
71);rrioJOsé testa
1003

ECI\AtTS t> RoS

(t"The Factoron,p:roporttons problem in underdeveloped areas9V

de ~ TIlJ] ECONOIVrICS OF UNDERDEVELOPED )

seleoted and
edited by

(Sólo para. distribu.ciéfn interna)

A..,N (J> Aga,rvvala and
."\

. S.,P'o Singho

PROF g JOli-GE AlfUMADA

CURSO ~ DESA.RROLLO ECONO:rvlICO



TIre FA,CTOR-PROPORTIONS PROBLEM IN UNDER-

DEVELOPED AREAS *

by 'R.S Eckaus.

TIiE!: CONC}SPTS 'STRUCTURAL DISEQUILIBRIUMI , 'OVERPOPULATIONf, iTECH-

nological l¡nemployment' and 'underemploymentl appear frequently in the li-
teratura on underdeveloped areas and there 1s considerable discussion of
the comparative desirability for use in such areas of relatively labour-
intensive or c.apital~intensive techniquesq Th.is papar is. intended to help

.cl~lrifysome.of the'. vnd.er1yin.g issues andto begin to provide a theoretical
basis f'orth~ir: a.nal'ysis.e

.,"r~.any of" the underdeveloped:. areas of the world have la-rge agra ..rian popu-

lations .in wh~chthe.re ie ei-ther persistent open unemployment or in vvhich

the marginalprodu.ctivity of. the 'worlting force is so low that it 1s common
. ly believedtbatwithdraw~l ofa sizable fraction wouldnot significantlye:!
fectoutput 6 This seems to .be the case tc;>varying degrees for much of Asia

and the ~~iddle. East. Other countries, such as Italy, show persistent urban

a.s well as rural uneruployment orunderemployment .• It is a common feature of'

.the unemployment .i~ the~e countries that it fails to respond to fiscal pol!
ay measures designed to increa,se employment, by stimulating etfective demande

Use oí conventiona,l 1ncome-génera~ing techniques appears in fa,ct to create

inflationary.pressures and balance-of-payments.difficulties long before fuIl.

* The American Economio Review, .September 1955. Reprint~d by permiss10n of
the American ~conomic Association and the ~utbor. The a.uthor w1shes to

expresa h;j.sgratitude to the Center for International Studies, under whose
auspices he did the \¥ork upon which this paper 18 based, t~ the sem1nar
group of the Center for critic~sm a.nd enco~gement and ~specially to F.M.
Bator and P.N. Rosenstein-H.odan. He i8 also indebted to P.A. Samuelson and
R. Solow for their interestCt An Italian translation oí this article appear-
ed in Ltlndustria, November 19550
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employment 1s approachedo
¡rllis i11terpretatiori of th,e coÍ1di tion oí ma,ny underdeveloped a..reas has

led to t?ne formulation of a number of a.l t'ernative explana.tory hypotheses

VV11ich a,re presented in Section l. One oí these hypotheses appears, at this

stage of investigation, t9 be particularly fruitful in ca.sting light on sane

of the outsta.nding characteristics of underdevel0'ped areas a.nd is elabora!
ed. irl Section 1141 T\vo approaches to the problema of empirical testing of the

hypotheses are outlined in Section 111.
The l1ypotheses presentad below suggest that the 1E1employme~~_ª~f~~c~?-- ~~_

ies of underdeveloped areas are not .b~~~º~lly due to laq~ oí effective dem-
•••••••• _ • ~ •••.•••••• lo ••••• _ ••• _.. .•• • ~ _.. " ••• - •••• .••••••• .•••••.•• .....' -"", •••••• .,..-- '"'" .•••• ~. - ~ - -- •• ",- i _ ~ h .____ .~, ~ •. _ ••• . ~.- - ~--

and but stem from market imperfections', limited opportlmi tíes for technica1
I sub.stit~;i-o-;;:- ~;-f~~-~~~~ -~~--i~~~pr~p~i~'t~-fac~o; '~~d~~t'~.r T~~' te~hn~~S

------- .-------. ---- -----------.---~------- ----' ~ --_o' • ~-- •..•••• --- . _.' 2
oí' arJalysis of factor-marlretimperfections a..re vvell' kn.own. The implications

of limited 'techni,cal substitutability of factors were first analysed by Abra

baro Wald3and more recently by the linear programming techniques.4 Further -

deve~toplne.nt of' tl1e theoretica,l an8,lysis in tb.is paper consists mainly of an

elaboration of geometrical 'techniques, '\Vl1ich a.reused to apply the theory ~
pecifi.eal1y to the problems oí llnderdeveloped areas o

le THE I:\4.CTOR-PROPOI1TIO:t;rS J:rYPO~rHJ.~.s}~S

Tl:1e ana.lysis V\hich follows has grovvn out of the slJggestion by C.P. Kind

lebe~ger that urlderdeveloped areas such as ItaJy are cha.racterized by

ustructura.l di sequilibx6ium at the factor level'. This concept, formulated by

Kirldleberger and I~o Despres, is ide!}tified as folloWSJ

U T:he hypotheses and ána,lysis ha've' come to be knovm at the Canter for in-
ternational Studies9 r~assachuss.etts Institute of TechnologY9 as the

ufaotor~proportion8D problemD .
L/ Ec>g09 Joa.n R.obitíson, ESSB,YS in ,the Theory of I5mployment, 2nd ed~ Ox-

ford9 1947)9 cho 2.
-lI A <O '.YaId 9 ~ Uber einfge Gleichtmgssysteme der roa thematischen Okonomie ~ <1 •

