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ON: P NG F
THE CRITERION OF COMMERCIAL PROFITABLLITY

National Plenning and Project Formulgtion and Evajuation

In most of the developing countries, if not all, public investment
plays a critical role. How are governmental agencies .~ know which invest-
ment alternative to undertake, which to forego or postpone? For example,
how much steel to produce, how much to import? How much cloth to produce,
and by vhat techniques?

Many countries answer these questions in part by means of a national
economic plan (for example, the Indian Five-Year Plans). But a national
economic plan can at best lay out the strategy of development, It necessarily
must leave many tactical questions unanswered. A national plan cen, for
example, suggest the over-all magnitude of investment in irrigation in both
financial and physical terms, But the national plan cannot set out the
dimensions of individual undertakings, except possibly for the largest pro-
Jects, The designers of each project must decide how large to build the
reservoir and the canal system, how much land to irrigate, vhich land to
irrigate., In addition, they must decide whether to build the dam of concrete
or of earth, whether to’use labour intensive or capital intensive techniques

to move materials, and & host of other questions.

It is thece tactical questions that are the province of "benefit-cost"
analysis, as the technigues for analyzing public investment decisions at the
project level are called. Benefit-cost analysis is not an alternative to
economy-wide planning, but a supplement,

b + efit

Private enterprise utilizes a form of benefit-cost analysis in deciding
which investment to undertake, and in deciding how to design individual
projects. Private decisions are guided by commercial profits, profits being
the difference between revenues (benefits to the enterprise) and costs, Can
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& governmental agency use the same slmple criterion to guide its decisions?
Unfortunately not, for a primary differeace between the typical private firm
and the governmental agency is (or ought to pe) that whereas the benefits
that accrue to other economic agents -~ individuals and firms - are of interest
or relevance to the private firm only as a means tc its own profits, the
provision of benefits to others is important to the government as an end in
itself, Constrast the reaction of private and public monopolists to a pro-
posed increase of output that would casuye nrice to fall (or at least would
prevent price from rising as much as it would if supply were to remain restric-
ted) because purchasers would not accept the increment in output except at al
lower price. The prospective commercial profit of the expansion is reduced
by the decline in price that would accompany the augmentation of output. But
the loss to the enterprise is balancegd by the gain to consumers who would

be able to buy at the lower price. It is unreasonable to expect a private
enterprise to take consumers' gain into account, but a public enterprige
certainly ought to. ‘

This 1is not to say that the government should be indifferent as to who
receives the benefits of public economic activity. An avowed goal of economic
policy in most developing countries is the eradication of extreme inequalities,
and it is therefore appropriate that greater weight be attached to benefits
recaved by the poor than to benefits received by the rich,

Thus there are at least two dimensions in which commercial profitability
is inadequate for public investment decisions: first, commercial profitability
fails to take into account benefits (and costs) to economic agents other than
the enterprise; second, the d;stribution of these benefits and costs is
ignored,

Tae Special Case of Perfect Competition and Lump-Sym m_ggfe;!

If all economic activity achieved the results of the economist's

model of perfect competition, then commercial profitability would be an
appropriate guide in all economic-decision—making, public as well as private.
The existence of universal perfect competition would guarantee that no gain
or loss would accrue to any economic agent other than the public project, so
that the gize of the net gain produced by the pProject would be largest when

e sd



commercial profits were largest.

In the perfectly competitive model ihe most desirable distribution »f
income is assumed to be achieved by mecans of taxes and subsidies that do not
distort decisions (so called "lump-sur transfesrs"), However, no govermment
has yet found a way to levey taxes and give subsidles that does not affect
economic.: decision-making. Arc weny goveirtwients would be reluctant to use
lump-sum transfers even if they were feacsible; political opposition to the
"dole" reflects a widespread philosophical belief, Without the possibility of
1'mp-sum transfers coumercial profitability is not an adequate criterion for
the social desirability of public investment even in an economic regime that is
otherwilé perfectly competitive, The government may wish to sacrifice size
of the economic pie to achieve a better slicing, and this would require it to
depart from the criterion of commercial profitability,

In fact, commercial profitability is an inadequate criterion for the
government not only becasue the absence of lump-sum transfers obliges the
grvermment to pursue redistributive goals through its choice of investments,
Commercial profitability is arn iradecuate criterion also becasue perfect
competition is a more apt description of the economists mocel than of the

actual envirorment of ecconomic decisions, especially in the developing countries. ‘

Consequently, the income produced by a project is not necessarily maximized
wvhen commercial profit is maximized.

This is not the place for a long discussion of the degree to vhich the
competitive model ie relevant to public decision-making, Bu a cursory look
at some of the reesons why the competitive model is violated in fact can shed
light on the problems of I¢.uwulaiing puhlic investment criteria. Three impor-
tant assumptions of thé comretitive model that are violated in reality are the
assumptions about technology, knowledge, and credit,

The techmological characteristics of many goods and services prevent
competition in their production, Perfect competion requires a large number
of firms to be producing each commodity so that each is too small to affect
its price, But many industries are craracterized by "increasing returns,"
that is, by a technology which permits the cost per unit of output to fall
markedly with the scale of output, Electric erieTgy, steel, and transport are
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instances of increasing-returns industries, A steel plant of one million tons

annual capacity costs less than double the cost of a steel plant of one-half

million tons, The existence of increasing returns favours large scale enter-

prises both from the social and the private point of view, Thus the assumption

of large numbers tends to be violated ard the tendency is all the more acute L
in developing countries becase of tne relatively amsll size of markets, The

tendency to monopoly or oligopoly that results from increesing returns may o
invite public participation in production and distribution r public regula-

tion of p.ivate enterprise. One of the two is necessary because the "invisible

hand" of commercial profit no longer serves the national interest as it does

under perfect competition; in monopolistic or oligopolistic industries, unlike
competitive ones, the decision of the individual firm affects the economic

well-being of agents than the firmm itself, And these benefits and costs are,

a8 vwe have already observed, outside the scope of the calculus of coamercial
profitability,

Closely related to the probleim of increasing returns is the problem of
"public goods." Public goods is the economist's term for goods (1like public
health, community radios, defense) that have the property that tey are, or
can be, consumed jointly by many individuals, without the consumption of one
interfering with the consumption by another, Contrast "private goods" like
bread and cloth; the more one individual consumes, the less there is available
for another, Many goods have both public and private characteristics, A
bridge, for example, is a public good up to the point that it becomes crowded;

then it become a private good Dvecausz one man's crogsing delays another men,

The definition of a public good is purely technical and does not imply
logically that public goods must be in the public sector, But it is intuitive-
ly clear that public goods cannot be produced under conditions of perfect
competition, It follows that private profit does not reflect the national ¢
interest, Consider the decision whether or not to build a bridge. Suppose
for simplicity that the bridge will last only one year so that problems of "
the rates of interest and amortization can be assumed away, Let the cost of
the bridge be 31 million., Now suppose that careful studies indicate that
the revenue-maximizing toll rate is 1 dollar per crossing, and that 2,000
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crossings per day are exrected at this price, One year's total revenye in
this case would be $750 thcusand (2,000 crossing per day x 365 days). The
bridge clearly is not desirahle ‘rom the point of view of commercial profits,
and no private entrepreneur would be wiiling to construct it. Does this mean
that the bridge is necessacily undesirable from the government's point of
view? No such inference can be drawn. In the first place, as has already
been suggested, the government out to be concerned about benefits to other
economic agents, in this case, the potential bridge users. Many of these
individuals may derive a benefit from the bridge far in excess of the one
dollar fee levied on them [or corssing, Dut there is a more subtle problem,
The one dollar fee might prevent many poor people (and even rich people for
whom the value of a crossing is less than cne doliar) rom using the bridge,
and if their adaitional utilization would not congest the bridge, a pyima facie
case exists for letting them do so. Thus the benefits of the bridge would be
increased by reducing the fee, Suppose, to take an extreme case, that even if
no tnll is charged the bridge would riot be congested, Then it would be in the
national interest to let anybody eross, no matter how little he might be pre-
pared to pay for the privilege. In this case it 1s clear that the benefits at
the zero toll rate, measured by what individusls would be willing to pay (rather
than what they might actualiy be charged), might be greater than the cost of
the bridge., Thus a case could be made for constructing the briige despite the
commercial losses,

lNote that the conflict beiween commercia) profits and social benefit
would still be present even if the cne dollar fee would result in 3,000
crossings per day, or : total revenue of $1 095,000 and a profit of $95,000,
The argument for decreasing the toll to zero loses non of its force., Provided
the additional use of ihose not willing to pay a fee does not congest the
bridge, social beneilits are maximized by charging no toll, with the result
that the bridge leads to a commerciul loss of $1 million dollars per year,
Only a scheme ol price discrimisation that vermitted bridge authorities io
charge lower prices to those 1¢r whom the utility of c¢rossing the bridge is
lov would unite commercial profits to sncial benefits, However, the costs of
sdministering discriminatery pricinr,; schemes reduces the att-acliveness of
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this solution to the problem posed by public goods.y

A third way in which technology reduces the efficacy of perfect oompe~
tition is in the existence of external economies. An external economy oOr
diseconomy exists when the economic activity of one individual increases or
decreases the economic gain of another, In the perfectly competitive model,
external economies are assumed away., Lach individual receives the full value
of his contribution to production, and each pays the fuli cost of the commodi-
ties he consumes, Likewise for fims., But in the world, as distinct from
the model, external economies and diseconomies are often present, A classic
example of an external diseconomy is the smoke nuisance that results from many
industrial processes. The discomfort caused to the population at large does
not enter into the calculus of commercial profits because the individual
enterpriese is not in general obliged to compensate for the danmnge its sumoke
causes. DBut these negative benefits ought to be taken into account in the
calculation of social benefits, (They are already reflected to some extent
in zoning laws that regulate industrial location).

There is a large literature on the subject of external economies and
diseconomies, But at this point ve need not concern ouselves with the intri-
cacies of externalities, Suffice it to say that external ecoromies and dis-
economices are closely bound up with increasing returns end public goods.
Indeed it might be said that every externality is a mixture of public 200ds
and increasing returns. Thus the basic technological reasons why the commer-
cisl profits fail to reflect total social benefits are existence of increasing
returns a1d public goods.

Universal availability of knowledge about the techniques of production
and quick response to changes in knowledge are another paid of assumptions
that are not realized even as - first approximation in most developing
conomies. Agriculture is a leading exeample of a sector in which the availability
of krbvledge 18 limited and the response to technological change is slow,
Large scale public expenditures on agricultural extension are required, both

y For some public goodé -- national defense is a leading example -- dis-
criminatory pricing is infeasible even corceptually because of the
impossibility of excluding individuals from the benefits of the good,
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to spread knovledge of improved techniques and to increase the speed of res-~
ponse of the peasants. These activities may result in benefits to farmer
(higher output) and consumer (lower prices) but show no commercial profit.

The situation in industry differs only in degree, Businessmen may lack
knowledge of products, processes, and raw materials outside traditional lines
of activity, They may have no means of projecting future demands, especially
in countries embarking on an industrialization programme that changes the
whole structure of demand, In this case past experience may be of little
help in projecting the future, and such projections are one important reason
for national planning in mixed enterprise economies.y Moreover, the availabil-
ity of knowledge, which could be provided by a system of "industrial ertension”
analagous to agricultural extension,may not be enough., Businessmen may be
slov to respond to opportunities radically different from their traditional
activities, Private monopoly or oligopoly may result even when the technclogy
could support competitive industry. And in monopolistic or olgopolistic in=-
dustry there are, as we have observed, benefits and costs to agents other than
the firm vhich necessarily fall outside the calculus of the fim's commercial
profits,

Apart from the tendency to monopoly of oligopoly that imperfect knowledge
creates, the problem of convincing tradition-bound businessmen to enter new
lines of activity may require public enterprise in the early stages in order
to point the way, vhether or not the government intends a particular industry
ultimately to lie in the private sector, "he first ventures may not be
commercially profitability because of the learning costs, but the benefits
of establishing cadres capable of expanding the industry may offset the commer-
clal losses,

Still another reason why the competitive model is not an accurate one for

developing economies is that the competitive model requires competitive capital

g/ One reason that private enterprise does not undertake enough "extension"
simply to sell fertilizers, pesticides, and other inputs, is that the pri-
vate is unable to recapture all the gains of this activity.

3/ This is a widely cited argument for planning even in industrialized countries,

notably in France,
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markets, And capital markets are the hardest in which to introduce perfect
competition, Increasing returns to scale in financial institutions appears
to be one reason for lack of competition, imperfections in the dissemination
of knowledge another, Thr result is the.f undertakings for which large invest-
ments are required are in reality open only to a handful of potential entre-
preneurs, a situation which is strikingly at odds with the competitive model.
The private alternatives are therefore monopoly or oligopoly, with the result-
ing cleavage between commercial profits and social gains, It should be noted
that if imperfections in the capital market are the only bar to competition
in the private sector, the industry might be organized along competitive lines
within the public sector.h

Summary

Benefit-cost analysis is to national planning what tactics are to stra-
tegy: a supplement, rnot a substitute, Benefit-cost analysis must go beyond
a conventional andysis of commercial profitability because the government
enterprise, unlike the private firm, is in general concerned with the gains
and losses of economic agents other than the enterprise, Not only the total
gains and losses to others, but also their distribution is relevant to the
government concerned with moving towards a more equal distribution of income,
Only if lump-sum subsidies and taxes are economically and politically feasible
could the government ignore the distribution of gains and losses to others
caused by a public enterprise, In this case any pattern of gains and losses
could be offset by counterbalancing taxes and subsidies, Only in the presence
of universal perfect competition do commercial profits reflect all the gains
and losses produced by an enterprise, But perfect competion does not exist,
and there are at least three reascons why the competitive assumption is es-
pecially inappropriate to developing economies,

1) technological ovstacles; increasing returns; public goods;
excernal economies,

11) imperfections in the dissemination of knowledge and in
responses to knowledge,

111) imperfections in capital markets that limit the number
of entrepreneurs.

4/ But if the breakdown of competition is general, prices of products and raw
materials may fail to indicate social values accurately. Hence commercial
profits would st¢ill be an inadequate guide to decisions for public enter-
prise even if competitive,
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Chapter II

THE OBJECTIVES OF ECONOMIC DEVELOPMENT

The discussion of Chapter I has shown that thc practice of maximizing
commercial profits at market prices is highly unlikely to lead to the economic
activities vhich are optima’ from the point of view of the welfare of the nation
as a vhole., No such simple rules are available to guide the formulation and
evaluation of projects according to the national interest. It becomes necessary
then, the substitute for commercial profitability a more thorough method for
determining national profitability in the broadest sense,

The first step in any such endeavor must be the examination of what it
18 that constitutes the national interest, Basic to the formulation and
evaluation of any project is the knowledge of what one is trying to achieve -~
there can clearly be no evaluation without criteria by which to evaluate, This
point may seem toc obviocus to need any elaboration, but it is stressed here
because all too often the methodology suggested for, or used in, project evalua-
tion reflects too narrow a view of the national interest, While statements of
multiple national objectives abound,it is rare that more than one of these --
increasing national income -- in incorporated in a consistent manner into

the evaluation of a project.

The Panagua Project is a good case in point. A variety of different
Calivian Government objectives were noted in Part II of the Project Report, but
the numerical benefit-cost calculations were based solely on the contribution
of the Project to national income, The importance of other objectives --
notably the economic and social development of the Mendalvan region, and the
distribution of benefits to the small farmers of the area -- was evidenced
by the fact that the Project was strongly recommended, in spite of the rela-
tively small national income benefits it seemed to provide, It would clearly
be preferable to give explicit recognition to the multiple goals of public policy,
and to attempt to translate these goals into quantifiable objectives with res-
pect to which benefits and costs could be consistently and comprehensively
evaluated,
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A great variety of development objectives can be culled from proje.
reports or various natisnal and international statements of policy. Some
typical objectives are 1he following:

1) the increase of national income

2) the increase of domestic consumption

3) the increase nf *he vate of eccnomic growth

4) the reduct.on of disparities ir inccme and wea’th, among indivie
duals, groups or regions '

5) the reduciion of unemployment

6) the improvement of the balance of trade

7) the imprcvement of educational and health standards

8) the promotion of social welfare

The 1list is rot exhaustive, but it does Cover the major objectives
relevant to project planning which are expressed in one form or another by
plannere and officiais in developing countries., All the +he Galivian Govern-
ment objectives considered in the Panagua Project Report can be interpreted
in terms of the above list,

Before proceeding to examine the consequences of a multiplicity of public
goals, it will be useful to inquire “urther into the nature of the nbjectives
listed above. GSome of these objectives may appear unclear, and other may be
redundant, In the interesu of clarity and consistency, it will be helpful to
reduce the list to a hard core of distinct and potentially quantifiable
objlectives,

The first three items in the list are clearly related, and they are also
ambiguous. The iuncreasc ol national income or consumption raises the question
-= wvhen? Now or in +the future? The rate of economic growth raises the '
question -~ what? Consumption, national income, or something else? Consump-
tion is clearly the basic concept involved: 1t 13 desired for its own sake.
National income includes both consumption and investment, but investment is
desired only for the sake of the future consumption it makes possible, Thus
the first three objectives reduce to the promotion of domestic comumption,'
present and future, The problem raised by having to compare consumption flows
in different periods of time will be deferred until later.

[ %
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Up to this point the discucsion has centered on gggreggte domestic
consumption == the question of its distribution among regions, groups or indi-
viduals has not been raised, The fourth objective on the list introduces
explicitly the notion of digtribution. It is clear that the concept of
eéonomic development cannot be divorsed from distributional considerations;
in a certain sense, the whole development effort in less developed countries
can be regarded as an attempt to reduce the 1nequélities of income andwealth
among nations, By the same token, the development effort within a given
country generally seeks to reduce existing inequalities as well as to increase
aggregate welfare, or at least to insure that all segments of society share
in the gains,

The only question that may arise with respect to distribution is whether
it should be considered a separate objective on the project level, Conceding
that it is desirable from the national point of view to redistribute income
from relatively rich to relatively poor regions or groups of people, one
might suggest that this be accomplished on the national level via taxes and
subsidies rather than through individual projects. The main objection to this
procedure is that in practice there are important political and social con-
straints which 1imit the flexibility and scope of government pricing and
fiscal policies, Higher prices or taxes affecting privileged groups are
often resisted through political or economic pressure, or by appeel to insti-
tutionally determined precedent. Lower prices to unfavoured groups, on the
other hand, are often very difficult to administer, and cash subsidies may be
socially unpalatable, For such reasons it seems unlikely that most govern-
ments can expect to achieve their redistributional goals through the use of
direct measures alone, It is far more likely that the easiest way for the
Galivian Goverrment to help the Mendalvan region in general, and the small
farmer in particular, is to give special attention to puolic projects located
in that region which provide new opportunities for small farmers to improve
their own circumstances. Thus government planning authorities might well find
it necessary to achieve such goals at least in part by incorporating redistri-
butional objectives into their investment criteria,

It should be noted that there are also economic grounds for exchewing
reliance on pricing and fiscal policies in the pursuit of distributional goals.




Unless these policies take the form of lump-sum transfers -- wvhich are unlikely
except in a rewlutionary context -- they result in departures from marginal
cost pricing which open the door to misallocation of resources. Thus either
method of redistributing income — direct or indirect -- may have a cost in
terms of aggregate consumption, and there is no g priori reason to rule out

one or the other,

The fifth listed objective is to reduce unemployment. This objective is
subject to several interpretations, and it calls for further clarification,
In many developing countries with a large population relative to the endowment
of other resources, a significant degree of unemployment -- or underemployment
== of labour coexists with a positive market wage for labour services, It may
then be the case that the market wajge fails to jJudge accurately the cost in
terms of aggregate consumption of putting to work unemployed labour., Under
such circumstances, a reduction in unemployment would represent one aspect of
a policy designed to promote the optimal allocation of resources with respect
to the objective of increasing aggregate consumption, and it would therefore
properly be subsumed under thg latter objective,

An alternative reason for emphasizing the reduction of unemployment as
a national objective might be the desire to reduce the disparities of income
and wealth between the employed and the unemployed, It might well be reasoned
that the best way to raise the economic welfare of the unemployed 1s to give
them wage-earning opportunities. However, if this is the case, the objective
ought to be labelled "income redistribution” and not "reduction in unemploy-
ment," and it falls under the fourth objective on the original 1ist. The only
Justification for distinguishing a separate employment objective is if the
government considers employment a good thing for its own sake -~ or, conversely,
if 1t considers idelness (or leisure) to be an evil. In the case of the
Panagua Project is is not clear which interpretation the Galivian Government
wishes to make, but it may be presumed that the last interpretation is of
secondary important,

The objective of improving the balance of trade suffers from an ambiguity
analalogous to that of reducing unemployment, At least two pocsible inter-
pretation suggest themselves, In meany developing countries; just as there
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is often a so-called '"labour surplus”, there is likely to be a foreign exchange
scarcity, Chronic balance of payments problems, met by exchange controls,
import quotes, export subsidies, evc,, all point to an undervaluation of
foreign currency by thé official exchange rate, Even when substantial amounts
of exterral aid are made available, it is often the case that a unit of foreign
exchange is worth considerably more to domestic producers and consumers than
its official price, In recognition of this fact, any government would be well
advised to pay close attention to the balance of payments effects of a givea
project, and to seek to reduce the net drain on foreign exchange in the econo-
my by increasing exports or reducing imports, The reason for doing this,
however, is not that trade deficits are a bad thing per ge, but that the optimal
allocation of foreign exchange resources with respect to the objective of
increasing national consumption possibilities calls for a greater economy of
foreign exchange than would be practices at the official exchange rate, As

in the case of unemployed labour, the market price fails to judge accurately
the consumption opportunity cost of foeign exchange, and the objective of
improving the balance of trade may well reflect this fact rather than an in-
dependent goal.

A separate trade objective is appropriate only in a situation where the
government wishes to promote a creater expansion of exports, and a greater
economy of imports, than would be dictated by the most productive allocation
of foreign exchange resources with respect to the aggregate consumption objective,
From the point of view of aggregate consumption, there is no harm in a trade
deficit which is covered by external aid, and it will always be desirable to
use whatever aid is available to increase imports without any corresponding
increase in exports. Improving the balance of trade _s a separate objective
can only mean that the government wants to reduce the gap between imports and
exports below the total availability of external aid., In other words, the
goverrment would willingly turn down a grant of external aid for the sake of
policy objectives other than increasing aggreate national consumption, There
may well be good political reasons for avoiding a continued dependence on
external aid, even if it is available from donor countries, If the often stated
goal of attaining "natlonal self-sufficiency" cen be given this interpretation,
it does represent a distinct trade objective, In evaluating the Panague Project,

| -
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it may be assumed that the Galivian Government is not prepared to reject any
ald -~ present or future -- which might be extended.

