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COMPARATIVE ADVANTAGE AND DEVELOBIENT POLICY

By Hollis Be Chenery C.)

In the grát revival of intérest in economic development that has
marked the past decade, áttention has centered on two main questions~ i'irst~
what determines the over-all rate of economia advance?; 'second~ what ia the
optimal allocation of given resources to promote growth? Analysis oi' the
growth rate has relied mainly on ~he Keynesian toals and has produced a rrculti-
plicity oi'aggregate grówth modela. The second question, however~ reopens more
ancient economía issue~, and their analysis must start i'rom the classical and
neoclassica1 solutions. Only very recently have the two types oi' discussion
tended to oome ~(lgether in the more comprenhensive i'ramework oi' general equi~
librium analysis.

In the i'ield oi' resource allocation, controversy centera around
the implications of the classical prinoipIe of comparative advantage, aocording
to whioh growth is promoted 'by specialization. The defenders oi' this principIe
draw their inspiration from David Ricardo, J~S •.MilI and Alfred Marshall, while
the' lines of 'attaek stem from Friedrich List, JoA.. Schumpeter, A.A. Young and
J.R. Wi1liams. The chief criticism is that comparative advantaje is essentia11y
a 8tat10 ooncept which ignores a variety of dynamic e!ements.

This issue 18 oi' great practical impcrtance to the governments oí
underdeveloped oountries, most of whi~h take an active part in allocating invest-
ment funds and other scarce resourceso The main purpose of the discussion has
therefore been to discover workable principIes for the formulation of develop-
ment po1ioy. 'The c1assical approach derives these principIes from internati~nal
trade theory; whi1e its critioa base their analysis on modern grawth theory.
Elemerita of a dynamic, general-equilibrium theory are needed to resolve the
differences between the two approaches. The more general analysis is of very
limitad value, however, unIess ita empirica1 imp1ications can be ascertainedo

The present paper discusses the analysi~ of resource allocation
in 1ess developed economies from thee points of view. Section 1 tries to
ascertain the extent to whicli the állocation principIes derived from trade
theory and from growth theory ~an be reoonciled with each other without losing
their operational significanoe. Section 11 oompares various approaches to the
measurement of optima1 resource allocation in terms of their logical consie-
tencyand their applicability to different conditions. Section 111 examines
sorne oi' the practical procedures follawed in setting investment policy in
underdeveloped countries in the light oi' the earlier discussion. Finally, some
of the theoretical issues are re-examined to indicate their practica! impor-
tance.

(0) 1 aro indebted to Moses Abramovitz. Bela Balassa. and Lawrence Krause for
helpful commenta. Research for this article was undertaken at the Cowles Foun-
dation tor Research in Economícs under Task NR 047=006~ Office of Naval Research
CThis is the third in a series uf survey artioles for which the Rockefeller
Foundation has provided support.- Editor)
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1.- Conflicts Between Trade Theory am Growth TheoTY

-----~---

The main contradictions bet'ween comparative advantage and other
principIes of resource allocation derive trom their different orientation
and assumptions. ~The classical analysisfocu~ea on long.run tendencies and
and equilibritim oonditions, while modern theoriea of growth are concerned
wi th the interaction amóng producing and consuming units in a dynam.ic system.
Since both approaohes are familiar, 1 ahall only try toidentity the difter~
ences in assumptions and emphasis that lead to different policy conolusions.

A. The implications of Comparative Advantage tor Resource Allocatione

The modern version of the comparative cost doctrine =20- i8 essen=
tiallya simplified form of static general equilibrium theowy, (1) The optimum
patternof produotion and trade for a country la determined from a comparison
of the opportunity cost of producing a given ~ommodity with the price at which
the commodity can be imported or exported. In equilibrium, no commodity la pro~
duced which could be imported at lower cost. and exporta are expanded until
margillal revenue equals "marginal costo Under the assurn.ptions~of full em.ployment
and perfect co.mpetition, the opportunity cost at a commoditYD whioh ia the
value of the factors uaed t~ produce it in their best alternative employment,
ia equal to ita market value. Market prices oí factors and oorrmodities can
therefore be used to determine comparative advantAge under competitive condi-
tionso Longterm ohanges are not ignoredg but they are assumed te be refle~ted
in current market prices.

The Heckscher-Ohlim version of the co.mparative cost do~trine has
been widely recommended as a basis for development policy because it provides
a meaaure ot comparative advantage'that does not depend on the existen~e of
perfectcompetition and initial equilibrium. This version states that a country
wilI bénefit from thade by'producing commodities that use more of its relati-
vely abúndant factora oi' produ1ctione It will export these commodi ties and i
importoommodi~ies using more of its relatively acaree factors unless ita _
pattérn of domestic demand happens to be biased toward cornmodities using do.mes~
tic factors. 'The critica! assumptions in this analysis are that factors oi'
produotibn are comparable among eountries and that production runctio~ are
the same. These assumptions are not required by classieal trade theory.

The applicability of the comparative cost doctrine to present-day
conditions in underdeveloped oountries has been re-esamined byViner and ita

validityhas been re~tfir.med with sorne modifications. Viner criticizes the
Heckscher~Ohlin version because its assumption of comparable factors does not
a110w for observable difterenoes in their quality -63$ po 16=0 In his reoent
answer to critica of the comparative cost approach ~64-9 hov~ver» Viner admita
the necessity of interpreting comparative advantage in á dynamic setting in
which the' efficiency of production may change aver time, external economies
may exiStg and the market prices of commodi ties and factors may dif'f'ersfrom
their opportunity costo As Nurkse points out -64,p.76-, these modifications
rob the orig~ñal dootrine of much of' ita pra~tical value. It la now necessary
to have an explicit analysis of the growth procesa itsélf before it ia possible
to deter.mi~6 even theoretically. where comparative advantage liesz market
prices and current opportunity costa are no longer suff'icient.



B. Impli~ations of Growth Theory ror Resour~e Allo~ation.
Modern ~ow~h'theory is ~on~erned wi~h the interactiona over time

among producers~ consumers, and investors in interrelated séctors of the econo-
my. In the Writing~ óf such economiats as Rosen~tein~Rodan -43-, Lewi~ -29-
Núrkse -36-~ M~Tdal ~34=~ Rostow -44-, Dobb -12-~ and Hirs~hmen -23-, there is
much more emph~eis on the sequence ó£ expansion and factor use by sector than
on the condit,ions of general equilibrium. Growth theory eithell.'"ignores compa-
rative advantage and the possibilities of trade completely~ or i't :COJnsid~r[%
mainly the dynami~ aspects, such as the stimulus that an increase in exp~rts
provides to the development of related seotors or the function al imports as
a carriér ef new products and advanced teohnology.With this different p~int
of'view, grorwth t;heorists often suggeat ilNeil~ti.m.ent~l!"iter1~that are quite
oontradictory to those derived from oonsiderations of ~~nparative advantage.

The cor~licts between these twa approaches to resouroe allooation
may be traoed either to differenoes in a~sumptiong' ~r to the inclusion of fao-
tora in one theory that ue omitted f'rom the otner G Grorwth theoll"Y(Qclln'taiw at
least tour basio assumptions about und.erdevel~ped econom.Jes that diffell"stron-
gly from thoae underly-lng the comparative ooat do~trine ~ 1"' fActor pricea: do
not ~~essarily refleot ~pportunity costs with any accura~yZ z@ the quantity
and quality of factora of produotion may ~hange subetantially over time. in
part as a result of the produotion prooe~~ itselfz ~e eoonomies of aoale re-
lative to the'sl~e oí existing markets are important in a ntmber o£ se~tor~
of production~ 4" Gomplementary among commodities is dominant in both producer
and consumer. demande

Some of the implications or thes~ factors are developed by Roaen-
s'bein-Rodan -43- and llurkse -36- as arg1.ml.ents rOll" itbalanoed grow'th",. by whi:ch
ia meant simul t,aneiOus expansion oí a number oí ~ectc!"s oí production. (2) ASí:1lUill=

ing an elas1;i<esupply Olí either capital Ol:" labor~ these a,uthors show that in.'~
v~stment will be mo!"e pr6f'itable in rele.ted ",ectors, beoa,use of hori:zol1l~l and
vertitCe.linterde pende nde l) than in the same seiCltcn"Sconsidl!lllt"edsep~rateJLy.
Market folt"ces:will not necessarily leadto optimal imestmer..t decisions: be<Cltl.uee
present p:riCfl'Sdo not ll"eflectthe eost and dt\mand condi tions that will exi,¡¡¡t
in the futuree This effeot of investment in o~ sector on the profitability
of investment in another sector~ via increased demand or reduced cost~~ has
been ealled by Scitovsky -47- a "dynamic'external economy~. The imputation of
these eoonomies te the originating sectors may Eericusly affect the estimate
of comparative advantage.

If we assume fixed investment resources instead of an elastio
suppl~', th~ saine set of'factors provide an !\rgument ror concen'trated 01" unba-
lanced gl"owth -48- -50=. In orderto achieve e~onomies of scale in one se~tor~
i.tmay be neiCesse.ryto devote a large fra,ction of' the available investment funde
to that sector and to supply incree.sed'requi,rements in other sectors from im-
porta (01" to ourtail them temporarily). The optimal pattern of investmen't will
then be one whioh concentrates first 0:0. one se'ctor and then on another. with
balance being approached on ly in the long runo Streeten -53- has developed

(2) The term ~balanced grawth" has been given ~ variety of meanings, but the
idea of simul ta:n.eousexpansion on several fronte is common 'to all of them.
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futhell"dynami~ awguments rOl' unbalance¡d gl"cwth ft'om the fa())tthat tec:hnologi-
cal progress may be more rapid ir increases in production are ())oncentrated in
a £ew seotors, while Hirschman -23- al'gues for imbalance to e())onomi~~ on entre=
prenurial abilityo

Th.e historical significanoe of the balanced growth'argument has
been examined' by Gerschen'kron -18-, Rostow -44-j) and Ohlin -38-, in the ())ontext
of nineteenth-oentuwy industrial d~velopment in Europe .• 'rhelY show that vertioal
interdependen6e has been important in stikulating the growth of related indus-
trial seótorsllal fuough th.e né.ture and origi.n oi' these iClomplexésdii'fer f'rom
country to 6ountry. In one case they may be related to exporta, in another to
expansion for the domestilO marketo The importance of interd'ependence lMl.ong pro-
ducers emerges tairly clearly from these historical studies.