Zeitschl."~ f. l~atio!lc'Jlokon", Dec. 1936, VIl, 636-70; cf. á180 vV~L .• Valk9

Prodllcti0u, l?r.icinga.nd 'Employme.nt ih the Statj ..~-8te.-te (Lon.don, 1937), p.58.
-!JI Efrg? ~ R. })orfma.n9 1\pp11ca.tíon 'of IJi,near .Prograrn:ming tú the Theory o'f

the l;l:trm (Berkeley, U.S •.A~, 1951)., In his pa.per 'ipull fJmplo~rment 'and' 4

.Fixed CC'efficients of l?roductio~' (Qua.rterly. Journal of Economics, T'eb.1955,
pp. 23-44) 9 M. Fukuolre. also relc"1tes theassumption of fixed coefficients in
production to the problem of unemployme~t.
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DiSeqU. 11.ibrium.,, a...t thefactor level may ari. se e1t'he'r because, a singlef'sc.,-
tor receives different r,eturns in., d1:fferent us,es" orbecause ..the .pr1ce rela •... . . 1
tionshipsamongfactors are ..out of ,line w1th.fac.tor availabilit1es •. ,., .. ...

This suggestion haa been t:pe starting point 'for two typee. ot e:xplanation
. I

of unemployment. or und~remployment in und$rd.eveloped areas •. The f1r.st. type
asswnes that a.va1la ble. technology wOtlld perm1t full use of the work1ng force
at some seto! relativa pr1ces and findsthe., $ouroe of unemployment in var-
10us type's .ot 'imperfeot1ons'. in .the pr1oe ..system •. The ..seoond type suggeste
that' there are. J:lmitations in, the existing teohnology or th.e. struoture. of de

I . ~

m,a.nd wb.ioh.,leEtd to a re~tmdanoy,of .,labour in densely, populated, underdevel-

oped areas,. Thetwo types oí bypotheses are comb~ned in Seotion 11 to ob-
tain 'a more genera~ ana,lys1s ti

The Marke,t Imp~rfeot1ons Hypot~esea
In the' a.ccompany1ngfigure the vertioal ax~s represente the rata of real

vvages. and the'h'or1zontal. axis th~ ..amountof .labour. The curves DD' and SSore-
preserl.t tlle aggregate supply. end demand rela'tions' for a 'typ1oal industry if

factor markets are oompetitiva. 'Under oompet~t1ve oond1t1ons the wage rate
would settle'st E.2

. VI&te
t-cL 'te..

w

E

Quant1ty of Labou.X'
serv1ces

Figura I'

-1-/ C.P. Kindleberger and E. Despree, 'The Meohanism for Adjustment ~n In- J
'ternational Paymente- The Lessone of Pc;>st.•war Experienc~', The Ameri-

can Eoonomic R$view, P~oceedings,May 1952.-U ~'ixed s'upply and demg,nd ourves such as those ~n F1g.ure 1, suppose, 0'£
course,constant' resourcee, technology and consumer ts,stes.
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(Suppose 9 hoWeVer'9 tha.t trade union pressures 9 1mmobili ty of la bour, govern-

ment social legisla tion or other faotor-market 1mpeX'fectione mainta1n the
wage rate at Vi rather than allowing 1t to, fall to E. The effeotive labour

su.pply curve 'Nould be vVS q. At the higher wage rata the deme.lld tor labour
--- _. _ .••,--- ~ ~ .•• '- ••,." ..•••.• __ --- •• -•. _.~ ~ .•• r

would not absorb all the labour ava.11a.ble and 1t oould be sa1d9 as Kind-
~."""--~'----'- -~ •••••• :- .~~I'~ .•• ~,~ •••• *' •. ,_~_. __ ..•••... ,••••..••••.•

leberger does~ tlls,t9 ceter1s par1bus, thewage re.te doee not represent fae
..9 ~_._.~ .. ---- -.----~ .....---- ..-.-..---- ...-- .•. ~.--- .. -'.~ ... -~::-.l;
~(')r endowme~.

To isolate the influenae of various.types of imperfeotions let us now
consider ca case in whioh factor ~obility, o,r le.ok ,o! 1t, 1s J'lot important

f and continua to oonfine, the analys1s .to a alosed economy. If tbe eystem had

) become a.djusted 'tP a partí cular complex of rigid1 ties tbere would be no need
! for fo,ctor mobility in the absence of ohanges in teohn1ques or taetee.1

r The comparative .use of the factors of. production, depending aa 1t doee
l "

on the factor-prioe ratios and teohnology,would, however, refleot ,the 9true
,ave.ilabili tyV of la;bour onlyif wages were kept at E in .Figu.:r8 l. If wagea
t ._- ..-...,._, .•.•._- ~- .-......-.J' -. _. ~ .•••• ----. , ....•.. ~ .••. -. •• ...-..--.- .. ~:\II..,~

¡are kept. at W there¡s en 9 artifioia.l.lyi ,!.l1gh rat~o ofthe pr10e of la bour .to
~.~hepI'1c~e of(;:c;1 ..pitalo Sinoe we a.re explicitly 8,ssuming that faotor substitu-
~tion i,s7J j.:n lCtct1J possible, SJ,. struoture oí produot1onmay reatl1t with a h1gh-
~, ~' ~""--_"~~-''''', .•••.•••••••• "._ .••. """ ... _,, ~ .• __ .•••~, .•. r"O; ••..• ..-, ••.•. ~ •••••..• y .. r •..• .••. •• _.