The last two objectives ori the list -- the improvemant of educational
and health stendards, and the promotion of social welfare -- share the same
characteristics and potential ambiguity. In the first place it is generally
very difficult to measure achievement with respect to these objectives in
terms of money value, for educetion, public health, etc, are usually placed
beyond market tests. Even assuning that their value to the consuming public
could be assessed by some indirect method nn a standard comparable to marketed
goods and services, there remains the possibility that the government -- in
the nﬁtional interest -- may wish to place more weight on contributions to
these objectives than wouid be placed on them gua consumption by consumers
buying them in the market place,

The first issue raised is one of measurement and not one of separate goals.
The relevant objective is the increase of aggregate consumption, and the pro-
blem is to determine the contribution made to this objective according to a
valuation based on consumer sovereignty, The difficulties that arise here are
akin to - but perhaps more serious than - thedfficulties that arise in measur-
ing the value of irrigation systems, bridges, roads, etc. where the actual
fees charged do not necessarily reflect the corresponding (marginal) value of
consumption or cost of production. The second issue raised, however, concerns
a new and distinct objective, When tne collective national interest calls for
greater emphasis on goods and services such as public education, nutrition, sani-
tation, etc., than the individual private interest, then the promotion of such
"merit wants" should enter as a national objective independent of the increase
of (consumer sovereign) aggregate consumption, When the Galivian Govermnment
talks of "promoting better housing and sanitary conditions," it is not clear
whether they mean simply to provide for the inhabitants the services which
they would be willing to ﬁurcha.se as sovereign consumers, or whether the
Government wants to sitach an additional public merit to these services. In
the absence of more detailed information, it is probably reasonable to assume
that the former is the case.

The original list of eight objectives may now be recast into a shorter
list of five logically distinct categories, of which only the first two have
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major relevance to the Panagua Project.

1) the increase of aggreage consumption

2) the redistribution of aggregate consumption (by regions, groups
or individuals)

3) the reduction of unemployment (per se)

4) the improvement of the balance of trade (per se)

5) the fulfillment of merit wants

Each of these categories applies both to the present and to the future.
For every objective, there are actually an infinity of related objectives
involved, for there is a logically separate objective corresponding to each
future year (or other accepted unit of time).

Faced with such a multiplicity of objectives == by category and over
time —— it 18 clearly impossible to say: "maximize everything."” The maximiza-
tion of present consumption is likely to reduce the level of future consumption,
for it cuts down the surplus available for savings and investment, The maximi-
zation of future consumption, conversely, would call for a reduction of present
consumption, The redistribution of consumption may dctate locating a new
project in a relatively backward region, where its net contribution to aggre-
gate consumption may be less than if it were located in an advanced region,
Similarly, the rapid elimination of unemployment, the reduction of the trade
deficit by dispensing with aid, or the allocation of substantial public
expanditures to provide for merit wants, are all likely to interfere with the
maximization of aggregate consumptior, present and future,

Thus the various distinct objectives may well be mutually inconsistent
in the sense that the dictates of one may conflict with the dictates of another,
Unfortunately, however, one cannot be content with maximizing one particular
objective at the expense of all the others, for each is inherently partial and
insufficient, No policy-maker would recommend maximizing aggregate consumption
this year at the expense of all future consumption and all considerations of
redistribution Or anything else, As a result, it becomes essential to inquire
into the relative importance of different basic objectives, so that contribu-
tions to different basic objectives, and at different period of time, can be
compared in assessing the total contribution of a project to national welfare,
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This problem of reconciliation of multiple objectives will be taken up again
in Chapter IV, after the separate objectives are discussed in greater detail -
in Chapter III in connexion with the measurement of benefits and costs.
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' Chapter III
THE MEASUREMENT OF BENEFITS AND COSTS

The concept of a benefit -- or a cost -- has meaning only in terms of a
particular objective. A benefit describes a gain with respect to that objec-
. tive, and a cost describes a corresponding sacrifice. In this chapter, the
measurement of benefits and costs will bu treated successively for each sepa-
rate category of objective, The problems raised by having to compare benefits
and costs over time will be postponed for later discussion; in this stage, the
focus is on the measurement of benefits and costs in any given year,

The Aggregate Congsumption Objective ' *
irect Be efi
The basic principle involved in calculating the aggregate consumption

benefits of a project is to measure the consumers' "willingness to pay' for
the output of the project, Assuming for the moment that the project involves

the production of consumer goods for domestic consumption, it is necessary to
study the pattern of consumer demand for the goods in question, When there is
a clearly defined market price for the good, it can be regarded as a first
approximation to the consumers' willingness to pay for each unit. However, if
the good is not freely purchased on the market, or if the output of the project
represents more than a marginal increment to the total supply of the good, then’
the market price valuation will have to be revised.

Assume first that the good is freely traded, It does not matter whether
it is taxed or subsidized, so long as consumers are free to buy it at the pre-
. vailing price, Then the price which each consumer pays for the last unit of
the product he purchases must just reflect the extent of his satisfaction from
a marginal unit -- for if his satisfaction exceeds the price, he would be
inclined to buy more, and if his satisfaction is less than the price, he would
buy less of the product, If the project output represents only a marginal
increment to the total supply of the product in question, it is unlikely to
affect the price of the product —- and hence the total value of the 6utput sold
at this unchanged price can be taken to reflect the consuers' total satisfac-
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tion, or willingness to pay. However, if the project output is sufficiently
large, relative to the total supply of the product in the country, that putting
it on the market results in a lowering of the price which previously prevailed,
then neither the old nor the new price is adequate to measure the consumers'
willingness to pay.

Thi&jitq‘a_tion can be 1llustrated with reference to the accompanying
Diagram 1, DD is a demand curve indicating the total annual demand for shoes
(on the x-axis) at a range of possible prices (on the y-axis), Suppose that
the current annual production of shoes is 100,000 pairs (Ql) the demand curve
shows that the market will just be cleared at a priceé of $11 a pair (P ), and
thie is the price which would prevail under competitive conditions. If we now
consider & project which would turn out another 100,000 pairs of shoes per
year, dringing the total suply to 200,000 (Q2) Ve oburve from the dnmd
curve that the equilibrium market price would fall to $9 a p.ir (P ). mt
the consumers' willingness to pay for the additional 100,000 pairs of shoes
is clearly not measured at the new price §9 x 100,000 (the area C D J H), for
the willingness to pay for the 100,001lst pair can be seen from the disgram to
be $11 (A H). By the same token, the willingness to pay for the additional
100,000 pairs of shoes cannot be measured at the old price $11 x 100,000 (the
area A BJ H), for the willingness to pay for the 200,00st pair is clearly
$9 (D J). Inspection of the diagram will show that the correct measures of
consumer willingness to pay i8 the ares A D J H:the excess value A C D over
the competitively determined market peyments for the additional 100,000 shoes
{(C D J H) is lsbelled the "consumers' ourplua."y

Now 'fe”t us suppose that shoes are not freely traded on the.mrket, but
that they are rationed according to some quota system, Such a situation can
arise only if the shoes are being sold at a price lower than required to bring
the demand into equality with the supply. For example; in Diagram. 1, let the
current rate of production of shes equal 100,000 pairs per year (Ql), and
suppose that the govermment == to help low-income consumers -— decides to fix
a price of $7 a pair (P3). This is well below the equilibrium price of $11

1/ Following Marshall, ve will assume a constant marginal utility of money
throughout, ‘

»

e
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(Pl); and calls forth an annual demand for 300,000 pairs (Q3), Since this
demand cannot be satisfied at existing production levels, the govermment is
forced to devise a system for rationing the 100,000 available pairs among
300,000 claimants.

Clearly, under such circumstances, the current market price of $7 a pair
18 no guide to consumer willingness to pay for additional shoes, Whenever
a product is rationed, it irf & certainty that "4: market price understates con-
sumer willingness to pay. In our example, *he actual willingness to pay for
an additional 100,000 shoes is of cource aguin ihe area A D' .J H, which is
substantially greater than the area © F J H which would be obtained by using
the market price,

Thus if the output of the project is not freely purchased on the market,
or if it results in a change in the corresponding price, the measurement of
consumer willingness to pay requires an investigation into the shape of the
demand curve for the product. This of course is a more difficult task than
simply applying a market price to the quantity involved, but it cannot be avoid-
ed, An even more difficult task arises when the output of the project is not
purchasesed at all on the market, so that there is not even a first approxima-
tion in the form of a market price, This problem was touched upon in Part II
in connexion with the discussion of the "merit want" objective, Public services
such as education, health, sanitation facilities, welfare programmes and the
like generally carry no m~aningful market price, and it is a challenging job
to evaluate the benefits of public investment in these fields, These problems
will not be considered in any more detail here, for they are unlikely to figure
prominently in the formulation and evaluation of most industrial and agricultural

investment projects,

So far we have assumed for convenience that the output of the project in
question cornsists of consumer goods produced for domes*ic consumption, When
the output is not consumed directly, but is used as an intermediate or capital
input into the production of other goods or services, the principle of measure-
ment according to willingness to pay for the increase in consumption still holds,
The only difference is that the ultimate increase in consumption made possible
by the project may be far removed from the project itself, and this tends to
make the problem of measurement more complex,
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As a first approximation, the willingness of the produceyxs -- who purchase
the project output =-- to pay for the goods or services in question can be taken
as a measure of their value to the ultimate consumers, If the project output
is bought freely on the market by producers, if those producers themselves do
not enjoy monopoly or monopsony profits on their use of the output, and if
the augmented supply of this output does not cause a change in its market price,
then =- just as in the case of consumer purchases =- this market price can be
used as a measure of the willingness of producers to pay for one unit of the
output. If the project output is not marketed under competitive conditions,
however, or if 1its price 1is lowered by the supply from the project, then the
(future )market price will understate the producers' willingness to pay. In
such cases it may be possible instead to measure willingness to pay by the re-
sidual remaining after deducting from the value of the producers' output the
costs of all inputs other than the one provided by the project whose benefits

we seek to measure,

This kind of indirect measurement can be illustrated with reference to
the Panagua Project, Assuming for the moment that the agricultural programme
is external to the project, we seek to measure the aggregate consumption bene-
fits attributable to the irrigation water provided by the project. This water
is of course not consumed directly; it is an intermediate input into the pro-
duction of agricultural commodities which are sold for consumption or further
processing, The actual payments made by the cultivators to the irrigation

authority (the M,W,A.) are irrelevant for the purposes of measurement, since

the water is rationed and the fees paid by the cultivators are fixed at a level
at vhich demand greatly exceeds the available supply. The relevant measure is
the cultivators' willingness to pay for the water, which in turn, can be measured
by the net surplus of agricultural income remaining after the costs of cultiva-
tion == other than irrigation fees -- are deducted from the market value of the
agricultural output based on the irrigation water. This net surplus corresponds
exactly to the concept of surplus defined in Table 5 of the Panagua Project,

and it was correctly used in the initial evaluation of the Project to measure

the value of the irrigation water,

There are two further cases vhich deserve special attention : these are
vwhen the project produces output which is exported or which substitutes for




imports, In the case of exports, the immediate product can oe regarded as
foreign exchange, in the amount of the F,0,B, foreign currency value of the
goods exported, (If the goods must be transported to the port of exit, the

corresponding transport requirements should be included among project inputl).
The ultimate aggregate consumption benefits resuiting from these exports are
meagured by consumer -- or producer -- willingness to nay for the foreign
exchange earnings. In the case of import substitutes, the immediate product
should also be regarded as foreign exchange, in the amount of the c.i.f. foreign
currency value of an equivalent supply of imported goods, This holds irrespec=~
tive of whether the project vutput is actually used to replace imports, or
whether it simply adds to the total supply on the market. As long as the project
output gould have been used to replace imports, it must be worth at least as
much as the amount of foreign currency needed to import it. On the other mand,
if the project output is worth more than the amount of foreign currency needed
to import it, it woull be possible for society to gain the excese benefits by
increasing imports in the absence of the project, and these benefits cannot
therefore be attributed to the project itself, Thus the ultimate aggrezate
consumption benefits due to the production of import substitutes are measured
by consumer -- or producer -— willingness to pay for the foreign exchange
(potentially) saved,

If the foreign exchange market is free, so that foreign currency can be
bought and sold without limit at the official exchange rate, then the domestic
willingness to pay 1s presumably accurately reflected by the corresponding
market price, and the consumption benefits of exports or import substitutes can
be measured by the official domestic currency equivalent of their foreign ex-
change value, 1If, instead, there is an excess demand for foreign exchange at
the official rate which results in some kind of an exchange control scheme, the
official rate clearly understates the domestic willingness to pay. Under
these circumstances, it becomes necessary to estimate what is called the
"shadow price" of foreign exchange which measures the true aggregate consump-
tion value of a init of foreign currency in terms of willingness to pay.

This shadow nrice represents the price which == in a free market -- would
equate the supyly of foreign exchange provided by export earnings {plus any
external assistance)! with the corresponding demand arising from imports,
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Since the shadow price is required for the evaluation both of foreign exchange
benefits and of foreign exchange costs, its measurement is clearly an important
part of the process of project evaluation whenvever the foreign exchange market
is not free,

Let us consider now the evaluation of the aggregate consumption benefits
of the Panagua Project, The Project is defined to include both the public
works and the accompanying agricultural programme, because they are clearly
dependent on one another and would not be considered separately, Thus the
project dutput consists of the agricultural crops produced on the irrigated
land, and the social services provided by the investment in the urban center,
farm housing and basic rural utilities., It does not include the irrigation
water, vhich is an output for one phase of the project and an input for another
and therefore cancels out in the f‘inal accounting,

It may reasonably be assumed that the agricultural commodities sold on
the domestic market are freely traded, and that the relevant future markets
will be large enough not to be affected by the increment in supply which will
be provided by the Project, As a result, the aggregate consumption benefits
of a unit of each crop in any future year can be measured by the domestic mar-
ket price which is expected to prevail in that year, - Expected future .-~veage,
yeidls and prices for all the agricultural crops are given in Table k4 of the
Project Report, Yields are agsumed to rige progressively from year 5 to year
10 and then remain constant thereartér, while prices are assumed to remain
constant for the full Project life, On the basis of the figures given in Table
4, the yeaf-wise aggregate consumption benefits due to the asricultuzjal progamme
can be assessed as shown in Table 1 of this manual,

Thus far we have assumed that all of the crops are sold on the domestic
market, whereas in fact a fraction of some of the crops may be pretained for
on~far consumption, and the full tomato crop is destined for export., That a
fraction of any crop may be retained for on-far consumption is irrelevant for
the purposes of the evaluation, for ite value to the farmer remains the same
whether or not it is sold, The situation would in no way be altered if the
farmer would sell his own crop and buy someone else's -- at the same market
price = rather than keep his own off the market,
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As for the exported tomatoes, it is necessary to consider whether or not
a foreign exchange scarcity is anticipated for the Galivian ecomomy in the years
wvhen the tomato crop will be exported. If so, the first approximation to the
value of consumption benefits from the tomatoes, which is given in the table
according to the official peseta equivalent of the dollar export price, must
be revised upwards to the extent that domestic willingness to pay for foreign
exchange will exceed its official price. The forecasting of the appropriate
shadow price of foreign exchange is a task that must necessarily be carried
out at the Central Government level, for it requires comprehensive information
about the economy-wide demand for imports and supply of exports, present and
future, taking into account the nature of the over=all development strategy, the
availability of foreign economic assistance, and world trade prospects in gen-
eral, This is a difficult calculation to make, but it is important to have
some alternative quantitative estimate whenever the official rate appears in-
appropriate, Fo1' the purpose of evaluating the Panagua Project, it will
simply be assumed that the shadow price of foreign exchange in Galivia is --
and remains indefinitely -- at twice the official price, Thus the aggregate
consumption benefits from tomato exports amount to twice their peseta value at
the official exchange rate,

It remains to consider the contribution to aggregate consumption benefits

provided by the urban center and the rural housing and utilities, which form

an integral part of the Project. The market value of such servicea is Lypicnily
a poor guide to their actual value to consumers, and in any case the relevant
prices are not provided in the Project Report, In the absence of more acCurate
information, it will simply be assumed that the aggregate consumption benefits
of these services run at an annual rate of T% of the initial investment. The
total year-wise aggregate consumption benefits of the Panagua Project are
sunmarized in Table 1,

Ipdirect Benefits

Up to this point, the elaboration of the measurcment of aggregate consump-
tion benefits has been limited to the willingness to pay of the immediate users
of the project output, which might be labelled a measure of the "direct"”
consumption benefits, (Project output is understood here in the wide sense of
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all output produced on the project, or in ancillary activities, which would

not have been produced in the absence of the proJect). Under certain circum=
stances, it becomes necessary to examine also the possibility of " indirect"
consumption benefits, which are not reflected by immediate willingness to pay.
Several categories of such "indirect" benefits will be discussed in the follpw-
ing paragraphs; the importance of each will vary greatly depending upon the
nature of the project in question,

The first category applies only to cases where the output of the project
1s not directly consumed, bvt is purchased for use in further stages of processing.
It was stated earlier that, as a first approximation, the consumption benefits
of the project could be measured by the producers' willingness to pay for the
output in question, This approximation holds only if it can be assumed that
there are no departures from competition in the further processing of the
project output, and that the project output is not significant enought to lower
any prices further along the line,

If there are monopoly or monopsony elements in the further processing
of the project output, or if the relevant markets are.sub.ject. to rationing or
other interference with free trade, then the immediate purchaser of the project
output does not capture the full consumption benefit of that output when he
resells it after processing. The price he receives is artifically lowered from
what 1t would be under competitive conditions, and hence his willingness to pay
for projectoutput is also reduced. In principle, to measure the full value
of project benefits, the immediate purchasers' willingess to pay must be supple-~
mented by the excess in subsequent purchasers' willingness to pay over and above
their actual payments. Exactly the same rule holds when —— under competitivee
conditions ~~ the increment in the supply of the goodv produced by the project
results in a lower price of that good in processed form at a later stage. The
aggregate consumption benefits include not only the immediate purchasers'
willingness to pay, but also the extra benefits enjoyed further along the line
by those people whose willingness to pay for the processed good exceeds its
narket price, These extra benefits correspond exactly to the consumers’ surplus
defined earlier (the area A C D in Diagram 1),

To illustrate this category of secondary benefits, it may be helpful to
refer again to the Panagua Project. Suppose that the wheat in the Project area




is milled by a monopolist, The price which he pays the cultivators for wheat
will not reflect the ultimate value to consumevs of the flour, for in the
meantime he is making some moropoly profits, The contribution of the Project
wheat to aggregate consunption benefits includes not only the willingness to
pay for water of the cultivators, but alsc part of the miller's monopoly pro-
fits -- a part which corresponds exactly to the excess of the miller's willing-
288 to pay for the wheat over what he actuailyv pays the larmer, OSuppose now
that the market for wheat is competitive, but that the increase in the supply
of flour made possible by the project is so great that its price in the region
is reduced, Then again the price received for wheat by the farmer will fall

to reflect the full consumption venefits of the wheat, for the final consumers

are paying .ess for most of the Project-based flour (all buti the last unit)_

than they would be willing to, Their consumers' surplus must be counted, too,

as an indirect benefit,

A second category of indirect benefits encompasses what are sometimes
called external effects, although this term should probably be avoided because
of the confusion surrounding its definition Wwhen the existence or the operation
of a project results in a ret gain to society which is not realized by those
wvho acquire the project output -- and which is hence not reflected in their
willingness to pay for this output -- then the corresponding benefits should
be added into the over-all contribution of the project to the aggregate consump-
tion objective, Such a situation typically occurs when an ancillary good or
service produced in comnexion with the project contributss not only (internally)
to the value of the project output, but &also (externally) to the supply of out-
put from other enterprim=zs, or to the satisfaction of consumers other than

those who received the project output.

Examples of such externalities are easy to suggest, although the means
of measuring their quantitative contribution to the aggregate consumption
objective is much harder tc come by, In the ccnstruction of the Panagua
Project, a system of access road was included for the purpose of maintaining
the canal system. But the benefits srovided by the roads are not limited to
the service of the projact;they will aleo improve communicatinna and lower trans-
port costs for the whole area, and this is likely to result in lower costs for

local industries and hence net consumption benefits for the community as a whole,
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Similar indirect benefits are provided by & project which involvea the tvaining
of its labour force. The new skills acquired by the workevs contribute to the
output of the project, but if the workevs cventnaliy move on to other jobLs,
they bring with thom opvortunities for greater production than they could have
without their acquirecd sxills, These skills then result in a contributior to
aggregate consumptior mude possible by the project, bui not included emong its
direct benefits,

The above exumples represent externalitier which result in lower produc:-
tion costs for entasprieses which make use of a project vy-product free ol
charge, Formally sp:itking, these by producis could slso ve included with the
main project output, o1l evalueizl ancording to the villiognaess to pay of the
beneficiaries. A scmavhit a.tlevent kind of externalivy is lllustrated Ly th2
case where the consmpt.op of vroject ouipef is enjoyed moc only by the vichaser
-- whose willingness ‘c gay 1o mzasured £s a divect tenei'lt -- but also Ly
other consumers. who oenet t indirecily from ur2 inoreased consumptlion of the
purchasexr, For some “ypes ' industriul projcis --- such as telephones -- the
measurement of consumpiion tenelits will bc seriously distorted if only the

purchaser's valuation 1s considered,

Under the circumstances of ine Panagua Project, indirect benefits of the
first category do not arise, Part of the rrejzet output goes directly iruo
consumption; and the remaining part ie soid to arriculiural processing indus-
tries, or to other culcivators, where competitive ronditions are assumecd o
obtain, There may, however, be some indirect bDenefits of the second catcgory,
arising from the ertarnal effecic of building rozd~ and introducing the veysicus
public utilities into the Secotuan velley. Sinc: “he Project Report provices
no information on the basis ¢ wiaich to evaluaie thaese benefits, they will

have to be assumed insigaiticanc,

There remains ore Tinal and impor:ant eatezory of indirect consumpiion
venefite which nist be corzidered then the ultim:te consumption value of the
funds invested exceeds the mmadiate consumption value of the same funds uced
for consumption. Wnen this is the case, 1. heccmee necussary to inquire Into
the effec’. of project benefite on the iavzstment-~onsuaptic» mix of the economy

as & whole. For the came reason, it will oe neceesely to inquire into the




effect of project costs on the investment-consumption mix of the economy.