, The!lf¡t flffect oi' the discussicn ('j,! cyn,amic interdependen((;leami
balanced~s. unbalanced growth 18 to déstroy the presmnption that perfe((;lt~orr~
petitiong even if it could be achievedg would lead to th~ optimum all~@ati@n
of resources over time. Sinc~ the doctrine ofcomparative advantage in its
conventional forro ia a'córollary of. general equilibritnn theorY$ the theoreti@al
qualifications the,t apply' to the latter al¡¡¡c apply ti!) the folt"mer.Ir g themathe dootrine ofco.nparative advantage isto be ul6\eful rOl' development policy~
the esaential e1ementa oi' the growth analyda must be ~Qlmbined with it.

O" DynAmi.o Modifi(;jationB oí' Comparative Adv!l.lltage.

Cla~~ical trade theory doe~ not exclude ohanges in the supply ef
factora and othel' data over time, but it does insist that under perfect compe-
i;ition the effects of:e:uch changes will be. reflected in tho m!lrket mechanism.
Ir" on the other hand, we take oomparative advantage as a principle (lf plan=
ning rather than as a result ofmarket fórroea, we can inolude any f(lr6se~able
exogenous changos in thoohnology, tastos, or. other data without going beyond
the frarnework of oomparative statics.

Sorne of the moditioations suggested by gIowth theory are d;'Y'Mmic
in a more essent-ial way, in that a particular changedepends not only on the
passage of time buton other variables in the system. For example, the rat~
oi' increase in the productivity of labor in an industry may depend on an in-
creaeing level of production in that induetryo Some cf these dynamic eleme:c,ts
can aleo be analyzed by mé~hods oi' oomparative statics ir our purpose ia onIy
to chooae among alternative courses oi' actiono

The four assumptiG-lllSoi' grO'Wth theory discussed a.bove (Section B)
load to the following requlrements £01" tho analytioal fr~work to be used in
determiniug oomparative advantage in a growing e~onomy8(3) l~ recognition of
the possibility o£ structural disequilibrium in factOr markets$ 2- the inclu-

(3)'Some of these ori ticims oi' static analysis were made yeArs ago hy Williams
-66-~ and a number of the elements were. of ooursell recognized by the olassical
economista themaelveso I am not concerned with explicit criticism of the cla~
salea1 analysisll but with the possibility of re~onciling it with growth theory
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sian of indi~ect (market and nonmarket) effe~ts of excanding a given type of
production~ 3° simultaneous determination of levela of oonsumption, import~$
and production in interrelated sectors over time when de~rea~ing costs result
from the expansion of output; and 4- allowan~e for variation in the de~And for
exporta and other data ov~r timeo

These chang~s des~oy the simplicity of the classical Bystem, in
which aIlecation decisions can be based on a partíal analysie becauae adj~~~-
ments in the rest of th~ economy are reflected in equilibrium market prices.
In the dynamio analysis~ it may not be possible to state that a coun:try has a
comparative advantage in producing steel without specifying alao the levela of
production af iren ore, coal and metalworking over timeo In short, we áre for~ed
to compare alternative patterns of growth rather than aeparate sectors, and we
cannot expect te find simple generalizatioDn of the Heokscher'-Ohl:tn type con-
cerning the characteristics of individual linea oí productiono

Since there ie no we11-developed'body of theory concerning the
formal properties of the system just outlined. (4) 1 ahall only try to indioate
in a general way the modifications that SOrne cf these' elements oí'g1:'C1'l"'ththeory
will produce in the analysis of comparative advantag~o

Factor Costso It ia generallly agreed that ~osts 0f labor and
capital in undl!irdeveloped countries do not reflect their opportunity ,cosiss
wi th any accuracy beoause oi'market imperfections,' but there i8 wide di¡S1a.gree-
ment as to the extent oi' tbe typical discrepancieso Same tvpes .oflabor may be
overvalued while particular skills are undeNalued. Fa~toT <oo:e:ts may e,liE!O chal1-
ge markedly OVer time a3 e.resul t of economic develoPInent, se that a.n advant.age
based on oheap labor may prove quite limited in du~ation. As Lewis -29- and
Hagen -21- show. tne effecta on comparative advantage of correcting for dise-
quilibrium factor prices are often very substantialo (The effe~ts of dieequi-
librium in factor markets are discusaed further in Part 11)0

Export Markets. Two of the main arguments against the trade ,pat~
tern produoed by market rorces concern 10 the flu1ctuating nature aOO 24fl the 10m
income and price elastici ties of the demand. for primary products o The exiatence
of cyclioal fluctuation i~ well established. but the inc~e and price ela~ti-
cities vary conaiderably among primary oommedities. Their net effect en the
termB of trade oi primary producers over time la a matter of dispute -64-.
These charaoteristics ar~ often used as an argumento rOl' reducing speoializa-
tion in underdeveloped countries and for exp&.nding industry for local Q!oneump-
tion rather than expanding primary exporta -41- -51-0

Theae factors can' be admitted without seriously modif'ying tha prin-
cipIe of comparative advantago o The market value of the stream I()fexport ear-
nings should be reducad to reflect the drawbacks to the economy resulting from
its variable characteristics. and this social va1uo' should be usad in comparing
investment in primary exports to other alternatives. When export demard has a

(4) In his survey of modern trado theoryp Caves -7~ shaws that attempts to in-
troduoe dynAmio elaments have been'concerned mainly with particular a8pect~
and have led not 1;0 new principIes. but rather to extensionB of stati,~ resulte.
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,low elasticity, marginal revenue should be used in place of average revenus ••
Since it ios quite lil¡ply that the market evaluation of the attractive1:lfls(Jf

an investment in exports will differ from this social eváluation,soms form
of govermnent intenrention may be warrantedo It is WI"oug, however, to oonclu-
de from this analyda that continued specialization in primary expor'ts may
not be the best pol1oy, because even the corrected return on exports may be
greater than that on alternative investmentl!ll.The supply of foreing imest-
ment may a1so be greater for export produc'tion.

Produotivi ty Change. The possibili ty of rising efficiency as le,bor
and managemen~ ácquire increasing experience in actual produotion has' long been
-reoognized -66- and£orms the basia for the infant, i.nd.ustryargumento This al'-
gument has been generalized to include the effects of increasing production in
any industl"y on too supply of skilled labor and man~gement available 180 othell"
industries. Sinea manufacturiJ:¡~gis thought to have more important training
effecta than primary produ~tion -33- -41-~ the fact that improvements in fae-
tór supply are nót refle~ted in the market Jne;OMnism may introduce a bia~
againSt manufaeturingo The empirical basi~ for this argument has been questio-
ned by'several economists ~46~ -63-, who assat that there ia often as mu~h
scope for technologioal improvement in.agricul ture aB in industlryo Without
trY1ng 180 settle'the emp1rical question that has been raisad, it may be con-
cluded'that produetivity ohange 1s an importan~ factor and therefore that com-
parative advantage should be measured ovar time. It cannot be 'SaldO'hcnrever,
that allowance for this factor will always favor manufaoturinge

Dynami~ External Eoonomies. As indirrJated abcyve, dynamic ext.ernal
eoonomies are re~eived by an industry from oost raduotions al' demand incre~ses
in otner seotors~ Cost reductions me.y result from econamie8 of acale, produc-
tivity increases, or newtechnology. The customary ar~lyais of comparative
advantage on a sector-by-sector baBia would r'equire that the oost reduc'tion
from simultaneoúsly developing interrelated seetara be al10cated separat$ly

180 each. However, tf a group of imestments will only be profi table when they
are Undsrtaken together, comparativa advantage éan only be determined rOl' al ter-
nativa combina1;ions of ir.vestment. As shown in -11- not only do market priees
fail to produce the best investmen't allooation in this situationO' but any
structUll"eof aquilibrium: prieas may al80 be an inadequate guide in the presan=ce of economies of 80a1e.

There ie considerable evidenoe that external economias are more
important in tha industrial saetors than in"primary production beeause of' in~
ternal economies of scale, training effects~ and high damand elast1oities.
Their omission from the markat ~echanism ia therefore likely to bias resauroe
allocationagainst manufaéturing. The quantitntive significance of this factor
ia vary bArd to determine. however. sinee it involves simultaneouB changas ina number uf seeters.

Uncertainty and Flexibility. Tha limited ability oí po1ics-makers
180 foresee ohangas in demand and suppl.y oonditions puta a premium on flaxibi-
lit Y in the choice of a development strategy. This factor not only argues
against speeialization in one 01" two export oornmodities but it a1so ravare
the deve10pment of a diversified eoonomio structure whioh will anable the
eoonomy to shift to new types of exporta 01." import substi tutes when chaLgillg
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twada conditions may require them. Kindlebarger -26- seea thiB factor aJ the
main explanation for his finding that the te~ of trade have favored develo-
ped countries al though theyhave not favol'ed e ountrie !S exporting manufacturad
goods in general (5). The ar~ument ia similar to that cf Stigler -52- ~on~er-
ning the optimum choice of teohniques in a manuf'aoturing planto The optimum
design for a or~nging market le likely to diffar from the optimum under ztatic
iConditions -because in the formar oase the proper oriterion i:al lowest-,c:ost '
production for varying operating lavela and wi th changas :tn product desing.
Similarly optimum development policy should resul t in a pattern of resource
allocation that allows for unforesean ohanges in supply and demand oondition
even at the cost of sorne loss of short-term efficiency.