~'er oapital,~lal)f)ur rl.?,tloth(;tl"'.l otl:lervv1se. If the diagra.m were repreaenta.t1ve of
..,..- ••," - -_ ••. _-,",,!,- .. If:' •••.. __ .:... __ ._- .,..--. ••••• ' •••••. , •. - ",- •••. _~'."'-,Il ~.\' •.• _~ __ ..••. ._'::O~""4rII' •••. _ ..•.•.

larga pa.rts oí an economySJ a,s output increasedfull .employment oí the given

lobou.r forc.'e VV0111d raquire the use of more oap1ta.11ilan 1f the structure of

produc.tiorl were adjusted to a lower ..labour-cap1.ta,1 pr10e ratio" unless the

subst,i tution, effects were offset by increas.ing returns to scale. In a cOtm••.
try in which capital was aoaree and unemployment of oonsiderable magnitud.,
the attempt to aoh1eve full employmen't by use of relat1vely capital-intensive
investment would be more 11kelyto leed to inflat10n and balanoe~ot pa,yments
,1ffic.ult1es~ short of f~~ll employment 9 than if more labour-1ntens1ve teoh-

fiques were usado
"-r The development of 8001a1 po11oy in eoonomioally und.erdeveloped areaa

fL! o Tf effective demand always moved up and down in the eame well-\vorn
· cha.nnels9 a supply of each type of labour would always be ready wait-
ing t0 meet demand for it, when effective demand expanded, and the question

~.f mobility would not arise.' Joan Robinson, op.cito, p. 30.
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frequently proceeds more rapidly than econom1c growth. Imitation of the tech-
niqtl~S of more advanced countries 16 not confinad to technology. Ela.borata 82
cial security legislation and aggressive government-encouraged union movements
are often feund in densely populated, low per eapita 1ncome countries which
are j ust on the threshold oí E?conomi e advanoement. There 1s 11ttle or no acope
far such devices for raising wages except in the relat1vely more advanced and
vvell orga.nized saetora. frherefo~e, new industrial projects ~y face tl:!-e pros~
pects of wage ratea quite different from those prevailing in.the handicraft
and agrarian sectors and thusmay be oompelled touee different factor propor
tions. These considerations suggest that the forego1ng ana.lysis may be quite
Lrelevant for underdeveloped areas.

( The next step in the a.nalysis is to abandon the assumptions of constant,
tecl1:nolcgy and consumer te.stes and to investigate the effects of changes in
th,e composi t.ion of de~nd for goods and factora due to such influences as

ohallges i.n methods of producti on or in the directions or levela oí demand as
..} reSl11t of Chr:lnges in taste~ ot foreign competi tion. In this second case,ss

"the level of aGgregate ef,fective derna.ndrises, goods will be deman.ded in di!!

8T'erlt proportions than forrnerly and the location and magni tudas oí the demand

for factors of prodllction vvill shift. If labour 18 not mobile, or if it takes
consideItable wage 1ncreases to shift i t, then factor die equilibrium such as

'~l¿~píc~ted in lt'1gure 1 for the preceding ca,se of constant tastes and technology

would develop'in certain industries. An increaae in the lavel of effective
demand would p'ush other industries to the limi ts of capaci ty relati ve ly quic!

ly in this second cétSe. Money wages ~nd prices would begin to rise, not tmi-
.formly but in the 9bottleneck' sectors, prior to the achievement of general
fU.ll employrnent. Newinvestmentin these sect10ns w~llld tend to increase still

further the substitution of capital labour while offsetting tendencias in the
rela ti've ly stagnan t saetora \tvould work elowly, if a.t al1. The balance cf pSl

menta under the pressure oí growing domest1c inflationary preSS1~es and in-
craased demand for capital importswould .tend also to develop deficits at an
eorlier stage in the expans10n of national inc~me. This could all be superim-
posed tlpOn and could aggravate the 'factor disequilibrium' previously discus~

edo It wOlJ.ld be distingu;l.shable, however, as there would be evidence of excess
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capaci t~y' (;~.ndstranded oapital-good.s resouroea i11dicati~lg en originel rnis-
~
~11ocat10r.l or a, stxlluctural ohift.

, T'11eJ.~e18 H,t least superficial evidence to sltggest ti.1,st the factors s-
i

l-tressed i:n this hypot}1(~sis rrlay be operati ve in someunderdeveloped countries o

I~or e:X:8,nlple~ altl10'ugh I'taly L.la.s a persistent unemployrnent of e.bout 2 million

in a populatio:n of ar01J.nd. 47 million, there a.re a1so soma saetora of the Ita

liarl eC0l1ÚInY9 St~chas shipbuj.ld.ing, in which -tbere 18 persistent unl1.sed

phyeica.l cepi tal plent and equipment 'If 1J~oJ:,eover, ,ve would expect that in 'un-

derd(-;veloped a.reas 'the v\Tork1ng fOl"ce would be even more b01J.nd by tradi tionf

reluctance to chal1ge locati.on' a.nd baerriers to social as well as physical mov~

lnen't than 18 the ca,se irl m.()re ad.vanced, industrializad COtlntries: th.is would

0.180 co:ntribute to 'the problema created by structural chenge.

( Closely related to this second hypotbesis ia an expla:nation which locates
the source oí fac.tor disequilibrium in barriera to the entry of new firms in-

to profitable industl"'ies v/hose ex:pansion 18 limited by va,rious types oí m0110-

po:'istic 1~8strictiorlS o Trli s and tbe other t~y'pes of 'imperfections 9 could Aggr~
~
"tate the Vfactor disequilibriu.mu•:> ~)n8 further related hypothesis remains to be cons idered here.l Suppose
( th.at9 vV!'1-B..tev'er tr'te acttlal characteristics of the productiorJ function and de-

gree of tech.:nical subBtit'utabili ty of fa.ctors 9 businessmen belteve that tr.tey

face a produ.ctio:n func ti on. v.¡itl'l cons'ta.nt coeffic ierlts, i. e .., no fa ctor subs ....