Rather than pursue the matter at this stage, it is more convenient to turn

first to a detailed discussion of the measurement of aggregate consumption

costs, and then to examine together the final category of indirect consumption
benefits and costs.,

Costs

The basic principle to be applied in calculating custs with respect to
any objective is that costs are simply equivalent to benefits foregone, The
aggregate consumption costs of a given project measure the extent to vhich acti-
vities that the project displaces elsevhere in the economy would contribute to
the aggregate consumption objective. This notion lies behind the term "oppor=
tunity cost": the cost of a resource is measured by the opportunity for benefits
which it would provide in (the best)alternative use,

In a perfectly functicning competitive economy, money outlays measure the
aggregate consumption costs of a project. Money outlays ~- based on market
prices -- may thus be used as a convenient first approximation to consumption
costs, But if competitive conditions do not hold -- and we have observed in
Chapter I that they are likely not to hold for many markets in developing coun-
tries -- then market prices are no longer appropriate, and it becomes necessary
to correct the costs given by money outlays in order to reflect the actual
opportunity costs that prevail in the economy. Although the principle is the
same for all costs, it will be helpful to discuss the application of the
principle separately for (domestic) labour inputs, imported inputs, and domestic
inputs of goods and services. No distinction is drawn at this stage between
inputs on current and on capital account, or — what amounts to the same thing

-= between the operating anc ccnstructicn costs of a prolect.

Labour Costs

It was observed already in Chapter II that in many developing countries
with a large population relative to the endowment of other resources, & signi-
ficant degree of unemployment of iabour may coexist with a positive market wage.
To the extent that labour services are drawn from previously unemployed labour,
the direct opportunity cost of such services is clearly zero, even if a conven-
tionally determined positive mirket wage must be paid. The reasons for which




& positive waie might be paid uader such circumstances arc varied, but they

generally reflect institutisnal constraints -- such as the political power of

employed labour, a minimum wage concern on the part of the government, or the
existence of family or social alternaive sources of subsistence income for the
unemployed,

Before proceeding to evaluate all labour costs at a shadow price of zero
whenever there is e "labour surplus" in *‘he economy, several words of caution ‘
must be entered, First, it is essential to distinguish between different types
of labour:. the term includes everything from unskilled construction workers to
highly skilled techniciens and administrators. While the opportunity cost of
completely unskilled labour mey well be zero -- if the Jobs in question can be
adequately filled by the currently unemployed -- the same is not necessarily
true of semi-ekillcd and skilled labour. It is more than likely that where
population is in surplus, skills are in short supply -- and hence that the
opportunity cost of skilled labour is not only greater than zero, but perhaps,
even greater than its market wage,

A second consideration to be borne in mind is the regional dimension of
labour supply. Even if there is a labour surplus in the economy as a whole,
1t nay well be unevenly distributed between regions, and -~ in particular -- ;
between urban and rural areas, If the project in question is leeated In nn aten
where the immediate supply of surplus labour does not match the project demand
for unskilled workers, then the opportunity cost to the economy of bringing
in unemployed labour from elsewhere must include the real costs of transfer,
These costs include not only the immediate costs of transportation =- which
are not likely to be high -- but the extra cost of providing basic social
amenities to the workers on the project site which they would not have required
in their original location. Such expenses must typically be incurred where
an industrial project draws unskilled labour from rural into urban areas, when !
the real cost of essential public services is likely to be higher., The sum
total of these transfer costs -- which reprcsents the true social opportunity
cost of unskilled labour -- may still be lower than the corresponding sum
total of actual market wage payments, but it may well be greater than zero,

A final vork of caution on the shadow price of labour applies even when
the costs of skills and of transfer may be ignored. The payment of a market
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wage w to an unskilied worker whose opportunity ¢ost is zerv resuits in a
transfer of income from the goverrment (if this is a public project) to the
worker in the amount of w. 1f the government has a greater propensity to invest
out of 1its income than the worker, and il the ultimate consumption value of
funds invested exceeds the corresponding value oi’ iumediate consumption, then
there will be a net loss w society arising frm *he transfer, and the ultima.te_
opportunity cost of hiring +the worker~ will be positive, This final correction
is exactly analogous to the last category ot indirect benefits noted earlier,
and it will therefore be put off until the genaral discussion of the type »of
indirect benefits and costs at the end ol Fart A of this Chapter. A formal
model of the labour surplus economy -- which treats of this and related points

in more detail ~ will pe taken up as e gseparate unit in Chapter VI,

Labour services are involved in the Panagua Project in four ways: for
construction of the Project works, for operation and maintenance of the Project
works, for agricultural extension and for cultivation itself, The construction

and operation of the Project works calls for labour of varying skills: there
is a substantial requirement of manual work which can be met by laregly unskilled
labour, but there is also a need for qualified engineers and managers, as well
as semi-skilled machinery operators, The agricultural extension service calls
for specially trained field workers with acquired agricultural skills, while
the actual farming is done mainly by owner~cultivators —- with the aid of
family labour and some hired hands =-- who are relatively unskilled, It 1is
assumed that none of the labour~skilled or unskilled-ig imported from outside
Galivia: to the extent that foreign manegers, techniciens, or unskilled
labourers are required, the cost would be included among the imported rather
than (domestic) labour inputs.

The market value of the various types of labour services can be calculated
from the figures given in the tables of the Project Report (1 and 2 for construc-
tion labour, 5 and 6 for farm labour, 7 Tor operating labour, and 8 for extension
labour), These market values are set out on & year-wise basis in the accompany-
ing Table 2, 1In order to calculate the corresponding opportunity costs ~- which
are required to evaluate the true aggregate consumption costs of the labour
inputs == it is necessary to hiave information on the state of the market for
each type of labour, and the source from which the Project can expect to draw




its labour force, For the purposes of evaluation, it will be assumed that
skilled and semi-skilled constiuction and operating labour is fully employed
and highly mobile in Galivia, so that the opportunity cost of this labour is
very close to the corresponding market value of wages, 1In the case of agricul-
tural extension workers, it will be assumed that these workers are in fact
underpaid -~ in the sense that the benefits attributable to the work of a
single agricultural extension worker ore worth ~ say ~ twice his salary. As
a result, when the Ministry of Agriculture draws agricultiural extension workers
away from other projects to assign them to the Secotuan Valley, there are losses
due to foregone benefits elsewhere of the order to twice the salary payments
made by the Ministry, If these salaries reflect approximately the cost of
training, it would clearly pay the Ministry to train new extension workers
rather than relocate existing ones, The benefits which would arise from such
an expansion of the training programme should not be attributed (via lower
costs) to the Panagua Project, however, for they would presumably be available
to the Ministry under any circumstances. The opportunity cost of extension
workers from the point of view of the Panagua Project is the value of benefits
foregone by diverting the (fully employed) workers from other activities ; ir
in fact there is an expansion of the training programme , the benefits repregent-
ed by the excess in the social value of an extension worker over the costs of
training him should properly be attributed to the Ministry's training project,
Thus, in evaluating the aggregate consunption costs of using agricultural ex-~
tenstion workers, it is necessary to supplement the wages actually paid by an
equal amount representing the excess of social opportunity cost over market
wage,

It remains to consider the opportunity cost of unskilled labour -- for
Project cornstruction, operation ard ferm cult tvators. I. is known that in
Galivia as a whole -- and in the relatively undevelopec¢ region of Mendalve in
particular -- there is overt unemployment There is also a substantial degree
of disguised unemployment, in the sense that unskilled labourers could be
withdrawn from their present (unproductive) occupations without any significant
loss of national output, Since the Panagua Project is to be carried out in a
rural area, and since part of the labour required is really family farm labour,
the real costs of transfer are at a minimum. Therefore, it may safely be

assumed that very 1it+le in the way of canmmptinn henefits are foregone by
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the rest of the economy either becauge pf the displacement of Project labour
from other activities, or because of the costs of transferring the labour to
the Project site, As a result, the soclal opportunity cost of unskilled labour
may properly be assessed at zero -~ abstracting for the moment from any effects

due to the transfer of income through the actual market wage payments,

It should be noted here that in the case of family farm labour, the mar—
ket wage is only imputed and may not actually be paid., This clearly makes no
difference to the evaluation of the opportunity cost of the labour, and it also
has no effect on the ultimate evaluation of net benefits with respect to any
objective, To the extent that the cultivator pays less than the imputed market
wage, his family receives less, and the benefits to the whole family unit are
unaffected, After correcting for the discrepancies between market wages and
soclal opportunity costs, the resulting year-wise evaluation of labour costs
with respect tc the aggregate consumption objective is presented in Table 2,

Foreign Exchange Costs
The reasons for distinguishing the evaluation of the costs of imported

from domestically supplied inputs are exactly analogous to the reasons for dis-
tinguishing the evaluation of the benefits of exported from domestically sold
output, If domestic currency is freely convertible into foreign exchange at
the official exchange rate, then there 1is no reason to make these distinctions,
But if -- as in the cese in many developing countries == there ig a scarcity of
foreign exchange at the official rate which results in a scheme for rationing
foreign currency, then the official exchange rate necessarily understates the
opportunity cost of foreign exchange, and the domestic currency equivalents of
import prices understate the opportunity costs of imported goods of services,

The opportunity cost of an imported input -- whether it is obtained by
license at the official exchange rate, or whether it is bought competitively
at a premium -- is simply the value of the aggregate consumption benefits that
could have been obtained by using the corresponding amount of foreign exchange
elsewhere in the economy. The underlying assumption is that at any given time
there is available a fixed amount of foreign exchange, and the use of some of
it for imported inputs on one project prevents the use of the same amount else-
vhere, Thus the immediate input cen be regarded as pure foreign exchange --
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[ ]
rather than as a particular good or servide ®—- and the opportunity cost of a

unit of this foreign exchange is measured by its shadow price,

The only circumstance under which this approach is not valid is when the
foreign exchange used for imported inputs by a project is not obtained at the
expense of the foreign exchange available to the rest of the economy, This
might happen, for example, in the case of foreign exchange loans or grants
which are tied exclusively to particular projects. If a loan or a grant made
to one project in no way reduces “he changes of additional loans or grants to
other projects, or the total availability of foreign econamic assistance, then
there is no immediate drain on the supply of foreign exchange available to the
economy, If it is a grant, there is no opportunity cost; if it is a loan,
the opportunity cost is determined according to the schedule of loan repayments,
for when these repayments are made, there will have to be a diversion of foreigh
exchange away from other uses. (The opportunity cost of the repaid foreign
exchange is then measured by its shadow price in the years when the repayments

fall due), In practice, many loans and grantc are likely to fall between the

two polar cases of zero and total drain on foreign exchange resources available
to the rest of the economy, This complicates the assessment of opportunity
costs; part of the costs have to be measurgd ;1“ ane way; and the remainder the {
second way, according to the estimated proportion of incidence.

The inputs into the Panagua Project which are not currently produced in
Galivia -- and hence must be imported —- are assumed to include all types of
machinery and equipuent, including spare parts; fuel for the machinery; iron
and steel for construction; and chemical fertilizers, pesticides, etc, for
cultivation., To simplify the calculations, it will be assumed that these
materials will continue to be imported throughout the life of the ProJject. On
this basis, it is possible to derive from Tables 1, 2, 5, 6, T and 8 of the
Project Report the year-wise foreign exchange costs for each phase of the
project; construction, operation, cultivation, and farm assistance. The
foreign exchange costs of construction -- which are to be financed by a World
Bank loan -- are defined in terms of actual outlays rather than the loan re-
payments, because it is assumed that these outlays represent a drain on foreign
exchange that the World Bank would otherwise be prepared to make available for
use elsevhere in the economy. (In other words, it is assumed that in effect a
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quota system obtain with respect to Bank loans to Galivia)., The year-wise
foreign exchange costs -- expressed in terms of their peseta equivalent at the
official exchange rute - are given in the accompanying Table 3,

Unlike labour inputs, imported inputs can be reduced to a single homo-
geneous commodity --— foreign exchange --- with a sirgle shadow price, Thus
instead of having to evaiuate separately the oupportunity cost of each imported
input, the tctal) value of foreiru exchanse requirements in any given year can
be multiplied by the shadow price cf foreign exchange in that year to yield
the corresponding total aggregate consumptiorn cosc of imported inputs. Since
we have assumed earlier tiiat the shadow price of ioreign exchange in Galivia
will be twice the official price fuor an inaefiuite period into the future, the
official pesets value of foreign 2xchange costs must be doubled to reflect the
true opportunity ~osts, In Table 3, the extra oprortunity cost due to the
foreign exchange premium is added to the peseta value in order to determine
the year-wise total aggregate consumption cost of foreign exchange inputs.

Domestic Input Costs

We turn now to the evaluation of the cost of domestically supplied inputs
of goods and services, Since the basic principle involved is to measure the
aggregate consumption tenefits foregone by using an input, we seek to evaluate
the aggregate consumption benefits attributable to the input in question when
it is used in an alternative activity from which it would be displaced by tlhe
project, This procedure is very closely related to the measurement of the
aggregate consumption benerits of the output of a project when that output is
purchased by a producer as an input for further processing. Producer willing-
ness to pay for the input is the first approximation to its aggregate consump-
tion benefits {or opportunity cost) Urder competitive eosnditions, the market
price reflects producer willingness to pay -~ unless the demand by the project
for the input is so great that its market price is bid up. In that case, pro-
ducer willingness to pay is understated by the original -- lower —— market
price and overstated hy the future ~- highei- -~ market price; the correct
measure involves the addition c¢f the 'consumers surplus" enjoyed by the producer
on the amount of input in question to the value of the input obtained by apply-
ing the original market price, Tnhne correction is analogous to that applied in
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the evaluation of project output consumption benefits, except that we now
consider a marginal reduction in the supply of the good rather than a marginal

increase,

All of the other qualifications relevant to the evaluation of domestic
output benefits apply in analogous fashion to the evaluation of domestic input
costs, When the input is rationed, or when the purchasers of the input enjoy
monopoly or monopsony profits, its markct nriecc understates its opporturity
cost. A tax or subsidy on the input in question does not affect the evaluation
of its opportunity cost, so long as it continues to be traded freely on the
domestic market. And the point rade carlier with respect to agricultural ex-
tension workers also applies: even if the supply of the input can be and is
expanded at a real cost lower than its appropriate consumption value in alter-
native use, it is the latter vhich is relevant in measuring the opportunity
cost of the input to the project., The net gain resulting from expanding the
production of a commodity, whose consumption benefits in use exceed its consump=-
tion costs of production, is properly attributed to the independent investment
in expansion -- except under the unlikely circumstance that the supply of the
input could not have been profitably expanded in the absence of the extra demand
from the project.

The domestically supplied inputs of goods and services into the Panagua
Project consist of most of the inputs covered by the remaining cost items of
Table 1, 2, 5, 6, T and 3 of the Project Report, after labour and foreign ex-
change costs have been removed, The item "compensation” in the costs of
construction corresponds in principle to the value of theland which is acquired
for use by the Project. Since the Government in fact has a variety of legal
claims to much of the land involved, the compensation it pays to landowners can
be considered as only a token of its real economic value, The inputs of fam
machinery and agricultural credit are covered twice in the cust accounting:
once by farmers (Table 6) and once by the ilinistry of Agricultures (Table 8).
It is the latter account which corresponds to the real resource cost, since
the Ministry is responsible for obtaining the inputs in question. The farmer
charges for rental and interest represent only (arbitrary) cash transfers.

In Table 4, the market value of the domestically supplied inputs to the
Project are listed on a year-wise basis; the input of land is valued initially

o —




-35_

according to the amounl i in compeneation by the Goverwrent, Tt will be
assumed in mencral +hal vwenconaily ol $ive a1 Flona provatl dn the sels
vant markets, and that ithe Project demand is 1ol large enocugh to upset the |
price structure in any market, so that the valucs glven ia the table cen be
taken as adequate measures of the corresﬁonding opportunity costs (or aggregate
consumption benefitg forezore), In tne case of the 'end input, the value of
compensetion 1s clee.rly an inadequdtc neasure of one opportunily cost involved,
The true opportunity cost ol Lie laal s rps2acsoted by he ret compensa.ion
benefits foregone because tnis land can 1o .onger te culiivated as befere.

Hence a much better measure is the tolal annu=l surplas of production value

over production coste realized by rarmers cultiva.ing the land prior to ivs
irrigation by the Project. Thic surplus is calculavel in Table 5 of the Project
Report; it enters as a cost to the Project for evevy ear after the un-irrigated
cultivation is abandored, With this revaluation of the ccst of land, the

total aggregate consumption cost of the domestic inputs is calculated for «.-2h

year as shown in Table L,

Indirect Costs

The discussion of aggreate consumption benefits begen with an elabtosallcown
of the measurement of "direct" Denefits and finished with a4 discussion o
"{ndirect" benefits, The dtsiinction is a watter of convenience, but 1t cen
be applied in the same way to the treatment ol agzresate ~onsumption coste,
Thus fer we have covered what might Ye called the "tirect’ ccsis; and it rzeaing
to discuss the "indirect" cosis. To cash of the taree categories of indirect.

benefits there is a correspondirg category of indirect cosis,

The first catergory of indirect ';')éts ipolves the covrection of input
costs measured accordinge o produter villirgness *o pav. This norrention coes
not apply in the tucze »>f laltour or foreign zrchang: lrpucs, since the methods
for determining the'i opporiunity costs wera inlep:mdent of vroducer willincnecs
to pay. The correcticn doe=s é‘:_)p'.i.y to dumest.celiy procused inputs, nowvsver,
in & manner anelogous toc th: ~orvectizn of henarits from project output vhich
is sold to producers Jor futlhei proce'asina, rathor tlan directly to consumers.

Indirect benefits of this category arise if = in the furiher processing o:

the input in questiion -~ there are either marke® impeifections or changes in
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prices due to the increment in demand brought about by the project. In such
instances producer willingness to pay for the input must be supplemented by
monopoly or monopsony profits in further processing, ard/or losses of consumer
surplus due to higher prices further glong the line., As noted earlier, the
correction differs from that applied to project benefits only in that we now

consider a marginal reduction rather than a marginal inercscse in the supply
of the good in question,

The second category of indirect costs is simply the negative counterpart
of the corresponding indirect benefits: external effects which result in a net
loss to soclety. A typical example is the pollution of air or water by indus-
trial plants: the discharge is a by-product of the industrial process which
results in net disbenefits to the surrounding population, although the people
affected are not generally compensated for their discomfort by those responsible
for the plant. In such cases, there is a consumption cost of society which
ought to be included in the agsessment of a project., A second type of external
disbenefit results when the consumption of project output by one consumer
adversely affects the welfare of other consumers. In such cases, the beonetitn
to the immediate consumer must be corrected by the resulting roste Lo other
consumers. Thus the purchase of guns may entrail indirect costs, Just as the
purchase of telephones entails indirect benefits,

Neither of the above categories of indirect costs is likely to play a
significant role in the Panagua Project. Like the corresponding indirect
benefits, they will simply be ignored for the purposes of the current evaluation,

C of Indirect efit d Cos

We turn now to the last category of indirect costs, which will be dis-
cussed simultaneously with the corresporling irndirect berefits. This category
of benefits and costs assumes significance when the ultimate consumption value
of funds devoted to investment -~ the "social valu€'of investment -- exceeds
the immediate consumption value of funds devoted to consumption =- the "social
value" of consumption. The reasons for which this may occur, and the sethod
f5r estimating the discrepancy between the social value of investment and of
consumption, will have to be deferred until the discussion of intertemporal
criteria in Chapter IV, For the present, it must simply be accepted that the
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! value of future consumption made possible by investment in a given year t is
equal to + times the corresponding value of consumption in year t iteself,

Once this proposition is accepted, it hecomes essential to evaluate the
overall effect of the projeci -—- benefits and costs =- on the mix of consumption
: and investment in the economy, for every year in which the project is in opera-
tion, During the period of project construciion, resources are drawn away
N from the rest of the economy and funds .> ray o these vesources must t:
raised at the expense of the rcst of che economy. How much of the sacrifice
made by the rest of the ccoromy is a1 sacrifice of consumption, and how much
is a sacrifice of investment? later, during the period of project operation,
benefits are returned to various sectors of the economy, in the form of goods
and services or cash {lows, How much of the guins made by these sectors of
the economy resultifxincreased consumption, and how muck result in increased
investment?

There are at least two ways of approaching the issue that might suggest
themsgelves, On the one hand, one might link the consumption-investment effect
of the project to the technological naturs of the goods and services that are
used as inputs or produced as outputs, Thus if an investment good is diverted
from elsevhere in the economy to be used in project construction, this would be o
regarded as a sacrifice of investment, Similarly, if the project benefits are
associated with the production of an investment good, this would be regarded

as a gain of investment, And the converse would hold for consumption goods,
The alternative approach would link the consumption-investment effect of the
project to the expenditure patterns of the groups who gain and lose by the
project, Thus, if the project construction costs are ultimately paid for by
group A, the fraction representing a sac-iflice of investment is given by the
marginal propensity to save of group A, and the fraction representing a sacrifice
of consumption is given by their marginal propensity to consume, Similarly, if
the beneficiaries of the project are group B, the divisior. of the gains between
- consumption and investment is Aetermined according to the marginal propensities
to consume and to save of group B,

The choice between the two approaches should depend upon one's judgment
about the factors wvhich limit investment in the ecoromy. The firast approach is




approprlate to a situation in which the ~ifoeclive conaleatnt on investment '«
the supply of certatr Snvetment pgondg.,  In this case, che ret effect of the

project on the supply of these goods ‘s what dclermines its effect on the

over-all consumptior~investirent mix in the ecorowy; ary othar good or service
should be regarded 45 g consumptiosn good for the purposes of the evaluvation,

The second approach i3 app.opriale o a situation in volch the effective con -
straint on investment is wne ovailab’lity of savings, ‘Jnders thesz circumsteices,
any required investment .ol cal be cudairn:l - Carough (omestic or internation--
al transformatiorn -- by & sacrifice [ consunptior, It stould bec noted tha' one
epproach may be preferatle in scme yiars, aad the sceond voproach in other years.
In particular, the supply of certair inveztment Jcods may be regorded as rcla~
tively inelastic fur the immediate future, but :ore elastic in tiie long ruw, so’

that the first approach would apnly initlially arnd tne seccad approach iater,

The most plaucible erample of a binding suoply consiraint on investm.n:
would prohably be the case ol aa ecoromy .Jeperdent upon imported capitel
goods for investmen:., where egssentianlly all available toreign exchange is a_.-
ready being direcued into investmeant i1 cne fora ov another, and where the
opportunities tor increcsing forelgn exchaunge earninge arc sharply limitad by
on inelestic world demand for the country'c exuorts, "ader circumstances suen
as these, therz would s3till be & substantial fraction of investment inputs a0t
subject to a supply constraint, Heace the anount of investment .oregone by
using up a unit of foraign excharze (the cor.stra‘ned irput) - - or the amount
of investment male possibic by earni. or seving a unit of rorelgn exchange -
would acturlly be a anltiji: of the onsumr'ion vilue of thkat unit of foreign
exchange Thus to escess .vie @ .atitasive e fect of prcject input or output
on the overall consu. ticn-.nve:tnert . ix oi shz ¢coromy, rccording to the filst
approach, t is 1ecessary t~ ev “aat- 1 €.~y of ©:e project the nel claim
on th2 constrained nvat(:) ad .0 - tip'v th ¢ net c.aim by the reciprocal
of the fractioa - towal irveg a=nt - *h - n *tae av-.afge -- consists of the

constrained irnui(s).