II. Ths MeaSUTement oi' opt~~. Resource Allocation

The developmen~ of an adequata theory ia only the first ste~ in
formulating economic policy. In order to reach practica! ~onclusionsg it i~
a130 necessary to ~pe~ify the environment inwhich tha policy-maker functione.
Relevant aspecte ef a partioular soóiety inc1ude i t~ general objectives, 'the
polioy instrumenta to be con6iidered, and the inf'ormation !!Lvailableo Tr~ theoX"y
must then be oombinad with these elements in such a way u to yiald guids¡;,\

to aotion or ~daoision rules~ for particular situation~g
Althou.gh the growing soienee of operation,¡¡¡research ia con~erned

with the development of decision rules for business and military operatioDSg
less progresa has bean made in developing an operational approach to lcng-run.
economio policy. T1nbergen -55- and Frisoh -15- haya outlined a general rrame~
work for!npol1cy analysisg but it has had relative],y little impac,t on 'the dh-
cussion of the developniént OIf under-developed ~ountr:ies o In this fiald the
f&ilure to speoify adequat61y the decision-making er«ironment and to distin-
guish betw,een decieion rules and corollaries of pura thaory has led te great
ccmf'usion.

Sinca the information needed fOil' ovar-all eoonomi~ analysi~ is
available to a very limitad extent in underdeveloped countrieB~ there has baan
a oonsiderable effort te derive decision rulas or ~investment criteria" that
oan be based on partial analysis. 1 shall group tha various suggestions into
three oategoriesc 1- faotor-intensity criteria;' 2. productivity creteria; 3°
programming oriteria basad on accounting priesa. Although these various appro-
aches often lead to contradietory t'esults, eah6 has come meritas a form ef
decision rule if properly qualified. In general, the theoretically more val id
formulations require more information and must be replaced by cruder approxi-
mations when adequate data are not available. Sinoe a major part of the lite-
rature in the-developement field has been devoted to the disoussion of irveBt-
ment oriteria, it h important ot identif'y the souroea of conf'lirc't among them -
and to specify the ciroumstancss undel" whit:h eaoh may be approximately correct.

In eoonomie theory, capital and l.bor are assumed to be separate-
ly allooated in single units to different uses. In national planningg howevar,
it i8 more conveD1ent to consider the decision to insta11 a givan productiva
procesl or plant, reprasenting tr~ allocation of a group of inputs in speoified
quantities, as the basle chóic6. Investment ~riteria are c~tomarily rormulated
for ~p~ojectl" ot this sortg sinee they form the basia far the decislon OIf plan-

(s) This argument la alse disoussed by Cavee -1, pp. 264-66-
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ning authorities~ This procadure reiOognize~ that very amall productiva units
a.re uneoonom:ical, and it penn.its a conaideration of different Beales of output.
The choice of techniques can be considered &1 a choice' among projects produ-
oing the Bame output from different input combinations. In this way the a11o-
cation prooedure can be divided' into two steps ~ the choice oi' the best techni-
que for a givan type '0£ product, and the decision whether to produce the CQm-
modityat all. The prinoiple'of comparative advantage i8 more directly relevant
to the second type oi' choice, but the two cannot be separated entirely.

4. Factor-Intenlity Criteria.

The simplest approach te. any'allccation problem is to concentre.te
on the scarcest resource. Since this is often capital in underdeveloped «:loun-
triel~ it seems reasonable toochoose the teohnique that uses the least capi-
tal to produce a given output. The sarna logio 18 applied to the choice oi' sec-
tora of produotions an undardevaloped coun~ry ia adv:lsad to produce and export
commodities that usa relatively less capita! per unit of output and to fmport
items raquiring more cap1 tal. Stawments of thil type occU'r' in many economic
wri tings of the past fifteen yearl!. Buehanan -5- was among the fir~'t to ste.te
this ol'iterion for inva'Btment in underdeveloped countries and to base policy
raconnnendationf!llupon ito

The "minimum capital-output ratio~ criterion la only val id under
the followi.ng res'trictive Clonditiona~ (6) 1'" Rith,er oapital 18 tha only ~carC$
faótor in the system. al' other inputsara so abundant relativa to ~apital that
the lattal' 1a the dominant element in de'tíormining cost differenoes,. 2- Ri ther
tha sama output is produced by each inv6stment altel'nativ9$ or the market v
valuell1usad te compitre the differant prodt'l.ctl'coincid,swi th their social values.
3- Production takea plaoe under const&nt co~t ••

The use of the capital~output ratio thaoretically requires a mea-
suremeñt of tha total capital usad in produoing a given commodity.' including
tha-óapital ull1adin prcducing a11 matarial. and ~ervice8 purcha.ed. Alternati-
vely, the indirect use of capital oan be allowed fol' by daducting the cost cf
purchaaed input'! trOlÍl tha va lue' of output and axpre ssing the ori tario!:.u the
ratio of'capital to vMue added. Thi. prooedure requira8 the fU~~6r assump-
tion that market prieaa correctly refleot the u.e oí capital in the rast of
the eoonomy.

A cloaely related allocation critarion i8 the oapital intensityZ
the ratio ol capital to labor. This tast ia derivad directly from the Heoksohar=
Ohlin veraion or the comparativa cost dootrineo Ir the sama production i'unotiona
axist in a11 countries and if capital 1s Icarce relativa to labor in the under-
davalopad countries, comparativa advantage in the latter can be indantified
by low capital-libor ratioso This approaoh dOal n.ot ~s3ume that labor has zarc
opportunity cost, as dOGa use of the oapital-output 'l"a'tiogbut only that the
ratio o~ labor cost to capital oost il lower than in the country's trading
partners. To •.lloW for difI'erences in the quali ty oI' labor among oountr:tai!ll,
it i8 sometimes suggested that the asses.ment o~ relativa labor cost should
be made for labor unit~ of equal ef'ficiency- e.g.~ the labor requ1red in eaoh.-_--------., ...-
(6) A rogoro~ analylis o:f'the validit:~rof ma::oginalaLd average faotor-output
ratios'as indioator, of optimum Allocation in a two-factor system la given byBator -4-



oountry te pt:lrfcrma given type of opera tion wi th 'the 8alIl6~apital goodf a..'1i
organi~l.tiono

A principal orítioism of the use af both tháee I"atioe i8 that
thsy ignore the exístenos of other faotors of productionD su~h as natural
resoÚTces. It either labor or"natural resources has a significant opportunity
cost, the capital-output measura rou.t'ba repl.oad by the more general margi-
nal productivity of capital criterion, whioh iB discussed in the next leotiono

Te judge compal"'ative advan'baga by tha capital-labor ratio is to
assume eithar that thi. ratio will be the .am9 for the same industry in 1.11
countries, 01" that oapital 1a equal1y aubstitutable for labor in produ@ing
a11 the commodities traded. Deviationa from thaae assumptions, along with
the omilsion ofother input. and variations in efficiency by IJSiCltOir D maka tr.6
oapi tal-labor cri tarion 11. 'very cruda approximation indead to a proper e!!timate
of compl.rativa advantagao

B. Marginal Proauotivity Criteria (7)

A mora comprehensiva allocation criterion ie the social marginal
prod.tictof a given unit of resouroes in a given U8a o Whelt"ethe factor-intend-
ty orateria are atba8t only oorrelated with tha increas6 in national inoome
prodüoed by a project~ the próductivity test iB in turn las8 general than tha
ovar-I.ll prcgramming approach, bacausa it ie basad on a partial equilibrium
analysis that i.s only va,lid for relatlvely amall changas in the aconomi~ struc-
ture.

Tl16 seve~al torms of marginal productivity úritarlon that hava
been propasad dirrer in the assumptions ~Ade about the social saltare fun~tion
and in the' extent to which allowance is made for the illdi.rect effec:ts oí'a gi";en
al1oca.tion. AH versi:Hls ara alike In assuming that the goverIml6:t:.tcontroL-J,
diraotly 01" indire~tlYD a certain fraction cf the investible resources oí the
country and wi.shes to a.llocate them in su-eh a way as to maximiza future welfa!'e o

Si!lí06 the produ'ctivi ty oriteria are us'w~lly appUed too invast!MInt
projects rathar than to singla units of oapital, thay are "margir~ln only in
tha se~6 that a projeot normally constitutes a small graction of tha total
oapital imrested in a given yearo For very larga projacts a breakdown into
samllar units would be mora appropriate.

The Stati~ SMP Criterion. As propased by Kahn -25- tha sooial mar=
19inal product (SYP) is a general equilibrium oonoept whic:h la conventionally
da:f'inedas the net ccntribution of a marginal unit (projaot) to the national
producto (8) Tha ralatad deoision rule 16 to rank invastment projec:ts by their
SMP and te go dawn the list until tha funda to ba al10cated are exhausted •.Al~
ternativaly, any projec't having an SMP above a givan level can be approvad.

Kahn usas theSMP cri terion to show the fallades in tha factol'=
int6nSity measuras t.'1athad baan advocated by Buchnan -5-~ Polak -40-. a.nd

(7) Survays of thas6 and other invaatment úriteria are given by Castellino -6-
Vaidyanathan -62-, and -the Uni ted Nationg -61-
(a)To be more acourate, cost and output streams should be discounted to the
presant~ but I aha1! not be ~oncerned with dif:£'ereno~B in the tima pattern o£
output o:£'di.rferent projects.
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et,heX" 1Ñri"bers.He pointsout thatt "the EiX:lstenc6of a pall"ticular natural re-
source speoialioed skilla partioular olimatic conditions Olr the importan((:ls
of a p;rticular product or#servioe maymakethe SMPof capital higher in a
line which 18 more capital intensive than in another whioh ia less so" -25#
p.40-. He aleo argures that even when there la substantial rural unamployment.
a considerable amount of oapital and othér inputs are requirad to transport.
train. and house the workers whoare to be employedelsewhere o Kahnts argumenta
agail'lst the simple oap!tal=intensi ty 01"1 teria. appear to have been goneral1y
accepted .• altllough he admita that a lower oapital-output ratio maybe a useful
guido when other information in laokingo

Some'modirioations in the SMPoriterion were suggested by the
present aúthor' -8- to allaw for articial ele~nts in the price system (tariffs.
subsidies# etc.) and te provide for the evaluation: of labor and foreing exchan-
ge á.topportunity cost rather than at market value ••Further allowances fcr the
difference between market' price and sooi!!.l valu.e oan be madeby estimatin~ the
benefits to provided to othell"sectors in the fcrm of £lxternal economías" ano.
by including overhend Msta in the estimate of the iCOst of labor ••All of these
elements are in,cIuded in Ecks'~ein's synthesis and extension oí' tha productivi ty
aproaoh-14-. (9)

The SMPcriterion i8 entirely consistent with the general pregra.m=
ming approaoh discllssed below" which derives opportuni ty costa from an 6xplioit
analysis of' total factor US.6o In the absenoe of Buohan overall analysis. the
oorrections suggested rOl' the caloulation of the productivity o£' investment
are likely to be quite approximate••There is no logioal conflict betwaen the
resulte oí tha SMPanalysis and the dictates of compall"ativeadvantage because
each is a corollary of a general equilibrium solution over a given tin~ periodo

TheMarginal Reinvestment Criterion ••A sharp cri tioism of' the SMP
oriterian was :laadeby Galenson and Leigenstein -11-. whochallenge somaor
ita basic premiseso Theywould substituta a different sooial welfare func~on
in whioh the 'aim iEI to maximiza par capi te. income at sometime in the dists.nt
future -rather than to maximize a discO'un"bedstream of income over time. Thay
also assumé severe restrictions on the poli~y instrumenta available to the
government#and in' partioular deny i ts abili ty to affeot the rate of saving
vy fiscal.measures. Underthese ass~tions# it is necessary to take account
of' the divisionof in~omeresulting fr~ a project between profits and wages.
sinoa sa'ti ngs frcm the formar are higher.

