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COMPARATIVE ADVANTAGE AND DEVELORMENT POLICY
By Hollis B. Chenery (®)

: In the grat revival of inteérest in economic devel opment that has
marked the past decade, attention has centered on two main questions: first,
what determines the over=-all rate of economic advence?; second, what is the
optimal allocation of given resources to promote growth?. Analysis of the
growth rate has relied mainly on the Keymesian tools and has produced a multi-
plicity of aggregate growth models. The second question, however, reopens more
ancient economiec issues, and their analysis must start from the classical and
neoclassical solutions. Only very recently have the two types of discussion
tended to come together in the more comprenhensive framswork of general squi-
librium eanalysis.

_ In the field of resource allocation, controversy centers around
the implications of the classical principle of comparative advantage, according
to which growth is promoted by specialization, The defenders of this prinsiple
drew their inspiration from David Ricardo, J.S. Mill and Alfred Marshall, while
the lines of attack stem from Friedrich List, J.A. Schumpeter, A.A. Young and
JoH. Williaems. The chief criticism is that comparative advantaje is essentially
a static concept which ignores a variety of dynamic elements.

This issue is of great practicel impcrtance to the goverrnments of
underdeveloped countries, most of which take an active part in allocating invest-
ment funds and other scarce resources. The main purposs of the discussion has
therefore been to discover workeble principles for the formulation of develop-
ment policy. The classicel approach derives these principles from international
trade theory, while its critics base their analysis on modern growth thecry.
Elements of a dynamic, general-equilibrium theory are needed to resolve the
differences between the two approaches. The more general analysis is of very
limited value, however, unless its empirical implications can be ascertainsd.,

The present paper discusses the analysis of resource allocation
in less developsd economies from thee points of view. Section I tries %o
ascertain the extent to which the allocation principles derived from trade
theory and from growth theory cen be reconciled with each other without losing
their operational significance. Section II compares various approaches to the
measuremsnt of optimal resource allocation in terms of their logical consig-
tency and their applicability to different conditions. Section III examinss
some of the practical procedures followed in setting investment policy in
underdeveloped countries in the light of the earlier discussion. Finally, soms
of the theoretical issues are re-examined to indicate their practical impor-
tance,

(°) I em indebted to Moses Abramovitz, Bela Balassa, and Lawrence Krause for
helpful comments. Research for this article was undertaken at the Cowlss Foun-
dation for Research in Economics under Task NR 047-006, Office of Naval Research
(This is the third in a series of survey articles for which the Rockefeller
Foundation has provided support.- Editor)
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le- Conflicts Between Trade Theory and Growth Theory

The main contradictions between comparative advantage and other
principles of resourcs allocation derive from their different orientation
and agsumptions., The classical analysis focuses on long-run tendencies and
and equilibrium conditions, while modern theories of growth are concernsd
with the interaction among producing and consuming units in & dynsmic systsm.
Since both approaches are familiar, I shall only try to identify the differw
ences in assumptions and emphasis that lead to different poclicy conclusions.

A. The implications of Comparative Advantage for Resource Allocation,

‘The modern version of the comparative cost dosotrins -20- is essen-
tially a simplified form of static general equilibrium theory.(l) The optimum
pattern of production and trade for a country is determined from & comparison
of the opportunity cost of producing & given commodity with the price at which
the commedity can be imported or exported. In squilibrium, no commodity is pro-
duced which could be imported at lower cost, and exports are expanded until
marginal revenue equals marginal cost., Under the agsumptions of full employment
and perfect competition, the opportunity cost of a commodity, which is the
value of the factors used to produce it in their best alternative smployment,
is equal to its market value. Markst prices of factors and commodities can
therefore be used to determine comparative advantage under competitive condi-
tions., Longterm changes are not ignored, but they are assumed tc be refiscted
in current market prices,

The Heckscher-Ohlim versicn cf the comparative cost doctrine has
been widely recommended as a basis for development pelicy because it provides
a measure of comparative advantage that does not depend on the existence of
perfect competition and initial equilibrium. This version states that s gountry
will benefit from thade by producing commodities that ume more of its relati-
vely abundant factors of production. It will export these commodities and i
import commodities using more of its relatively scarce factors unless itg
pattern of domestic demand happens to be binsed toward commoditiss using domes-
tic factors, The critical assumptions in this analysis are that factors of
production are comparable among countries and that production functiofs are
the same, These assumptions are not required by classical trade theory,

The applicability of the comparative cost doctrine to present-day

conditions in underdeveloped countries has been re-esamined by Viner and its
validity has been reaffirmed with some modifications, Viner criticizes the
Heckscher-Ohlin version because its assumption of comparable factors does not
allow for observable differences in their quality 63, p, 16<, In his recent
answer to critics of the comparative cost approach =64-;, however, Vinsr admits
the necessity of interpreting comparative advantegs in a dynamic setting in
which the ‘efficiency of production may change over tims, exiternal sconomies
may exist, and the markest prices of commodities and factors may differs from
their opportunity cost., &5 Nyrkse points out -64,p.76~, these modifications
rcb the original doctrine of much of its practical value, It is now nscesgary
to have an explicit analysis of the growth process itself before it is possible
to determins, even theoretically, where comparative advantage lies; market
prices and current opportunity costs are no longer sufficient.
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B. Implications of Growth Theory for Resourgs Allocation.

Modsrn growth theory is concernsd with the interactions over time
among producers, consumers, and investors in interrelated séctors of the scono-
my. In the writings of such economisté as Rosenstein-Rodan -43-, Lewip -29-
Nurkse -36-, Myrdal =34-, Rostow -44-, Dobb =12=, and Hirschmen =23-, there is
much more emphesis on the ssquence of expansion and factor use by sector than
on the conditions of general equilibrium. Growth theory either ignores compa-
rative advantage and the possibilities of trade completely, or it considsrs
mainly the dynamic aspects, such as the stimulus that an increase in exports
provides to the development of related ssctors or the function of imports as
a carrier of new products and advenced teschmology. With this different point
of view, growth theorists often suggest investment criteri» that are quite
contradictory to those derived from conmsiderations of comparative advantsge.

The conflicts bstween these two spproaches to resource allocation
may be traced either to differences in assumptions or to the inclusion of fac-
tors in one theory that are omitted from the other. Growth theory contains a%
lesst four besic assumptions about underdeveloped econcmies that differ stron-
gly from those underlying the comparative cosh doctrins: 1° factor orices do
not necessarily reflect opportunity costs with sny accuracy; 2° the quantity
and quality of factorz of production may changs substantially ovar time, in
part as a result of the production process itself; 3° sconomiss of scale re-
lative to the sizs of existing markets are imporbant in 2 number of sectors
of productions 4° cémplementary smong commodities is dominant in both producer
and consumer demand.

‘Some of the implications of thess famctors are developed by Rosen-
stein-Rodan -43- and Nurkse -36- as arguments for "balancsd growth", by which
is meant simultansous expansion of & number of zecters of production. (2) Assun-
ing an elastic supply of either capital or lsbur, these authors show that in-
vestment will be more profitable in reletsd sectors, beceuse cf horizontsl and
verticel interdspendends, than in the csme sectors considered ssparately, '
Market forcss will not necesssrily lead to optimel investment decisions because
present prices do not reflect the cost and dsmand conditions thet will exist
in the future., This effect of investment in ons sector on the profitability
of investment in another sector, via increased demsnd or reduced costs, has
been called by Scitovsky =47- a "dynsmic external economy". The imputation of
these economies to the originating sectors may sericusly affect the estimats
of comperative advantage.

If we assume fixed investment resources instead of an elaztic
supply, the sams set of factors provide an argument for concentrated cor unbe-
lanced growth =48- -50=, In order to achieve sconomies of scale in one sector,
it may be necessary to devote a large fraction of the availeble investment funds
tc that sector and to supply increased reguirements in other sectors from im-
ports (or to curtail them temporarily). The optimal pattern of investment will
then be one which concentrates first on one sector and then on another, with
balance being approached on ly in the long run. Streeten -53- has developed

- G D G . O 63 s €53 -y

(2) The term "valanced growth" has been given e veriety of meanings, but the
jdea of simulitaneous expansion on several fronts is common to all of them.
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futher dynamic srguments for unbalanced growth from the fact that technologi-
cel progress may be more rapid if incresses in production are concentrated in
a few sectors, while Hirschmen -23- arguss for imbalsnce to economize on entre-
prenurial ability.