When che e’feciive (dastreaint »n invertmen. is deiiand rather than supply,
the secord apprcech is called for. it th'u becniaes reievunt to Inquire into
the distribution of oprnject bencfits and costs anong different economic grouns

or sectors, and to exaemine the ssvings behaviowof each. The net rat- ‘( @
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particular group or sector is equal to the value of the net aggregate consump-
tion benefits which it receives, minus the value of any net cash payments which
it has to make. Thus, the evaluation of the ultimate distributional effects

of a project must take into account both the initial distributional effect of
the aggregate consumption benefits and costs, and the further redistributive
effects of the cash flows brought about by the project.

From a conceptual point of view, it is desirable to distinguish the
immediate impact of the project benefits and costs from the accompanying monetary
transfers, for the two may not correspond. The first step in assessing the
distributional effects of a project is to associate an immediate gainer and
loser with each aggregate consumption benefit and cost. Thus, vhen a government
agency undertakes the construction and operation of a project, it diverts re-
sources away from use elsewhere in the economy; to the extent that these resources
are drawn from the private sector, the private sector as a whole sustain the
opportunity cost, and to the extent that the resources come from govermment
stocks, the govemment is the immediate loser, If the project output is mde
available to a given set of consumers, these consumers enjoy the corresponding
immediate benefits.

The ultimate loss of the private sector depends on the extent to which
it & compensated for the resources it gives up, and the ultimate gain of the
consumers depends on the amourt which they are required to pay for their bene-
fits. Thus, the second step in assessing the distributional effects of a pro-
ject is to distinguish and examine all of the cash flows to which it gives rise,
If the government increases taxes in direct response to the project, there is
a transfer from the taxed public to the govermment coffers which increases
goverrment gains and increases public losses by exactly the same amount --
the aggregete consumption value of the cash flow. If the govermment finances
its outlay: by borrowing, there is a transfer from lenders to government in
the initial stage, and a series of transfers from goverrment to lenders in a
later stage when the loan is being repaid. 1If the consumers of the project
output must pay for that output, there is a transfer of cash -- and hence con-
sumption benefits -- from the consulers to the producers of the output in the
smount of the actual cash payments. Two basic points must be emphasized: cash
flows must only be considered if they would not have arisen in the absence of
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the project, and for every cash flow the benefits and costs sustained by the
parties involved are necessarily equal to the net aggregate consumption benefits
of the project as a whole,

Following this approach, let 'ﬂt be the unadjusted total value of net
aggregate consumption benefits of a project in year t. Distinguish n groups
or asectors affected by the project, and let the net benefits realized by each
group 1 in year t be equal to %: , 80 that

i _ A
T3, = B

Now let the marginal propensity to save out of increased income (benefits) be

6: for group i in year t. Then the net contribution of the project to invest-

ment in year t is given by

e dad
a1, = 4o.B,
and the net contribution to consumption in year t is

i

/\C N

t = ’i(l'di) B

.

Since aggregate consumption benefits are initially valued in terms of their
contribution to present consumption, there are extra 1nd1rccf. benefits (net of
costs) to the extent that dlt is non zero, and the social value of investment
in year t, Pt’ exceeds the social value of consumption, 1. Thus the indirect
net benefits of the third category in year t, amount to

» -
B, = (p - 1) AIt

An alternative way of looking at this correction is to distinguish the
corsumption value of benefits and costs according to the group affected. Thus,
the "value" of a unit of net benefits to group i in year t is defined by

i i i\=
according to the proportion in which group i divides its net benefits between

consumption and investment. Then the overall net aggregate consumption benefits
of the project in year t can be expressed as

< 1Al *
B, = v,B, =3t+Bt.
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N A
In either case, it is necrasary to cvaluate 'ati;

1 and year t, whencver p =1, If 5= 1, it is clear that all v:

and d;" for each relevant group
-1, and

*
Bt = 0, so that Bt = ét, and no corvection 13 requirad,

We may now proceed 1o evaluate the overall net agaregate consumption
benefit Bf Pr each yeur * of :he Panapgue Project., e begin by evaluating tne
term Et’ whiieh irciuvdes all neu beneiits other toarn the chird category of
indirect bener'its ani cnetg disrusssd abosve  Jirce it has been aszsuned that
indirect bencrits and c.oste of the fivss two categories are relatively insig-
nificent, gf, may ve <aiculated entirety on the basid of the "direct bene?its

and costs discussec ear.ier,

Table S brings together the info~mation from Table 1 to & which is requir-
d for measuring ‘:‘} . Turee ~cie of apar=gate consumption benefits are distin-
guished from the figures ir Table 1, ine first se* (L) includea the benefitg
Irom the agricultural crope produecd on the Dicject 1and ané sold in the domrstin
market; set (2) covcrs e henifits .rom the tomuto crcp which is exported; and
set (3) coverr the bvenefits flowing *rom the "social improvement works" included

in the Project. 'he total value of ‘hese direct aggregate consumption benefits

emounts to Ps, 84,6 million in year 5, the first year of operation of the Project,

and rises to Ps, 166.4 million in year 10, at which level it is expected to

remain for the duration of the useful 1life of *he Pruject,

Six sets of aggregate consumption cnets are discinguished in Table 5.
The first three ((4), (5) and (6)) sre drawn fron Tuble 2 and cover the full
rarge of labour inputs used in the Project: unskilled labour, agricultural
extension workers, and other skilled labour {defined to include semi-skilled
workers). Set (T) includes the wtal cost of mported inputs as calculated
in Table 3. Set (8) and (9) cover the totel cost of domestic inputs as given
in Table L; the cost of lené [9) is disiinguished frow tho remairnder, The totel
value of these sggregate consumptior (msocial opportunity) costs 18 calculated
in Table 5®r 2ach vear oi the Projent., Subtracting “hese costs from the corres-
ponding bencfiic, we arrive at vne complete time stream of {direct) net aggregate
consumption henefits St . ﬁt 1. neavily negative Guring the first four years of
construction; 1t remains below 7ero in the first year of cultivation; and there-
after it rises steadily to reach a nlateau of Ps. 108.31 million from year 11
to the end of the Project.




If there were evidence that Et - 1 for all the years of the Project,
would be no indlrect benefiie or costs due to changes in the economy-wide
consumption-investment mir, and no further calculations would be ra2quired,
the Galivian economy, however, thc price of Investment P + is estimated -
according to methods to bte discuzsed in Chapter V -- at a value of 3.0, and
this valuc is ssumed *o rema’r constan< ~or the duratisn of the Project. Io
will also be assumed that tl.e primary consiraint on investme. .t in Galivh is

the rate of saving, so that, to calculate the ‘ndirect net benefits Rt for cach

o3
year t, it becomes necessary to cvaluate tre distribution of net benetfits (F:)

and the marginal properties to save (ciz) for ecch relevant group 1.

We consider firsc¢ ta2 .mnediste impnct ol the Project tenefits and coste
as listed in Table 5. Tach sot of benefits and costs is assoriated with a
group or sectoy which gains or luses, as showm i the first column of the
Table. The Project ouiput i3 divided chrae ways. The agricultural crops s0lc
on the domestic market o to domestic agricultural consumers (C). The agr:cal-
4ueal erops which ave exported can he regarded -- a: before -- as producing
foreign exchange; since the foreia exchanze market s controlled by the Govern
ment, it is thz Governmen: (G) which receives the foreign currency earnings
in the firct imstance. The housing and social revvices provided by the Project
represent henefits to the farmers (). On thz cost side, unskilled labour
inputs, skilied labour inpu*s other than exiension workers, and inputs of do-
mentic materials and agrienliuvel working capital, are simply withdrewn from
alternative use in the privatec sector of the economy (P), Agri-zultural extension
workers are shifted by che Ministry of Agriculture from other agricultural pro-
grammes; the loss is therclore sustained by Iaruers elsevhere (F). All inpuie
of foreign exchange must pass thrceugh the Govornment controlled market; the
use of importcd impucs on inc rruague Croject thus drews down the foriegn
exchange reserves of thc Govarmment (G). PFinelly, the opportunity coat of the
land used in the Panagua Project i; sustained oy the Tearmers (F) who forego

their prior net soricultural incone,

In this wecy the Project tenefitc and costs are initially ellocated among
the grours C,G, F, and P, If the Panagua Project gave rise to no compensating
cash flows, there would bc no furtler distribution effects to examine., Howvever,
such & situation would clearly be most implausible, Project beneficiariec L.re
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likely to be charged something for their gains, and those who lose command
over resources are likely to demand something for their losses, The farmers
will not hand out their produce freely, nor will the Government be able to
commandeer inputs for the Project works,

All of the cash flows which arise from the Project are listed in Table 6;
also identified are the groups which gain and lose from each monetary transfer,
To each set of benefits in Table , there corresponds a cash flow in Table 6.
Thus C pays F for the agricultural output received (10); since the amount paid
equals the aggregate consumption berefit (1) -- as measured by willingness to
pay -— there is no net gain for C and the benefit is redistributed to F, G
receives the foreign exchange benefits of the tomato export (2), but must pay
F in pesetas at the official exchange rate for the tomatoes (11), Since the
peseta is overvalued, however, F gets only one half the aggregate consumption
benefit value of the foreign exchange earnings, and the remainder stays with
G. F benefits from the social improvement works constructed by G (3), but it
is assumed that there is no charge made for the services (12) and hence F cap-
tures the full value of the benefits. (Various branches of the Galivian Govern-
ment are affected by the Panague Project: the M,W.A., the Ministry of Agriculture,
the Treasury, the Foreign Exchange Oontrol Agency, etc, Since all of these
branches are ultimately financed out of the same hudget, they are all included
here under G,)

On the cost side there are a variety of cash flows associated with each
item of Table 5, Unskilled albour (L) receives wages from G for work on the
construction and operation of the Project works (13); unskilled labour also
receives wages from F for farm cultivation, but since three fourths of this
labour is family labour, only one fourth represents a transfer from F to L
(15) and the remainder is a transfer from F to F (14), When the unskilled
labourers give up their prevbus activity to Join the Project, they forego
earnings to the extent that they were employed (16)., osince it has been assumed
that they were not productively employed, the value of foregone earnings (16)
is ~qual to zero, To the extent that they forego food or welfare provided by
family or charity, there is a corresponding gain to others when they leave, so
that the net effect on the group L can be considered zero, Agricultural exten-
sion workers (E)receive wages from the Ministry of Agriculture (6) on the
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Panagua programme (17), but forego exactly th: same wages elsevhere (18), so

the net effect both on E and G is zero. Skiiled labourers (S) also receive wages
from G for work on the constructisn and operation of the Project works (19) s

but they forego wages of e€x::tly the same amount from P (20). Thus P is exactly
compensated for the opmortunity cost of skilled labour (6) , and the cost is
redistributed to G; S is unaffectaed by the Project.

Jux: ag C pays F in pesetas (11) for the foreign currency earned on ex-
porte, so F pays G (21) in pesetas at the officinl excharge rate for the foreign
currency used for imported farm invuts. Since the peseta is overvalued, F is
payixig less than the social value of the foreign exchange, and is in effect
receiving a subsidy for G from his fertilizer and other imported inputs. F
also pays P for domestic material inputs (22), and G pays P for domestic inputs
used in the construction and operation of the Project, as well as for the agri-
cultural working capital made available to +he farmer by the Ministry of
Agriculture (23). These last two items (22) and (23) compensate P for the
opportunity cost of domestic inputs (8), and thus the Froject has 00 ultimate

distribution effect on P, F is compensated for foregone income (9) by the
land compensator payment (213) from G; whether the cost of (9) is thus fully
transferred to G depends on the comparison of costs in different years (to be
taken up in Chapter IV).

Thus far, sll of the outlays involved in the constructinn and operation

of the Project (by the M.w.A.), as well as in the supply of equipment and credlitl

by the Ministry of Agriculture, have been put down as paid by the Galivain
Government (G). A crucial question affecting the distributional effects of any
public project is how the goverrment finences ite outlays. Do the funds come
from the general budget, or are they ra.sed by borrowing or by additional
taxation., If the Panagua Project itselt 8ces not give rise to borrowing or
taxation over and above the amounts which would have bcen raised in this way

in its absence, then ro further cash flows ere involved, and the losses are
correctly sttributzd ‘o the general Government account (G). It will be assumed,
however, that the Galivan Government is in a position to raise new tares to pay
for the domestic currency costs (a the prevailing market prices) of the construc-
tion of the Project works, (The foreign exchange component of construction
costs is financed by a World Bank loan; this cost is attributed to G in (1)
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becauseall forelgn exchange is subject to direct government control,

and could be used by G for an alternative purpose if desired). Thus there

is a cash flow from the taxed public (T) to G as shown in item (25) of Table

6., The last three items of the Table reoresent various payments levied by G

on F for services rendered ir connexion with the Project: the provision of
irrigation water (26), the supply of farm equipment (27), and the supply of
agricultural credit. The paynents made oy ¥ do not necessarily match the costs
to G; in the case of the irrigation fres (28), they are purposely set well below
cost 80 as both tc encourage the farmers %o use the water and to redistribute
benefits to the farmers.

This completes the enumeration of cash flows brought sbout by the
Panagus Project. Ey combining ané rearranging all the gains and losses des-
cribed in Tables 5 and 6, one arrives at the ultimate distribution of net
aggregate consumption benefits ﬁt given in Table 7, The four groups c,p, ©
and S are not affected by the Project —— gains exactly balance losses. All of
the items in Table 5 and Table 6 (except for the cancelling flows to C, P, E
and S) appear also in Table T, where the remaining groups F, L, T and G share
the net benefits ‘1‘3'1; as shown, The farmer account involves gains due to receipts - --
from the sale of output (29), from wages inputed to family labour (31), and
from land compensation ( 3'4), as well as benefits from the social improvement
works (32); There are losses due to the costs of cultivation (30); payments
for housing and social services (32) , and benefits foregone by the loss of
farmer income (35) and the transfer of extension workers (36). Unlike the
agricultural extension workers (£) and skilled labourers (S) who are merely
shifted from one job to another, thz unskilled labourers (L) are affected by the
Project. They receive market wages (37) in excess of their foregone earnings
(38), and the difference is a net gain of consumpticn benefits for them, The
taxed public (T) sustains the loss due to additional taxation (39).

The Galivian Government (G) has the most complicated account, since it
is affected by ail flows involving the M,W.A., the Ministry of Agriculture,
the Treasury and the Foreign Exchange Control Agency. Over-all receipts include
the taxation payments (40) to the Treasury; farmer payments to the M,W.A.for
housing and irrigation (41), and to the Ministry of Agriculture for equipment
and credit (42), Payments by the M,W,A. and the Ministry involve labour and
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domestic inputs for the Project works, including working capital for the
farmers (43), and compensation to landowners (44). The Foreign Exchange Control
Agency receives foreign currency from the tomato exports (47) and pays foreign
currency for all the imported inputs needeu by the Project (45); in addition,

1t receives pesetas fromn the farmers for the inputs which it imports for them

(46), and it pays the farmers in pesetas for tre tomatoes which it exports (48).

The resu'ting ultimate distribution of Project net benefits by year can
be read from the total rows of Table 7. Farmers as a group are clearly signifi-
cant beneficiaries of the Project, with the consumption value of benefits rising
rapidly to an annual rate of Ps. 71,78 million by year 11. Unskilled labourers
also gain, by virtue of their employment at & murket wage which exceeds their
alternative opportunities for gain, The taxed public is the biggest lose,
receiving nothing in the way of immediate benefits from the Project, Finally,

the Galivian Government suffers net losses in the first five years of the Project,

but thereafter manages to rccover benefits in excess of costs, The sum of
the net beneflits distributed to F, L, T and G in each year (as given in the
bottom row of Table 7) necesearily equals the overall nct benefite enlcninted
in Table 5,

We turn now to the rvespcetive mavginal propensitiea to save (f!t of each
group i, Information on the d t must be provided from above the Froject lesvel,
so that consiatent value can be used in assessinz alternative projects. The
value of (\ in any year t depends upon the incidence of the additional taxation.
It will be assumed that in Galivia any increase in taxes must come from upper
income groups and corporations whose marginal propensity to save is very high;
I : is estimated at 0.f. The Gelivian Government uses all of its revenues
at the marginu for irvestment, so that(? f =1 for all t, Farmers are believed
to consume approximately 80% of their marginal earnings, while unskilled
labourers consune all of their wages, so thatol,: =0,2 and t = 0,0, and
these values are assumed -- in the absence of better forecasts -- to remain
constant for the diration of thz Project.

Since pt has been estimated at 3,0 for each year of the Project, it is

nov possible to solve for the social value vt of a unit of net benefits to

each group i in any year t, using the equation derived earlier:
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1 . 1 A
Ve -=[(1-dt) 1+\t)§7

According to this formula, vf = 2,6, v(j = 3.0, v:' = 1.4 and vti-, = 1,0,

These values may be used to adjust the net benefits 'ﬁt given in Table T Tor
1i=F, L, T, G to account for the indirect net bencfits ~- to the economy as
e vhole -- due to the social premium on investment, The calculations are
carried out in Table 8, It will he observed “hat, in each year, the indirect
net bengfits are very signif'icant by comparison with 'I‘;t, s0 that Bt -= the
overall net benefits -- amounts to a multiple of the immediate net _benefi'cs
St calculated in Tabie 5. During the pericd oi constructicn of the Project —=
years 1 to 4 -- B, i3 more than three times as great as ’ﬁt This reflects
vhat may be called the "opportuniiy cost of public invectment” in the Galivkn
economy, Funds devoted to cepital investment in the Panagua Project must be
witli’&rawn from use elsewhere in the economy, Some of these funds come from
taxpayers vith a high marginal propensity to save, and some come from the
Government with an even higher marginal propensity to save, The result is
that most of the funds investr.ent in the Panagua Project are drawn awvay from
alternative investment opportunities, and -- given the high value of investment
relative to consumption -- this represents an important so:ial loss,

The Panagua ProjecL will muke a ,os8itive contiibution to the agprosnt
conmmmption ohjeclive only if the net benefits in later yeavs ave prent enongh
to pay for the initial withdrawal of fuveslible funde firom alternative projects,
The net benefits B, are positive from year 6 on, and they are also greater then
the corresponding ﬁt because of indirect benefits due to the reinvestment potan-
tial of the immediate benefits, The multiple is in this case apgropriatel,v Lwo
- less than in the case of construction costs, becmuse the beneficiaries of
the Project (. -imarily the farmers) have a much lower marginal propensity to
save than the groups which pay for the Project. Whether the net benefits of
the later years meke up for the net costs of the: earlier years depends upon ilhe
weights given to the differenf years; this topic will be treated in Chapter IV,

Bedistritytion Objectives

A redistribution benefit (cost) is simply an aggregate consumption benefit
(eo-t) that accrues to a particular region or gro\ip which 1is singled out for
special treatment. Thus the evaluation of redistribution benefits and costs
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involves exactly the same principle used in the previous section to determine
the ultimate allocation of project benefits and costs among different economic
groups., The net gain with respect to a given redistributional objective is mea=-
sured by the value of the net aggregate consumption benefits received by the
fr.voured region or group, minus the value of any net cash payments made to other

regions or groups.

In principle, it is necessary to examine all the aggregate consumption
benefits and costs of the project, as well as all the accompanying cash trans-
fers, and to determine to what extent each item affects the region or group in
question, Direct project benefits can usually be associated with particular
groups of beneficiaries without any difficulty, and the corresponding cash pay-
ments == if any -- can be deducted from the willingness to pay for the benefits
to determine their net redistributional effect. The same net redistribution

benefits which flow to the beneficiaries as a group also represent redistribution
benefits for the region in which they live, Indirect project benefits of the '
first two categories may be somewhat harder to allocate to beneficiaries, but --

to the extent that they are significant enough to be included among aggregate

consumption benefits -~ this should not be an insurmountable problem, Typically,

there are no cash payment counterflows to such indirect benefits,

On the cost side, the issue becomes more complex. When a worker is withe
drawn from employment elsewhere in the economy to work on a public project, the
opportunity cost is usually passed to the government: the private sector cnployes
loses a man but saves his wage and -- assuming the wage reflccta his marginal
productivity =~ comes out even; tne worker himself changes employers but gets the
same wage as before; and the government pays a wage which it wouldn't othervise
have to pay., From the point of view of redistribution among groups, the govern-
ment is the ultimate loser and the worker is unaffected. From the point of view
of redistribution asmong regions, however, there is a net gain to the Project
region in which the worker now earns his wage, and an equal net loss to the
region where the worker used to make his living, This follows from the defini-
tion of a region in terms of the people who live in a particular geographical
area, If the worker in question was previously unemployed, there is no opportuni-
ty cost to the econmy when he is put to work on the public project, The
'govement still loses the wage it must pay, but this wage now represents a net



consumption gain to the worker and there is hence a redistribution effect in his
favour. From the point of view of redislribution among regions, there is now a

net gain to the project region as befare, but no net loss to any other region.

When a material input is withdrawn from an alternative use in the economy
to be applied in a public project, the opportunity cost is generdly passed to
the government in the saue was as for employed labour: a private sector firm
loses the input but saves the costs with which it would have been purchased, and
== assuming the market is competitive -- comes out even; the govermment pays
for an input which it previously nad not bought, Unlike the case of labour in-
puts, there are no regional or group redistribution effects involved here unless
there are market imperfections which lead to discrepancies between willingness
to pay and market prices, The situation is the same for inputs of foreign
exchange; when such inputs are used on public projects in a given region rather
than elsevhere in the economy, there are regional or group gains of losses only
to the extent that actual payments for foreign exchange differ frcm willingness
to pay. This may well be the case when foreign exchange is rationed. When a
goverrment licenses foreign currency to private firms who are allowed to pay
for it at the official (undervalued) rate, these firms are in effect receiving
& govermament subsidy. If the goverrment subsequently embarks on a public
project and cuts down on the foreign exchange available to the private seclon
in order to allocate it to the project, there is a loss to the group and region
of the marginal private sector firm which foregoes its implicit subsidy, If
the goverrment makes any of this foreign exchange available to private firms
or individuals in the project region, there is a corresponding group and region=-

al gain in the amount of the accomyenying implicit subsidy.