To m.a:x:imizethe total output at somedistant future time. Galen!Son
and Leigenstein easily showthat the most "producti.vei'i project 18 not mcessa-
'rily the one whioh maximizes national income in the naar future but the one
which leads to the highest savings. Sinoe it ia assumed that neither voluntal"Y
saving nar taxes can be extractad from wages. the most productive projeo~wil1
b~t~e:~~:with the highest profit rate per unit of capital invested,.(lO). The

--~...-..-------
(9) Eokstein pointsout that the assumption o£' capital rationing impliea a
sooial judgment as tó both the amountof iINestment in the current perlod and
the discount to be applied ta futura output~, sinos the market rate of interest
is rejacted fQr both purpOS8sg
(10) I emit the possibility of an effect en population growth, which leade
Galensen and Leibenstein to state the criterion on a par capita basia ••
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assumption that profitg ara savad and reinvested laads to the ~ma~ginal rain-
vestment quotient" as a decision rule to be applied in place of .the SMPo
Galenson and Leibenstein push their argument one step further and indentify
the most profitable project as the one with the highest capital-labor ratio.
This result leads them to the paradoxical concluaion that the most capital-in-
tensive rather than the least capital-intensiva techniques in arder te p~omote
savings and future growth. This conclusion involves an implicit assumption
about tha r¿ture oí'produotion functions, that increasing the capital intensi-
ty will' necessarily raiae the average return to capital in each sector of pro-
duction. This ls cbviously not' true in general and is not neoessarily trua OIf

existing productive techniques. The savinga affect of a given project ahould
therefore be measured diractly and not assumed te vary in proportion te the
capital-labor ratio.

Galenscn and Leibenstein have bean widely oriticized fo!' .;I.;¡heir
extreme assumptions -4- -14- =24- 35=~ in particular for the use of a social
welfare function in which the starvation of halr the population in the near
future would appear to be a matter _oí'indifferenca and fol' the assumption tha1;~
limitations on fiscal policy make B.low&r inoame' p~eferable te a muoh higher
one if the fOnli&l"haQ a higher savings oomponent. Their analysi:s:has nEI'7erth~~
less been usaf'ul in emphasizing that other effect;s of an investment besida ita
immediata oontribution to the national product should be inoluded in the pro-
du~tivity critGlt'icno(11)

The Marginal Growth Contributiou. Eckstein -14~ has succe~Bfully
reconoiled the conflict be~veen the Kahn-Che~~ry SMP approach B.nd the Galan~on-
Leibenstein reinvestment approach, and in so doing he haa provided a conaide-
rabIe generalization of eacho First, he assumes that ths social objective ia
to maximiza tlie pre sent val ue fo the futura oonsumption stre:a.'Il.Wi th e.zar"
discount rata, this objeótiva approximate3 the long-term income objeotive of
Galenson ánd Leioorúltein, while with a.high discount 'Of future consumpt1.oL. it
leads to the maxinúzation of incoma inthe 43hort termo 8eooOO, Eckstein assumes
that there 18 a differant savings (reinvestment) coeffioient aasocia.ted with
each project, but he allowa ror any savings ~ate out of wages and profit~.
From these assumptiona , he derives a measure of the "marginal grawth contri-
bution~ of a given proje~t that consists of two parts~l- án effioiency term,
consísting of tha present value of the consumption strewm; and 2- a growth
term~ c~nsisting of the additional consumption to be achieved by rainvestingsavings.

The relative importance of the t~o terms dependa largely on the
rate of dis60unt that is applied to future consu:m.ptionoEven wi th a lcm rate
of discount, the significanes of the second term depende on how much variataon
there ia in the fraction of incoma saved among different projectso If the sa-
vings"ratlo ia not related to the form of inoome generated, than~ as Bator -4-
shows, there i'sno confUct betwaen maximizing incorna in the short run and in
the longar run. EcksteinUs formula provides for a11 possible intermediate ~
-- •• -- .- •• <oe> •••• ,

(11) In -28-9 Leibensteiri restates in more restrainad fonm his argumenta for
including labor training, savinga~ population growth. aná other indirect
effeots in a eo.mprehensive productivity measureo
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assumptions betw'een the two extreme views o.f the detenninants of savings. (12)

In principle» one might include othér indirect dy:na.micef£e~ts.\l
such as the value oí the labor training provided. in the measurement oí the
total productivity of a given project. There 1s a dánger of double counting
if partial-equilibrium analysis.is extended teo £ar, however~ and most indi-
reét e££ects can be more readily avaluated in the more general programming
£ramework considerad below.

c. Pt~gramming Criterla and Accounting JTi~es

The a.llocation rules discussed up to now are basad on the existing
aconemio -structure and ara strictly appUoable only for r-e1ativaly small chan-
gas in it; Although it may in many instaooe~ be ne<CJessary to rely pi'imuUy on
these marginal c;riteria"for lack of data en the I"est of the economy~ it :113 im-
portant to hava "some way of testing larger ohanges and of evaluating the errore
that are introduiCled by the marginal procadure. Furthermore., wi thout a more COJn-
prenhenSive ana.lysis 1t i8 impossible te re~on~ile fully the conf'licting poli~y
implications 01' comparativa ad'V"antage arld growth theorYG

The diffioulties'of partial analysis inorease with the n'~bsr of
modificationa that have to be applied tomarket priess in arder t~ arrive at
social valua. Both the factor-intensity ratios and the partial produrotivity
measures assume tbat there la one principal rest~i~tion on the system.\lths
scarcity o£ capital. They do not allow for the fact that in allocating capital
aocording to any one ot these rulés soma other restriction on tha sustemp ~uoh
as the supply ef fore1gn exohange, of skilled labor9 01" of a particular oommo-
dity~ may be exoeeded.

The programm1ng ap~roach to resouros allocation begins with the
problerr.of ba'lancing supply and demánd f(j¡'l' dif1'erent OCIl'Jl1.oditie8 and factors
of preduotion. Until quite recently, pra.ctical prcgra.rnming methods have baen
more conoerned with ensuting the consistency oí a. given allocation o£ rescur-
ces with' certain targets than with testing th~ efficiencywith which resourcas
are usad. Historical1y speaking~ the programming" approa.ch is thus the operatio-
nal counterpartof the theory of balanced growthg from which much of :ita oon-
oeptual framework 1a der:ived.

One oí the earliest attempts at formulating a comprenhensive deve-
lopment program. tor:'an únderdeveloped area was Mandelba:um.~s il1ustrative mOldel
tor SCi'lltheasternEurope ~ undartaken during"the war -:31-. He atarts g as many
subsequent" programa have- done, fraro an estimate of the increase in national
income required to absorb a prospective increment in the labor forotSe The a110=
cation of capital and labor is made initially frem demand est1mates and by ana~
logy to the structure 01'more advanced oountries. The principIe of comparative
advantage la only lntroduced intuitively in modifying the initial projectionoThe main test of resouroe allocation ia the balance of demand and supply for
each sector and factor of productiono

(12) Sen -49= independent1y formulated a more general inveetment oritarion
that ia vary similar to EcksteinUs~ in which the SMP and reinvestment orite-
ria are shown to be limi.ting case a •
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TIle development of mathema:tioal programming methods makes it po-
ssible to carry out this type of analygi~ in a muoh more precise way. In seve-
ral eountries 9 coneistent developmen't programe have been formulated by using
input-output analysiS'1'a.:sin the studies of the Eccmomic Commission fOil" La:tin
America .58- -59- =60';'. It ls only wi th the deve lopment of linear progra.:mmingll
however, that it ia posslble to reconcile' the consistenoy oriteria. and the
produot'lvity criteria in a systematic wa,y.

A link b~tween the test of consistenoy (feasibility) in resoux'ce
allocation arA the test of productivity (efficiency) i~ provided by a cons&de-
ration of the price implications of a given allocation. Assume that a ~et oí
production laval;¿;haJ 'osen wo:rked out so as to be coÍlsistent wi th too avai.la-
bIe supplies of labor» capital and natural resourcesg given the atructure of
consumer demand and tha countryv.s trading posibilitieso These sector produo-
tion and trade levela ~onstitute a "feasi'bl"",program11t

o Any such program implies
a unique set oí co.mmodity and factor prieea if the economy ia in aquilibrium.
Ir production aotivities are assumed to aparate at constant costSD linear pro-
grammir~ previdas a method of'calculating the .shadmw prices" corresponding
to the equilibrium conditionsll in which the prica of 6aClh commodity ia equal
to ita oost oí productiono(13) Priesa are determinad by the solution to the
following sat ~í simultaneous equations, ona for each production activity in-
cIuded in the program~

~4j p", + Cl.;:¿j Pz+ .. '-1- cv~ p"", == O Ú' =::: -1 , , .• 71.)

a~' is the input 01" output of commodity or factor i by activity ji and

P,¿ 1a the shadow pricid of ce.romodity 01' factor :t. p Tho input coefficients may

be measured at existing priess or in other oonvenient units. In an open eoono-
mYD activities of importing and exporting are aleo includad in the system~ and
the prica solution contains the equilibrium'prioe of foreing exchangeo An exam-
pIe of this caloulation ls given in Tabla 1, which will be explained shortly.