The historical significance of the balanced growth argument hes
been examined by Gerschenkron -18-, Rostow -44~, and Ohlin =38, in the context
of nineteenth-century industrial development in Europs. Thev show that vertical
interdependenés has been important in gtikulating the growth of related indus-
trial sectors, although the nature and origin of thess complexss differ from
country to country. In one cate they may be related to exports, in another to
expansion for the domestic market, The importeance of interdependence among pro-
ducers emerges fairly clsarly from these historical studies.,

The net effect of the discussicn of cynamic interdependence and
balanced vs, uubalanced growth is to déstroy the presumption that perfect come
petition, sven if it could be achieved, would lead to ths optimum allocation
of résources over time, Since the doctrine of comparative advantage in its
conventional form is & corollary of general equilibrium theory, the theoretical
qualifications thet apply to the latter alsc apply to the former. If, them,
the doctrine of comparative advantages is to be useful for development poliey,
the essential elements of the growth analysis must be combined with it,

Co Dynamic Modifications of Comparative Advantags.

, Clazsical trade theory deoes not exclude changes in the supply of
factors and nther data over tims, but it does insist that under perfect comps-
tition the effects of such changes will be reflscted in the market mechanism,.
If, on the other hand, we take comparative advantage as a principle of plan-
ning rather than 2s a result of market forces, we can include any foresesabls
exogenous changes in thechnology, tastes, or other data without going beyond
the framework of comparative statics.

Some of the modifications suggested by growth thecry are dynsmiec
in a more essential way, in that a particular changedepends not only on the
peassage of time bub on other variables in the system, For example, the rate
of increase in the productivity of labor in an industry may depend on an in-
creasing level of production in that industry. Some of these dynsmic elements
can also be enalyzed by methods of comparative statics if our purpose is only
to choose among alternative courses of action,

The four essumptions of growth thecry discussed sbove (Section B)
lead to the following requirements for the analytical framework to be used in
determinify comparative advantags in a growing economys(3) 1° recognition of
the possibility of structural disequilibrium in factor markets; 2° the inclu-

O - G O O D D X - T

(3) Some of these criticims of static analysis wers mads years ago by Williams
=66=, and & numbsr of the elements were, of course, recognized by the classical
economists themselves. I am not concerned with explicit oriticism of the cla-
ssical analysis, but with the possibility of reconciling it with growth theory
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sion of indirsct (market and nommerket) effects of exoanding a given typs of
productiong 3° simultanecus determination of levels of consumption, imports,
end production in interrelated sectors over +time when decreasing costs resuld
from the expansion of output; and 4° allowance for veriation in the demand for
sxporte and other data over time,

These changes destroy the simplicity of the classical system, in
which allocation decisions can be based on 2 partial analysiz because adjust-
ments in the rest of the economy are reflected in equilibrium market prices.

In the dynamic analysis, it may not be possible to state that a country has a
comparative advantags in producing steel without specifying also the levels of
production of iron ore, coal and metalworking over time, In short, we are forced
to compare alternative patterns of growth rather than separate sectors, and we
cannot expect to find simple generalizations of the Heckscher-Ohlin typs con-
cerning the characteristics of individual linss of production,

Since there is no well-devsloped body of theory concerning the
formel properties of the system just cutlined, (4) I shall only +ry +to indicate
in a general way the modifications that some of these elemsnts of growth theory
will produce in the analysis of comparative advantege.

Factor Costs, It is generallly agreed that costs of lator and
capital in underdevelopsd countries do not reflect their opportunity costs
with any accuracy because of market imperfections, but there is wide disagree-
ment as to the extent of the typical discrepancies. Some tvpes of labor may be
overvalued while particular skills are undervalusd. Factor costs may also chen-
ge markedly over time as 2 result of economic developmewt, so that an advaniage
based on cheap labor may prove quite limited in duration. As Lewis =29- and
Hagen =21~ show, the effects on comparative advantage of correcting for dise-
quilibrium factor prices are often very substential., (The effects of disequi-
librium in factor markets are discussed further in Part II).

Export Markets. Two of the main srguments against ths trade pat-
tern produced by market forces concern 1° the fluctuating nature and 2% the low
income and price elasticities of the demand for primary preducte. The sxistence
of cyclical fluctuation is well established, but the income and price elasti-
cities vary considerably among primary commodities. Their net effect on the
terms of trade of primary producers over time is a matter of dispute =64-,
These characteristics are often used as an argumento for reducing specializa-
tion in underdeveloped countries and for expanding industry for local consump=
tion rather than expanding primary exports «4l- -5l=,

These factors cvan be admitted without seriously modifying the prin-
ciple of comparative advantage. The market valus of the stream of export earw
nings should be reduced 4o reflect the drawbacks to the sconomy resulting from
its variabls charscteristics, and this social value should be used in comparing
investment in primery exports to other alternatives. When export demand has a

(4) In his survey of modern trade theory, Gaves =7- shows that attempis %o ine
troduce dynemic elements have been concerned mainly with particular aspests
and have led not 4o new principles, but rather to extensions of statis resulis.
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~ low elasticity, marginal revenue should be used in place of average revenus.
Since it is quite likply that the market evaluation of the ettractivenss of
an investment in exports will differ from this social evaluation, soms form
of govermment intervention may be warranted. It is wrong, however, to conclu-
de from this analysis that continued specialization in primary exports mey
not be the best policy, because even the corrected return cn oxports may be
greater than that on alternative investments. The supply of foreing invest-
ment may also be greater for export production,

Productivity Change. The possibility of rising efficisncy as labor
and management acquire increasing experience in actual production has long been
‘recognized =66« and forms the basis for the infant industry argument. This ar-
gument has been generalized to include the effects of increasing production in
eny industry on the supply of skilled labor and manzgement available to other
industries. Since manufacturing is thought to have mors important training
effects than primary production -33- =4l=, the fact that improvements in fac-
tor supply srs not reflected in the merket mechanism may introduce a bias
against manufacturing, The empirical basis for this argument has besn questio-
ned by several sconomists =46~ =63-, who ssget that there is often as much
scops for technological improvement in agriculture ax in industry. Without
trying to settle the empirical question that has been raised, it may te cone-
cluded’ that productivity change is an important factor and therefore that com-
parative advantage should be measured over tims. It cannot bs said, heowever,
that allowance for this factor will always favor manufacturing. :

Dynemic External Economies. As indicatsd above, dynamic externsl
sconcmies are received by an industry from cost reductions or demand incressss
in other sectors., Cost reductions may result from economies of scale, produc-
tivity increases, or new technology. The customary analysis of comparative
edvantage on 2 sector-by-sector basis would require that the cost reduction

from simultaneously developing interrelated sectors be allocated ssparately

to each, However, if a group of investments will only be profitable when they
are undertaken together, comparative advantage c¢an only be determined for alter-
native combina®ions of investment. As shown in «1l« rot only do market prices
fail to produce the best investment allocstion in this situation, but any

structure of equilibrium prices may 2lso be an inadequats guide in the presen=
ce of economies of scale.

There is considerable evidence that external econcmies are mors
important in the industrisl sectors than in primary production because of ine-
ternal economies of scale, training effects, and kigh demand elasticitiss.
Their omiesion from the market mechanism is therefore likely to biaz resowrce
allocation against manufacturing. The quantitative significance of this factor

is very hard to determine, however, since it imvolves simultanscus changes iy
& number of sectors.

Uncertainty and Flexibility. The limited ability of policy-mskers
to foresee changes in demand and supply scnditions puts a premium on flsxibi-
lity in the choics of a development strategy. This factor not only arguss
against specialization in ome or two sxport commodities but it also favors
the development of a diversifiecg economic structure which will enable the
economy to shift to new types of exports or import substitutes when changing



-7-

trade conditions may require them. Kindlebsrger =26~ sees this factor a3z the
main explanation for his finding that the terms of trade have favored develo-
ped countries although they have not favored countries exporting manufactured
goods in genaral (6). The argument is similar to that of 8tigler =52« goncer-
ning the optimum choice of techniques in & menufscturing plant. The optimum
design for a changing market is likely to differ from the optimum under statie
conditions because in the former cese the proper criiterion is lowest-cost
production for varying operating levels and with changes in product desing,
Similarly optimum development policy should result in a pattern of resource
allocation that allows for unforeseen changes in supply and demand conditiocan
even at the cost of some loss of short-term efficiency.

IT. Ths Measuremsnt of Optimum Resource Allocation

The development of an adequate +theory is only the first stsp in
formulating econcmic policy. In order to reach practical conclusions, it ix
also necessary to #pec¢ify the enviromment in which the policy-maker functions.
~ Relevant aspects of a particular society include its gensral objectives, ths
policy instruments %o bs considered, and the information available. Ths theory

must then be combined with these elements in such a way as to yield guidss
to action or Mdecision rules” for particular situations.