Thus far we have assumed that the input costs of a public project will be
peaid by the govermment. They may also be passed on in part or in full to the
taxpaying or the lending public, in which case new cash flows arise with
redistributional implications, To the extent that taxation is increased, there
are not lossed to each group and region which pays the taxes, In the case of
borroving, there is redistribution against the lenders at the 'initial stage and
in their favour when the loan is repaid,

Indirect projebt costs of the first two categories figure in the same way
as the corresponding indirect benefit discussed above, It remains only to
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consider the indirect bheneflits and costs of the third cal~yory, When the
construction of a public project diau: Tinile auny tiom alternative ure in fuvest-
ment rather than ir consumption, the loss tc *hose who provide the funds is not
measured by foregone present consumption, but by foregone future consumption
that would have resulted from the investment, But some of this future consump-
tion may well have accrued (o persons othe- tian those who did the saving, in
which case the net loss to society exceeds the net loss to the individual.
Similarly, any indirect aggregate consumpo.ion venefite due to the propensiiy to
save out of direct benefits -- given a social wvalue of investment greater than
that of consumption - may not correspond to redistribution beaefits for the
group or region which receives the direct benefits The extrs net consumption
benefits of the third category are thus likely to be gpread over many groups
and regions, and are dirficult to attribute to any one.

It is clear from t.ae foregoing discussion that certain kinds of redistribu-
tional effects of a proj=act are fairly caasy to cvaluate, while others are
almost impossibly difficult. In particular, it is usually possible to asaess
fairly accurately the redistributive consequences of consumption benefits and
costs -- or cash transfers -- which are confined tc the project region, and
affect solely a wall-defined group within that region. Thus the employment
of labour on a project, or the consumption cf project output by local conmmera,
involve readily measurable redistributive effects, On the other hand, it is
generally very difiicult to isolute the -edistributive effects of benefits and
costs =-- or cash translers -- which affect "the rest of the economy” or the
economy as & whole, What region ultimately loses when a wecrker moves from
"outside" irto the project region? Which reglons or groups gain or lose vhen
the rate of investment is 1Increased in tre economy as a whole, with a resulting
gain in future consumptior. “ha* exceed- th~ mive of the alternative present
consumption? In practice, one may well have to abandon the attempt to measure
the economy-wide redistributive consaquences of a piven project, and concentrate

simply on its major impact on the local regior. and various local groups.

We may now proceed tc evaluate the vontribution of the Panagus Project to
two distinct redistributional objectives of the Galivimn Government: redistribu-
tion of benefits in favour of the Mendalvan region, and redistribution of benefits
in favour of the s3all farmers of the Secotuan Valley. Starting from scratch,
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we could proceed to examine each aggregate consumption benefit of Table 5, and
each cash transfer of Table 6, to determine which items have a direct bearing
on the welfare of the regiorn and the group in question. 3ince, however, some
of the work has already been done 1in connexion with the Jroup-wise allocation
of net consumption benefits in Table 7, it will be simpler to meke ase of those
regsults,

The direct net consumptior bancfits redis‘ributed to the Mendalvan regions
include the net benefits realized as Mendalvans by all inhabitants of Mendalva,
The Panagua Pr.jcct affects four groups of Mendalvans: “armers, unskilled
labourers, agricultural =xtension workers, end cther skilled workers. The
farmers are native lendalvans, wno cre simply resettled in the Project urea,
Their net benefits thus correspond exactly to the ne. benefits to farmers in
the regions from which the agricultural extension workers are withdrawn, The
remaining items (29) to (35) are simply reproduced in Tuble 9 as part of the
n.t regional benefit raleulations. The unskilled labourers are also mostly
native Mendalvans, but their origin dees not affect the evaluation. Previously
they were unemployed and received no wages ; now they are employed in Mendalva
and have gained consumption benefits equal to their wages, as covered by
item (37) from Table 7 entered in Table 9, The agricultural extension workers
are transferred from outsiie Mendalva and will earn income within the region:
as (temporary) Mendalvans; their new earnings (17) must be included .as regional
benefits, while their foregone earnings (1€) are disbenefits to the region from
which they came, Finally, skilled labour is also brought into Mendalva to work
on the Project, and the corresponding earnings (19) are Mendalva's g€ain, Even
if these skilled workers had in fact been employed elsewhere in the asame region,
their displacement from other jobs would presumably have resulted in the
immigration of another set >f workers to fill their shoes, so that the net
redistributional effect on Mendalva would be the same, Adding up the net
consumption gains made by each group of Mendalvans, the total direct net re=~
€ional benefits are derived for each year of the Project as shown in Table 9,

The consumption benefits redistributed by the Panagua Project to the amall
farmers of the Secotuan Valley can be calculated from the benefit and cost
items (29) to (35) affecting all of the farmers in the area. For each item, it
is necessary to assess the proportional impact on small farmers — defined as

BN



cultivators of land units of 10 hectares or less. As shown in Table 3 of the
Panagua Project, there are at present 1907 amall farm units in the Secotuan
Valley area, and this number will rise to 3579 when the project is completed,
Not all of the 3579, however, belong to the original class of small farmers,
since some of these l0-hectare units are to be formed by paring down larger
holdings of the farmers whom own land in the irrigated area. Apart from the
1907 mmall units, there are at present 173 units in excess of 10 hectares. Of

these, 134 are expected to remain in excess of 10 hectares, and the remaining 39
will be cut down to 10 hectares, Thus, of the total of 3579 10-hectare units to
be located on the irrigated land, 1307 will belong to the original small holders,

1633 will belong to small farmers relocated from the surrounding area, and 39
will belong to farmers in the previously larger holdings.

According to Table 3, the 1907 small farmers cultivate at present L2,9%

of the land area to be taken over by the Project, It will be assumed that they

earn likewise 42,9% of the annual net agricultural income resulting from current

cultivation. No figures are available on the current earnings of the 1633
mall farmers to be relocated from adjacent areas, but it may be reasonable to
assume that their holdings are so small and the land so marginal that their
sacrifice of current farm income is negligible, Thus the net agricultural
income foregone by small farmers because of the Project may be estimated as
429 (35), where (35) refers (in Table 7) to the total benefiis foregone by

farmers because of the new use of the irrigated land.

After the Panagua Project is underway, the 3540 small farmers will hold

35,400 of the 40,000 cultivated hectares, or 88.5% of the total cultivated area,

As before, it may be assumed that they receive the seme percentage of the
total market value of agricultural production and of inputed famlly wages, and
that they incur the same percentage of cultivating costs, so that their net

farm earnings amount to 885 [T29) = (30) + (31)_J. With respect to net benefits

from housing and social services, however, the percentage is different: it is

more appropriate to assume that these benefits will be enjoyed by small farmers

according to their fraction in numbers rather than in acreage. Thus the
relevant value of net benefits becomes 3540/3713 [T32) - (33T ¥ .95 [32) -
(33)_7. Finally, it is evident that none of the land compensation payments
(34) are made for mmall holdings, so that this item does not appear in the

- \'}
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redistribution account of the small farmers, Adding up the various items in
the account, the total net small farmer benefits are derived for each year of

the Project as shown in Table 9,
. - » }"\‘
The figures shown in Table 9 descibe the direct impact of the Panggua

Project on Mendalva as a region and on the small farmers as a group. in the
case of the regional redistribution of net consumption benefits, there remains
one further adjustment which must be made to take account of the indirect as
well as the direct impact of the project., Whether the direct benefits are cone
sumed or invested, a part of them will be respect within the project region,

To the extent that they result in a net transfer of wage or profit earnings from
elsewhere in the economy to the project region, they will result in a new round
of benefits to the r=gion. For example, the expenditures arising from incomes
earned on the Project may draw small businesses and ancillary services into the
area; the income of these enterprises is now earned in the Project region and
contributes to the redistribution of benefits in its favour, Such a chain of
indirect benefits can in principle continue indefinjtely, with the benefits on
sach successive round progressively declining,

If f represents the proportion of (marginal) direct net regional consump-
tion benefits R' which -- vhen respent —— result in additional net benefits to
the region, then the value of indirect net regicnal consmption heanefita R" can

be expressed as
R = R'T + (R'E)L + (R'ED)F + .....
or
R =R (P e A4t ..l)

and the total direct and indirect net regional consumption benefits R is given
by
R=R'+R
=R (1+r+12+ 8 4+....)

= R'&p

The expression (IE?) is called the "regional income multiplier”. It is applied
to the direct net regional consumption benefits Ré in a given year t to yield
the resulting $otal net regional consumption benefits R.. The use of the above
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formula for the regional income multiplier is subject to one qualification:

the successive rounds of oenefita fR', fQR', R ete. actually occur only after
an interval cf time, whereas tl.e formula assumes that they all take place
instantaneocusly. To be precise, one ought to distinguish the successive rownrl s
of benefits according to the time at which they occur, and to apply different
weights for different time periods according to the time-preference weighting
system descr bed in Chapter V. In practice, however, the caiculations are
likely to be sufficiently rough so that no such careful distinctions will be
called for,

For the purpose of evaluating the net contribution of the Panagua Project
to the objective of redistributing benefits to Mendalva, it will be assumed
that 20% of the marginal consumption benefits accruing to Mendalvans are respent

80 as to result in additicnal benefits to the regions. This value of f is another

another item of information that must be provided from abuove the project level
in order to permit an adequate arzessmentl of project benefits, With f= .2,

the regional income multiplier for Mendalva 1s equal to 1,25, so that the direct
net marginal benefits for each year, as shown in Table 9, must be increased by
25% to include the corresponding indiract benefits,

In the case of benefits redistributed to groups =—— as opposed to reginns
there {s clearly no counterpart to the regional income multiplier, No matter
how the small farmers of the Secotuan redistribute additional benefits to
themselves in successive spending rounds, Thus the figures shown in Table 9
for the direct impact of the Panagua Project on the amall farmer group represent.
at the same time the total impact,

Pricing Policy

The detail~d discussion of the redistributional effects of a project —
as between investors and consumers, petween different regions, and between
different groups -- serves to bring out clearly one aspect of the role which 1s
played by pricing volicy in public projects. The price which is charged by the
Goverrment to the consumers of the output of a public project determines direct-
ly the distribution of the corresponding benefits, The consumers gain to the
extent that their willingness to pay exceeds tieir actual peyments, and their
actual payments are determined by the price set by the Government, By getting a




(relatively) high price, the Government can capture the bulk of project benefits
for itself; by setting a (relatively) low price, it passes them on to consumers.
It these consumers live in a region or belong to a group to which the Govermment
wishes to redistribute income, there would appear to be a good case for a low
price to serve these redistributional objectives, On the other hand, if the
consumers have a much lower marginal propensity to save than the Govermment, and
if the social value of investment exceeds the social value of consumption, a
greater contribution to consumption benefits for the ra tion as a whole would be
obtained by setting a high price to keep most of the benefits in Government
hands, The same set of potentially conflicting goals apply to all the prices in
the project over which the Government has some control, for every price has
distributional consequences, The determination of an optimal price policy --
Just as the evaluation of the Project itself -- can be made only with knowledge
of the relative importance attached to conflic ting objectives,

The distributional effects described above are only one aspect of the pric-
ing problem. A second aspect is that the price charged for a good or service
has an important bearing on how that good or service is used, and -- in particu-
lar —- on whether it is put to use in such a way to provide a maximum of aggregate
consumption benefits to the economy as a whole, Prices which are below "what
the traffic will bear" call for a system of rationing to determine who gets the
good or service in question at the favourable rate. Rationing may result in
care.leu allocation of resources by the beneficiaries, and it may also entail
significant administrative cos%s. Against this argument for relatively high
prices ~- to aid in allocating scarce resources in accordance with their most
productive uses -- must be placed an argument for concessional prices to ensure
the quick response of potential users to a new and profitable good of which they
are initially skeptical, The case for such promotional pricing clearly becomes
less conpellihg over time; once the users of the resource in question have
become familiar with it, a subsidy cannot be justified by the aggregate consump-
tion objective,

All of these issues may be illustrated with reference to the Panagua Project,
in vhich the Galivian Govermment undertakes to provide irrigation water to the
farmers of the Secotuan Valley., The irrigation fees actually charged to the
farmers (item (26) in Table €) amount to Ps. 20 million & year for the total
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irrigated areas, The excess of the farucrs' willingness to pay for the water over
his actual payments may be measured by subtracting the tetal costs of cultiva-
tion, inclusive of the irrigation fees (item (30) in Table 7), from the corres-
ponding receipts for the sale of agricultural output (item (20) in Table T).

This excess rises from Ps, 16,7 million in year 5 to Ps. 53,40 million in years
11 through 54, These amounts represent benefits which could in principle be
captured by the Galivian Government through higher irrigation fees, but which

in practice the Govermment has chosen to place in the hands of the farmers.

By oharging concessional fees for irrigation water, the Government increases
the yearly net regional benefits to the Mandalvan region, as well as the yearly
net group benefits to-the sm1ll farmers (see Tatke 9), On the other hand, it
decreases the yearly net aggregate consumption benefits to Galivia as a whole
because benefits are shifted from the Government vilth a "gsocial value of income'
equal to 3,0 -- to the farmers -- with a "social value of income" equal to 1.k
(see Table 8); the net effect is to reduce the rate of reinvestment out of
benefits in each of the years in question, Apart from the contribution to
redistributional objectives, the Galivian Government may defend its comessional
price policy on the grounds that the incentive of substantial profit from irri-
gated farming is necessary in order to encourage the farmer to use the water,
If higher irrigation fees wcre charyged, the farmer might prefer not to use the
water ataall: there would thus be an aggregate consumption loss, as well as a

redistribution of the remaining benetiis from the farmer to the Government,

The main point which emerges from this discussion is thet pricling in public
investment projects affects different nationali ob:jectives in different ways. It
is therefore necessary in formulating a price policy to examine the implications
of a given price for each separate objective, and to consider the relative
importance of the conflicting obJjectives to the nation as a whole, The need to
recover costs through revenues =- however crucial in the investment decisions
of private enterprise — should play a decisgive role neither in the allocation
of public investment funds nor in the pricing nolicy of pubiic projects,

Ob ive

In addition to aggregate consumption and redistribution objectives, three
more distinct categories of objectives were proposed in Chapter II, These are:
the .cduction of unemployment (per ge), the improvement of the balance of trade
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(Rer se), and the fulfillment of merit wants., For reasons discussed in Chapter
II, these objectives are likely to play a much smaller role in the calculus of
national welfare than the first two. The discussion of the measurement of bene-
fits and costs with respect to these objectives will therefore be much briefer.

In the case of the employment objective, the principle of measurement is
very simple, Every unemployed person who gains employment as a result of the
project represents a unit benefit; any otherwise employed person who loses his
employment as a result of the project represents a unit cost. There are benefits
to the extent that the project, or any ancillary activity attributable to the
project, hires previously unemployed labour; there are costs to the extent that
labour is laid off elsewhere in the economy because other activities have been
adversely affected by the Project. In practice, it is difficult to conceive
of a situation in which a project could glve rise to net unemployment elsevwhere,
This would be possible only if othervise unemployable labour were required in
fixed proportions to another resource withdrawn from alternative use for input
to the project, Even if such a case did arise, it would clearly be very diffie
cult to assess its quantitative significance. As a result, the measurement of
net benefits with respect to the reduction of unemployment is likely to be
confined to the immediate effect of the project itself. In the case of the
Panagua Project, the benefits would be measured by the number of unskilled
labourers working on the irrigation system or cultivating the land in any given
year, for unskilled labourers are assumed to have no alternative source of

eaployment,

The contribution of a project to the objective of improving the balance of
trade is measured by its net effect on the supply of foreign exchange available
to the economy. If the project output is exported, or if it substitutes for
products which could otherwise have been imported, the earnings (or savings) of
foreign exchange represent benefits with respect to the trade objective, The
total foreign exchange value of imported inputs to the project, on the other
hand, clearly represents a ¢>st with respect to the trade obJective, In addi-
tion to these direct effects, a variety of possible indirect effects must be
considered. Thus if the project stimulates the expansion of production in other
industries -- either via external effects or by supplying inpvts for processing —-
then the corresponding (net) export earnings or import savings of these industries
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should also be counted as benefits, Similarly, if the project brings about an
expansion of production from industries supplying the project with domestic
inputs, the corresponding imported input requirements of those industries must
be counted as costs, In either case, the benefits and costs attributable to
the expansion of related industries should be associated with the project in
question only if the expansion would not have occurred in the absence of the
project,

Under certain circumstances, an additional category of indirect net bene-
fits with respect to the trade objective might arise from the redistribution of
income that accompanies the undertaking of a project. As noted earlier, certain
groups suffere losses in the initial years when a project investment is meade, while
other groups share the benefits when the returns come in later, If these groups
have positive effective propensities to import out of marginal net benefits, the
ov?r-all availability of foreign exchange in the economy will be affected. Those
who suffer losses when resources are drawn into a public investment project will
cut down their imports and reduce the econcmy-wide drawn on foreign exchange;
those who receive benefits will increase their imports and the corresponding
drawn on foreign exchange,

In order for these effects to materialize; it must be assumed that the
Govermuent does not have sufficient control over the allocation of foreign
exchange resources to prevent thepprivate sector form satisfying its marginal
demands. Since the trade objective itself is only likely to be relevant when
there is a scarcity of foreign exchange at the official price, there is bound
to be & certain measure of control in effect., And even if this control is not
at all complete, it is likely to complicate the market for foreign exchange to
such an extent that it would no longer be meaningful to reckon with fixed
marginal propensities to import. As a result, it would be unrealistic, and/or
unnecessary tc try to link the redistribution of income brought about by a pro-
Ject with its contribution to the objective of improving the balance of trade,

The direct effect of the Panagua Project on the availability of foreign
exchange in Galivia includes the foreign exchange value of the exported tomatoes
as benefits, and the foreign exchange value of all imported inputs as costs.
Using the official rate of exchange of ten pesetas to a dollar, these benefits
and costs in dollar units are shown for each year of the Project in Table 8a,
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The indirect effects arising from changes in production stimulated by the project
elsevhere in the economy are assumed to be negligible, Such effects might have
arigen if -— for example -- the wheat produced in the project gave rise to
increased exports of flour. In that event, the expansion of flour milling --
including all of the associated benefits and costs -- would be treated just as

if it formed part of the original Project, in the same way that the agricultural
programme foi the Cecotuan Valley is treated as a part of the Panagua irriga-
tion complex.

The measurement of benefits and costs with respect to the objective of
fulfilling merit wants varies with the nature of the merit want in question,
The important thing is to find a well-defined quantitative yardstick for assess~-
ing the contributior. of projects to the output of the goods or services that
public policy has elevated above tests based on market prices, i,e,, on indivi-
dual willingness to pay. Thus one might measure nutritional benefits in units
of calu. ‘s, vitamins, protiens, etc,; educational benefits in terms of the
numbdber of students emerging from different categories of educational e-_ta.blish-
ments; health benefits in terms of the number of hospital beds; etc. Merit-waut
costs exist only if the project requires a sacrifice witix respect to the merit
wvant in queation. This might occur, for example, if the preservation of fresh
vater is considered a merit want, and a project plant pollutes a local river
with its refuse, This example also iilustrates the possibility of indirect
merit-want benefits and costs, defined analogously with‘indirect consuaptiom
benefits and costs,




INTERTEMPORAL CRITERIA -

So far we have measured benefits and costs with respect to:
(a) & e objective at a time; (b) a gingle year at a time;

Now we require a method br comparing benefits and costs with respect

to different objectives, and in different years. Comparison of different
objectives to be taken up in Chapter V., In this Chapter, we take up
comparison of (net) benefits in different years, with respect to a single
objective at a time,

Start with aggregate consumption objective, We have a time stream of net
benefits B, over lifetime of a project (e.z. Panagua Project, years 1 to
54)., How to determine value of all the Bt together? One solution is to
ass them up: ?Bt‘ But do we really want to count 100 dollars of bene-
fits in year 50 as equal to value of 100 dollars in year 1? No. We
prefer benefits sooner rather than later, Measure total contribution by
%AtBt' where , t is weight attached to year t benefits, and ve presume that

At+1<At for all t,

Reasons for preferring earlier to later benefites () 1 "A‘t): (a) Nation
will be richer in the future, and extrg unit of benefits will mean less
satisfaction by comparison with present situation, Just like redistrubut-
ing income from rich t0 poor at any given time, may be desirable to
redistribute income from richer (future) generations to poorer (present)
generations; (b) Possibility of "pure time preference,"

Define discount rate for year t am follows:
Dt M
A th
so that 1= the pfrcentcge rate at which,:'a‘ ¢ changes over time. No eseen-
tial reasonf for/ ‘;/ A t+1 to remain constant for every year t, and so no

t

reason for 1t to remain constant, DBut it is customary and very convenient
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to assume that 1, 18 constant, for lack of any better information to the
contrary, It is also customary to fix AO= 1, 80 that present (yexr 0O) benefits
are worth 1 per unit, and future benefits are worth less than 1 per unit (this
involves no sacrifice of generality)., Then we have:
1 '/\1 ’"\L. \j_ =}\g ').3 -
A1 A2 A3

i =

80 that
e R e T

(+1)3 '

and wve may measure the total contribution of a project to the aggregate
consumption objective by

N @® 1
pv,(C) = T B, = & —B
1 €70 G0 ()t t

pvi(o) is called the "net present value" of aggregate consumption benefits
evaluated at the discount rate i, where "present” corresponds to year O,

The discount rate can also be defined for continuous —— as opposed to
discrete —- time as

1(t) = - lld_if-)_ . —X%;’—

vhere ) (t) 1s a continuous weigiting function, Then, assuming i(t) is
constant nnd)\(o) = 1, the corresponding net present value is measured by
pv,(0) = |® A(t)B(t)at = g” e~ 1ta(¢)at
®

If the aggregate consumption objective is the only relevant objective. (an
unlikely event!), then a project should be undertaken if and only if pvi(0)> o,
vhere i is the "social rate of discount.” Discussion of how to determine i is
put off until later; now we will consider altermatives to net present value
vhich are sometimes suggested for evaluating & time stream of (net) benefits,

Ihe Becoupment (or Pavoff) Period, defined as the number of years T that

it takes for a stream of net benefits tﬁ)ﬂt to make up for the initial capital



outlay of a project, Use: rank projecl according to quickest payoff, or set

maximum recoupment period T and undertake all projects for T < T. Advantages:

eagy to apply and easy to understand, Disadvantages: (1) Useful only for

point-input continuous output projects «- otherwise not clearly defined, (2)

Net benefits after the iecoupment of initial outlay are not taken into account, ’
(3) Choice of unique T ie not epnronriate when projects compared have differ-

ent lifetimes, and different time patterns of inputs and output, Summary: a -
crude method, useful only 1o: compar.sol J. Lasically c.milar projects,where

future is highly uncertain after 4 relatively short period of time and the

data do not warrant mcre accuraive ca'cula-.icnis. Case of application may recom-

mend it for screening purmoses. Note: in rocialist countries various refine-

ments have been introdured to pernit greater sophisticetion and accuracy.

These methods are bevond scope of present discussion, !