The use of shadaw or "acounting" prices in evaluating investmet
projects hasbeén suggested by Tingergen -54- -56-» Frisch -15- -16-D and
Chenery -9~ -10-. Although Tinbergen doea not use a linear progr~ing frame~
work,his accounting prices for factors have the sama meaning as shadow prioesz
the opportunity cost implied by a given resouroe aIlocation.(14) He suggests
oomputing the costs associated with a projact by using acounting prices~ any
project that shows a positiva net return ovar cost (including capital cost)
should be apprcved. This test ia equivalent to the SMO critarion, as shown
OO10w.

(13) The assumptions of linear programming and methods of finding solutions
to prograrnming models have been discussed in a number of recent publications,
such as -13-
(14) Tinbergen -56~ pg39- defines accounting prices as those ~that would prevail
if (i) the inve~tment pattern undsr discussionwere actually carried aout, and
(ii) equilibrium existed on the market~ jUgt mentioned~ (ioeo~ labor, capital,
forei.gn exchange l'Il'!u"'kets). The relation be'tween i:l.countingand shadow pri~es 1s
discussed en Chenery -10- and Qayum -42-
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The general linear programming problem i8 to maximize the val\.1lj
of a lin~ar objeotive function subject to linear constraints. In development
programa~ the principal constraints are that tha demanda for connnodities and.
factors should not exceed their ~upplies; the f~~ction to be maximizad la u~ua~
lly taken as the na.tional inoome. Alternatively~ the objective may be the aahie-
vem.ent of a given increase in eutput at minitílUlllcost in intestment (including
foreign investment). other social objeCltives. suche.. as 9. minimumemplcyment
level al' a speeified degreel' of regional balanoe, can be included as addi tional
r6striotions on the programo The instrument variables can algo be constrained
te fal1 within specified limita, as in the models of Frisch.(15)

To illústrate tfu!¡meaning and use of 5Ihad,J!Wpll"ices in evaluating
investment projects, I ahall take up a very simplified programming modal that
ia worked out in more detail elsewhere .11-. Thetruúcated system gi7en in
Table 1 aovera only a se,ma.l1part ef the e~o!wmy11 but it will serve to illus-
trate the way ir! which interdependence infl1U..,rl'C\~<3in:v~stment decision and the
effect of haViD~more than ene aoaree factor.

The model oontains roUlÍ"pródu:~tion aotivities (X". X:t~XJP X.•••)
and threé-import-activities (M~»M2p M&11 ). Eaoh activity is represented in
Tablé 1 by á col~~ of coefficients,1 a~¡,1showing the wmount of input (~)
01' output(+ )O!f'commodity i when the aotiv1.ty is operated at unit level.
(Thése coeffioients'are the boldface £igures in cclumns 1 to 1). The ~t
output is taken f..f':, Úinity in al1 cases. Trj-e prcduction activity Xt/s for exe.mplell

represents ~he production of one unit Ó~metal products fróm 022' units of iron
and steel, .20 unlts of "other inputos"', .70 units of labor" and 010 units o£
capi tal. The import activi ty M., provides an al t'eI"native way of aup:plying; a uni t
of metal products by an expenditure (input) of .85 units of foreign exohange.
A similar choio~ la provided betweenX~ and M~ (iren and eteel) aud betwe~n
X~ and M~ (tron ore). The fourth produetion activity shows the res~urces used
in the marginal export se~tor to provide a unit of foreign exchange.

In a oomplete progra:nnr.ingmodel" the e.mounts of a11 connnoditi!ts
required for final us~ at a given level oi inoome would be entered as reatrio-
tions on the solution. Similarly, the' a~mountsef available capital and labor
of different types would be specified. In this limited illustration. the pro-
blem is to supply requirements of 1000 eaoh for :metal produots and 1ron e.ud
steel at minimumaost. Iron ire and foreign exohan:ge are therefore taken te
be intermedia te' goods having no netoutside demande nOther iuputsn, labor and
capital are su.ppHed from'outside the model at pri~es reflecting their oppcr-
tunity oosta in the rest oi the economy. The main difference in principIe b~t-

(15) Frisoh ie ene ofthé strongestadvocates of the use of linea.r programming
for d~velcpmen't planrioing, as indicated in the prefa<e:e te a recent methodological
studYi "In the. beginning of 1959, during mywork as a United Nations expert in
Caire. 1 was oonfronted with the problem of working out a methodology, tor opti~
mal investmen~ programming in a rapidily expanding underdeveloped countr~. I
have always believed ~ am my Cairo experienoes have lOonfinned i.t- taht such
a method mu:st be .t'ormulated in terma whioh ultimately make the problem 8Jniejna.ble
to linear progra:m:ming"Otherwise one ia praotioally certain to taken by suprise
afterwards in unexpeoted balanoe of payrnenta difficulties and other troubles"

-1SR p. 1)
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ween this submodel and a complete progra.mming system ia tha.t the pl'icea oí'
only'the first four co.mmodities are determined in the model in the present
eaaeg while in general a11 priees are so deterrrdned.

The four restrictions in the mode1 eonsist of equations stating
that the supply of each oí' the first four :tnputs must be equa.l to the speci-
fied demandJ(16)

1000

- .22 X1 + X:<. + M", !So 1000

x,. .... 085M4 = O

The objective is"to minimiz~ the amount of capital required t~
su.ply the given final demanda:> wi th the use of'labor and V?other inpui;s" valued.
at their oppoftunityco¿ts in terms"of capital. This is the same as supply1ng
each commodity at mJ nim:U!lIl uni t cost:> since the am.ount of each to be supplied
is fixed.

A feasible solution to tl:emod"l contains ei t9-er a pl"oduction el'
an import"activity fGr each of the three cornmodities plus the export a~tivity
fOr foreign exchange. The col"responding activity levels can be determined from
equations t2 g and are shoWn at the bottom oí Table 1. The a.."Ilounts of the o)"¡u.t~
side factors (F4) - labor# capital» and ~other inputsw= required by each ~clu-
tion can then be determined from the follO'il'11.ngequations g

Other inputs~ F S' = .2OX., + .25X~ l' ••70XJ + o lOX ti-

Labor s

Capital!
F"
F,

The prograrnming"model thus oontains two t~~es of equations, prio&
equations of the type of ~lt; and equat10ns for the supplyand"demand of CO,m-
modities and outside factors, '2' and '3t• As outlined in =lO-~ the general
procedure for solving a p~ogramming model of this type lnvolves three steps~
(a) finding a feasible program or set of aotivity levels that satisfies the

,supply-demarid"restrictions; (b) oalculating th6 ahadow prices associated with
the given program; (e) using these' prices to determine whether any'imprC7Vement
in the iniiial program la possible. This prG~edure ls rep~ated as long as any
fur-'cherimprovements can be made.

The programming criterion used to compare projects ol" activities
la the social profitability of eaoh as measured from the shadow prlcea. Any
profitable activity should be included in the programo It la the recalcalcu~
lation of prices that distinguishes this procedure £rom the partial program-

(16) I omit the possibility o£ overfulfilling demands, since there are no joint
products in the present case.



- 16 -

lÍdñg'approaoh suggested by Tinbergen. In ei ther osse, however, the test of
social protitability of activity j can be ~xpressed as~

.4 t 11" = 2:: a'¿l P..<..d ,,¿ (f

By definitionll the activitiea tha't were used in determ.ining the
shadow prioes will have a profi'tability of mero. Th~ optimum solu'tion ia iden-
tified by the ccnditicn that al1 other ac'tivities have zero 01" negative pra-
fitability.

'Scme idea of the type of adjustment that resul ts from moving from.
partial towa.rd general equilibrium analysia may be given by determining solu-
tions to 'the model in Table 1 under four different proceduresi (a) the use of
rnarket prices; (b)correoting for the overvaluation of foreign exchange; (~)
finding the cptimuil solution for the submodel alóne ~ (d) finding the optimum.
solutiori for the submodel with changes in th~ opportuni ty costa of' labor and
other inputs determined fram a ge neral prog1"amming mode 1. The aooounting pri-'
ces oorresponding to eaeh assumption are shawn in columna 8 to 11 of Table 1 l.
Calculation of social prof'itability of each aotigitYD given the acoounting
prioes,is illustlrated in the table for trial e by given COEt and revenue fi~.
gures in parentheses in columna 1 te 7.

Tria! a. Assume that market prices are based on the cost of imp~rt~
ing and are determined by settirig profits O'!l th.e import acti'titi~s equal te ze=
ro g wi th a given' foreign exchange cost of 3.00. The~xchange ratie is assumed
to be overvaluedll so that the price of ~oreign exchange ia less'than the cost
of securing it through expanded exporte. At these market pricesll only activity
:lr.3 (ircm ore) is pro!'ita ble, but there i8 no domestic demand for iron ore
unIese ateel ia alao produc~d (the export price ia lawer than that of imp~rts
because of transport oostS)e The use of market prices therefore leads to im-
pc::-tsof steel nnd metal products'_ since the opportuni ty cost of expanding
exports 1a not taken into aocount. The correspcnding activity levels are ahawn
at the bottom oi the table. -

Trial be Assume now that we corre((ítf'or the existing structural
disequilibri~ by setting the priC8 o£ foreign exchange equal to ita oppcrtu-
nity óost of 4.02 as determined from the expo'rt activi ty Xli • Allowance is also
made fer' a rise in the acóóunting price of .other inputs~~ so.me of which are
imported. A new set' of accoUJ:lting prices rOl" commoditiés 1-3 ia determined trom
the cost or impcrts. Substituting these pri'ces :tnto equa.tion '4' shows that Xi.
and X3 are bctñ profi table (1tz=-.3~ 7t3= 1f.23). I!Nestment should therefore take
place in steel_ iron ore. and exports on this test •

. Trial c. To rind the optimlml.solution to the submodel by linear
programming" we can start from tial b and reca:loulate the shadow prices: frOlll.
the activities that are include~J X2 X3 X4-YA.~ The four shadow prices p~ to
Pi are detérmi:iled by applying equation tI t _ takir...gthe prices of the cutside
inputs (PSD'Pb, p~,,) as given. The elimination af excess profits from the pri-
ces of iron ore and steel lowers the coet ~f producing metal productsll providing
an example of peouniary external eoonomies. Instead of a lOI.Hlllactivity X-f now
ahawa a protit of .15 and should be substituted rOl' the import activity M4 e
1Vith -the original pricefllrOl' labor and capital, the eptimum solution to the
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submodel ls therefore to produoe al! three aommodities and import nothing.
since all inport a~tivities are unproritable.