Although the growing science of operations research is concernsd
with the development of decision rules for business and militery operations,
less progress has been mede in developing an operational approsach to long-run
sconomic policy. Tinbergen «5b6=- and Frisch =15« have outlined a general frame-
'work formpoliscy analysis, but it has had relatively little impact on the dis-
cussion of the development of under-developed countries. In this fisld the
failure to specify edequately the decision-making enviroument and to distin-
guish betwsen decision rules and corollaries of pure theory has led to great
confusion,

Since the information needed ffor o¢ver-all economic analysis is
available to a very limited extent in underdevelepsd countries, there has been
o considerable effort to derive decision rules or "investment criteria®™ that
can be based on partial analysis. I shall group the variocus suggestions into
three categoriest 19 factor-intensity criteriag 2° productivity creteria; 3°
programming oriteria based on accounting prices., Although these various appro-
aches often lead to contradictory results, eahd has come merit as a form of
decision rule if properly qualified. In general, the theoretically more walid
formulations require more information and must be replaced by cruder approxi-
mations when adequate data are not available. Since a major part of the lite-
rature in the developement fiseld has been devoted to the discussion of irveazt-
ment oriteria, it is important ot identify the sourcss of conflict smong them -
and to specify the circumstances under which each may be approximately correct,

In economic theory, capital and labor are assumsd to be separate-
ly allocated in single units to different uses. In national planning, however,
it is more convenient to consider the dscisiom to install a given produstive
process or plant, representing the allocation of a group of inputs in specified
quantities, as the basic choice. Investment criteria are customarily formulated
for "projects™ of this sort, since they form the basis for the decision of plan-

O . 0 4 o B o 0 e B

(5) This argument is also discussed by Caves -7, pp. 264-66-
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ning authorities, This procedure recognizes that very small produstive units
sre uneconomical, and it permits a consideration of different scales of output,
The choice of techmiques can be considered asz a cholce' among projecis produ- -
cing the same output from different input combinations, In this way the allc-
cation procedure cen be divided into two steps: the choice of the best techni-
que for a given type of product, and the decision whether tec produce the come-
modity at all. The principle of comparative advantage is more directly relevant
to the second typs of choice, but the twoc cannot be separated entirely.

A. Factor-Intensity Criteria.

The simplest approach tc¢ any allccation problem is to concentrate
on the scarcest rescurce. Since this is often capital in underdeveloped coun-
tries, it seems reasonable to chcose the technique that uses the least capi-
tal toc produce a given output. The same logic is applied to the choice of sec-
tors of productions an underdeveloped country is advized o produce and export
commoditias that use relatively less capital per unit of output and %o import
items requiring more capital. Statements of this +ype occur in many esonomis
writinge of the past fifteen years. Buchenan -5~ was among the first to stete
this oriterion for investment in underdeveloped countriez and to base policy
recommsndations upon it.

The "minimum capital-output ratic™ criterion is only valid under
the following restrictive conditionss (6) 1° Either capital is the only scarcs
factor in the system, or other inputs are so sbundant relative to capital that
the latter is the dominant slement in determining cost differenses, 2° Eithsr
the same output is produced by each investment alternative, or the market +
velues used to compare the different products coincids with their sccial valuss,
3® Production takes place under constant costs,

The use of the capital-oubtput ratic theoretically requires s mea-
surement of the total capital used in produsing a given commodity,  including
the "¢apital used in preducing all materials snd #orvices purchased. Alternati-
vely, the indirect use of capital can be allowed for by deducting the cost of
purchaged inputs from the value of output and expressing the criterior as the
ratio of capital 4o valus added. This procedure requires the futher assump-
tion that market prices correctly reflect the use of capital in the rest of
the economy.

A closely related allocation criterion is +he capital intensity;
the ratio of capital to labor. This test is derived direetly from the Heckscher-
Ohlin version of the comparative cost doctrine., If the zeame production functions
exist in all countries and if capital is scarce relative %o labor in the under-
developed countries, comparative advantege in the latter can be indentified
by low capital-laber ratios. This approach does not azyumé that labor has zerc
opportunity cost, as doss use of the capital-output ratic, but only that ths
ratio of labor cost to cepital cost is lower than in the country’s trading
partners. To allow for differences in the quality of labor among countries,
it is sometimee suggested that the assossment of relsative labor cost should
be made for lebor units of squal efficiency- e.g., the labor required in aach
(6) A rogorous analysis of the validity of margiral and average factor-output

ratios as indicators of optimum allocation in s two-factor system is given by
Bator =4
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sountry to psrfcrm 2 given type of operation with the sams sapital goods axi
organigation.

A principal criticism of the use of both thése ratios is that
they ignore the existencs of other factors of production, such as natural
resources. If either labor or natural resources has a significant opportunity
cost, the capital-cutput messure must be replassd by the more general margi-
nal productivity of capital criterion, which is discussed in the next section,

To judge comparative advantage by the capital-labor ratic is %o
assume either that this ratio will bs the sams for the same industry in all
countries, or that capital is equally substitutebls for labor in produsing
all the commodities traded. Deviations from these assumptions, along with
the omission of other inputs and variations in efficiency by sector, make the
capital-labor criterion » very crude approximetion indeed to & proper estimats
of comparative advantage,

B. Marginal Produstivity Criteris (7)

A more comprehensive allocation criterion is the social marginsl
product of a given unit of resources in a given use., Where the factor-intenzi-
ty cretoris are at best only correlated with the increase in national incoms
produced by a project, the productivity test is in turn less gensral than the
over-all programming approsch, becauss it is based on a partial equilibrium
analysis that ies only valid for relatively small changes in the sconcmic struc-
ture,

The several forms of marginal productivity sriterion that have
been proposed differ in the assumptions made about the sccial selfare funetion
and in the' sxtent to which allowance is made for the indirect effssts of a given
allocation, All versions are alike in assuming that the govermmexnt sontrols,
directly or indirestly, a certain fraction of the investibls resources of the
country and wishes to allocate them in such a way as to maximize future welfarse.,

Since the produstivity criteriz are usually applied t¢ investmesnt
projects rather than toc single units of sapital, they are ™marginal® only in
the sense that a project normally constitubss = smell gractiorn of the total
capital invested in a given year. For wery large projectz a breakdown into
samller units would be more appropriate,

The Static SMP Criterion. As proposed by Kahn ~-25- the social mar-
Binal product (SMP) is & géneral equilibrium concept which is conveniionally
defined as the net contribution of & marginel unit (project) to the national
product. (8) The ralated decision rule is to rank investment projects by their
SMP and to go dowz the list until the fumds to be allccated are sxhausted. Al-
ternatively, any project having an SMP above a given level can be approved,

Kehn uses the SMP criterion to show the fallacies in the factor-
intensity measures that had been advocated by Buchnan =5-, Poclak -40-, and
(7) Surveys of these and other inveditment sriteris are given by Castellinc «8=
Vaidyanathen «62=-, and the United Nationz «51-
(8) To be more acsurste, cost and output streams should be discounted to the
present, but I shell not be concerned with differenses in the time pattern of
output of different projects,
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other writers. He points out thats “the existence of a particular natural re-
source, specialiced 8kills, particular climatic conditions or the impo?tanﬁ@

of a particular product or service may make the SMP of capital higher in a

1ine which is more capital intensive than in another which is less so" =25,
p.40-. He also arguss that even when thers ig substantial rural unemployment,

s considerable amount of capital end other inputs are required to transport,
trein, and house the workers who are to be employed elsewhere. Kehn's arguments
against the simple capital-intensity criteria appear to have been generally
accepted, although he edmits that a lower capitel-output ratio may be & useful
guide when other information in lacking.

Some modifications in the SMP criterion were suggested by the
present author =8~ to allow for articial elemsnts ir the price system (tariffs,
subsidiés, etc.) and to provide for the evaluation of labor and foreing exchan-
ge at opportunity cost rather than at merket value, Further allowances for the
difference betwesn market price and sociel valus can be made by estimating the
bensfits to provided to other sectors in the ferm of external economises, and
by including overhead costs in the ostimate of the cost of laber. All of thesze
olements arb included in Eckstein's synthesis and extension of ths productivity
aproach=14=, (9)

The SMP criterion is entirely consistent with the gemsral pregran-
ming approach discussed below, which derives opportunity costs from an explicit
analysis of total factor use. In the absencse of such an overall analysis, the
corrections suggested for the calculation of the productivity of inve stment
are likely to be quite approximate. There is nc logical cornflict between the
results of the SMP analysis and the dictates of comparative advantage hesause -
each is a corollary of a general equilibrium solution over a given time poeriecd.