Ihe Internal Pate of 3eturn, defined as rate of discount © such that the
net present value of a project equals zero: solve

(0) §° 1
pv, (0) =), B, =0
e t0 (o)t t

Use: rank projects according to highest o, or set minimum value P and under-
take all projects for which p > 5 . Advantages: in ranking projects, there
is no need to determine a value for i (as in present value calculations); need
only data from the projects themselves, Disadvantages: (1) It is difficult

to compute @: require a tedious trial-send-error procedure, (2) The solution

for 1 may not be unique: multiple values for ¢ cgn appear whenever the time

strean of net benefits changes sign more than cne (e.g. -1, +5, -6 has p=1 and

2!)., This won't cause trouble if — &s in the Panague Project —- time stream

is first negative (initial outlays for y=ars 1-5) and then always positive

(benefits exceed costs for years 6-54), This is likely to be typical. But .
in examining djfferenceg between alternative projects, it may not hold., (3)

Value of p does not convey aiy information about pize of project; wnen we 2
have to choose between two mutually exclusive alter.atives, may prefer big

project with greater absolute benefits but lcwer rate of return than smaller

project, Further comments: If p 18 unique, and ifa is fixed at 1, then

the criterion p) 5 yields same yes-no decision as the criterion pv1(0)> o.
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But the ranking of projects may well differ according to the two methods
(for any given i), Summary: There is nothing which the internal rate of
return methods does that cannot be done more easily and usually more accurate-

1y by the net present value method,

Profitability, or equivalent annual rate of return on investment is
defined as

vhere B, C and D are annual flows of (gross) benefits, current costs and
depreciation; K is the initial capital outlay, and d is the annual rate of
depreciation as a fraction of the capital outlay (4 = D/K). Use: rank projects
according to highest i , or set minimum value ﬁ undertake all projects for
wvhich JJ ﬁ . Advantages: (1) 1like the internal rate of return requires only
project data for rankina;y (2) ]T is much easier to calculate than p.
Disadvantages: (1) 1like @, does not distinguish gigze of a project; (2)
applies only to point-input continuous-output projects vere annual flow of

net benefits is constant, Further comments: If ﬁ is set equal to i, and if
4 is calculated accoring to the sinking-fund rule with the same interest rate
i= ‘T‘f , then thecriterion ] » T[ yields the same yes-no desisionas the criterion
pvi(O) > 0., But, as in the case of p, the ranking of projects may differ,
Susmar: It can be shown that ([ = ¢ for the special case to which T applies,
if 4 is calculated according to the sinking-fund rule with an interest rate

of TT . So ¥ shares some advantages and disadvantages with o , but has more
limited application aid eamier to compute, Like the payoff period, the simpli-
city of || may recommerd it - where applicadble -- for screening purposes, but
the net present value method is ultimately the most reliable,

Benefit-Cost Ratios: (a) The equivalent annual benefit-cost ratio is
defined as

5, - ke " b
r C+rK+D CH+(r+d)K

vhere B, C, d and D are defined as above, and r is the annual cost of capital

)/ Except that the formula for d must be provided from outside the project,

—




funds. Use: rank projects amccording to hinhbnt"?‘ . n1 undertake all projects
for vhicb/gr) 1. Comments: ,ﬁr 13 like !’ in that (1) it applies only to

point-input conti-m us-ovtpuc projects where the annual flow of net benefits

is constant, and (2) 1t i. eisy to compute, I* differs from || in requiring
an estimate of r “rom outside the project, just as the present value criterion

differes from @, 3ut the decision rule 4r> 1 is exuctly the sane as the de-

o
cision rule | | ]‘ waer. [ ~ r, +.8 car be seen from the equality
2 CHDF K
,5:- = CrDr oK

Thus, when r = {, the criberiongr . 1 yielcs the same yes-no decision as the
s
criterion PVi(O) > 0. ’
(b) The present value benefit-cost ratio is dzfined as

Al
s r

vhere B:_ and C: denote the present value of the whole time stream of project
gross benefits and costs, respectively, discounted at the rate r. It can be
shown that if d is cclculated according to the sinking=fun rule with an inter-
est rate of r, ,61- represents simply 3 special case of,. : when anrual henci'its
and current ccsts are constant, and there is an initial (one-period) capital
cost of K, If r = i, 1t 1s clear thaut the decision rule B:> 1 is equivalent
to the rule PV, (0) > O, since
R

t=1 (1+1)
in terms of the notations used here. Like o and 1|, mitheyjr nor /[;:
can d'stinguish the gize of alternative projects, and they are hence less use-
ful than the present value method: Only the PV approach give a clear expression
of the 1otal net benefits expected frem a project, and does so in a manner wvhich
involves consistent time-weighting for all projects. .Hence the PV approach is
to be preferred to all others,

To use the PV approacin for comparirg net benefits in different time
periods, must choose discount rate i, How: The rate at which the weight on
marginal contributions to consumption declined with time (i.e,, the discount
rate 1) ought to reflect the intertempornl preferences for gollective decislons
held by individuals of the society; henca 1 is often called the "gocia) rate of
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discount.” 1 should represent the marginal rate of substitution between
present and future consumption which the society would apply to decisions
affecting it as a whole, Poipnt: this rate i cannot be determined from observ-
able economic data,for reasons given below. In choosing i, the policy makers
must make a value judgment on the basis of intertemporal preferences which they
hold by proxy for the people,

How about the mgrket rate of interest rM (abstractig from the multiplicity
of market rates of interest)? Provided there are no inetitutional obstacles
resulting in quotas, rationing, etc. (which there usually are in developing
countries!) » rM at best reflects the rate at which it pays private investors
sarginally to borrovw funds for investzen}, i.e. the marginal private rate of

return to private investment: rp. (rP = marginal p as defined earlier if all

benefits and costs are interpreted from the private investor's point of view, : |
i,e., in terms of after-tax profits and market costs), i

How about using _LP? Does it reflect society's marginal rate of inter-
temporal substitution? The argument is that a perfect capital market exactly
balances individuals' marginal time preferences with the marginal productivity
of investment opportunities in the economy, In other words, the marginal rate

of intertemporal substitution (1) equals the marginal rate of intertemporal
transformation (rT) , and rT can be measured by rp. Oblection: rP is unlikely
to equal rT because of differences between private and social calculations, and
because of departures from competition in many markets: e.g,, (1) direct taxes
b and part of indirect taxes must be included in social yield, but are not
included in private yield, of investment. (2) gaps between prices and the
marginal productivity of resources result in differunces between private money
costs and social costs (as discussed at length in Chapter III),

Counter Suggegtion: Correct rP to reflect marginal gogcial rate of return
to private investment: rS (rs = marginal o as defined earlier if all benefits

and costs are interpreted from the point of view of society as a whole, i,e,,
in terms of the aggregate consumption benefits and costs defined in Chapter II),

Now we can say that rS measures rT, and since rT 13 equal to i, rS also measures
i. Qbjection: If capital market allows for discrepancy between rP and rS,
how can we expect it to balance r and 1? The balancing of rT and 1 in any

economy means that the rate of investment is optimal. But in a world of market

N




imperfections and private-social discrepancies, there is no reason to believe
it so. PFyrther Objection: Even a perfect capital market may be inadequate
to register society's gollective iutertemporal preferences, because these may
differ from preferences expressed in private, atomistic investment decisions.
Ir. general, there is probably not enough weight given to future generations,
and a tendency to save too little, so that r remains too high -- above the
level of 1,

Counter Suggestion: The failue of capital markets to balance rT arnd i
does not matter: even so, govermment should discount project net benefits and
put together an inveastment programme using rT rather than {1, Why? Because
government can gybgequently distribpute consumption over time in accordance with
1, (Just like a Fisherian individual decision-maker)) Ob,jection: The govern~
ment is not like a Fisherian individual! 1t can't distribute consumption bene-
fits over time at will because it hasn't got that much fiscal and monetary
control over the mix of private consumption and investment. In cther words, it
can't change the rate of investment sc much that soclety's collective rate of
discount i is raised enough, and/or that the marginal rate of intertemp.sal
transformation r is lowered enough, so that 1 is brought into balance with r,

The upshot is that the govermnment operates in a sub-optimal world, where
rp 4 rs = rT # 1. There are political and institutinrnal constraints, as well
as explicit or implicit policy objectives gther than aggregate consumption,
which prevent the goverrnment from bringing about an "optimal" rate of invest-
ment for which rT = i, Therefore, one cannot infer an appropriate i from
rP or rS, and one cannot read i from any direct economic measurement, There
remains no alternative but for policy maxers to articulate views on the rela-
tive value of beriefits at different times according to their best judgment of
the intertemporal preferences heid by society as a wholc, and on that basis to
determine the appropriate social rate of disccunt i,

The social rate of discount can be expressed formally in terms of a total
social utility function U, definad as the sum cf instantaneous utilities U(t),
vhich are in turn functions U/T(t)] of current consumption C(t). The time
wveight >\(t) can be identified with the instantaneous pargingl utility of
consumption:




N ,
A(t) = ME__= U'(t)

dc(t)

and thus the social rate of discount i(t) can be expressed as

A . .
1(p) = 20L8) . N L
at ALt r\ U’
1(t) is the percentage rate at which the marginal utility of consumption

declines over time,
) t ty . Suppose U(t) is given

by
U(t) = Y/C(e)] = -afT(t]])™ (a,v-0)

U is alvays negative, but approaches zero, as C increases. The elasticity
of (instantaneous) utility with respect to consumption is given by

Qull(e)] . c(v) -
52!(t17 UZE(ti?
and the elasticity of (instantaneous) pargingl utility with respect to
consumption is given by

-V

< IQ
(]

1]
WY . | . e
D U (e
The di:xount rate may be calculated as follows:
— ) .l -
1 A u LC(t)] = - uT = Q
- U (1+v) C
v 8(x)]
Thus under the simplest constant-elasticity utility function, the social rate
of discount is proportional to the rate of growth of consumption (but neutral
vith respect to the level of consumption), and the factor of proportionality
is the negative of the elggticity of marginal utility with respect to consump-

tion,

The utility function discussed above does not take into account population

growth, Consider now the following alternative;
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Foo- Y=Y
u(t) = y/c(t), N(t] = N(t)u 15{3‘!' -AN(t) {‘%i

where N(t) denotes the size of the population and U(t) is the per—capital util-
ity at the time t., V now represents the negative of the elasticity of per-
SARita utility, and (1+V) the negative of the elasticity of per-capits marginal

utility: The discount rate may he derived as follows:
r

. . !

|
|

1= L - L),

CifY o
SN2

Thus when total utlity is defined as the product of population and per capita
constraint elasticity utility, the discount rate is proportional to the rate
of grovth of per—capjital consumption, and the factor of proportionality is
the negative of the per-cgpitg elasticity of marginal utility.

The fact that the marginal rate of intertemporsl substitution 1 -- the
marginal social rate of discount == 1is likely to differ from the marginal rate
of intertemporal transformation rT -= the marginal social rate of return to
(private) investment — has important consequences for the formulation of public
investment criteria., It means that the (social) present value of the future
consumption benefits provided by (marginal) investmept 1is different from the
(social) present value of the current consumption benefits provided by

(marginal) gonsymptjon.

Suppose that the social rate of return to a unit of marginal private
investment (at time O) gppéars as a perpetual stream of net aggregate consump-
tion benefits at a rate of r per year, and that all of these benefits go dir
directly into consumption., The present value of this stream of benefits can
be calculated according to the formula given in (6) above:

PVi(o) = e'it r 4t =

-
I
!

(ol i ]

|
) L

Thus ve may say that the (social) present value p of a marginal unit of
current private irvestment is equal to r/i in terms of current consumption.

In fact it is unrealistic to assume that all of the net aggregate consump-
tion benefits will be consumed. Suppose now that (perpetually) a constant
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proportion /b of these benefits is saved and results in future investaent,

Then we must calculate 5 as follows., The initial unit of invested funds pro-
duces a stock of capital S vhose value at time O, S(0) = 1. This stock grovs
exponentially at a rate given by /ir, vhere r is the annual yield of the capi-

tal and /A is the proportion saved, so that /i represents the amount re-
invested, Thus we have

S(t) = e A¥*
Now the share of benefits going to consumption at any time t is given by
C(t) = (1) r6(t) = (1-4) r e 4™

The present value of this stream of benefits can be calculated according to the
(continuous time) present value formula as

PV, (o) = fm eitc(t) at

o

SAr = 1t 4

= (l—)u)r

o )
.y
-
1= fer
provided that the integral coverges, i.e., that 4r <i, That is the formula

used in the analysis of the Panagua Project to derive the 'social wvalue of
investaent' p, If. ¢ =0, the formula reduces to the simpler case of p = r/i,

In the above derivation, it was assumed for simplicity that i ,/a and r
remain constant over time, It follows then that the value of p is also constant
over tine, This suggests an alternative drivation of the constant value of
;. The social value of the annual flow of benefits from a marginal unit of
investment is no longer equal to r vwhere some of the benefits are saved; the
fmtion/‘ wvhich is saved must be re-evaluated at a price of p instead of 1,
Thus wve have

social value of annual benefits = rkp H o or(l-p) = rfwp+1-a)]

investment consumption
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The present value of the above stream of consumption benefits is given by
) -

PV, (0) = j et rlp o+ 1 —sTat
[+}
- L+ 1 -]

1

But this present value is itself precigely the social value of a marginal
unit of current private investment, which is equal to p by definition. Thus
we may solve for (the constant) p as follows:

r[Ap + 1 - AJ
i

— — s+ et

5 - ’ I— ,11_ !l:

1 -ur

pt

I
When the social value of investment p differs from 1, the (social) value

of aggregate consumption benefits and costs must reflect the way in which these
benefits and costs are divided between consumption and investment. To the
extent that project outlays divert funds away from investment in alternative
projects, the sacrifice to society is greater than the direct consumption costs,
by the factor (p = 1), (The "opportunity cost of public investment funds" is
different from 1), Sim.ilarly, to the extent that project benefits are reinvegpt-
ed in new projects, the social gain is greater than the direct consumption
benefits by the factory (P - 1), These effects proved to be very important in
the evaluation of the consumption benefits and coste of the Panagua Project;
they are discussed in detail “iv Part A cf Chrrter I1 under the heading of "the
third category of indirect bene”its and costs."

Strictly speaking the price p applies to a marginal unit of investment -
undertaken by the private sector, since r - the marginal rate of intertemporal
transformation in the economy = is assumed to be measured by rs, the margiml
social rate of return to Rrivate investment, this assumption is appropriate
vher aost of the investment in the economy is in fact undertaken by the private
sector, and public investment is relatively small, Under these circumstances,
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hovever, it is important to recognize the possibility that the social value of
s marginal unit of pyblic investment (p) may differ from the corresponding
social value of a marginal unit of private investment (p).

Budgetary constraints.

If there is an effective limitation on the financial rescurces available
to the public sector, the government may not be in a position to investmin a
sufficient number of public Tprojects to drive the marginal social rate of
return to pyblic investment (f') down to the prevailing marginal soclal rate of
return to private investment (rs). Then it becomes necessary to estimate P
separately from p, and to use D in evaluating the fraction of aggregate
consumption benefits (costs) which result in increased (decreased) public
investment. One vay to estimate P would be to substitute T and . into the
formula for 5 (Al representing the fraction re-invested out of public project
aggregate consumption benefits). This method implicitly assumes that the
re-invested funds also yield returns at a rate of ? rather than rS.

If the aggregate consumption objective were the sole determinant of public
policy, it would be desirable to exploit all the investament opportunities --
public and private -- with a positive present value of net aggregate consump-
tion benefits (discounted at the rate 1).. In this event both T and > (but
not necessarily rP!) would be dirven into equality with i, But political
and institutional constraints on the size of the government budget are likely
to prevent the goverrment from equating r with 1 , and similar constraints
operating on goverrment fiscal and monetary policy in general may prevent it
from bringing rs into equality with i. Furthermore, the existence of objectives
other than aggregate consumption may well mean that the govermment does not
necessarily wgnt to equate either T or rS with 1, Under these circumstances,
not only will the equalities r= rS = { fail to hdd, but little can be said
about the relationship between T and S (and hence between D and p). It is
possible that r rs, as suggested earlier, but it ie also possible that
T ¢ rs. In any event, so long as T4 rs, it is necessary to distinguish P
from 5 . In Chapter II, and in the evaluation of the Panagua Project, this
dtstinction wes not made; it vas implicitly assumed that & = r°.




-T2 -

intertemporal criteria for other cblectives.

Up to this point we have been concerned solely vith intertemporal criter-
ia for the aggregate consumption objective, It is also necessary, of course,
to compare the net benefits with respect to other objectives vhich occur at
different points dn time, The same principle is involved: time weights )\t or
) (t) must be assigned, and if these are assumed to decline at a constant
percentage rate over time, a single constant discount rate i may be used,
There is no reason why the time weights {or discount rate) should necessarily
be the same with respect to all objectives,  On the contrary, it is much more
likely that that time pattern of weights will differ for different obdbjectives,
since the ratesaat vhich constributions are made to different objectives are
likely to be quite different. The relationship between weights and constribu-
tions vill be explored at greater length in the following chapter, For the
purpose of evaluation the Panagua Project, it is assumed for convenience that
the constant discount rete of 1 = 10% applies to all of the objectives
considered,
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IHE RECONCILIATION OF MULTIPLE ORJECTIVED

Previous chapter concerned with reconciliation of multiple time periods,
Nov we are concerned with reconciliation of multiple objectives, i,e, finding
method to gompare net benefits with respect to differing and conflicting
objectives,

One solution is to assign complete priority to one objective; this is
simple and in fact usually practiced with the aggregate consumption objectives
(of the original Panagua Project evaluation). Qbjection: this method implies
that govermment policy makers are insensitive to the "trade-offs" between
different objectives that are afforded by alternative designs or projects.
Aggregate consumption benefits may be more important than redistribution bene-
fits, but would the govermment not sacrifice a small amount of aggregate con-
suaption benefits if it could thereby bring about an enormous redistribution
gain? There are ultimately no gbgolute priorities; these are only relative
desirabilities,

An alternative to absolute priorities is to assign weights to contribu~
tions to different objectives (Jjust as weights were assigned to different time
periods in Chapter IV), and to indicate the relative importance of the different
objectives by the corresponding numerical weights, Then the guiding principle
of project formulation and evaluation becomes to maximize the weighted sum of
net benefits with respect to each objective, This is the procedure used in the
analysis of the Panagua Project; its overall net present value -~ the worth of
the undertaking is measured by: V= 0°C + o™ B! + 0 FSF &5F ynere ¢, M and
l” are the quantitative contribution to the three major objectives (aggregate
conswmption, redustribution to Mendalva, and redistribution to mmall farmers)

and ¢ = 1, 8™ = 0,25, 6™F = 0.50 are the corresponding numerical weights.

The maximization = at the project level - of s weighted sum of net
denefits with respect to different objectives can be illustrated diagramatically.
(Disgram 2 meacures net consumption benefits along Y-axis and net redistribution
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benefits along X-axis; convex transformation curve T and linear welfare iso-
quants W' are shown). Transformation curve T defined as boundary of set of
fessible combinations; shows technological trade-off between the two objectives,
We.fare isoquants Wi are linear because of assumption of constant weights,
Maximum overall net present value V* obtained by tangency condition; proceed

to undertake project if V*>0, reject project if y# < (b, Note that V* does

not saximize benefits with respect to either objective considered separately,

The questior is now how are the values Jor weights on different objectives
detemined? From the point of view of the industrial project these values are
given from above by rolicy-makers at the central Jovernment level, just as the
rates of discount with respect to any single objective must also be handed

down from a central source, But how are the values determined at the center?

JRE—

Assume for convenience that the weight on the aggregate consumption objective

is alvays set equal to one, The government must then decide how much of net

aggreqate consumption benefits it would be prepared to sacrifice (at the mar-
gin) ir order to gain one unit of net benefits with respect to another
objective, e.,g, redistribution of consumption benefits to a poor region., The
ansver *o this question 1is clearly dependent on how poor the region is. The
whole point of placing special weight on consumption benefits in a particular
region - over and above the weight placed on consumption benefits in the
country as a whole - is to help raise the level of income (or welfare) in that
region, The poorer the region, the greater the extra weight which it pre-

sumably deserves,

The preceding discussion suggests an alternative way of reconciling mul-
tiple objectives at the national level, Instead of specifying weights for
each objective and maximizing the weighted sum of net benefits, the government
could specify a minimum requirement of net benefits with respect to one or
more objectives, and maximize the (weighted sum of) net benefits with respect
to the remaining objective(s). Thus, (assuming for the moment that there are
only two erelevant objectiven) the Calivian Government could set a target for
regional consumption benefits in Mendalva, and go about maximizing aggregate
consumption benefits subject to the constraint that the target for Mendalva
is attained. It might well be easier for the Coverrment to think in terms
of quantitative tarzets (constmints) than in terms of relative weights.
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In fact, the alternative approsches to hermonizing conflicting objectives
are fundamentally the same, Specification of constraint levels, superficially
a different kind of decision from the choice of weight, implicitly specifies
the marginal weights involved, Thus, when the Galivian Government set a tar-
get for Mendalvan regional consumption benefits, it jmplieg a weight for
redistribution to Mendalva relative to aggregate consumption benefits, A
amall reduction in the level of the regional consumption targets would
presumably allow a small increase in aggregate consumption through marginal
adjustment in the public investment programme, The ratio of the change in
aggregate consumption to the change in Mendalvan consumption repregents an
implicit marginal weight on liendalvan consumption relative to aggregate con-
sumption, By the same token, the specification of a (marginal) weight on
Mendlavan consumption relative to aggregate consumption implieg a level of
Mendalvan consumptior that will be attained by carrying out the whole government
programme using those weights; this consumption level corresponds to an implicit
target,

The relationship between weights and constraints can be illustrated
with the help of Diagram 3, (Diagram measures net aggregate consumption
benefits and net regional consumption benefits as before; convex transformation
curve T and convex welfare isoquants w1 are shown). T now represents the
boundary of feasible contributions to each objective by the whole range of
investment under govermment control, not Just by a single project., Each point
on the curve represents a different investment programme, The welfare
isoquant Wi are no longer linear; the marginal weights orn different objectives
vary with the actual contributions made to the respective objectives, The
greater the net consumption benefits accruing to Mendalva, the less the
corresponding marginal weight, The nptima’l programme Is determined by the
point on T tcuching the highest possible wi. At this point, the slope of
tangency measures both the marginal rate of substitution (W) and the marginal
rate of transformation (T), The quivalence of maximizing a weighted sum of
contributions, and of maximizing one contribution subject to a constraint on

the other, can be demonstrated.

In setting weights on different objectives for use in evaluating indivi=
dual projects, the policy makers clearly want to approach the position of
tangency which defines the optimal overall investment programme - given the

—



V saximized at point A, where: ’
C=C®, Pm®, Wiy

8lope of SS measures at point A both:
Barginal rate of transformation (- b%)’lhcomt.

marginal rate of substituion (-g%—)h—cmt.