Trial d. Ir ~ similar analysis 1a earried out for theecQn~v as
a wh61e. it ia 11kely that the initial elJtima.t-eof the opportu,nity cost oí'
labor (equal ot its market price) will be reyised •.Assumed that the sha.dow
price of labor (equal te> ita marginal' product in the rest of the economy) i3
on1y a thi:rd of ite market prioe. el' .5 un:l,ts of capital. This lower labor
cost will reduce the¿osts of production :i.ndifferent activi ties in prcporticn
to their use'of labórp Since exporta are cheapened more than steel production
by this calculat:ionjl :t:t now becomes sooial1y pZ"ofitable to import steel and
produ~e metal products. The optimality of ~hi~ soluti~n ia shown bythe pr~O~B
in trial d. in which there ia a loss of - 003 on XJ o The optimum quantity
solution is ahown at the bottom 01'the table. Valuing other inputllland labtr
at their aoeounting pric~s» it has a capital ccst of 5160, compared te 8200.
7470 and 7290 in trials a, b. and c.

The progl1"anmdng approach 01'trials ~ ~nd d. adds two elements to
the analysis 01'accounting prices. The 1'irat i8 the ~nclusion oí reper~uaAio~
on input prices from investment in supplying sectorso This la or.e of the m:ain
types of.dynamic external ecoDomies whioh are omit~d from partial analy~iso
It i8 much moré sigrii1'icantwhen there are econo~ies of scale. The ae~ond ele-
meñt is'the revision 01' the initial estimate cf the cpportunity costa 01' labor,
papital. arid 1'oreign exchange. This revisien ia deternir~d by the relation, bet-
ween supply and demando rOl' these factol1"sand thus takes into account the requi-
rements of1'easibility. (17)

The profi tabili ty criterion (usual1y ealled the tt simple:x:"terite-
rion) that ia used in linear programming' i8 loglcally equivalent to the SMP
test ir. the same prices are used in both. The wo can be put in a comparable
forro as 1',oll0W'8~

.: Di + 1
"¡

t 6 t

Social profit on activity jf

SMP of i~egtment in aetivity j: (SMP)j ~

a"i P'¿ - krj

~ a,;,/ Pi.
.-(,

ha"
where - ki is used for the capital input ooefficient i.astead of a:,i o An acti-
vity having a posit1ve social profit in equation (~4e.f) will have an SMP or
greater than. 100 in (~5 ~)~and the same projects wouldbe accepted by either
test. Ir th& prices used are not the equilibrium pricesD however. the prcject
ranking by the no formulae will not necessarily be the same.

Al thcugh the e:x:a.mplegiven here contained only one technique of
produotion ter each co~odity. linear programming methods readily en~ompas~
alternative techniques. In a trial applioation of linear programming te lndian
planning. Sandee -46~ includes three alternative ways oí increasing agrioultu-

(17) An e:x:amplei:nwhich these successi,ve a.djuatments are ealeulated in detail
ia given in -10- • Frisch has outlined a ocmputatioml procedure for handling
large numbers of investment pro'jects wi thout going beyond the capad ty oí sl.1Il-
ple Galoulating equipment -16= •



- 18 -

ral output -increased use of fertilizer. irrigationD and extension servioego•

whicn are substitutes OVer a limited rangeo The four alternative techniques
rOl" prodüci.ng textiles eited by Galeneon and Leibenstein ~17- oauld als~ be
more properly evaluated in a progranuning model in which the coat val'ia'l,io:tl.
asaociated with their different. requirement rOl" materials. maintenanee, and
skilled labor could be includedo Bowever. it 1s only necessary to include al-
ternative teohniques in a programming model when the choi.ce betweer..then de-
penda on the outcome of the solution. Prcbabley in most oases the range ~f
shadow -plrices oan be foreseen aecurately enough to determine in advance which
technique la more efficient for a given countryo The initial asumption ~an
a1ways' be verified arter the analysis has been completed by using the resultingprices.

Lir..earprograI:llllingcan be extended to inclue.e many of the indireiCt
effects of in:veetmelltthat are auggested by grQlilththeory ••The plt'cduotion e.£
trained lab»lt',the ef'fect on savin¡;s al!" other indiflect be:nefits can be .:::o:o.8i-
dered as joint cutputs whoae value can De speoified in the objective function.
Similarly~ indirect costa of production, Bueh as the provision of housing te
urban workers~ can be inc}uded as additional inputs:. The shadow prices oomputed
from sueh tUl expanded system will therefore reflect nonmarket as well as msrket
interdependence to the extent that it can be specified in quantitative forme

In formal temB~ it ia alBo quite easy to extend the programming
model in time and to cómpute future p~ioes for commodities and fact~rs. The

measurement of sooial profitability OCluId then be n¡.adeagainst a pattern Q;f

changing fu'ture prices. Given the degree $Í' u.n.oertainty attached t:: al: future
economio rrAgnitudes~ however~ this is not likely to b~ a very useful prooedure
beyond the cm.l'bomár-yfive-year planning ~riod except in the mcst general terma.
It wouldg however, be desirable to estimate the change ir. the equilibrium prio~s
of foreign exchange and labor over a longer periad of time, since these are the
moat important variables in choosing among investment projeetso

D. IlIVestment Crlteria and Comparative Advan'tage.

The linear program:ming approach provides a convenient link to the
principIe of comparative advan~age becauae the optimal pattern of trade la de-
termined simul taneously wi th the optimum allocation of investment. The model
la conslderably more general than that of market equilibrium because it allowe
for different social objectivea and takea account of costa and benefits other
than those entering the market. The limitatione to the programming model are
of two sorts~ the form of the restrictions that are speoified, and the e.mission
of relationahips that cannot be expressed in quantitative ferm.

The J..ntroduction of inelastic deBUl.nd or increasing cests does not
create any more thecretical diffioulty in a programming model than in the oorre=
sponding general equilibrium systemg although the computational aapecta of auah
mede1s have not been widely explored. The accoun~ing prioes perfcrm the s~e
function as guides to proper allocation, but the test of social profitability
must be applied in marginal rather than average termao In devel~pment programa,!)
this modification is particularly impcrtant in the case of exports, where the
price elasticity of demand ia often rather lGWo(la). Aa Nurkae -37- points out,
marginal oompare.tive advantge for the underdevelcpeu oountries may for this
reason be quite different from that inferred from the average costs and prices

(la) A pr$gramming model including thia feature ia given in Chenery -9-
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of primary exper~s.

The existence of increasing returns creates the same prob1em rer
the programming model as it does for equilibrium theory. Margina1~Cl4uJt priciDg
ie not sufficient t. determine whether an imrestment shculd be undel"takens and
the total cost of alternative solutions must alao be considered. Alth.ugh prac~
tical methods .r selving programming modele containing deereasing costa are
now being develepedp they do not give alloeation oriteria that rely only on
aocounting prices. It 1s approximately eorrect to say that beyond a Clertain
output level country A has a comparative advantage in the productian or steel
but the pricise determ1nation of the break-even point dependa on the level or
output in other seotors a1so.(19) .

The most serious theoretical qualification te the prinoiple el
comparative advantage c~es tram the type of nonquantitative interdependen~e
among sect.rs that 1a assumed by Hirschmen -23-. If, as he suppcses~ ene grewth
sequenee ia mere effectlve than another oecause it eeono.mizes on deeision~making
ability 01"p1"ovides a greate1" inoentive comparative advantage la impliedo The
empirical signifioance of these psychelogioal and sociological facters remains
to be established~ but they lead t. a eenflict that ~ann.t be resolved in eoo-
nomie terms.

When the practical Umi tathns en information and ane.lyds are
recognized, the possibilities sf conflict between ce.mparative advantage and
growth theory are greatly increased» and Wiles -66- suggests that marginal
efficieney calculations may be less importante An aversion t. risk-taking
may be a val id reas.n for limiting the extent or specializ~ti.n in the expert
of prima1"Y products beyond the am.unt that w.uld be eptimum in the Ught or
mere aCelill"ateinformation. An inabili ty t. measure the extent oí'eoonomie~ .:r
scalep 1ab.::-training» and other souroes or ex'ternal economies also maltes
poasible a continuing disagreement as to theill"magnitude.

!II. C~parative Advantage and Balance in Development Pregrams.

The incor~~i;¡}tentprocedures that gevernments employ in formule.-
ting development polioies are probably the most important seurce .f conflict
between the dictatez oí comparati7e advantage and of growth theory. Official
proneuncements on development policy usually allege tha.t both types oí o1"ite~
ria have been (or should be) utilized in drawing up the program that ia put
rorward, but the pr.cedQ~e followed in rec.nciling conflicts between the two
ie rarely made explicita. Sinee the analytical basia of most develepment pro-
grame ia cp ite 11m! ted» it 18 important t. loek lnt. the procedure that is
actually used in order to diseover SOUTces or bias.