The Merginal Reinvestment Critericn. A sharp criticism of the SMP

criterion was uede by Galenson and Leigenstein -17-, who challenge soms of
its basic premises. They would substituts a different social welfare fumcti on
in which the aim is to maximize per capite income at some time in the distent
future rather than tc meximize a discounted etream of incoms over time. They
alsc azsumé severe restrictions on the policy instruments available to the
govermment, and in' particular deny its ability to affect the rate of saving
vy fiscal mesasures., Under these assumfitions, it is necessary to take account
of the division of income resulting frow a project betwsen profits and wages,
sinoe sa¥ings from the former are higher,

To meximize the total outpubt at some distant future time, Galenson
and Leigenstein easily show that the most "preductive” project is not necessa-
'rily the one which maximizes national incoms in the near future but the one
which leads to the highest savings. Since it is assumed that neither voluntary
saving nor taxes can be extracted from weges, the most productive project will
be the-one with the highest profit rate per umit of cepital invested.(10). Ths

(9) Eckstein points out that the assumption of capitel rationing implies a
sociel judgment as to both the amount of imvestment in the current period and
the discount to be applied to future outputs, since the market rate of interest
is re jecked fer both purposes.

(10) I omit the possibility of an effect on population growth, which leads
Galenson and Leibenstein to state the c¢riterion on & per capita basis,



assumption that profits are saved and reimvested lesads to the "mgrginal'reins
vestment quotient™ as a decision rule to be epplied in place of the SMP.

Galenson and Leibenstein push their argument oms step further and indentify
the most profitable project as the one with the highest capital-labor ratic,
This result leads them to the paradoxical conclusion that the most capitalein-
tensive rather than the least capital-intensive tschniques in order %¢ premote
 savings and future growth. This conclusion imvolves an implicit assumption
about the nature of production functions: that increasing the capital intensi-
ty will' necessarily raise the average return to capital in each sector of pro-
duction. This is cbviously not true in gemeral and is not necessarily true of
existing productive techniques. The savings effact of a given project should
therefore bs measured directly and not assumed tc vary in proportion tc ths
capital-labor ratio,

Galsnscn and Leibsnstein have been widely criticized for +4heir
extreme assumptions =4« =14« =24- 35, in particular for the uss of & sccial
‘welfare function in which the starvation of half the population in the nsar
future would appear %o be a matter_of indifferencze and for the assumption that
limitations on fiscal policy meke & lower incoms preferable t¢ a much higher
one if the former has a higher savings compouent. Their analyeis has neverths-
less been useful in emphasizing that other effects of an imvestment beside its
immediate contribution to the national product should be included in the pro-
dustivity sritericm,(11)

The Merginal Growth Contribution. Eckstein -id- has successfully
reconciled the conflict between the Kahn=Chensry SMP approach and the Galsnsone
Leibenstein reinvestment approach, and in zo doing he has provided a conzide-
rable generalization of each. First, he assumes that ths social objesctive is
%o maximize the present valus fo the fuburs consumpticn stream. With & zero
discount rates, this objedtive approximetes the long-term income objective of
Galenson and Leibanstein, while with 2 high discount of future consumption it
leads to the meximizaetion of income in the chort term. Second; Eckstein assumss
that there is a different savings (reinvestment) ccefficient associated with
each project, but he allows for any savings rate out of wages and profite.
From these assumptions , he derives a measure of the "marginal growth contrie
bution™ of e given project that consists cf two perts:1® an efficiency term,
consisting of the present wvalue of the consumption stream; and 2° a growth
term, consisting of the additional consumption to be achisved by roinvesting
savings.

The relative importance of the two terms depends largely on +the
rate of discount that is applied to future consumption, Even with a low rate
of discount, the significance of the second term depends on how much variation
there iz in the fraction of income saved amoeng different projects. If the sa-
‘vings ratio is mot related to the form of incoms generated, then, az Bator =i
shows, there is nc confdict betwsen maximizing income in the short run and in
the longer run. Ecksteints formula provides for all possible intermediste w
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(11) In -28-, Leibenstein restates in mors restrainsd form his arguments for
irecluding labor training, savings, population growth, and other indireet
effects in a comprehensive productivity msasure.



assumptions betwsen the two extreme views of the determinants of savings.(12)

In principle, one might includs cthér indirect dynamic effects,
such as the valus of the labor training provided, in the msasurement of the
total productivity of a given project. There is a danger of double counting
if partial-equilibrium anelysis.is extended too far, however, and most indi-
rect effects can be more readily svaluated in the more general programming
framework corsidered below.

C. Programming Criteria and Accounting Prices

The allocation rules discussed up to now are based on the existing
economic structure and are strictly applicable enly for relatively smell chan-
ges in it. Although it may in many instances be nscessary 4o rely primarily on
these marginal criteria for lack of data on the rest of the economy, it iz im-
portant to have some way of testing larger changes and of évaluating ths errors
that are intredused by the marginal procedure. Furthermore, without a more com-
prenhensive analysis it is impossible to reconcile fully the conflicting polisy

implications of comparative advantege and growth thsory.

The difficulties  of partial anelysis increase with the zumber of
modifications that heve to be applied ¢ market prices in order teo arrive at
social valus. Both the factor-intensity ratice and the partial productivity
measures assume that there is one principsl restriction on the system, the
scarcity of capital. They do nct allow for the fact that in allocating capital
according to any one of these rules some other restriction on the sustem; such
as the supply of foreign exchange, of skilled labor, or of a particular commo=-
dity, may be exceeded.

The programming apnreach t¢ resource allocation begins with the
problem of balancing supply and demend for different scmmodities snd factors
of production, Until quite recently, practiecal pregramming methods have bsen |
more concerned with ensuring the consistency of & given allocation of rescur-
ces with' certain targets then with testing the efficiency with which rescwrces
are used. Historically speaking, the programming spproach is thus the operatio-
nal counterpart of the theory of balanced growth, from which much of its con-
ceptual framework is derived.

Ous of the earliest attempts at formulating a comprenhensive deve-
lopment progrem for: an underdeveloped ares was Mandelbaum®s illustrative model
for Southeastern Burope, undertaken during the war -3l-. He starts, as many
subssquent progrems have done, from an estimate of the incresse in national
income required to absort a prospective imcrement in the labor fores. The allo-
cation of capital =and labor is made initially from demand estimates and by ansz-
logy to the structure of more advanced countries. The principle of comparative
advantage is only introduced intuitively in modifying the initial projection,
The main test of resource allocation is the balance of demand end supply for
each sector and factor of production.

(12) Sexn -49- indepsndently formulated & more general imvestment criterion
that is very similar to Eckstein's, in which the SMP and reinvestment orite-~
ria are shown to be limiting cases.



The development of methemetical progremming methods makes it po-
ssible to carry out this type of enalysis in a much mors precise way. In seve=
ral countries, concistent development programs have been formulated by uzing
input-cutput analysis, as in the studies cf the Economic Commission for Latin
America 58~ =59= ~80-., It is only with the development of linear programming,
however, thet it is possible to reconcile the consistency oriteria and the
productivity criteria in a systematic way.

A link between the test of consistency (feasibility) in resource
gllocation and the test of productivity (efficiency) is provided by a conséde-
ration of the prics implications of a given allocation. Assums that s zet of
production levels has been worked out so as to be consistent with ths availa-
ble supplies of labor, capital and natural resources, given the structure of
consumer demand and the country’s trading posibilities. These sector produc-
tion and trade levels constitube a "femsilble program™. Any such program implies
a unique set of commodity and factor prises if the economy is in squilibriun.
If production activitiss are assumed to cperate at constant costs, linssr pro-
gramming provides a method of calculating the "shadow prices™ correspondi
to the equilibrium conditions, in which the price of each commodity is equal
to its cost of preduction.(13) Prices are dstermined by the solution to the
following set of szimultansous equations, ons for each production activity in-
cluded in the programs

L W,IJ‘PA-f‘ @szz+"'+w0ynpn=0 (i:‘:/P"'n)
whers a%j is the input or output of commodity or factor i by activity J, and
P: 1is the shadow price of commodity or factor i, The input coefficients may

be measured at existing prices or in other comvenient units, In an opsn econsG-

ny, activities of importing and exporting are also included in the system, and

the price solution contains the equilibriwm prise of foreing sxchange. An exame
ple of this celeulation is given in Table 1, which will be explained shorily.