1 -r;itution 18 possible ~ Indian businessmen9 for example, lD8.y believe that the~ ...
i l~mericall wa.yº oí producing is the best and only \vay a.!fd that this alvvays in-

volves hígh ratios of capital to labolJ.ro Plan.t engineers aCCllstomed to emulat

il1g YWeBtern n tec:b.nology mayo not be sensi tive to the range of choi.ce act\lnlly

a.vailable ir~ manufacturi:ng processes and may im.pose unrlecessary technical

fonstraints en managers in underdeveloped countries •.Thus in Figure 29 al-
th01J.gll the solid lines, :i£.19 X2" .•Q rnaj' represent the real contours of the pro-

duction fl1l1ction, businessmen lTI8y regard the dashed lines XU
., 9 xº 2 & .1) as the
.J.

01188 alo11g vv11ich t:hey nn¡st move()

In this case the expa11sion pa.th P vl/ould be independent of the factorc:ll

price ratios9 a11d9 therefore, oí' the Sllppl~" Cllrve oí labour' such as indicated

1 /
"'""""",,.,-.1

1 s.m irldebted to :Jro 1\;16 Bator for the suggestion of 'tb.is case.
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in Figu,relf> Expans.1on'of 'effecti vedemand wou1d tend to rtUl into the 11m!ts
imposed by 'capi tal ',capaC,i ty priorto '.the acp.ievement .of full employment wi th

, -.

consequent inflatiorlarytendencies and bl:llanoe .•of-payments difficulties.
IT.his CO,Uld take placeeven if Figure 2were not characteristic of a11 seetora

lof industry 4t

'-
K' P',

xt
;

"X3

L

I The Tech1101ogi'ca,1 RestraintaHypothesis

It ista'irly ,comrnon forobservers to report finding mod~rn9 capitalG'llinc=

tensi,reequ,ipmentand'technique~ uSed inunderdeveloped area.s where rels,tive

factor priqes ..vvould suggest .. the use of more, la bour~intensi vetechniques. I
. ,

s110uld noy.¡ like ,to sugges't tha.t the use '0£ the 'modern t techniques 18 not

necessarily' irrational emulati,on but the ~esult of real 11m!tations in the

techno;tC?gi9a.l,oho1ces~lvailable9 and tha,tthis',. in turn, ie a mejor souree
of labour-employment ,problems 111, underde.velopeq areas •. At ,tbispoint the. e!
positionwil1 :be ove~simpli:fie'd 'to indicate in ,~:stark out11ne the nature of

the argume,nte In 'the next sectioIlr the .hypo'thesis will.be combined \fJith. some .

ofth~ market-i.mperfect:Lons. hypothesesin.an attemptto ,describesome of the
rrEijor chara.cteristics of tinderQ:évelo.ped 8tndoverpopulated areas by the use

of a relativelySimple.theoreticalfram~work.

f' The basie (:lssumptions oí thefollowing analysis are: (1) in large sectors
of an econ~my there are onl'ys'few al terna.tive processes whichc8;r1 b,eutili-
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Figure 3theused to prodUce output and the slope of

factors must b~ usad in fixéd proportions.'1his
situation is prepreserlted in Figure 3, where

the heavy bla,~k line repr~sents national out-

put, xl of 1 lIDit; the lighter lines' represE!lt

higher outputs. Quite irrespective of relative
factor pri6es, points a,b,c, etc., represent
the combina.tions oí factors which wilJ.. be

1 ( 2) h 1 t. 1 ..:t 1 · t · 1 Th h b.. zed; . tese process.es .a.re rea l.ve y capI a -1.n enSl.ve. . ere .ave een

frequent comments w:i1ich describe 'certain features of 1.1nderdeveloped and ovar

populated areas as essentia,lly the result oí limited variability in the coef-_. -------~--~-_ ..__ ~v-_ .__r -... .....,-

, ficients oí produQtion. An example of this kindof comment is the frequently
_~~ .•.•_. __ ••. ~ r.: .-------- .. - ••.•••~

observed 'underemployment' in agriculture, where this i8 taken to mean tbat,
vvith agricul tural techniques remaining unchanged, wi thdravva1 of fBrm labour

L:oUld not reduc e out put •

r T.heCase o':f One Good, TwoFactors and On,e Procese, In the f1rst, most
~'simple case tobe considered, suppose that only one good 1s produced in the

2economy, national product which requires two factors, capital and labour.
Assume also that only one process can be used Kp

to produce natio:nal proQ.l1ct, i.e., tha,t the

line jOining these poin.ts i8 equal to the constant, .ca.pital-Ja bour ratio~

Only vvhen the fa.ctora of production are actually available in proporCD

tions equa,l'to the fixed ca.pital-la.bol.J.r ratio is there the possibili ty tbs.t

both can simul taneousl'y be fully l1ti¡ized. If tne actl18;1 factor endowment 18

off theline Oabc, fer example, at point E, there must inevitably be some
unemployment oí labour which is not anenable to any fiscal or monetary poli-
cy for its allevia.tion. Labour is a redundant factor and only by increasing

11--1 A production 'process' js a way of combining different factors oí pro-
\ dtlction v{hose proportions are determined by technology, al though the
1scale of production and thus the absolute quanti ties of the factors used •
!ffiay be freely variable. .L.J Confining the analysis to only tvvo factors is not essentia.l but hig};11y

convenient for geometrical demonstrations.
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f • ',~ • '

capital stock in .the .a~oun~~:~..~?ª,~;~.,Efte.q.:.b'y ~he length of the dashed line can
. '. '. . ':,' .,:;." ..:: ..'.:.l :..;.'.y "

the unemployme.~t be ~~.:L~~na.~~<~\.t~,.i C<?nv;~n'tipn~~ compensatory fiscal policy
. l', .. '1"' ~~ ••.• ;t~4.:..i.', .•.~t.~ •• 1';.~.,:~ ••. ~ ,1

vvould, intni~. Ga~~~~" ::.on.ly...~.~.~.~~ifi:~#/~.~..i~::- !,ri.f1á.ti~narY pre.ssures.Tbe persistent

open and 'disguf.sedj
, ~~W~f~\~~;~(~n ,'underdeveioped countries rray be at

\ least pa,rtiallyof 'thiS'ldna.~"': ..,' ' • '
-- . . . . ... : .":,t .•. :?,~,'.i,:;,:). . .
( Two or More processeá.,S:ppo~~,no:v that a second and a third relative-
Il.y more labour-in~e~s~'V"ie.:,pro!.ces~. i,s' ..d.evel.op~d for the production oí the