Devebpment programs must simul taneously confr.nt tw. sets .f
problema. In the sh.rt runp progresa 18 hamp~red by structural disequilibriUm
in factor markets and in the demand and supply of particular commodities. This
disequilibrium la reflected in the ba1ance-ef-payments d1f£ieulties that be~et
most lew-income o.untries asthey try t. accelerate the process el deve10pment
In the longer run» the choioe am.ng seetors bee.mes inorea~ingly importa.nt
beeause the pattern .r grfitth in eahe peried will depend on the eheices mad15_aac.- _

(19) The natl~e of sulutions t. this type of problem is coneidered in -ll-~from
which the data in Table 1 were takeno In this situation of decreasing average
eost» the pr.gr~ing model may provido a greater imprevement over the solutionusing partial criteria.
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previeUBly. Development prcgflams that are influenoed maínly by the existing
structw~al diaequilibrium therefore tend to stress the need for greater bal-
ance between demestic demand and supply~ while those that take a longer view
tend t. pay more attention to oomparative advantage.

Although the procedures actually followed cannot be ascertained
with any aocuraoy by an ourside .berver~ these two aspeots can be indentified
from charaeteristio elements in the analyais. The balanoed growth apprsach 1a
generally associated with target-setting in key sectorsg stress en the avoi-
danoe of bettleneoks. and attempts t. equate the aupply and demand or labor,
oapital. and the more important oommodities ••The extreme :cases of this type
of procedure are ftlmnd in the communist oountr~es. Less extreme examplesll in
which some attenti.n ia paid to oomparative advantage, are the procedures of
the Indian Plar~ing Commission and the U.N. Economic Commission for Latin
A,merioao

Characteristic elements of the comparative advantage appreaoh are
attempts t. measure the relative efficienoy ef dirrerent typea or production,
the weighing cf balance~Q1r~payments imprwements agaiml't other beneri ta te
the economy (by means of acoounting príces el!" .theTWis~)~ and usually a greater
emphasis en partial analysis than en over-all projeotions. Examples that will
be eited are Puerto Ricog the Phillippine~~ and Israel.

A. Pr.eedures Emphasizing Domestic BalaU'Cle.

The planning pr.ú~dU:"ea developed J.nthe USSR arld e.pplied wi th
some modification in othew co.mmunist countries repreaent in extreme form the
usa of balance as a <oriterion for resourca allooation and the vü"'tua.llyeomple=
te omission oí any test of comparativa advantege. As revealed in reoent stu-
dias by Mentias -32- and Balassa -1-, the main tcol of Soviet-type planning
ia a very detailad system or material balances epecified in quantitative t$rmB.
Polioy objectivas are translated into production targets in ~hich pricrity is
given to heavy industry and other sectore that ara expectad to contri.buta to
further growth ("laading linkan). Priees ara ussd mainly as rationing davices
and hava no neoessary oonnaction with production costs. The oumberso.me caleu-
lations inve1vad in arriving at balance of supply and demand fer a larga number
of commoditias limit tha altarnativas that can be triad out, 30 the main effort
1s to find a faasibla program -32-.-

The quastioh or comparativa advantage scarcaly ariess in the USSR
because of ita size and diversified resources, altheugh similar problems ariss
in connection with the choice of productlon teehniqueso When tha Soviet plan~
ning system was transplanted to the satellite countries~ however~ it ran into
diffieultiea beoause of ita inability to determine the advantages to ba eeoured
from trade. Aocording to Balassa =l~ p. 264-, the idea of comparativa advantage
did not exist in Hungarian development policy (at least until very recently)
although trade has a high ratio to GNP. Exporta are determinad by import
~neads". and the institutional structure ia such as to encourage exportara te
meet ta.rgets for exports wi thout regard 'to production ooste;. Since prieaa do
not reflect resouroe use~ it ia impoBsible to determine where comparati~e ad=
vantage 1ies and to what extent the trada pattern deviates fram the optimum.

De.spite thed.r violation 01' most shcrt-term walfare oonsideration.
the euceesa ef Soviet planning methods in producing a rapid rise in the natio~
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nal product makes 'them attractive to many undardeveloped countries e In India"
for example" Mahalanobis y "plan-frame" far the second five~year plan -30-
draws heavily on Soviet methodology. He starta trom the assumption that tha
rate of investment la determined by tha level ef domestic produetion of capi-
tal goods i ti'As the capaci ty 1010 manufacture both heavy and light machinery
and other capi.tal goods inereases" the oapaoity to invest (by using home-pra-.
duoed capital goods) would also increase steadily" and India would become more
and more independent of the import fo foreign machir~ry and capital goods~
-30" po l8~. Hia analysis implies that export pOBsibilities are so limited
that they can be ignoredj) so that the composition of demand is limited by the
oomposition of domestic output. In order to raise the level of investment"
Mahalanobis ooncludes that investment in indu~tries producing capital goods
should be inoreased from less than 10 per cent to 30-35 per cent cf total
investment in the second five-year plan.

As Komiya -27= has shown" Mahalanobis y approach to develapment
ignores prioe and damand considerations oompletelyo The targests for the four
sectora in his model appear to be based mainly on the goal of creating heavy
industry" whioh ia assumend to be the key to future growth .• Crite:da af effi=
ciency and comparative advantage are entirely omitted from his analy~ig.

Althaugh there are traces of the Mahalanobis approaoh in the
seoond and third fiye-year plana formulated by the lndian Planning Comission"
the final resul ts are much less ext,reme. One basie problem. 18 that exporta are
expected to rise only half as fast ~s national incoms between the first and
tbird plan periodsg while demand for the goode initially importad tanda to
rise muoh more rapidlyo The inelastic demand for traditional Indian exports
means that a oonsiderable proportion of :i.nvestmentmust ba devoted to oommo=
dities that are presently importad. Within thi~ category, the principIes of
comparative advantage should apply. In actuality, the emphasis has shirted
somewhat from heavy industry in the second plan to agrieul ture in the third.
In the latter dooument -19~j) increasing self-~ufficiency in basio industrial
co.mmoditiea -steel" patroleuU1. machinery. etc.- i8 listed as a high priority
objeotive g but so ,h the maximum development of agricul ture. Whether the re-
sulting targets are consistent with comparativa advantage 1a not considered
in the published analysis.(20)

The balance~of-payments difficulties of many Latin America coun-
tries have also been a majar factor in chaping the programming procedure de-
veloped by the Economic Co.mmission for Latin America -51-o This approach has
been applied in considerable detail in studies af Colombia -58-, Argentina -59-
and Peru -60-. One basie conclusion of these studies ia that the growth of
exporta will be much slower than the growth of demand for goods that are ou-
rrently imported. 'Inveatment therefore has to be heavily oriented toward import
substi tut.ion" and the equali ty of supply and delJ'.andmust be tested on a COimmo-
dity basis to avoid balanoe=of-payment8 ditficultieso In the three oases men-
___ ~ClIIl_"._. _

(20) On the basia of a simplified linear-programming modelo Sandee -45" p.25-
finds that ~up to 1970 more affective ways to employ capital for development
exist than highly capital intensive steel-making"D suggewting that an analysis
of comparative advantage would indicate more reliance on importse The nonmarket
benefits of production are omitted from his analysia" however.
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tioned~ thig balanoing procesa ia oarried out by means oí an input-output ana~
Iysie in which imported goods are distinguished from domestic product~ in aach
eategorYe

In principIa, oomparative advantage can be used in the ECLA prc-
cedure as abasia for the choieaof import substitutesg but this has apparently
been done only to a limitad degree. Sinas the main emph~siB iB on balanJs,
there ia a danger that the initial assumption~ as te levala of exporta will
not be re-examinad after the ext9nt of i.mport líubstituticn required by a given
program has been determinad. The resul t may be coneidara.bly Iowar productivi ty
of investment in import substitutes than in experta ir the two are not syste-
matically campared. The drawbackE to this procedure are more serious in amall
oountries lik.-.; Cclom.bia and Peru than in a larga country like India, in whioh
importa supply a $~~ller fraction of the total demand for ~~~editiese

B o Pr'ocedure s Empha.:e.hing Compara.tive Advan'tage.
Among ~ountries having develiOlpm.en:tproglratnsll proiCadures that.

stress comparativa advantaga are less commcn ~han thoss emphasizing balancee
Practically al1 policy s~atementB list among thailr plrio~ity oll"iteria factor~
presumably leading to comparativa advantagell but there is littlc evidanoa as
te how they are appl:lLedin dra.wing up progTa"lll5.

!he dev~l~pmen~ procedures ot the governement ef Puer~o Ri~o ~ama
as C1086 te being a P'lllI"6 appli.cation oí Clompe,rati.veadvanta.ge as SO"TieiP prcoe-
dures are of prin~iples of balaneed grawtho Unlike many lowin~ome ~o'~tries,
Puerto Rieo haw en ela.stic demand tor its expor~s to the U oS. ma.rk'3tand oan
a'ttract UeSo capital rOl' profitable i:avestmen:t:s.The gcvermnentv1,3 poli~y has
been to give +..s.xremiss:i.enfor ten years and te prov::de werhead faei1i tie¡;; II

labor training, and other inducements te industries that will benofit tbe
island's acona.myo In deciding whioh industriee to pro.motsD the Economio Dsve-
lopment Authority has studied the long-tarro oomparative advantage 01' a l~rge
number oX al-tarnative projects D since ~ompilU"a"tiveadva.nta.gewill lead to b,,'th
satisfactory profi'ts and maximUll1.inoome. Law-f~ast labor (aven with a11c;m.nae
for difrerenoés in produotivity) has been the main el¡gment in comparative
advan'tagep sinoe most industrial w~terials must be importad. Allowance i8 aleo
made for externa1 economias in industries that will supply inputs to other
saotera. (21)

Und~r this poli~Yll the gr~h of por capita income has been a~
rapid (nearly 5 par car.t annually) and. the development of industry as marked
(from 19 per cent 'tli)25 per oent 01' GNP) aver the years 1948-1958 9.8 :.~ t'~ny
oountry following a deliberate polioy 01' bala~ncad growth. The planning proce~
dure dependa very largely on the particular relation of Fuerte Rioo to the
United States and ita small si~eo These faotors make it unne~essary t~ worry
abO'ut the ala.sti~ity of demand rOl' expcrtG O/X" the dangere of dependence on
foreign souroea for egsen~ial importe, whioh aQ preo~~upy the Indian and Latin
Amerioan planners. Wi th re liable export and mp::rt m:'lzokatr¡ 9 domestic bala.n"e
ie not a preblem.
(21) The ~~ertc Ri~an exparien~e ie disoussad by Baer -2-~ the evalua~io~ pro-
ceduras ~u"e deseribed in mimeoglt"aphed reporta of the Ecouomi~ Davelopment
Authority.
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Sin~e ths aB~umption of the ~lassical modal are not approached
so clo::lely in m013t underdavelCiped oountries as in Puar'to Ri~iO", the cal~ll.lation
of iGompal'at:bre advantage 'Usually departa: farthel:" from the rnarket evaluationo