The uge of shadow or "acounting®™ prices in evaluating investmet
projects has been suggested by Tingergen =54- «56w, Frisch =15- «16=, and
Chensry =9= =10~, Although Tinbergen does not use a linear programming frame~-
work, his accounting prices for factors have the same meening as shadow prices:
the opportunity cost implied by a given resource ellocation,(14) He suggests
compubing the costs associated with a project by using acounting prices; any
project that shows a positive net return over cost (including capital cost)
should be epproved. This test is equivalent to the SMO criterion, as shown
below. - ‘

(13) The assumptions of linear progremming snd methods of finding solutions

to programming modsls have been discussed in a number of recent publications,
such as =13=- L J

{14) Tinbergen =56, p.39- defines accounting prices ae those "that would prevail
if (1) ths investment pattern under discussion were actually cerried acut, and
(ii) equilibrium existed on the markets just mentioned®™ (i.e., labor, capital,
foreign exchange merkets). The relation between acounting and shadow prices is
discussed en Chemery -10- and Qayum =42~
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The gemsral linser programming problem is to maximize the valus
of a linsar objesctive function subject to limsar constraints. In development
programs, the prirncipal constraints are that the demands for commodities and
factors should not exceed their supplies; the function tc bs maximized is usue-
1ly taken &s the national income. Alternatively, ths objsctive may be the aghie-
vement of & given increase in output at minimm cost in intestment (including
foreign investment). Other socisl objectives, suchsa as ¢ minimum employment
level or a specified degrees of regional balance, can be includsd as additional
restrictions on the program., The instrument variables can alzo be constrained
to fall within specified limits, as in the models cof Frisch.(15)

To illustrate ths meaning and use of shadow prices in evaluating
investment projects, I shall take up a Vvery simplifisd programming model that
is worked oubt in mors detail elsewhere =lle, The truncated system given in
Table 1 covers only a semall part of ths sconomy, but it will servs to illus-
trate the way in which interdspendence influsrcez investment decision and the
effect of having more than one scarce factor.

The model conitains four préduction activities (X,, X.. Xs, Xuy)
and three import activities (M,, Mz, Ms, ). Bach mctivity is representsd in
Tablé 1 by & column of cosfficients, @i, showing the amount of imput (~)
or output (+ ) of commodity i when the activity is operated at unit level,
(These coefficients are the boldface figures in cclumns 1 0 7). The ust
cutput is taken &3 unity in all casesg. The production activity Xy, for example,
represernts ‘the production of one unit of metal products from .22 units of irem
and steel, .20 unitz of “other inputs™, .70 units of labor, and .70 units of
capital. The import activity M, provides an alternative way of supplying a unit
of metal products by an expenditure (input) of .85 units of fereign sxchangs.
A similar choics is provided betwsen X. and Mx (iron &nd steel) and betwesn
X: eand M, (iron ore). The fourth production activity shows the rescurces used
in the marginal export sector to provide a unit of foreign exchange.

In a complete programming modsl, the amounts of all commoditias
required for final use at a given level of incoms would be entered as restric-
tions on the solution. Similarly, the amounts of available capital and lsber
of different types would be specified. In this limited illustration, the pro-
blem is to supply requirements of 1000 sach for metal products and iron end
steel at minimun cost. Irom ire and foreign exchange are thersfore taksn to
be intermediate goods having no nst ocutside demand. "Othsr inputs™, labor and
capital are supplisd from outsids the model at prices reflscting their cppor-
tunity costs in the rest of the economy. The mein differencs in principls bat-

(15) Frisch is one of the strongest advocates of the use of linear programming
for development planning, as indicated in the preface to a recent methodslogical
study: "In the beginning of 1959, during my work as a United Nations expert in
Cairo, I was confronted with the problem of working out a methodology fer opti-
mal investment programming in a rapidily sxpending underdevelcoped country. I
have always believed - and my Cairo expsriences have confirmed it- taht such

8 method must be formulated in terms which ultimately make the problem amsnable
to linear pregramming, Otherwise one is practically certain to taken by suprise
afterwargs in unexpectsd balance of payments difficulties and cther troubles®
=16, pe 1
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THBLE 1 PEVALUATION OF PRODUCTION AND IMPORY ACTIVIVIES BY LCCOUNTING ERICES

e e s N . . e e — . %
Commodities and froduction Activitiss Impert Activibtiss Asgounting Prices Regtric
factors . : . eionsg
X1 X2 X3 h A M w2 M3 Trigl a Trial b Trial ¢ Trial 4
{1} {2) (3) (&) {33 (&) 1} (8} {3} (10} {11) {12)

1 Metal Products . 1.00 ; : F. .- 1.C8 2.5% 342 3,41 2.86 1009
' 3.41) ' [3.41)
2 ZIron and Stesl . v.22  1.00 . . ‘ : 1,00

_ {(-.89) (4.03) {4,03) v 3,60 4,82 4,03 3,50 1000
3 Iron Ops -,08  1.00 . 1,00 :
{-.25) (3.12) ' 3.12) 3,30 4,42 3,12 2,19 0
4 Foreign Exchange ‘ _ : 1.90 -85 =1,20 1.10 ’

' (u,01) | (=3.41{4,81) (4.01) 5,00 | 4,02 8,01 2.92 o

5 Othar Imputs =20 ==.2§ =,70 -, 10 . 2,C0 3,20 : 2,10 2.20 -
(“.62) (".78) (2017) ("'531) ’ ' T
6 izboy - -.7C 020 2,30 =1,00 : - _ .
' {1.05) {=.30) (-,458) (-1,30)} 1.5¢ 1.50 - 1350 S50

7 Capisal L=oTD =2070 ¢ =50 2,20 ‘ | .
(=70} (-2,70) (=450} {-2.20}| | A .oo .00

~ . L

JU—— - S e

8ogial Profibabiliity b

Trial a 50 7,25 -1.20 2 g ) = .
b -o03 T 41,83 © 0 o @
R e +.15 0 ¢ ! & =,78 =1,29
@ d 9 =03 ) v -.22 a «1.02

froduction and Import lsvels

Trial & o 0 D 2050 1000 1003 0
" b 0 1000 89 856 1260 o &
" e 1005 1223 98 o G o 0
! a 1008 v} ¢ 1464 2 1220 0

Bazed on chensry - II-, Table 1, Priszss squation '1! except fer Pk in teiel 1. ¥igures in parventhesis are (aij P} for trial o

2}
B} Caleulated from equabion THs




- 15 =

ween this submodel and a complete programming system is that the prices of
only the first four commodities are determined in the model in the present
case, whils in general all prices are so determined.

The four restrictions in the model consist of equations stating
that the supply of each of the first four inputs must be equal to the speci-.
fied demand:(16)

X, + M, = 1000

L

- 22Xy + X2 + M, = 1000
0217 = 008X2f + XJ L M3 50
X,. - QBSM,’ - 1.20Mz, - 1,10M_., = 0

The objective is to minimize the amount of capital required to-
suply the given final demands, with the use of labor and "other inputs™ valusd
at their oppoftunity costs in terms of capital. This is the same as supplying
each commodity at miuimum unit cost, since the amount of each to be supplied
is fixed.

' A feasible solution to ths model contains either a production er
an import activity fer esch of the three commodities plus the export activity
for foreign exchange. The corresponding activity lavels can be determinsd from
squations '2' and are shown at the bottom of Table 1. The amounts of the out-
side factors (Ec) = labor, capitel, and Mother inputs®™- required by each solu=
tion can then bs determined from the following equationss

Other inputss F, = 20K, + 25X, ¢ o70K; ¢ 10X «

13 Labors Fe

07OX4 + .20Xz 4 030X3 P IQOOX‘l

Capitals Fg oTOXy + 2.70X2 + J50X, 4+ 2,20X,

The programming model thus contains two types of equations: price
equations of the type of ?1¢; and equetions for the supply and demand of com-
moditiés and outside factors, '2f and '3%, As outlined in -10-, the general
procedure for solving a programming model of this type involves three steps:
(a) finding & feasible program or set of activity lsvels that satisfies the
,Supply~demand restrictions; (b) calculating ths shadow prices associated with
the given program; (¢) using these' prices to determine whathsr any improvemernt
in the initial progrem is possible, This prosedurs is repsated as long as any
further improvements can be made,

The programming criterion used to compare projects or activities
is the social profitability of each as measured from the shadow prices, Any
profitable activity ahould be included in the program, It is the recalcalcu~
lation of prices that distinguishes this procedurs from the partial program-

- DGO T . e ow e me

(16) I omit the possibility of overfulfilling demands, since there are no joint
products in the present case,
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ming approach suggested by Tinbergen. In either case, however, the test of
social profitability of activity j can be expressed asg

147 I, _-.; ag;  E

By definition, the activities that were used in determining the
shadow prices will have a profitability of zero. The optimum solution is iden-
tified by the condition that all other activities have zero or negative pré-
fitability.

‘Some idea of the type of adjustment that results from moving frem
partial toward general equilibrium analysis may be given by determining solu-
tiohs to the model in Table 1 under four diffesrent procedures: (a) the use of
market prices; (b) correcting for the overvaluation of foreign excharge; (c)
finding the cptimum solution for the submodel aloneg (4) finding the opbimum
solution for the submodel with changes in the cpportunity costs of labor and
other inputs determined from a general programming model., The accounting pri-

ces corresponding to each assumption ere shown in columns 8 to 1l of Table | 1.
Calculation of social profitability of each actigity, given the accounting
prices, is illustrated in the table for trial ¢ by given cost and revenus {i-.
gures in parentheses in columns 1 to 7.