~ -t":,,.'.<'. ~,~.. .' /.\>\:.:'.: ..~~;.:;. ' ' . ,
.same good, na.t~:on~:l' o'~tJ.",.~~;..'-:<iS~~\~~tt.: tp.;r~e processe~ are now available.This

, , ,....~.,.¡ " "\)! :j • ~:>,;'lí'.i; ~.: . '

is represented in Figure':' 4/ ~by:\t~~'. e~ist,ence of two more righ,t -angled cons
" . :{ .. ~ ..•. :.: : , .• t ." . _

tant-product lines for .a:unit ,.of...b~tput a.nd. two a,ddi tional expansion paths,
Dad a.nd Oef.

In addition to the al t,ernati:v'e combinations of fectora which maybe used

to produce s'unit¡ out1?~t r~,p~e~erited .by pó1nts a anc1 e and e, tbe linea ac

and ce also. representc6Inb~tion~.of factors which willyield a unit of
outpu.to It :is po~sible to.; ,be' ,be'twe.en a and e online ac,. for example by us-

o ; . ~;: t.,

ing the first prooess ~!ld the .sec.ond proQess in .different combina.t1ons. If

the resource~a.~~. tal{e~a.way 'f".rorn:thefirst process, output would fall.

But if these r~sourcés' aret~en uS,edin tbe secondprocess, output would
rise •• It canbe'sho,wn :dgOrO~ly2, ~ndmay be appreciated intuitively that

'. ; ,.:'... ',.:--:'. r •. : ", . . •. ,.~. .

there is somé.wi;.thd~awa.lof':::fa~t:9rs .from pr,C)cess l. and subseqllentuse. in
procesa. 2' which will ,.res:t~;e',;ti~put to the uní t level. Correspondingly the
line bd 'represent'é combi.~a:t;:~s,~;::.o~ pr ocess I al.ld process 2 a,nd of the two

factors caPital'~nd :l.abourWh¡~h:are: optimal for tbe production of the x2. level of' output.3 ",.;;:;: . .

In this 'second ..casewhere.' several processes are" available the prop'ortions
in which the. twó facto+,s C8.n be used are noto confined to either the expan-

L! l' recognize that ,ít is f'str,etching a definmtion-' considerablyto call re-
dundant factors 'unemployed.':'.However, since 1t 18 specifically the hy-

pothesis of this paper .tOOt ',the -1abonr cálled 'unEmployed' or 'underemployed v

in underde,veloped area's :La redundant, l sha.11, with tbis warning, use the
terms int ercha.ng eably",' .,,' ..'
~ Cf. Dorfman, op.ci.t~ .'f pp.: ~.~9-41
'J..J It can be s.een by ,d~~vying. a .line from a to e that, for any output, any

combination involvi1?-g proce.s.~.ses 1 and '3 would require more of atleast
one factor tha.n a combintit.ion'c>f' :.p,rocesses 2 and 3.
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sion path of the first procesa or the expa~sion'path of tbe second process9

or both, but may be any place within the a"rea bounded by Oab Elnd Oe!. Thus

the factor endowment El' while inevitably implying some unemployment CYf 1a-

bour vvhen only tne :f'irst procese wa,g avai.lable 9 cannow be fullyutilized by

using' the 'first process'on a smaller scale and S\J1li thching some of the c'8,pi-
" ,

tal' to the second p:r;ocess~ If,' hovvever, 'the factor endowm.ent should be OU~

. side the area..bounded bythetwo expansion paths, a.tE
2

or E
3
, for example,

structural lIDem'ployment, of cap!tal' oapacity or oí la,botlr would ensue in e,xac!

lythe sa,me ,manner,as inthe preceding' case of one procese, regardless of

l:actor-priceratios or fiscal poliey.

r'"1\
\..,

Y
. \ ~,

\r2\ "

\ \
\ \
\
'\
\\

E.2

r1 ~

Figure 4
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( I:f more than two processes are available to the economy, :full employ-

ment of all factors wil~ be.possible ~t.a nonzero wage so long as .the pro-
portions in which factorsare endowed fall on or within the limita set by

the processes with the most extreme.factor-use ratios. This suggest an ob-
servation which. 1s, by now, almost tri t'e: reduction of. underemployrnent in

overpopula t ed. areas reqúires. th~ addi tion of sea.ree fa.ctors. This 9 may, hC!'

;ever, be accomplished in a va.riety of ways, such a,s the use of dry-farming

!rreth.ods and drought-and heat-res.istant hybridswhich increase the land 8-

fjvailable :for farming ••.'-- ..

( In. the ca.se in' \ivhich 'justoneprocess 1a availa.ble, changesin relative
fact'or price'sca.nnot affe.ct the proportións in v{hich fa.ctors are used. This

1s not true when thereare.two or more proc~sses available. Inthis case
factor proport.ions ,employedwill, incompetitive markets, vary with factor

. .

prices'and the achievement of full employment, if technologically possible
vvith .t11e'given .factor endovvm$nt, w111 depend on factor 'prices. In Figure .4

rl'l~?andr3are conatant •.•expenditure -lines illustrating three possible sets

. of factor prices~ rrheliner2 has the special :feature that its slope is e-
lq~ual to that oí the consta.nt-product curve between points.El and c.