Equivalence between:

1) Max C subject to R=R#
2) Max R subject to C=C#
3) Max Ww=@&CC + R,

vhere ¥ /8 = slope of S8
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transformation possibilities (T) of the economy, and the welfare preference map
(W) held by the government as proxy for the people, If W and T were perfectly
defined and known in advance there would be no problem in determining the
appropriate weights and the corresponding targets, In fact, of course, the
policy makers cannot know the shape of the transformation function (T) in its
entirety, nor are they likely to be able to articulate their preferences in the
form of a complete welfare map (or set of isoquants wi). Only a small part of
the T-curve is likely to be identifiable at any given time, and the preferences
of the policy-makers depend directly on the alternative physical possibilities
available to them, Thus it becomes necessary to think in terms of an iterative
trial and error approach to the optimal investment programme, in which there is
a regular two-way flow of information between technicians who design the pro-
grammes (underlying the T-curves) and policy-makers who express the relative

preferences for different objectives (underlying the W=curves),

Such an iterative process can be illustrated by the simplified case in
which the Galivian Government wishes to frame an investment programme catering
to the two objectives of aggregate consumption and redistribution to the
Mendalvar region. Diagram L reproduces the basic T- and W-curves si®wn in
Diagram 3, with the optimal solution as before at point A, However, the
policy-makers do not have sufficient information to discover immediately the
set of weights GR and GC - in the ratio of the slope of SS = which would lead
through the maximization of ocC + (—)rR
Instead, they must make an initial tentative estimate of their marginal prelo

to the optimal investment programme,

ence for redistribution vis-d=-vis consumption benefits, and direct the

technicians to put together an investment programme on the basis of the corres-
ponding weights., Using these weights to formulate and evaluate each individual
project, the technicians will draw up a programme which ~orresponds to the point
on the T-curve where the marginal rate of transformation - the slope - is
equivalent to the initial marginal rate of substitution the ratio of the weights -
enunciated by the policy-makers,

Suppose that the initial weights GC and OR correspond to the slope of
STST in the diagram, so that the initial investment programme will be represent-
ed by the point ™ on the transf>rmation curve, Having compiled the programme,
the technicians can announce t: the policy-makers that it provides them with

G



W maximized at point A: C=C*, PeRe, Wb’
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Slepe of S = marginal rate of substitution at 7°
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c® and R® units or corsumptior. and redistribution benefits, respectively, On
the dasis of this initial position, the policy-makers should then ask themselves
hov much of C they would be willing to give up for ar additional unit of R =
i.,e,, what is their marginal rate of substitution at this point Po This rate

is represented formally by the slope of welfare iscquant ‘~J3

passing through

T°: it 1s equivaient to tne elope of the straight line 5°S" in the disgram.
Since the slogpe of Swsw is steerer thar the slope of 13TST, the diagram suggests
that the policy-mekers - ir the light of the new information geners‘ed by the
technicians - would now prefer to g ve greater emphacis to redistributing

benefits to Mendalva (R) tneau. they anticip=ted ir setting the initial weights,

At the point To, the marginal (physicali) rate of transformation between
consumption and redistribution benefits is given by the slope of the T-curve at
'I’o, which corresponds exactly to the ratio of the initial weights specified by
the Government, 5o long as the marginal rate of gubstitytiop differs from the
marginal rate of trgnsformgtion at a given point on trhe T-curve, it pays the
Goverrment to alter the investment programme. At the point To , extra redistri-
bution benefits are inexpensive enough in terms of consumption benefits to
warrant a change in the investment programme giving greater weight to the
former, Thus the next step in the iterative process would be for the policy-
makers to announce new weights = with a higher ratio of QR to (-!C - and direct
the technicians to revise their initial programme by reformulating and re-
evaluating projects so as to maximize the new weighted sum of 6°C and GRR.
Having done this, the technicians would arrive at a new point on the T-curve -
with lower C and higher R - and would again present the results in terms of
C and R to the policy-makers, The same procedure could then be repeated until
the optimal point would be reached at A, where the marginal rate of transforma-
tion and substitution are equal and tie pclicy-makers weald have no furiher

desire to change the weights on the different objectives,

The foregoing discussion of an iterative process foir arriving at optimal
investment programmes clearly involves a great measure of simplification and
ideslization, The limitation on data availability and on time would surely not
perait more than a few iterations over a planning period. However, the dis-

cussion does serve to emphasize geveral important aspects of the determination

of weights for different national objectives, First of all, these weights cannot

be setindependently of actual or potential achievements with respect to the

oot
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objectives. Thus the specification of the weights must be made on the basis of
information about the range of technically f{easible possibilities, and part of
the problem of setting weights is precisely to determine the range of possibil~
ities. The second basic point is that it would be enormously wasteful and
time~consuning even to try to make available in advance all of the relevant
information about preferences and tectnology that go into the determination of
an optimal investment programme, instead, sn aconomy of information must be
achieved by decentralizing the process. Rather than a single solution calcula-
ted by a central body with all the information at hand, a decentralized procedure
relying on a contimuous exchange of information between policy-makers and
technicians would appear to offer the orly realistic hope of approach to an
optimal investment programme, The number of iterations carried out, and the
extent of the adjustment of 1individual projects in each case, would depend
both on the capacity of the planning process for revising plans and on the size
and importance of the projects in question.

Iechnical nete: the approach to investment planning suggested above
depends critically on the assumption of strict convexity of the set of feasible

combinations to the different national objectives., This assumption will be
satisfied so long as there exists severe complementarity between the contribu-
tions to different objectives over the relevant range of technically feasidble
alternative investment programmes.




This chapter presents the analyzes a model of an economy characterized

by & surplus of labour at an institutionally given wage rate. Although the
model necessarily represents a zreat simplification of reality, it does capture
some of the distinctive features of developing ecorncmies with high rates of
overt or disguised unemployment. The purpose of the discussion is twofold: to
gain some insight into the problems of resource allocation - and hence

project evaluation - in countries for which the model can be regarded as reason-
ably representative, and to illustrate some of the issues raised in earlier

chapters - in particular, the concept of shadow pricing - with reference to s
self-contained description of an economy.

The model focusses on the growth of the (modern) industrial part of the
economy, and does not deal explicitly with (traditional) agriculture., A single
sector is posited vhich produces the entire range of indust: ial output, and it
is assumed that this sector can draw labour from elsewhere in the economy - or
from "the reserve army of the unemployed” - without any corresponding loss in
output. This is the basic assumption of the labour surplus. A second, equally
basic, assumption is that the wage which is paid to all labour employed in the
industrial sector is institutionally fixed. The second assumption provides the
rationale for the first, the absorption of labour by the industrial sector is
limited because of the necessity of paying the fixed wage, at which the supply
of labour greatly exceeds the demand, Employed labour demands and gets a
certain minimum compensation, and neither private employers nor the goverrment
can deny this to them, The third of the basic assumption is that all vage
income is consmod,y while a certain fraction of non-wage income (profits) is
saved. This assumption implies that the consumption investment mix in the
economy depends upon the distribution of income, and cannot be independently
controlled by the goverrment, The three basic assumptions presented above
describe the institutional constraints under which the labour-surplus econosy

U It is enough to assume that there is an ef'ective ceiling to the amount of
savings the goverrment is able to force or coax out of wage income, The
ceiling is here assumed to be zero in order to simplity the discussion,
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operates, and result in a situation in vhich market prices fail to reflect the
corresponding social benefits and costs.

In algebraic terms, the model is formulated as follows: Industrial
Output Q is produced by two factors of production, capital (X) and labour (L),
with a production function,

The production function is assumed for simplicity to reflect constant returns
to scale and not to change over time, The marginal productivities of capital
and labour aressssused to be positive and diminishing:

(2) Q> 0, %>0,mnqk=§3,mdq1‘-%—g

(3) qgo,emo,vhmq,-ﬁ_fs,mh-ba
K2 L2
The output Q can be used either for consumption or for investaent

(») Q=C +1
And investaent must be non-negative
(s) 10
The vage rate of fixed at the level W and is constant over time; thus total
wage income W can be written:
(6) W= wL
and total norvage income - or profits - is:
(7 P=Q ~vwL

A constant fraction of normage income is saved o that investment in the
economy is given by:

(8) 1=0{ P =] - vL)
All of wage income is consumed, so that total consumption is equal to:
C=W+ (1-a4 )P
(%) = glé ﬁl-: Y(Q=wl)
=(1-4A)Q+ vl
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The model can be illustrated with reference to Diagram 5., Given an initial
stock of capital Ko, output Q is a function of L showing diminishing marginal
returns (QLL'\ 0), The ray \/ represents the total wage bill wL as a function
of L. The residual after deducting the wage bill W from total output Q is
equal to profits I, of which the proportion .\/ results in investment, Up to
the point | ~ where *he slope of Q(KO,I) equals the slope of W, so that the
marginal productivity of labour 9 equals the wage rate W - an increase in
employment leads both to higher wage income and to higher non wage income,
resulting both in higher consumption and in higher investment, Clearly, there
is no reason to employ fewer than [ workers, Beyond L, increasing employment
leads to greater wage income and total consumption, but to less nonwage income
and total investment (since each wocrker is given more consumption W than his
marginal product QL)' At employment E, the wage bill just exhausts the total
product and there can be no more investment, Thus L represents the maximum
feasible employment. It is evidently optimal for the economy to operate some-
where between | which provides maximum profits and maximum investment) and L

which provides maximum consumption and no investment, The optimal point depends
on how the inherent conflict between consumption and investment is resolved,

The equation given earlier describe the productive structure of the econo-
my, given the institutional constraints under which it operates, From these
equation we can derive an expression for the "supply price of invegtment" in
terms of consumption in other words, how much it costs in terms of consumption
(how much consumption must be sacrificed) in order to obtain one additional unit
of investment, With the capital stock K fixed at any given point of time, the
only way to change consumption - investment mix in the economy is vary the
level of employment L, The change in consumptioun resulting from a unit change
of employment can be obtained by differentiating equation (9):

C ) .
(10) %—L— = (1 - NL + 5{ We

The corresponding change in investment is given by

(11) -g—{ - Q)

\
(Mote that Q_Q is always positive, but 1 4, positive only for QL> W (i.e. up

Qb oL
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to the point [ in Diagram S). The supply price of investment - denoted Py
because of its dependence on X - is obtained by dividing the change in invest-
ment { O I/ )L) by the corresponding sacrifice of consumption (=g C/() L):

Ny oL -l
(12) Py = ’-'ff'clﬂ%_m S Calli, Al
- of (W=q)
Note that Po(> 0for W) Q : a positive amount of consumptior must be
sacrificed to obtain an additional unit of investment beyond the point [. But
Po( <0 forW. QL : a pegative amount of consumption must be sacrificed to
obtain additional investment before the point [, If all profits are invested,
o = 1 and ve get:

(13) P = -;‘—’_Q—L

The supply price of investment Po< is to be contrasted with the demand
price of investment 9,)( . The former denotes the amount of consumption that
Rugt be sacrificed - given the physical and institutional constraints on
production described by the preceding equation = in order to obtain an addition-
al unit of investment, The latter denotes the amount of consumption that
society woyld be willing to glve up in order to obtain an additional unit of
investment {with its potential for future consumption). This distinction is
exactly analagous to the distinction between transformation and substitution
made in the previous chapter., If Ptx is not equal to ,B'X , the economy is not
functioning optimally, and it would be desirable to change the ra‘e of invest-
ment so as to bring the two prices into equality. Under circumstances in
vhich the rate of investment is not optimal, and the government is unable to
bring about the optimal rate, it is the demand price ?’q vhich is relevant for
measuring the social benefits and costs of investment provided by or used up
by an individual project, Thus the demand price ?’n( corresponds to the "social
price of investment" defined in Chapter IV,

Now we proceed to derive an expression for the demand price of investment
;n( . To do this, we must compare the ytility to society of a unit of invest-
aent with the utility of a corresponding unit of current consumption., A unit
of investaent at time O augment. tne capital stock Ko by one unit; this addi-
tion to capital stock provides for a time stresm of additiomal censmmption
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amounting tobc(t)/bxo at each point of time from O toes , The utility of
the unit of investment is equal to the sum of the utilities of these additions
to future consumption, If ve denote the instantaneous marginal utility of
consumption at time t as U' (t) (where U is total utlity), we cen vrite the
utility of the unit of investment in time O as:

A
(14) vt -3) ur(e) SSl8d 4
\NK
( o
The corresponding utility of the marginal unit of consumption at time i
O i simply:
(15) U* = u' (o)
Thus ve can define that demand price of investment at t time O as:
0o
n I
(16) B o = e e ey 2608 4,
() u'(o) ¢ Jx

[ ]
In Chapter IV, the social rate of discount i was defined as:

(a7 i - &

t
from wvhich we maywrite:

R
(18) U'(t) = U'(0) exp [ - 6( 1(1)ag/

Note that 1f 1 (t) is assumed to be constant over time, we have:
(19) U'(t) = U'(o) €~ 1"

We now proceed to evaluate N\ C(t)/)K . From equation (8) and (9) we
have:

(20) C((1-)E(), K(£)] + Awi(t) ,
(2) (s} N[Q [L(t), K(t)] - wi(t)_]
Since the production function for Q is first-degree homogeneous, ve may write:
(22) QUL(Y), X(t)] = K(¢)Q Hg&* , lj'
and, using the folloving capital-intensive variables,
(23) 1(t) = L(t) / x(t)
@) - AT =), ) Jxw)
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W may revrite equations (18) and (19) as:
(25) c(t) = (1= ¥ L1t + A va()] K(t)

(26) I(t) AL [(t)] - vi(t)] K(¢)

By definition, the rate of investment I(t) equals the rate of change of
chapital stock K(t), so that the relative rate of growth of capital stock is

SR © K ¥ FAO ),
and wve may solve for K(t) as follows: _
- /t - - l
/ hg
% X L q J1(t)]v1(t)] a g
substituting into equation (25), we have:

(9) c(t) = [(1-9) 7[1(*&)] +qwa(e)] K lxp[ J
and, differentiating with respect to Ko’
N i -
I il (ML =07 AT T B L]

Note that if 1(t) is assumed to be constant over time, equation (28)
reduces to:

(31) %%:“ = Ltl.o()q.l + a(‘q] . o(ﬁ w)/t

We may now solve for ’P\o((o) by substituting equations (18) and (30)
into the original definitional equation (16):

(32) P (0) -r ) QL) + )] exp E a,
t o -
;e £e{ RQAEY - T o7

(28) K(t) = K, exp

This equation (32) gives ’l;o((o) in the general case vhen i(t) and 1(t) are
variable over time. If i(t) and 1(t) remain ~onstant, a simpler expression can
be derived for (constant) /Iso( by substituting equations (19) and (31) into
eqpation (16):

(33) ’l;a(' [(1-0()71 +qvﬂ {De L ﬁ#l)'ﬂt at
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The same expression for the demand price of 1nveltn¢nt’}“ Bay be de-
rived from the general formula for the social price of investaent given
in Chapter IV:

(34) P = (Q-4dr

1-4er
where r is the (social) rate of return to a marginal unit of private
investaent, /{,bi- the proportion of the return which is saved (and re-
invested), and both L& and r are assumed to remain constant over time, In
the labour-surplus economy with constant 1, a unit increase in investment
odds a marginal unit %0 capital stock which - with a complementary unit of
labour in the proportion 1 = results in an increase of output in the same
proportion (because nf the assumption of constant returns to scale). Thus:

(35) r.%ﬂﬁlﬁ-%.ﬂ

The rate of re-investment of 1ncone,p, is given simply by the average
proportion of investment in output:

(36) R e ﬁﬂﬂl-a(u-vg)

Q

Substituting into equation (34), we get

(37) 5 -0 | G- G- w)
1- (9 1) 1 - (G 1)
L0098 +r4u | )
1 -0/(9- wl) «

It was noted earlier that the optimal rate of investment in the economy
is characterized by the equality of the demand and the supplypprices of
investaent, Setting equal the expression for /P?o( and Pg, given in
equations (33) and 12), an equivalent condition can be derived for the
case of constant 1 and 1:

-w) T+ X (1- )S »
(38) ? :g LL#—\_(—J = A U\ = P,
[2% 1 U( q_ '1) = K .

Solving for i in equation (38), we get:

e c = AV(E-1Q)
! T
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It will de shown in the next paragraph that the expression on the right-hand
side of equation (39) is precisely equal to r*, the marginal social rate of
return i value termg to private investment, Thus the optimal rate of
investment can also be characterized by the quality of i and r* vhen 1 and
1 are constant over tims,

The marginal social rate of return in yglue¢ terms, r*, wvhich may be
called the marginal yglye productivity of investment, is to de distinguished
from the marginal social rate of return in physjcal terms, r, which is simply
the marginal physical productivity of investment Qk

To calculate r* we must evaluate both the initial investment and the return
of this investment in value terms. 11e value of investaent - in terms of
consumption = in this context is given by the supply price Pc(. Thus we
must replace the expression:

> \
(¥1) -~ - DC/LK+ Pee DI/OK
Pos

The two shares )C/ DK and )1/ OK of the increment in output QQ/ OX per
marginal unit of investment will be determined according to the rate of
consumption and saving out of profits, since the return % increased capital
stock go into profits. Thus we have:

(v2) %-% = (1-00%,.
(43) _%% - *Qk

and ve can substitute into equation (k1) to get:
) e = (K + Py X Q

Py

p of

Substituting the formula for Py given in equation (12) into (kk), we
odbtain:

, g(v(q -1
(b5) u-"-i Uy é«,@
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waieh 1s the form in which r* appears in equation (39). Observing that:

(46) W Ry + 1K= =P

1 1

we may use the following equivalent expression for r+:

(1) = 0
Px q{

from vhich it follows that r* = r if and only if

X=1, 1.e., if all profits are saved,

It was observed in Chapter IV that the quality of i and r implies that
the social price of investment P 1s equal to unity. (This follows directly
from the quation 34), The same result can be obtained for the labour-surplus
economy, under the assumption ef constant 1 and 1, by substituting i = r -"‘\
into equation (33); and this result can be generalized for the case of variable
1(t) and 1(t) as well. The equality of i and r must be distinguished,
hovever, from the equality of 1 and r*, The former implies that Pe(® 1, but
1t does not imply that the rate of investaent is optimal. In fact, the rate
of investaent cannot be optimal when ’I\’\(\- 1, for

Py - 3+o&(w:_ql) -1+ %
Ok(v-QL) Q(V'QL

must alvays be different from 1 (since § > O by assumption of equation 2).

In the relevant range [ < L<-I:,v>QL, sndhenceg\>1.

Suppose that a public sector project results in gross aggregate consump-
tion benefits at a rate of AQ(t) from t = 0 to T. These benefits will be
divided among workers (vnse-oq.merl) and capitalists (profit-urmrl) in some
proportion AQ"(t) and OQE(t). If the goverrment charges fees to the pro-
Ject beneficiaries, there will be corresponding payments denoted by AR"(t)
and ARS(t). Thus the net gain to workers, capitalists and the government
may be expressed as:

(51) ABY(t) = &R (t) - ARY(¢)
(52) ABS(t) =Q%(t) ~ARS(L)
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(53) ABS(t) = ORY(t) + ARS(t)

The total social value or these aggregete consumption benefits depends upon
the way in which they aure divided between cohsumption (whose unit value is
1), and investment (whose unit value is P¢x (t).) By asswiption, workers
consule all of their income: hence the sociar value of the consumption bene-
fits accruing to workers is simply AB'(t). Capitalists, on the other hand,
save a proportion X of their income, o that beuefits accruing to capitalists
have a social value of (o('P‘(j/\(t) + 1=-X ) and the total value of these bene~
fits is (y\iso\(t) + 1- O() AE(t) If it 1s essured that the government
invests all of its income at the wargin, the receipts of the govermment from
the project must be valued at P A(t) ./ABG( t). The total social value of
aggregate consumption benefits B(t) at time t can these be expressed as:

(s4)  B(t) = B'(t) + Z&f:o((t) + i=-047 AB(t) + 'fwg(t) _ABG(t)
=AQ(t) + o Fx(2) - 1.7 H°(v)
+ [Bo(t) - 17 A RY(t)
+l= Bog(t) - 1_JARS(¢)
If the economy is growing optimally, we cen substitute Po( for ’Igd and Pi
for ( o(Pp\ + 1-9() to get:
(55)  B(t) = AB(t) + By(t) AB°(¢) + P (t) ABS(t)
=Aqt) + [F(t) - 17 AQS(v)
[Pag (t) = 17 OARY(t)
[P (t) ~Py (£)JARS(t)

+

+

In each case, B(t) can be written as the sum of the direct benefits AQ(t)
and the jndirect benefits (of lthe third kind discucsed in Chapter I1I)
resulting when ,I;g((t) > 1, and evaluated according to the effecton total
investment of the distribution of picject benefits.

