits by enthusiastic advocates of particular projects, that,
wherever technically feasible, some charges should be imposed.' The discipline of the market-place is so easily and so readily forgotten in these situations that some empirical evidence about benefit projectionsis highly necessary. Insistence on some charging process may thereforebe a sensible antidote to wilder excesses of particular lobbies. We must remember, however,
that the extent to which the authorities impose these charges brings in
distributional as well as efficiency calculations.
Needless to say, the problems of charging are very complex. In particular, there is the possibility that some methods of charging may reduce the
benefits of the project below the maximum possible. Beesley and Foster [3]
have shown this in their inquiry as to how the London Transport Board
might finance the Victoria Line. They show, for example, that a general
increase in all fares would roughly halve the annual net benefits of the line.
A similar practical point stressed by some practitioners of cost-benefit
analysis is that it has the very valuable by-product of causing questions to be
asked (e.g., the justification of existing pricing policy) which would otherwise
not have been raised.
Even if cost-benefit analysis cannot give the right answers, it can sometimes play the purely negative role of screening projects and rejecting those
answers which are obviously less promising. This role is akin to that of a
University or College entrance examination: that whether or not one can
grade the prospective candidates reasonably well on the basis of previous
examination performance, personal interview, etc., the special entrance
examination at least gives one a cast-ironjustification for rejecting the weaker
1 For an excellent discussion of biases, see Fox and Herfindahl's assessment of the application of
cost-benefit analysis in United States Corps of Engineers water-resource projects [29].
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brethren. In much the same way, insistenceon cost-benefitanalysiscan help
in the rejection of inferior projects, which are nevertheless promoted for
empire-building or pork-barrelreasons.
Thus, it sometimes turns out that even with an overestimateof benefits a
project can be rejected. In such cases the extent of the overestimationdoes
not matter.
The case for using cost-benefit analysis is strengthened, not weakened,
if its limitations are openly recognised and indeed emphasised. It is no
good expecting this technique, at any rate in its present form, to be of any
use if a project is so large as to alter the whole complex of relative prices and
outputs in a country. It is no good expecting those fields in which benefits
are widely diffused, and in which there are manifest divergences between
accounting and economic costs or benefits, to be as cultivable as others. Nor
is it realistic to expect that comparisonsbetween projectsin entirely different
branches of economic activity are likely to be as meaningful or fruitful as
those between projectsin the same branch. The technique is more usefulin
the public-utility area than in the social-servicesarea of government. Comparisons between, say, different road projects are more helpful than those
between, say, road and water projects; and both these are likely to be more
helpful than applicationsin the fieldsof education, health, researchand so on.
We leave the last words in our survey to those independent and disinterested arbiters-the cataloguers of the University Library, Cambridge,
England. In their wisdom, they classify the major work edited by Maass
[48], to which we have referredon a number of occasions, under the heading
Useful Arts."
A. R. PREST

Universityof Manchester.
R. TURVEY

TheElectricityCouncil.
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