Ir theprice ratiO off :factorswereot the rl or r
3

typesonly one pro-

cess arld one .re.tío of 'factors.:' would ..be used, .To employ completely each oí

. th.e fa,ctors in e.n end0Vf!Ilent like El' the veryspecia.l factor-price ratio r2
would be necessary. A factor-price ratio slightly di:f:ferent :fran r

2
would

be sufficient to move 'fa.ctor-use re.tíos away from El to one oí the tsoqtant

ve.1,.9&ti.ces'o. rí[or~over, having reaclled a vertex of an isoquant it would be poesi-

blefor larga changesin rela.t1~e . factor prices to occur without leading

tto factor substitution •....•...

Two G'QOds'and;.'v/o ,Fa.ctors •.. A.n interesting question i8 whether the restric-

tion of the analysis .to only a single -good is responsible for the character
of the conclusion •. By.use oí an Edgeworth-Bo\vley type box diagram 'Vve can CO~

tinue to ha,vethe advantage,of graphic t.echniques without 108s of simpli-

L./ constan. t expenditures lines rA.. and .rJ:) could be drawn analogously to
r2 9 f3.nd 'r1, Vii th a, slope.equál to tht3,t of ce, 8,nd lesa than that oí

ce respectivelyo '
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A

L

ci ty and extend the analysis to the 'ca.se oí tvvo goods.

Let us now assume that \ve have twó goods xl and x2, each of vvhich ca.n

be produced by t\'Vo,fixed-proportions proeesses, and tha..t constant returns

to scale prevail,l only two factors, capital, K, and labour, L, are used.
Figure 5a shows a fev.¡ of the infini ty oí equal-product lines which could be

drawn fordifferent outputs of the tvvogoods. The solid lines refer to pro-
duct 1 , the dashed lines to product 2. In Figure .5b, these isoquants are

use to contruct a box diagram. The dimensions. oí each side oí the box repre-
sent the total 8,mount of fa.ctors available. Any point \¡vithin the box siml11-

tal1eously represents four qmnti tias ~ the amountof ca.pi tal 8,nd the a.mount

of labour used inproducing xl which 1s determ.ined by measurement fram the
lO'Ner left-hand corner, á.nd the amount' _oí capi taland the a.mount of labour

used in tlle x2 industry, m'easured froro .upper right-hand corner.

Figure 5b provides the basis for thederiv8-tion of the t effiéiency locusi

for the t'wogoods x . a.nd x2 #1 Ifproctuction takes pla,cé $.t a.ny. point off this, . .~.. 1
lacus, it is 'possible by recombination oí factors to produce more of one
good vvithou.t dimin.ishing the' oU.tput oí the' other. If along the efficiency

locus corresponding amounts Qf the two goods a.re read off B.nd plotted on 8.

chart as in Pigure 5c, the transformation o.r production-possibility curve be-

tween xl and x2, is obta.ire d.

Tolocate a point on the efficiency locua we must specify a

L2 m

01 L'
_-.>_ ...~!~re 5a Figure 5b 1

L1The assumption of const[ln-t returns to scale i8 , of course, maintained
not because i t is considered the best description of reali ty but for

i ts analytical convenience. f)om.eCOluments 0;0 the effects on the analysis of
dropping this "assumptionare made belovv, pp, 367-8D
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particular amount af xl to be produced and
.find the maximumoí x2 which can sinlultaneo-

l~ly be produced. Graphically,we must move
alo'ng the specifi:ed xl isoquant crossing x2
equal 'product linea until we reach the high-

.est x2 isoquant obta,inable. The optimum pos~

ti.ons achieved will thus be located at tange!!
cies of the xl and x2 equa,l product lines

vvhere the ~i:nesjust touch wi thout crossing.

'Since, in t11e present case, each equal-prod-

uct line 1s made up of segments of straight lines, the optimal positionswill
be corner ta.ngencies. By .repetition. of this maximizing procese for a series

of points' the en~iree,fficiency locus can be determinad •

.SiIlcein the presento case the efficiency locus for the two goods le a r8.-

ther complicated succession. of line segments we sha.11. trace i t out careful-

lYD "Starting"at °1, zero .o.utputof xl.' the ~ximum output of x2 obtainable

is indieatedat point A and could be computed by ~ividing02A by the scale
factor applicable to processx'20 If output of xl 18 now increased relative
to x2' i t will be f:nost efficient, at first 9 to use prócess x' 1 and for x2
to be produced with process x'2; prodootion ofxl would then meve along the

expension patl101B and:X;2 should decrease alongth:e expa.nsion path XV 2 to

point B. In this first s'ta,ge ,capital 1s a redundant fa.ctor and la bour isre .•

latively.acaree" The economic system adjusts to this condition by direct-

ing the 1198 of 'the most ca.pital-int~nsiv~, processes to be used for the pro ....

d1.1Ctio11 of both goods()

As production oí Xl is expanded beyond pointB it would be best now to

use both process Xi 1 a:nd process Xi y 1 in combinations indicated by the in-

tersection oí 02A with the consta.nt-product lines íor commodity Xl as long

as t.}lese i'ntersections lie. bet\veen the expansion paths of x' . and Xi v proc:»
11;

duction oí x2 should continue to be by means oí process .x'2 alone, however ••

This ,second.;stage' is ,ino.icated by the points on th,e segment Be which belong

to both the com.bination' of x' 1 a.nd xv, 1 and,processx' 2- By tra,cing along an

Xl isoquant between 'B.~and e i t can be se.en that shifting to the "expansion
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path 02A makespos$ible a la,rger production of x2 for the particular out-

put of xl than if we b.a.d remained on the pa.th 0IBo As production ofx1 is

expanded in this stage a.nd production of x2 1s decreased, capital becomes
more acaree rala tive to la bOll.r due to tb'e relati vely high la.bour-capi ta.l

ratio of the reSOtlrees released by the decrease in production of x2-

In the third stage, as output oí xl 18 farther increased, it ls most
efficien.t too use only process x' '1- But now for a.ny given output of xl'
the maximum amount of x can' be obtained by use of the more labour-intens-. '. 2
ive proc'ess xt'2 i:n combination vvith procese x'2e The third stage on the e-

fficiency 10000 is indica.ted by line CD.