Assuming a constant social rate of discount 1 , we may determine the
(social) present value B of the whole time stream of aggregate consumption
benefits by discoun-ing the benelits B(t_\ at each point in time back to the




iritial point O:
rt -
(56) B=y B(t)e"'* gt
[o]

The evaluation of costs in the labour=-surplus economy

There are two factors of production in the simple model under considera-
tion: labour and capital, The social cost of using these factors depends
upon the method by which the corresponling payments are financed. CongHer
first the cost of construction labour, which is assumed to be financed out of
the capital funds raised for the project by taxing private sector cé.pitalists.
The direct cost to the economy of employing labourers (at any wage rate) is
zero because the assumption orf supplus labour implies that no output is
sacrificed elsewhere in the economy when an additional hbourer is employed,
Accompanying the employment of cach labourer, however, is a money transfer from
capitalists - whose income has a social value of: (q’f’d (t) + 1- ) - to
workers - whose income 'ias a social value of 1., Thus if the wage rate is v,
there are indirect costs amounting to: ( :A'I;‘,\(t) + 1- O l)wa((ﬁo((t)-l)w,
because of the transfer to the group with a lower propensity to save (invest),
If construction labour employed at time t is noted by AT(t) the total social
cost A?.‘L(t) of employing this labour is given by:

(s7) ACH(t) =4/ B (£)-17 wAT(t)

and wve cin define the correspondi shadow wage rate 7*(1;) as:
(58) w(t) = [ Poc (t)=1f v
In the case of operating labour, we assume that payments are made out of

Project revenues that would otherwise accrue to the goverrment, The Qirect
cost of employing operating labour is of course also 2ero, but the indirect
cost must be evaluated according to the money transfer from the govermment -
whose income has a social value of /l§0((t) - to workers. The total social
cost LZCL( t)] of operating labour employed at time + [_AL(t)] thus comes
to:

(58)  Ack(e) = [P ()17 waL(t)
and the corresponding shadow wage rate wt(t)is:
(59) w(t) = [Pt (t)-1/w

In evaluating the social cost of capital inputs, we must distinguish between
capital services used only during the period of construction and capital goods

e ot
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installed for the operation of the project, When a unit of capital ius (temporar-
ily) transferred from the private sector for use in construction of a pubiric
sector project, the corresponding loss of output in the private sector is Qk’
assuming there is no change in employment. Qk can be regarded astthe direct

cost of the capital service, Since, however, this cost must be financed by taxa~-
tion of private sector prof'its, the corresponding loss is sustained by capitalists
whose income has a social value of (oglf\’}_.,:_(t) + 1- X ). Thus the total social
cost is properly measured by (f}\'ﬁ,v/\(t)+l-:>()Qk, which includes, and indirect cost
component of X (PO' (t)-l)Qk. If the total amount of capital employed ir construc-
tion at time t is denoted by AK(t) then ve can write the total social cost
ACK(t) of these capital services as:

(60) Ack(t) = [XPx (t) + 1=<X] Q AK(t)
and wé can define the corresponding shadow rental ratep*(t) as:

(62} THE) = LB (0) + 1-aTq

In the case of capital goods installed with the project, the direct cost is
simply equal to the price of the goods - which represents the output foregone by
not using these goods for private sector investment, Since this cost is financed
by taxation of private sector profits, the total social cost must be measured by
the social value of capitalists income: (U\P )((t) + l-o() If the total amount
of capital goods installed with the prTJect at time t 1s denoted by ﬂI(t) then
we can write the total social cost AC (t) of these goods as:

(62) AC (t) Aug?&(t) + 1-ag] AI(t)
and the corresponding shadow price of capital goods is:

(63) Pr(t) = [xBon(t) + 1~

The total social value of aggregate consumption costs C(t) at time t can now
be expressed as:

(64) c(t) = L\C’E(t) +2xcl(e) + L\C‘k'(t) + Ac—f('t)
= o [Bx(t) - Uw AL(t)
+ @gt) - JVAL(t)
+ [ (1) + 107Q, OK(t)
+ [ (1) + 109 AT(e)

_—
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If the economy is growing optinmally, we can substitute P,,( for Pa( and P for
(XKPi + 1 =) to get:

(65) c(t) = [P (t) - Jwal(t)
+ [ Px(t)= IwiL(t)
+ LR (6 pk(e)
+ LR (8] A1)

Assuming again a constant social rate of discount i, the (social) present value
C of the whole time stream of aggregate consumption costs is given by:

t
(66) c=é c(t)e it a

and the net constribution N of the project to the asggregate consumption ohjective
is equal to: '

61) N=B-C

The evauation of benefits and costs as described in the preceding paragraphe
is to be contrasted with the alternative methods of 1) using market prices and
2) calculating only direct benefits and costs (i.e, ignoring the indirect benefits
and costs due to the difference between the social value of consumption and
investment). Using market prices, the benefits of the project at time ¢t would
amount simply to AQ(t),

and the costs at time t would be the sum of wAL(t), v AL(t), QKAK(t)

and A I(t), Labour costs would be evaluated at the market vage v and no correc-
tions would be made for the differential social value € consumption and invest-
ment, The second alternative would eliminate labour costs altogether - on the
grounds of the labour surplus - and treat only the capital costs L A?(t) and
AI(t) as "real" social costs. This approach still fails to take into aecount
the institutional constraints that raise the social value of investment above the
corresponding value of consumption. To the extent that such constraints do hold
in a labour - surplus economy, it is just as misleading to use a shadow wage rate
rate of zero as a shadow rate equal to the market wage, '

N
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Chapter VII

UNCERTAINTY

Investment by definition yields its fruits only with the passage of
time, and investment is therefore inherently uncertain.y How ought uncertainty
be reflect in public investment criter.se?

Private firms use a variety of techniques to take account of uncertainty
in calculating commercial profitability. These techniques vary in detail but

share the common purpose of biasing project design and selection against uncer-
tain projects,

This may or may not be sound practice for private industry, but there is an
important difference between. public and private enterprise. The typical private
enterprise specializes in a few products. As a result, the performance of each
of its investment projects is highly correlated with the overall performance of
the firm, Moreover, a single enterprise typically undertekes a small number
of projects; failure of one may spell bankruptcy. The government, on the other
hand, typically undertakes a large number of projects, Each is small relative
to aggregate consumption, and the contribution of many project to aggregate
consumption is less highly correlated with the level of aggregate consumption
than the contribution of the project to a single enterprise profit is correlated
with the enterprise's total profit, Hence, the government can take advantage
of the law of large numbers to an extent that the typical private firm cannot,
Because of its larger number of projects and the greater diversity of its in-
vestment "portfolio", the government can be much more confident than the private
firmm that unexpected failure ot one project will be matched by extraordinary
success of another. The result is that the government can be less concerned
than the private firm with the uncertainty associated with each individual
project, This argument must be qualified in one respect: capital markets aug-
ment the private sector's capacity to pool risks. Insofar as company shares are

Y/ It is often useful to distinguish between "risk" and "uncertainty", Risky
situations are those whose outecome can be characterized by known probability
distributions, An uncertein situation is one for which even the probability
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widely 1eld and individuals' protfolios are diversidied, the uncertainty
cauced for a single company by the small rimber of projects it undertakes (and
augmented by the high correlation among projects' performances) need not affect
the firm's decisons, It could leave it to each shareholder to adjust his
holdinge in accordance with his attitude towards uncertainty. A shareholder
could reduce his risk by buying a small number of shares in each of a large
number of companies in a variety of industries. with individuals thus able to
achieve in miniature the risk pooling that size and diversity allow the govern-
ment, the advantage claimed for the government vould seem to disappear. Enter=-
prises, it would appear, need pay no more aticntion to uncertainty than does the
government in its calculations. The allocation of risk becomes a problem
separate from the choice of investments,

This line of reasoning has a certain smount of validity: <the distinetion
between the government and the individuael firu does leave an essentiul feature
out of the picture, namely, the existence of capital markets that permit rigk-
pooling. Yet the positions of the private entrepreneur and the public enter-
prise are not the same, The contrary conclusion of the last paragraph is im-
Plicitly based not only on the existence of capital markets but on the assumption
that capital markets function in a perfectly competitive manner. 1In fact,
capital markets tend to be emong the least competitive, and this tendency is
pProbebly more pronounced in underdevelped economies. Lack of knowledge is one
reason for the imperfections of capital markets, increasing returns to scale
another, Thus private businessmen do not in general treat the allocation of
risk as a problem separate from the choice of investment projects; instead
private firms often reject projects investments because of uncertainty despite
the fact that the same firms would eagerly undertake miniature replicas of
those projects if such replicas could be produced.y - The goverrment has no

1/ (con’t)..distribution of the outcome is not known, The energy output ten
Years hence of a hydroelectric project nn a river for which long, reliable
records of stream flow exist in a risky event, The value of the output ten
years hence is an uncertain event, In this discussion uncertainty and risk
will be used interchangeably; decision-makers will be assumed to know proba-
bilities for both risky and uncertain events.

2/ Part of the caution of private enterprise is due, no doudbt, to the imper-
fections in the market for the services of business managers, rather than to
imperfections in capital markets. There is no way the market for managers can
Judge uecisions or decision-making ability directly, and the market relies on
outcomes as a surrogate measure of abilities. Since extraordinary failure is
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reason to view most project differently from miniature replicas; relative to the
size of the govermment's total investment most project are already to small that
no substantial reduction in uncertainty would result from replacing, say, a
$10 million project with ten $1 miliion scaled-down replicas.

N Thus public investment criteria ought not to reflect the biases of private
enterprise with respect to uncertainty. And, indeed, if the only problem were

the uncertainty of the consumption sticam generated by each project, the govern-

ment could ignore uncertainty altogether in its calculation of aggregate consump-

tion benefits, The goverrnment need only look at the average benefits and costs
("expected values") in each year, so thai tne transition from the certainty

models of previous chapters to the uncertaintly model of the present chapter

would require only the substitution of expected values for outcomes previocusly ‘
assumed known with certainty. For example, in place of the benefit Bt tor

Year t, we would write

(1) E(Bp) = 1By + ceereet (3o ,

where Btl is the benefit from the project in year t if "state 1" prevails, and
£1 is the probability assigned to '"state 1." A similar interpretetion is to !

be placed on all other contingent benefit assessment.s, B, ., as well as

Bgor +o+ Byg
By the rules of the probabil-

i

e ad

on other probability assessments
ity calculus

t2, [N tS'

+oa-+ =lo

tl tS

A "state is a description of all facts relative to the project's performance.
For example, two facts relevant to the benefits provided by a textile factory
producing for the export market are the world price of textiles and the size
of the domestic ootton crop., If we acsurs ‘hat these are the only relevant
uncertain facts, and moreover, that price prospects can be degeribed 1in terms
of "high," "medium' and "low," and crop procpects in terms of "good," "fair,"
and "poor," then the nine possible states can be described in the table below:

g/ (con't)..pena] 12ed more than extraordinary success is revarded,managers are
led to caution, rejection the idea of leaving risk adjustment to sharehnlders.
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Possible states in a two-variable three-value de

World Price Domestic

State of Textiles Cotton Crop
1l high good .
2 high fair
3 high poor .
b medium : good
5 medium fair
6 medium » poor
T low good
8 . low fair

y 9 low poor
In this case the technician calculates the benefits in each of the nine states

] and assigng probabilities to the states. Naturally, past history is some guide
to the assessment of probabilities.

The shortcoming of this procedure is that it implicitly assumes either
(a) that benefits are equally valuable in each state, or (b) that the probebility
distribution of benefits provided by the textile project is not correlated with
the probability distritution of aggregate consumption, The first assumption --
that benefits are equally valuable in all states -- might be reasonable if (1)
textile exports were a small fraction of national income, (2) the world price

of textiles were the only variable, and (3) the world prices of other exports

were uncorrelated with the price of textiles. But hypothesis (3) isnot likely

to hold, for the world prices of primary products and their derivatives show a

strong tendency to move together. Thus over-all foreigr exchange earnings are

likely to be highly correlated with the price of textiles, and the sensitivity ,
of aggregate consumption to export earnings means that present and, more import-
ant, future aggregate consumption is likely to be much more sensitive to the
price of cotton than the direct role cf textile exports would indicate. If --
as was assumed in the discussion of intertemporal criteria -- the marginal
utility of consumption declines with the level of consumption, the value of the
benefits of the textile project is inversely related to the price of cotton.
Moreover, since the benefits of the textile project vary directly with the price

L i
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of cotton, the second assumption —- uncorrelated probability distribution
of benefit and aggregate consumption -- is also violated by the textile project,

Even if the viorld price of cotton were uncorrelated with the export
prices, the second determinant of state —- the size of the cotton crop —-
mekes it highly unlikely that either assumption (a) or (b) could be fulfilled,
Cotton production is usually highly correlmted with over-all agricultural
production, and in the underdeveloped countries agriculture generally provides
a large share of aggregate consumption. Thus the marginal utility of benefits
will vary inversely with the size of the cotton crop. Moreover, the perfor-
mance of the project will vary inversely with ggregate consumption via the
correlation of both with the size of the cotton crop.

The upshot of the dependence of the marginal utility of benefits on
state and the exjistence of correlation between the benefits and their margin-
al utility (which results from the correlatior between project performance
and aggregate consumption) is that the expected value c¢f benefits E(Bt) must
be replaced by the expect value of the marginal utility of benefits E( )\ tBt)’
the >\'s representing the marginal utility of aggregate consumption in each
state, That is, in place of equation (1), benefits are taken to be

(@) E()\3B) =1, xtlBtl et g \esBes o

The "numeraire,” or unit of account, for this analysis is consumption in the
state used to determine the discount fe.ctionzl(1+1)'t for year. t; this state

is assigned a >\of unity., With the weight associated with the numeraire in
year t relative to present consumption (1+1)'t, the weight for state 8 in

year t relative to present consumption becomesxst(lﬂ)-t. The >\'s are
calculated from the govermment's utility function in & manner exactly anala-
gous to that by which the discount factor (1+1_)'t' 'was derived from the utility
function in the discussion of intertemporal criteria.

Thus to take account of uncertainty it is necessary, first, to assess the
probabilities of the determinants of benefits, the 17's; second, to estimate
the benefits contingently on each state occuring; the B's; third, to determine
the aggregate consumption contingently on each state occuring, which allows
determination of the >\'s by means of the utility function. The reflection

—
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of uncertainty in cost calculations is analagous.y

The importance of taking into aceount variability of the marginal utility
of consumption over states cannot be overemphasized. Consider the comparison
between a fertilizer project and an irrigation project, Suppose that the
expected valueof the fertilizer project's benefits, equation (1) , 1s higher
than the expected value of the irrigation project's benefits. But suppose
that the fertilizer project's benefits are positively correlated with rain-
fall and that the irrigation project's benefits are negatively correlated
with rainfall, (In a relatively dry area this is very likely to be the case,
since moisture and fertilizer are complements, whereas natural precipitation
and irrigation are substitutes.) Now, if as is likely, agricultural produc-
tion and, hence, aggregate production is positively correlated with rainfall,
then the marginal utility of benefits will be negatively correlated with the
fertilizer project’'s performance and positively correlated with the irriga-
tion project's performance. The result is that the correct calculation of
benefits, according to equation (2), vell may reverse the ranking of projects
that emerges from the calculation of equation (1). The possibility that the
irrigation project will be preferred to the fertilizer project despite the
fact that (by resumption ) the expected value of the irrigation project's
benefits is lower than the expected value of the fertilizer project's bene-
fits has an intuitive rationale; planners often speak of the "insurance value"
of irrigation. The present analysis suggests that the notion of insurance

value can be given an operational meaning.

The discussion up to now has implicitly assumed that the marginal
utility of consumption in year t depends only on the state of the word in
year t, or in other words, that the list of variables required to describe
each state in year t is limited to year t phenomena. This assumption can
be dropped, but at the cost, in general, of greatly increasing the complexity
of the analysis. However, simple kinds of intertemporal state dependence
can be comprehended within a workable framework of analysis. Suppose, for
example, that the benefits of a certain project depend critically on the

y The discussion thus far has revolved about the aggregate consumption ob-
Jective, But the same principles apply to other objectiveg, All that is
necessary is to reinterpret benefits (costg) and marginal utilities in
terms of the objective in question,




- 103 -

continuation of foreign aid, Suppose furthermore that assurances have been
given that aid will continue for tive years but the future beyond is in

doubt, Then, if for simplicity, foreign aid is assumed to be the only deter-
minant of benefits, benefits for years 1 through 5 are certain. Now suppose
wve an assume that if foreign aid is continued beyond year 5, it will be
continued indefinitely. Then the distribution of project performance in every
year beyond year 5 can be described by a two state model, state one reflecting
the decisbn to continue aid beyona year 5, stute two reilecting the cessation
of aid in year 5, 1If we take state one as the numersire state, then year t's
benefits can be written

Eo\ =TeBre + Moy \ 2tPat

The present value of benefits after year 5 becomes

/
(3) Eo\tBt) = I (TMePiy + Taeh 2t a\
=5 (1+1)" ;t(lﬂ)t (1) ®

When T is the terminal date of the project's benefits, 1In the present case it
is quite likely that consumption would grow at a slower rate in state 2 than

in state 1 over the foreseeable future. It follows that >2t will increase
without bound as t becomes large., Indeed, 1f /\2t is increasing at a geometric
rate, then the right hand side of (3) can be replaced by the simpler expression

(4) < TytBie 4

=5 (1+1) (1H ')
where
B T
(1+17)® (1+i)®

Equation (4) shows that where the state determinant is of a once-and-for-all
kind, the variation of the marginal utility of benefits over state and over
time can sometimes be reflected by the use of state-gpecific discount rates
(1 and 1' in the above example). But it should be noted that the situation
in which uncertainty can be taken into account in the discount rate is a very
special one,
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should be employed for benefit calculations and the larger for cost calcula=-
tions. A project should be built at the first time for which its "pseudo"

net present value is positive, "pseudo” net present velue reflecting the
calculation of benefits and costs according to the rule just stated., 1In

case budgetary constraints limit expenditure, construction priorities should
be awarded to the projects with the highest "pseudo" present values per dollar
(or per rupee) of constrained funds.

The basis for employing the smaller of current and future prices is easy
to set forth, Suppose the (relative) price of fertilizer is expected to
increase over time in response to exogenous development of improved seeds.

If the price of fertilizer in year 20 is employed in the calculation of year
20's aggregate consumption benefits, the present value of the fertilizer
project’'s contribution to aggregate consumption might be very high largely
because of the returns expected 20 years hence, Yet, neglecting gestation
lags, the project should be initiated only if its present contribution to
aggregate consumption covers its present operating, interest, and amortization
costs, The benefits in year 20 can always be reaped by building the project
later on, and these benefits should not be allowed to lead to premature
construction,
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TABLE ]

GONSWIMTTION BENZFITS

(all figures in millions)

YEAR
5 6 7 8 9 10=54
AGRICULTURAL PROGRAM
Besns 1.73 2.08 2.42 2.77 3.11 3.46
Corn 5.15 6.18 7.21 8.2, 9.27 10.30
Sesame 3.20 3.810 ‘6.‘68 5.12 5-76 6.‘&0
Sorgum 2,86 3.43 4.00 4,58 5.15 5.2
Alfalfa 7,26 8.Nn 210,16 11.62 13.07 14,52
Safflover 3.10 3.72 L34 4.96 5.58 6.20
Snybeans 13,57 16,28 19.00 21.71 24,43 27.14
Tomitoes 16.00 19.20 22,40 25,60 28,90 32,00
Vegetables 3.70 IR TA 5.18 5.92 6,64 7.0
theat 3.83 4,60 5.36 6.13 6.89 7.66
Other crops 5.40 6.48 7.56 8.64 9.72 10.80
TOTAL 65.80 78.96 92.12 105,28 ~18.44 131,60
EXTRA FOREIGN EXCHALGE
BEZEFITS FROM TCHATOE
EXPORTS +16.00 +19,20 +22.40 *25,60 +28,%0 432,00
HOUSING AND SCCIAL
SERVICES 2,80 2.80 2.80 2,80 2.80 2.%0
TOTAL AGGREGATE
CONSUMPTICN BENEFITS 84.60 100,96 117.32 133,68 150.04 166,40
of which
Domestically sold
output ‘090& 59076 69072 19.68 8906‘0 99.&
Export.d Output 32om 38.‘00 Mow sloa 57.& Uo.w
Social improvement
works 2,80 2.80 2,80 2.9 2.0 2.8




TA 11
LABOUR COSTS BY YEAR
(a1l figures in millions)
Y EAR
b 2 3 4 5 _é 7 8
MARKET VALUE OF LABOUR
@STS
Construction: skilled 6,40 17.% 18,80 1520 - - - -
seniaskilled 50” 5.” 120” 10.10 - - - - -
unskilled 20,30 24,90 69.60 6440 - - - -
Operation: skilled - - - - 0,0 0,80 0,80 0,80
semi-skilled - - - - 0.12 0.12 0.12 0,12
unskilled - - - - 1.& 1.& 1.& 1.&
Arriculture Fxtension - - - - 3,00 3,00 3,00 3,00
Farm: family - - - - 8.7 10.48 12,22 13.97
T hired - - - - 2,91 3,49 L0866
TOTAL 32,00 38,10 100,30 89,70 17.16 19,49 21,82 24,15
EXTRA OPPORTUNITY COST
OF AGRICULTURE EXT"Ne
TION - - - = 43,00 43,00 ¢3.00 43,00
EXTRA OPPORTUNITY COST
OF UNSKILLED LABOUR
Censtruction «20,30 4,90 £9.40 ~bi.40 - - - -
Oreration - - - - «l,60 1,0 1,60 21,8
Farm cultivation - - - - @l bk 13,97 46,30 318.63
TOTAL
AGGRFGATE CONSUMPTION
COST OF LABOUR TNPUTS 11,70 13,20 31,10 25.%0 6,92 6,92 6.92 6,72
of which
Skilled and semi-skilled 11,70 13,20 31,10 25,30 0,92 0,92 0,92 0.92
Agriculture extention
workers - - - - 6,00 6,00 6,00 6,00
Unskilled labour (s} 0 0 0 0 0 (o) 0




IABLR 11
POREIGN EXCHANGE COSTS DU YRAR

(all figures in millions)

OFFICIAL PSSETA
VALUE OF FOREION
EXCHANGE COSTS

CONSTRUCTION
Machinery and

Iron & stesel ,

FARM ASSISTANCE
Equipment & parts
CULTIVATION

Fertilisers
Pesticides, eto.

TOTAL 22,30

ul w ”lw ”l”
7.0 15.40
1.0 4.0

6.60
1.0

Machinery & parts =

YEAR
3 5
270” -
n-” -
2.” -
- oo”

- oll’

- ”-w

- 1-“’

- 502‘0

- 10“

2.5 54.00 42.40 38.6)

EXTRA OPPORTUNITY
COST OF FOREIGN

22,3

2.5 5.00 42,40 38.8

TOTAL AGGREGATE
CONSUMPTION COST
OF IMPORTED

b0

49.00 108.00 @4.30 77.2%

0.33 0.33
0.15 0.15

6.00 6,00

1.7 2.03
6.29 7.3
1.75 2.04

16,26 17.89

16.26 17.89

32,52 35.78



IARE 2V
ROMISTIC INFUT QQOTP DY YEAR |
(all figures in millions)

YRAR

1 2 L) 4 5 6 1 8 9 10 11-54 ‘

MARKET VALUE OoP

] DOMESTIC INPUT 0OSTS

Constryotion:
Cenent ‘-50 5070 13-20 1-“ - - - - - - -
Other Materials 5.20 6.70 18.3 12.30 - - - - - - -
Land - 800 - - - - . . - -
Qperation:
Cexent - - - - 0.30 0-30 O-D 0.30 0.30 0-30 0'”
Other Materials - - - - 0.70 0110 0-10 0.10 0-70 0170 0-10

i Form Assistange:
Agricultural Credit - - - - 7.50 1.5 1.% 1.5 1.% 1.50 -
Fodder - - - - 2091 3-‘,. ‘c“ ‘c“ 502‘ 5-82 5-&3
Seeds - - - - 10“ lcn 2-“ 2-33 2.62 2-91 2.91

TOTAL 9.70 17.40 33.50 19.90 12.87 7.74 8.62 9.49 10.% 11.2) 9.713

CORRECTION FOR TRUN !
OPPORTUNITY COST OF

LAND - "50“ - - '00“ "Oc“ 00.“ wo“ 00.63 40-“ 00.“

TOTAL

AGGREGATE CONSUMPTION
COST OF D(MkSTIC

INPUTS 9.70 12.40 33.50 19.90 13.5% 8.42 9.30 10.17 11.04 11.91  10.41
of whioch
Katerials & wvorking
oapital 9.70 12.40 .50 19.90 12.87 7.74 8.62 9.44 10.36 11.2) 92.73
l.cnll - - - - 0.“ 01“ 0.“ 0.“ 00“ 0.‘3 O.“
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