Trial a. Assume that market prices are based on the cost of import-
ing and are determined by setting profits om the import actitities equal to ze-
ro, with a given foreign exchenge cost of 3,00. The sxchanges rete is agsumed
to be overvalued, so that the price of foreign exchange is less than the cost
of securing it through expanded exports, At these merket prices; only activity
X5 (iron ore) is profitable, but there is no domestic demand for iron ers
unless steel iz also produced (the export price is lower then that of imports
becauss of transport costs). The use of market prices therefore leads to im-
ports of steel and metal products, since the opportunity ccst of expanding
exports is not taken into account. The corregpsnding activity levels are ahown
at the bottom of the table, i

Trial b. Assume now that we correct for the existing structural
disequilibrium by setting the price of foreignm exchange equal to its oppertu-
nity cest of 4,02 as determinsd from the export sctivity X4 . Allowancs is also
made fcr a rise in the accounting price cof "other inputs™, some of which are
imported. A new set of accounting prices for commodities 1-3 is determined from
the cost of imports. Substituting these prices into equation '4! shows that X,
and X; are both profitable (mz=:337;;=,¢zﬂ. Investment should therefore teke
place in steel, iron ore, and exports on this test.

" Trial c., To find the optimum solubtion 4o the submodel by linesr
programming, we can start from tial b and recalculate the shadow prices from
the activities that are included; X, X, X4 M, .. The four shadow prices P, +o
P; are detérmined by epplying equation '1%, taking the prices of the oubside
inputs (ngsz, Py,) a8 given. The eliminstion of excess profits from the pri-
ces of iron ore and steel lowers the cost of producing metal products, providing
an example of pecuniary externsl economies. Instead of a loss, activity X, now
shows a profit of .15 and should be substituted for the import astivity M, .
With the original prices for labor and capital, the epiimum solution to the
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submodal is therefore to produce all three commodities and import nothing,
since all inport activities are unprofitable,

Triel d. If g similar analysis is carried out for the eccncny as
a whole, it is likely that the initial estimate of the cpperiunity cost of
labor (equal ot its market price) will be reyised..Assumed that the shadow
price of lebor (squal to its marginal product in the rest of the econmomy) is
only a third of its market price, or 5 units of capital, This lower labsr
cost will reduce the costs of production in different activities in preportion
to their use of labor, Since exports are cheapened more than steel production
by this calculation, it now becomes socially profitable to import steel and
produce metal products. The optimality of <4his solution is shown by the prices
In trial 4, in which there is & loss of = .03 on X3 . The optimum quantity
solution is shown at the bottom of the table. Valuing other inputs and laber
at their accounting prices, it has = capital cost of 5760, compared to 8200,
7470 and 7290 in trials a, b, and c.

The programming approach ¢f trials ¢ and d adds two elemenits to

the enalysis ef eccounting prices. The firat iz the inclusion of repsrcussiozs
on input prices from imvestment in supplylng secters, This iz one of the main
types of -dynmmic external ecorvomies which ere emitted from pertial analysis.
It is much more sigrificant when there are economies of scale, The second ele-
ment is the rsvision of the initial estimate ¢f the opportunity costs ef labor,
capitel, and foreign exchange, This revision is determined by the relation bet-
ween supply and demand for these factore and thus takes inte account the requi-
rements of feasibility. (17)

The profitability criterion (usuvally called the "simplex® crits-
rion) that is used in linear programming is leglically equivalent to the SMP
test if the same prices are used in both, The two can be put in a comparable
form as fellows:

"4at  Sociel profit on ectivity j I, =), aij Bi =lkj

. Dlais B
6  SMP of investment in activity j: (SMP)j = & 7 =1 g

where = k; is used for the capital input coefficient isstead of a3/, An acti-
vity having & positive sccéial profit in equatiocn (*4e') will have an SMP of
greater than 1.0 in (%67), and the same projects would be accepted by either
test. If the prices used are not the equilibrium prices, however, the project
ranking by the twe formulas will not necessarily be the same,

Although the example given here contained only ons technique of
produsticn for each commodity, linear programming methods resdily encompess
alternative techniques. In a trial application of lineer programming te Indian
planning, Sandee =45~ includes three alternative ways of increasing agricultu-
(17) An example in which these successive edjustments are calculated in detail
is given in -10- . Frisch has outlined a computational procedure for handling
large numbers of investment projects without going beyond the capacity ef sim-
ple calculating equipment -16- ,



ral output =~increased use of fertilizer, irrigation, and extension servises.
which are substitutes over a limited rangs, The four alternative techniques
for producing textiles cited by Galenson and Leibsnstein ~17=- could alss be
more properly evaluated in a programming model in which the cost variation
essociated with their different requiremeént for materials, maintenance, and
8killed labor could be included. However, it is only negessary to include al-
ternative techniques in a programming model whezn the choice between ther dsw
pends on the outcome of +the solution. Prebabley in most cases the rangs of
shadow prices can be foreseen accurately enough to dstermine in advance which
technique is more efficient for a given country, The initial asumption san
always be verified after the analysis has been completed by using the resulting
prices.

Lirsar prograrming can be extended to incluga many of the indirect
effects of investment that are suggested by grewth theory. The predustion cf
treined labor, the effect on savings or other indifect benefits can bes consi~
dered as joint eutputs whome value can be specified in the objective function.
Similarly, indirect costs of production, such as the provision of housing to
urban workers, can be included as additional inputs. The shadow prices computed
from such an expanded system will therefore reflect nommarket as well as merket
interdependence to the extsnt that it can be specified in quantitative form.

In formal tems, it is also quite szsy to extend the programming

model in time and te compute future prises for commodiiies and factorg. The
measurement of social profitability ceuld then be mads egainst a pattern of
changing future prices. Given the degree sf urgertainty attached tc all future
sconomic magnitudes, howsver, this is not likely to be & very useful procedure
beyond the custemary five-year planning psried except in the mest general terms.
It would, however, be desirable to estimate the change ir the equilibriwm prinss
of foreign exchange and laber over a longer period of time, since these are the
most important variables in choosing among investment projects,

D, Investment Criteria and Comparative Advantage.

The linear programming epproach provides a convenient link to the
principle of cemparative advantage because the optimal pattern of trade is de-
termined simultaneously with the optimum allecation of investment. The model
is considerably more general than that of market equilibrium because it allows
for different social objectives and takes account of coets and benefits other
than those entering the market. The limitations te the programming mcdel are
of two sorts: the form of the restrictions that are specified, and the emissien
of relatienships that cannct be expressed in quantitative form.

The introduction of inelastic deamand or increasing cests dees not
create any more theoretical difficulty in a programming model than in the corre-
sponding general equilibrium system, although the computational aspects of such
medels have not been widely explored, The accounging prices perform the same
function as guides te preper allocation, but the test of social prefitability
must be applied in marginal rather than average terms. In development programs,
this modification is particularly impertant in the case of exports, where the
price elasticity of demand is often rather lew.(18)., As Nurkse =37- points out,
marginal comparative advantge for the underdevelopsu countries may for this
reason be quite different from that inferred froem the average costs and prices
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of primery experts.

The existence of increasing returns creates the same proeblem fer
the programming model as it does fer equilibrium theory. Marginal-cest pricing
is not sufficient te determine whether an investment should be undertaken, and
the tetal cest ef alternative solutions must alse be considered. Altheugh prac=-
tical methods ef selving pregramming models centeining decreasing costs are
now being develeped, they de net give sllecation criteria that rely snly en
acceunting prices., It is approximately cerrect te say that beyond a certain
output level ceuntry A has a comparative advantage in the production of steel
but the pricise determination of the break-even point depends en the level of
output in other secters alse.(19) :

The most serious theeretical qualification te the principle ef
cemparative advantage comes from the typs of nenguantitative interdependence
ameng secters that is assumed by Hirschmen =22-, If, as he suppeses, one grewth
sequence is mers effective than another becauze it econemizes on decision-making
ability er prevides a grester incentive cemparative advantage is implied. The
empirical significance of these psychelegical and seciolegical facters remsins
te be established, but they lead te a cenflict that zannet be resclved in oce~
nomic terms,

When the practical limitatiens en informetion and anelysis are
recegnized, the pessibilities ef conflict bestween cemparative advantage and
growth theery are greatly increased, and Wiles =65- suggests that merginal
efficiency calculatiens may be less impertent. An aversion te risk-teking
may be a valid reasen fer limiting the extent ef specializatien in the expert
ef primary preducts beyend the ameunt that weuld be eptimum in the light ef
mere accurate infermation. An inability te measure ths extent ef ecenenies ef
scale, laber training, and ether seurces ef external ecoromies alse makes
pessible a continuing disagreement as te their magnituds.,

IIT. Cemparative Advantage and Balance in Develepment Pregrams.