Finally, still further expansion oí product1on xl continues to be best
done along the expansion path of process x" 1 unti19 at point E, xl 1s

being produced .to the complet.e exclusion of x20 Int~his fourth and final

stage tb.e output of x2 should beproduced only by process x~ t 2-

Onlyin the fourth stage and the first stage of the efficiency locua
v/ould optimum allo.cation imply sorne unemployment of one oí the fa.ctors. In

the ftrsstagethe unemployment of capital for different outputs of xl and

x
2

isind~cated by the vertical distan~e betvleen lines AB anO. 0lB~ In the

final stage the tm.employment' of labour is measured by the horizontal distco

ance betw.een lines DE and D02D

Actually the occurrence and qualitative significance of any of the sta-
ges depends on poth. tech.nology and factor end.owments if process x' vI were
rela.tively mo're labour-inte!lsive .than .is sho¥rrl, i te expa.n.sion pa.th would

pivot to the right .and stage 2in Jj'igure 5b v'l/ouId .be prolonged. As common

sense v{ould suggest,' development of a sufficiently la.bour-intensive procesa
for xl could cause stages three and four to disappear entirely and with them
the possibilíty that there could be an 'optimal' configuratión which invol-
ved unemployrnemt oí labour. A simi1a,r effect vvould resul t from a decrease

in the amount oí labour endowmento This could be depic"ted by squeezing to-
gether the left-and-right-ha.nd sides oí the box in Figure 50. Increasing

the .1abour supply vvould mean stretching the box horizontally. This would not

only increase the range of outpu"t,s associated wi th sta"ge 4 but also, if push-

ed farenough, first elimins"te stage 1, the capital unemployrnent sts.ge, and



then stage 2"

The points ABCDE on the technical transformation curve in Figure 5e
correspondto the simiJarlylettered 'points on'the eff1ciency locus in F1-

1 " . '. .gura 5~~ Atfirst when only a little ~ 18 produced and , relatively, a
lot of x29 we should move along thesegment AB using p:rocess x\ and X1

2
"

Unemploym~nt of capital associated with th1s segment en Figure 5b will be
reduced as vve appros'ch B. Relativa labour 'scarc1ty ie lim1ting along this

I

segment .and ,the slope of the l1ne segment AB will depend onthe ratio oí
the labour inputs of' output of x2 to Xl ~ 'I'he relati ve la,bour inten~1 ty of

process Xl2 compared te> process xll as drawn on Figure 5a accountsfor
the steepness of the segmento

The line segment ED on Figure 5e has an exactly analogous justifica tion

to tha.t for the' segment ABo Labour unemployment will be reduced a.s D is
a.pproa.ched from point 'tSo Capital 18 the only scarce factor 8,nd the relative

capital intensi ty of process x' 91as compared to process XV t 2 accounts for

the fl& ..ttl€SS oí J~~Dq;'

PoirJ.t e is loc3~ted' ~onven1ently relativeto points B and D. lV1ore. of Xl

is produced 8,t e than 'Ett B~' 'though not so much more as produced at point D.•

Likevvise less x2, is. proiduced at 'C tha.n at'B though 'not 'as much lees atD.
The segÍnents Be and en \vill be stra::lght lines as can .be verified by noting

in Figure 5b that9 due to the assumption of constant returns to scsIe in
8],1 processesj there mU.st be 8. constant ratio between cbanges in output oí

x2 along the line 02A betwe.en e and Bs>for example t and changes in output

of x
1
c

It vv-as pointed ou.t v.¡ith' regard to the efficiency locus in Figure 5b that

char:v~~esin factor endovvment an.d' technology could shorten9 extend. or even
completely elimi.nate va,rious sta.ges of the efficiency locus 1) This applies

also to the separata segments of the technical transformation curve4 The

technical transfonnation curve of Figure 50 illustrates all theposs1ble s-
tages vt¡hich could be produced bythis simple ca,se9from unemployment oí C8-
..... .-..-.--~---_ ...••. -.L! In the constarlt«C3returnsc=oto-scale- ca,se, only rela.tive factor ,endowments

a.re importa,nt in de'termining the shápe oí t'he tra,ns:forma,tion curvee If
the absolute fs,ctor endovvments were' cha'nged vvhile.relative factor i3ndowments
remain constant9it v/ou.ld amoUnt to sliding tile north-east--and-south-west
vertices ofthe box onthe connect1'ng dia.gonalo
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pital to unemployrnent of labour~ It should not be presumed tha"t this re.nge

of possibilities will actually exist in a particular system at any one
timef). B.ather, i t i8 the hypothesis oí this paper that technology and factor

endo~'VIDents in underdeveloped areas a,re such that a segment like DE, in which

labour is redundant, is important in tbeir transformation curves.
To demonstrate the importance of demand conditions for employrnent when

the conditions assu.med in the present hypothesis exist ,\ve shall draw a trans-

forma.tion curve in Figure 6 cons1sting only of stage CD, a.long which there
i8 full employment of both capital and

labour, and the labour-redundant stage
x, . 'DE. This can be envisaged as the result.••...

of ahigh ra.te of population grovvth

which has stretched the labour axis
very fa,r. TNe can now see that actual 8-

chievement of full employment depends
011 the rela tive demB.'nds for tlE two goods •.