In a more typi~al ~ase the Philippine National Economi~ Council has outliu6d
a procedure rOl' applying the SMP formula und,al' Philippine conditions -39-c

This analysis a;tarts trom the mark!e"t; evaluation re'£' the profitabilit:~t oí' an
investment and add~ oorrections for the pl'ojsct'8 effact on the balan~e of
payments9 its use of do.mestio mateTial~i and its U3e of do.mestic labor", each
wi th a Buitabla weigh'to Thi,s procedure may be justified by comparison to 'the;
linear prOlgTaJ'l'Jrd.ng ;eritelr'ion of social profitc In principIe the pl'oper (C)orrec-
tian to priva te pro:!'it is obts"ined by giving eac:h a value egual to the differ-
ence betwaen ita shadow prioe and ita market priceo(22). In the Philippinesg
thia would mean a, r.rmus for labor and a pen:a~,:ty f:C';r foreign <e'x:change u.se ({)l'

el bonulB for foreign excl1::l.nge saving)c Higgins -22-¡¡pp.654-62~ Ehow~ that the
weighte assigned in the Philippln6s tend te sxaggerate theae effe:ct~o The u~e
Olí' the sama weight fOJr a11 domelllt:i.~ matewial:e :me;y leí\d to sel:"ious er:r~r fI dniC6
not a11 are cvervalued by market prices.

The g~~ernrr~ntOlí I8rael ha~ d~vel~ped ona of the most sy~tematio
prooedures for measuring ~omparative advantage as a bas1s for allo~atir~ in-
vestment fWAds ar.d foreign exchange o In effect •• too Ministry oi' Fin.an~e eva~
luates projeota on the basia of accounting priesa rOl' foreign exchanga and
capi tal, taking into a.ccount the indirect use oí foreign exohange i.n se¡ptorlfl
supplyi,ng input13 s:uch as p~"W<er Ol!" industrial :nJ.ateria:lE o The calculation h
summed up as tne <t;:ost in domestic l'eSO\Ur~6S; of' El, daD,a!" E\'El.rned el!" saved, and
it is applied equally to exportE! and to impor'''''substitutesc The I(}alculation
oí domssti~ ~alue: added is aIso made by ezportars as a oasis fol!" 6xport sub-
sidie~ -3.1lPQ23-o In &11ooat1ng the governmentt~ d~valopment budgat9 priol!"ity
is given to proj6ct~ whose domestic COi1JJt of aarning or' saving foreign exchange
is less than the ourrent estimate of its rA.~iOounting price. Thb prO«3edU1l"él ~iUl

aleo be rationali~ed by means ef the linear pl!"~gwamming cwiterion ~f investment
wi th acounting pri cea :rOl:" flOre ign axchang;f6J a:nd labol!", fl.S in. the SMP fcnnula,
the c:ost per uni t of' i'c1l!"eign '6xchange aoquill"ed h cQ,mputed using an acc;o'Unting
price for oapi tal •• Whren the sama shadow pric6s are 'l,;wed", al1 three measures
give the ~8me resulto

Although i.t ie dangel'ouB to generalize i'rom the limi.tad evidenoe
on development policies that fa availabla, there appears to be sama relation
between tIla type of procedure adopted and the characteriel'tics of the .economy
in a. number o,r the cases examinado Small cou:r;:tries are foreed te pay more
attention te oomparativa advantage bacau~e tr£y cannot hopa to produce the
_ •• ..,_(IOo:u _

where IIi i~ private pll"ofit per unit of output cal~ulated at market prieea
and AP¿ 1s tr:se dif'f'srence between the market price and l'.lhado'W price of OOID.-
modi ty 10 Thél elements óP..:: may be regarded as weightg attached to each input
01" outpu~ coeffioiento

.,
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whole ranga of manui'actures and primary producta, while large ",ountri6s may
be tempted te follow more autarchic policies&(23) The impcTtan~e given te ba-
la.need growth abo dependa to a large extent en the 00 'untryUIII recent ezperien-
ee with ita export marketa and the state of i~s fot"eign exchange reserves and
borrowing capacityo Puerto Rico and Israel can both count on substantial capi-
tal i.nflcmsowhioh make i t urmecessary for them te approach balanced trade in
the near futurell while India has muoh less leeway.

IV. Conclusions

Thia papel" has considerad develepment policy' from the stanpcint
of economía theorYll as a problem in operations researchll and as it ia actually
carried on by governments o Much oí the oonf'usion in tb!! field stema fr:mt.a
failura te diatinguiBh thase different levele of analysis. TheoriBts are prone
to suggeat decision rules that o.mit seme of the relevan~ institutional limits~
whila economista who haYa heen werking in partioular areas often arrive at ~cn-
olusions tha~ do not fit o~her caseso As in other fields of economi~s~ mo~~
of the disagraement can be ~raced to implioi~ differencas in assumptions.

There are a humber of eontradict:i.ona be1iween the implioations of
trade theory and grmvth theory. To make the two theo::riesconsistentll i'b ls ne-
cessary to discard the assumption of equilibrium in faotor marke'bsD to allaw
for ohangas in the quantity and quality of fa~tors of production over timaD
and to take accoun.t -:;finternal a.nd exterr...aleconomias of Beale. Al"though under
these assUlTJ.ption market fOf'cas do not necessarily lead to effioiant resauro€!
allooationD a pat~8rn of production and trade can be determinad tha~ maximizas
incoma ovar time. The commodi ties to be proo.uced a:c.dtraGad cannot be deter-
minad by a aimple ranking procedure along the liI:i.98 01" classical comparativa
advantage because of the interdependenca among seetora. At bes~D it may be po-
asible to say, for axample¡> that a country has a compa:rative advantage in
ateal productícn for a. specified set of produ~tion lavale in aupplying and
using seotorso In advanoed countries, this qualification may be unimportant,
but in the less develeped ones it 1s crucial in a number of industries.

Much clfthe attacK on tl:e use of oomparativa advantage 1e based
on its o.mission oí various nonmarket elements. It ia assumed that the inclu-
sion of the lattar favors the development of industry¡> and apeaial benefits
are often ai:tributed te oapi tal goods and heavy induatryo The intangible bene-
tita stemming from trade in the for.m of new produots9 impr9Ved technology, an~
technioal assistan~e tend to be overlooked in this discussion. Although 1 sup-
port the lCiX"itilCiswho wish to inolude mOlL"eof growth theclL"Yin datermining the
desirability of specialization~ 1 doubt that thie extension will favor balanoed
growth to the extent tha t they SUPp'OJS6lO

The other main theoretioal attaok on comparativa advantage 1a
amad at its supposed support for continued spalCi.a.lizationin prim.a.ryaxportalO
Granting the Iaw elastioity of dema.nd for many primary products

j
it ia wrong

to conoluda that oomparativa advantage la thereby superseded qy principIas of
balanoed growth. The inoraadng shorta.ge at foraign exchange makes i t aven more

(23) Japan is one exroeption to this generaliz.atio:tl¡>ps.rtl;;'dua to i te depen-
dance on importad lraw ma terials o
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impo1"tant to economize on i.ta use and to saek efficient ways fol' increasing
its supply. The comparison of do.mestio to £creign nources of supply that ia
implied by comparative advantage is no less relevant to th:is situation than
to the case in which in:vestment is more even1y divided batween exporta and
import substi tutes.

The aspects of growth theory which do not !:Ieemto be reoonoilabla
with tr~ notion of comparativa advantage are the sociological and politioal
effects of choosing one production pattern instead 01: a.notha r o While the COtl-
cept of opportunity oost can be extended to include a number of nc~~rket phe-
no.mena~such as labor training and overhead facilities~ it can hardly be stret-
ehed to cavar differences in fertility rates or politica! attitudes. So fal" as
1 can see. in tha present state of knowledge 01: sooial phano.mena. oonsiderations
such as these Fay ba used to modify the rasults oi' eoonomio analysis but cannot
be directly incorporated into it.

At the lavel of operations researohs the saarch for simple decision
rules for inveatment i.n low-income countries seama to haYa been useful mainly
in exposing too fa.l1aci.es in some of the connnonrules oi thumb. One can speoify
conditions under which ratios ;such as the capital intensity 01" the eff'eot oOn
the balance of pay.ments would be a valid indicator oí' the desirability oi an
in:vestment» but the apparent ga.in in íSimplici ty is offset by the danger of
applying the test in inappropriate circumstanoes. A more fruitful a.pproach to
partial equilibri1lJ.m analids is provided "by the uae of resources o This metro d
allows aimultanooudy fof' several overvalued 01" undervalued inputs~ and it.
cam.include whatever elelemts of genara 1 equilibrium analysis are available.

Sin~e mnrket forees eannot be relid on te balance supply and demand
un condi tions of ini tial disequilibrium B.ndaccalerated growth. a prinlí:lipal
coneern of develop:rr.ent policy is to ensure the oonsi!3tanoy oi' produc:tion levela
wi.th commodity demande and factor supplies. The teehrdque (lf linear progfananing
is design.";d to combi.n¡;;the test of consistenoy with the test of the social pro-
fitability of a given. resource use. Although it cal"...notbe applied very exten-
sively in underdeveloped countries as yet. tha programming methodology serves
as a guide to imprcved practical measures.

To most economists, a survey of the procedures actually fellowad
in designing development policy would probalby suggast that balance ia averem-
phasizad and by an aversion to risk that 1s greater than seems warranted to
the outside observer. Better understanting 01: the working of the underdevelOlped
economias and better information for planning i8 needed to redress the balance
and enable ceuutries to secura t~~ potential gains frQm trade without conflict
with measures for domestio devalopment.

&&&&&&&&&&&&&&&&&
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