The inconsistent precedures that gevernments empley in fermule-
ting develepment policies are prebably the most impertant seurce ef conflict
between the dictatez of cemparative advantage and ef grewth theory, Official
prensuncements en develepment policy usually allege that beth types ef crite=
ria have been (er should be) utilized in drawing up the pregram that is put
ferward, but the precedure follewed in recenciling coenflicts between the twe
is rarely made explicits. Since the analytical basis of mest develepment pre-
grems is quite limited, it is impertant te losk inte the precedure that is
actually used in erder te discever sources ef bias.

Develepment pregrams must simultanecusly cenfrent twe sets eof
preblems, In the sghert run, progress is hempared by structural disequilibrium
in facter markets and in the demand and supply ef particular cemmeditiss. Thie
disequilibrium is reflected in the balance~ef-payments difficulties that beset
mest lew-income ceuntries as they try te accelerate the process eof develepment
In the lenger run, the cheice ameng secters becemes increazingly important
because the pattern ef grewth in eahc peried will depend on the cheices madse
(19) The nature ef sulutiens te this type ef preblem is considered in «lle~,frem
which the data in Teble 1 were taken. In this situstion ef decreasing average
cest, the pregramming model may previde a greater imprevement ever the selution
using partisl criteria,
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previeusly, Develepment progfams that are influenced mainly by the existing
structural disequilibrium therefore tend te stress the nmed for greater bal-
ance between demestic demand and supply, while those that take a longer view
tend te pay more attentien to comparative advantage.

Although the procedures actually follewed cannet be ascertained
with any accurasy by an surside eberver, these twe aspects can be indentified
frem characteristic elements in the analysis. The balanced grewth appreach is
generally associated with target-setting in ksy sectors, stress en the avei-
dance of bettlenecks, and attempts te equate the supply and demand ef laber,
capital, and the mere imporitant commedities. The extrsme cases of this type
of precedure are feund in the communist countries. Less extreme examples, in
which seme attentien is paid to comparative advantage, are the procedures of
the Indian Planning Commission and the U.N. Economic Commissicen fer Latin
America.

Characteristic elements of the comparative advantage appreach are
attempts te measure the relative efficiency ef different typss of preductioen,
the weighing ef balance-of-payments imprevements against other bensfits te
the sconemy (by means eof acceunting prices or etherwise), and usually a greater
emphasis on partial analysis than on ever-all prejections., Examples that will
be cited are Pusrto Rice, the Phillippines, snd Israel.

A, Precedures Emphasizing Demestic Balance,

The planning precsdures developad in the USSR and applied with
soms modification in other communist countries represent in extreme form the
use of balance as a criterion for resource allocation and the virtually comple-
te omissiocn of any test of comparative advantege. As revealed in recsnt stu-
dies by Montias =32~ and Balasse =l-, the main tcol of Soviet-typs planninrg
is a very detailsd system of materisl balaences specified in quantitative terms.
Policy objectives are translated into production targets in which pricrity is
given to heavy industry and other sectors *that are expscted toc contribute %o
further growth ("leading links")., Prices ars ussd mainly as rationing devices
and have no necessary connection with production costs., The cumbersome calcu-
lations involved in arriving at balance of supply and demand for a large mumber
of commodities limit the alternatives that can be tried out, zo the main effort
is to find a feasible program =32-.-

The questich of comparative advantage scarcely arisss in the USSR
because of its size and diversified resources, although similar problems arise
in connection with the choice of production techniques. When the Sovist plan-
ning system was transplanted to the satellite countriss, however, it ran into
difficulties because of its inability to determine the advantages to be secured
from trade. According to Balassa <1, p. 264-, the idea of comparative advantage
did not exist in Hungarian development poliscy (at least until very recently)
although trade has a high ratio to GNP, Exports are detsrmined by import
"needs™, and the institutional structure is such as to encourage exporters to
meet targets for exports without regard tc production costs. Since prices do
not reflect rescursce use, it is impossible to determine where comparative ad-
vantage lies and tc what extent the trade pattern deviates from the optimum,

Despite their violation of most shert-term welfare consideration,
the success of Sc¢vist plamming methods in producing a rapid rise in the ratio-
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nal product makes them attractive to many underdeveloped countries. In India,
for example, Mahalanobis® "plan~frame® for the second five~ysar plan =30-
draws heavily on Soviet methodology, He starts from the assumption that the
rate of investment is determined by the level of domestic production of capi-
tal goodss "As the capacity to manufacture both heavy and light machinery

and other capital goods incresses, the capacity to imvest (by using homg=pro=
duced capital goods) would also increase steadily, and India would becoms more
and more independent of the import fo foreign machinery and capital goods™
=30, p. 18~, His analysis implies that export possibilities are so limited
that they can be ignored, so that the composition of demand is limited by the
composition of domestic output. In order to raise the level of investment,
Mehalanobis concludes that investment in industries producing capital goods
should be increased from less than 10 per cent to 30-35 per cent of total
investment in the second five-year plan.

As Komiya -27- hes shown, Mahalenobis? approach to development
ignores price and demand considerations completely, The targests for the four
sectors in his model appear to be based meinly on the goal of creating heavy
industry, which is assumend to be the key to future growth, Criteria of effi-
ciency and comparative advantage are entirely omitted from his analysis,

Although there are traces of the Mahalanobis approach in the
second and third five-year plans formulated by the Indian Planning Comission,
the final results are much less extreme. Ore tasic problem is that exports are
expected to rise only half as fast gs national incoms betwsen the first and
third plen periods, while demand for the goods initially imported tends to
rise much more rapidly. The inelastic demand for tradiiicnal Indian exporta
means that a considerable proportion of investmsnt must be devoted %o commo-
dities that are presently imported. Within this category, the prineciplss of
comparative advantage should apply. In actuality, the emphasis hes shifted
somewhat from heavy industry in the second plan to agriculture in the third,
In the latter document -19-, increasing self-sufficiency in basic industrial
commodities -zteel, petroleum, machinery, etc.= is listed as = high priority
objective, but so is the maximum development of agriculture, Whethsr the re-
sulting bargets are consistent with comparative advantage is not considered
in the published analysis.(20)

The balance~of-payments difficulties of meny Latin America coun-
tries have also been a major fector in chaping ths programming procedure de-
veloped by the Economic Commission for Latin America =57«. This approach heas
been applisd in considerable detail in studiss of Colombia =58-, Argenting «~59-
and Peru -60~-, One basic conclusion of these studies is that the growth of
exports will be much slower than the growth of demand for goods that are cu-
rrently imported., Investment therefore has to be heavily oriented toward import
substitution, and the equality of supply and demand must be tested on = SOMmo-
dity basis to avcid balance-of-payments difficulties., In the thres cafes meh-

- o . - -

(20) On the basis of a simplified linsar-programming model, Sandee =45, p.25«
finds that ®up to 1970 more effective ways to employ capital for development
exist than highly capital intensive steel=making®, suggewting that an analysis
of comparative advantage would indicate more reliance on imports., The nommarket
benefits of production are omitted from his analysis, however,



tioned, this baslancing process is carried cut by means of an input-output ana-
lysis in which imported goods are distinguished from domsstic products in each
category.

In principle, comparative advantage cen be used in the ECLA pro-
cedure as a basis for the choics of import substitutes, but this has apparently
been done only to a limited degres. Since %the main emphasis is cn balar:s,
there is o danger that the initial assumptions as tc levels of exports will
not be re-sxamired after the sxtsnt of import substitutiocn required by a given
program has been determined. The result may be coneziderably lower productivi ty
of investment in import substitutes than in experts if the twc are not syste-
matically compared. The drswbackz to this procedurs are more serious in small
countries liks Ceclombia and Peru then in a large country like India, in which
imports supply & smaller fraction of the total demend for sommoditiss.

Bo Procedurez Emphasizing Comparative Advantage,

Arong countries having development progrems, procedures that
stregs comparative advantage are lsss common Hhan those emphazizing bhalancs,
Practically all policy stetements list among their priority oriteris factors
presumabtly leading to comparative advantage, but there is little evidenss &1
to how they are applisd in drawing up programs.

The developmen® procedures of the governemen®t of Pusrto kico zome
as close tc being & pure application of comparative advantage as Soviet proce-
dures are of principles of balanced growth, Urlike many lowincoms countries,
Puertc Ricc haw en slastic demand for i%s exports +teo ths U.8. markst and can
attract U.S8. capitsl for profitable investments. The goverrment’s policy has
been to give +ex remission for ten years end to provide overhead facilities,
labor training, end other inducements to industries that will benefit the
island’s aconomy., In deciding which industries %o promote, the Economis Deve-
lopment Authority has studied the long-term somparative advantage of a large
numbsr of alternative projects, eince comparative advantage will lead to both
satisfactory profits and maximum incoms, Low-cost labor (ever with allowance
for differencés in productivity) has been the main elsment in comparative
advantage, since most industrial materials must be imported. Allowance is also
made for external economies in industriss that will supply inputs to other
sectors. (21)

v Urder this policy, the gromth of per capita income has beexn as
rapid (nearly 5 psr cert annually) and the development of industry as marked
(from 19 per cent tn 25 per cent of GNP) over the yesrsz 1948-1958 ss ir any
country following a deliberate policy of balanced growth. The planning proce-
dure depends very largely on the particular relation of Puertc Rico to the
United States ard its small size. Thess fectors make it wmecesgsary tc worry
sboub the elasticity of demand for expoerts or the dangers of dependence on
foreign sources for essential imports, which so precccupy the Indian and Latin
American planners., With relisble export and impart markets, domsstic balancs
is not a prcblem,

(21) The Puertc Ricen expsrience is discussed ty Baer =Z-; the svalustion pro-
cedures ars described in mimeocgraphed repor%s of the Econcmic Development
Authority.
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S8incs the asaumption of the elassical model are not approached
so clogely in most undsrdeveloped countriss as in Puerto Rico, the ealoulstion
of comparative advantage usually departs farther from the merket evaluation.
In & mors typical euzse the Philippine National Beonomic Councik has outlined
a procedure for applying the SMP formule undsr Philippine conditions =39,
Thie analysis sterts trom the market evaluation ¢f the profitebility of an
investment and add= corrsctions for the projectts effect on the balance cf
payments, its use of domestic materials; and its use of domestic labor, each
with a suitable weight. This procedure may be justified by comparison to the
linear progremming criterion of social profit, In principle the propsr correc-
tion to private profit is obitsined by giving esach a value squal to the diffsr-
ence between its shadow price and its market price.(22). In ths Philippines,
this would mean & tonus for lebor and a penalty fer foreign =xchange use (cor
2 bonus for forsign exchange saving). Higgins =22-,pp.554-62- shows that the
weightz assignsd in the Philippimes tend tc exaggerats these sffectz, The use
of the same weight for all domsstic materials mey lead %o sericus error, since
not all ere cvervalusd by market prices,

The govermment of Israel has developsd ome of the most systematic
procedures for msasuring comperative edvantage es & basis for alliocating iu-
vestment funds and foreign exchange. In effect, the Ministry of Finance eva~
luates projects on the basis of accounting prices for foreign sxchange and
capital, teking into account the indirect use of foreign sxchange im sectors
supplying inputs such as power or industrial msteriale, The calculstion is
summed up as the cost in domsstic rescurces of & dollar esrned or saved, and
it is applied equally to exports and to impor® substitutes. The caloulation
of domsstic value added is also made by exporiers as a basis for sxport sub-
sldies =3,p.23-, Iun allocating the govermment's dsvelopment budget, priority
is given to projects whose domestic cost of earning or saving foreign exchange
is less then the cwrrent estimate of its accounting price. This procedure csn
eigo be rationalized by means of the linear programming criterion of investment
with acounting prices for foreign exchange snd labor, ws in the SMP formula,
the cost per unit of foreign sxchange acquired iz compubted using an eccounting
price for capital . When the same shadow pricss are used, all three measures
give the ssme resuld.

Although it is dangerous to generslize from ths limited evidsnce
on development policies that is available, thsre appears to be some relation
between ths type of procedure sdopted and the characteristies of the aconomy
in a number of the cases examined. Small countries are forced to pay more
attention o comparative sdvantage because they cannot hops o produce the
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(22) The social profit, II;‘ , may be expressed as:
14h 0 i = 170; + Za,,;oj Py 2N

where II, is private profit per unit of output calculated at merket prices
and AP: is the difference between the merkst price and shadow price of come
modity i. The elements AR may be regarded as weights attached to each input
or output coefficient.



whole rangs of manufactures and primary products, while large countries nay

be tempted to follew more autarchic policies.(23) The impcrtansze given tec ba-
lanced growth alsc depends to a large extent on the country's recent ezperier=
ce with itz export markets and the state of its forsign exchange reserves and
borrowing capacity. Pusrto Rico and Israel can both count on substantial capi=
tal inflows which make it umnecessary for them tc apprsach balanced trads in
the near future, while India has much less lesway.

I¥. Conclusions

This paper hes considered development policy from the gtanpoirnt
of economic theory, as a problem in operations research, and as it is asctually
carried on by govsrmments. Much of the confusiom in ths field stems from a
failure to distinguish these different levels of analysis. Theorists are prone
to suggest decision rules that omit some of the relevant institutionsl limits,
whils economists who have been working in particular arees often arrive at scpe
clusions that do not f£i%t other cases. As in other fields of economisns, most
of the disagreemsnt can be traced to implicit differences in assumptiorns.

There are a humber of contradicstiocns between the impliceticns of
trade theory and growth theory. To meke ths tws theories consistent, it is ns-
cessary to dizcard the assumption of equilibrium in factor markets, %o allow
for changes in the quantity and quality of factors of production over tims,
and to taks account of internal and external eccnomiss of scale, Al%though under
these assumption merkst forces do not necessarily lead to efficient resource
allocation, a pattsrr of production and trade can be determined tha® maximizes
incoms over tims. The commoditiss to be produced and tradsd cannot be deter=
mined by a aimple ranking procedure alomg the linss of classical comparativse
advantage because of the interdspendence among sectors. At besst, it may be po-
ssible to say, for example, that a country has e comparative advantage in
steel producticn for a specified set of produstion levels in supplying ard
using sectors. In advansced countries, this qualification may be unimportant,
but in the less developed omes it is crucial in & number of industries,

Much of the attack on the use of comparative advantage iz based
on its omiszion of various nommarket elements, It is assumed that the inclu-
sion of the latter favors the development of industry, end spscial bensefits
are often atiributed to capital goods and heavy industry. The intangible bene-
fits stemming from trade in the form of new products, improved technology, and
technical assistancs tend to be overlooked in this discussion, Although I sup-
port the critics who wish to include more of growth thscry in determining the
desirability of specialization, I doubt that this extensiom will favor balarsced
growth to the extent that they suppose.

The other main theoretical attack on comparative advantage is
aimed at its supposed support for continued specialization in primary exports.
Granting the low elasticity of demand for meny primary products, it is wrong
to conclude that comparative edvantage is thereby superseded R{y principles of
balanced growth., The incressing shortsge of foreign exchange makes it sven more
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(23) Jepan is one sxception to this generalization, partly dus to its depen-
dence on imported raw materials.
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important to economize on its use and to seek eofficient ways for increasing
its supply. The comparison of domestic to foreign sources of supply that is
implied by comparative advantage is no less relevant to this situation than
to the case in which investment is more evenly divided betwesn sxports and
import substitutes,

The aspects of growth theory which do not seem to be reconcilable
with the notion of comparative advantage are the sociological and politiecal
effects of choosing one production pattern instead of another, While the con-
cept of opportunity cost can be extended to include a numbsr of ncnmarket phe=-
nomena, such as labor training and overhead facilities, it can hardly be stret-
ched to cover differences in fertility rates or politicel attitudes. So far as
I can see, in the present state of knowledge of soccial phencmena, considerations
such as these may be used to modify the results of econamic analysis but cemnot
be directly incorporated into it,

. At the level of operations research, the search for simple decision
rules for investment in low-income countries seems to have been useful meinly

in exposing the fallacies in some of the commen rules of thumb. Ons can specify
conditions under which ratios such as the capital inteneity or the effect on

the balarnce of payments would be a valid indicator of the desirability of an
investment, but the apparsnt gain in simplicity i= offset by the danger of
applying the teet in inappropriate circumstances. A more fruitful approach to
partial equilibrium anslisis is provided ty the use of resources. This metlod
allows simultansously for several overvalusd or undervalued inputs, and it

cem include whatever elslemts of general equilibrium analysis ars availsble,

Since market forces cannot be relid on to balance supply and demend
un conditions of initial disequilibrium and accelsrated growth, a prineipal
concern of developwent policy is %o ensure the consistency of produsztion levels
with commodity demends and factor suppiies. The technique of linsar progfamming
is designed to combins the test of consistency with the test of the social pro=-
fitability of a given resource use. Although it cannct bs applied very exten-
gively in underdeveloped countries as yet, the programming methodology cerves
as a guide to improved practical messures.

To most economists, a survey of the procedures actually followed
in designing development policy would prsbalby suggest that balance is overem-
phasized ard by an aversion to risk that is greater than seems warranted to
the outside observer. Better understanting of ths working of the underdeveloped
ecoromies and better information for plemning is nesded to redress the balance
and enable countries to secure the potential gains from trede without conflict
with measures for domestic development.

88:8:de bobedodedelelededeededede
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