ThIarket basl(ets vvhose composi tion falls

a,long eD will allow f'lll employment~

2tlong DI:!;labour will be redu.ndant • .A geo-

metrical demonstration vlhich is suggestive, though lacking in rigour, can

b~ fiven. Suppose that thelines 11 and 12 represent two different possibil-
ities for 'the cOn1.1Jlunity's indifference curve for the two goods. Only in
the case inwhich the indif£erence curve is tangent along CD will optimal
output imply full emplo;rment. The community must face a con:fJict in goals

bet\veen f'ullemployment,and maximum val1;le of output if 12 is in fact its

indifference curve o 1 Ex:~endingthe analysis to include many goods would
Cll'------_- ....
.L.J A major qualifica,tion to this élna.lysis, still on the static level, is

the possibility that the shape and position oí the community indiffer .•
enee curves mightnot be independent of the' particu1a,r processes or combins,-
tions oí processes 'svb,ich a,re used, To ha.ndle this difficulty i t WOllld be nr.
cessélry to determirle theshifts in income distribution \vhich result from
changes in factor pricesand to explore the differentials in tastes of the
recipients oí the different types on income.
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vviden the ra.nge wi thin which factor endovvment s could vary wi thout unemploy-

ment of one or more factorpresulting. There Vlould, however, stHl be no

gua,ra,ntee tha.t the composi1;ion of goods demanded would always hit on a full-

~mployrnent point.

It may 8.180 be observed' that if 1t is poss,ible to buy and sell in fore-

jgn trade at price ra.tios betwee~ the slopes af en and DE, full employment
vvould a.gain. b~ possiblE,! th~ug~ .not necessary.To determine whether or not 1t
would. resul.t, i t wQuld ,be necessary to knovv the reciprocal demand.s for ex-

ports and importso
'.It would be possible to elaborate this model now by investiga.ting

the implications for the analysis of market imperfections such as were con-
sidered .in thepl~evious seotiorio This extensionwil1 be postponed to the

following sect1on, hO'Wever~ and applie4 to a model of underdeveloped areas
des1gned to be sorrievvhat more realistic •. A.s it sta.nds the present analysis

gtves US9 1 believe, important insight into the probJems of underdeveloped
areas" lt' preserlts a hypothesis 'which helps account for the inflationary

tendencies of underd~veloped areas under the impact of programmes designed
to raisa effective 'demand, and for the stubbornness.of unemployment in
such areas •

.The 8.!1a1ys:Ls oí' this .section a1so provides a more precise de f'ini tion

for the itechnological unemploymentV ment10ned in Measures for the Econo-.
mic Deirelopment of Underdeveloped countries •.1Technological. unemployrnent

rnay be a rea.l.problem for underdeveloped areas if it i8 defined, -as in this

section9 a,s redtmdant labour arising frem resource a.nd technological res-

traints and .the str\]C ture of demand e

..
110 A I\~ODEL .OF-U1-r.DERDEVELOPED A~ID

.OVERPOPULA irEo. AR.EAS2r Though the analysis crf the previous section is suggestiye, it :lS hardto

believe thata.ll of the unemployxnent. and.tmder-employrnent in underdevelop-
ed areas r~presents 11tera.lly usel.ess' Ia'bour" Moreover, the assumption of

1-/ United NationS9 Department of Economic Affaire (New York, 1951).D lam particl.lla,rly.indebted to P.•N~ Ií.osenstein-Roda.n for discuss10n of
the issues raised in this section.
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orl1ya' fevv alternati.ve processes .arid ti .qui te 11m1ted renge -for substj.tut~on

offaotors does not seem to ,fit well thetechnolog1cal cha.racteris tic~ of a

numberof importa.nt 'industries, a.s, for 'exa.mple, a.grictllture. 1 ahaIJ.

a.t.t~mpt; therefore to' move tow8.rd's greater realism by use of a two sector mo-
del (one seétion wi th fixed, an.donewith variable coefficients of product-,

ton) and .!n:vestiga.tion ,of thee.ffects o! narket imperfections in such a 8yS-

terno ~ro t11e'assumption' oflimited opportuni t'tes for substittltion in some in,-

,dustrie's 18 :add'ed .the .hypothesis. ,tha.t 'in many other industries there 18 a

. considera.ble. rang;.e of..variability in. the proportions in which factors can beGsedo ...

3

;.x,.
1 '..;;.L

x'3

'lí'igure . 7rrt will be use:ful te initiat~the, discussien under the assumptien that each

of the tvi¡O sectors pro dtC.ethe ..'sanie-':pro d.uot. Suppose. that in Figure 7 the
.consta.nt .•...productlines .of.the fixed-coefficient industry B.re represented by
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l'
the l1ne's Xl' x2., •• o, and the.consta,nt-product linea of the variable 00-

efficiEmt ind ]lstry by the, lines x'l' x '2 • • •• •. . i)

The outpt.rt ,xi.oould. be produced, 'Qythe .:factor combinat1on and techn1que

represented ~y"point l, ..or any ot, the 'faotor ,co~.b1nat1oz;ls. \1Si~ tbe var1able- ~
proport1onstechnú~.ue~epresented by thel1ne x' l. Moreoyer,. ~ollow1ng the
reasoning on page 356 above, U ia" alsppossible to produce Xl by s1multane-
ouslyua1ngboth the. fixed.-coef,fio1ents ~nd variable-ooefficients techniques' •

•All af'tbe lmes' 'Nhióh \couldbe;drawn. f~ point lto line x' represent e. comb-
inat~onofmethods whiehwouid produce output Xl; all such linea fe.llbetwe;n
the linea la and lb .whiéh .are drawn from po~nt 1 ,just ~~ngent to lineo x' 1-
The'effic:tency locusvfor specif1ed outputs can be tra.cedout bedetermining,
for givensunounts of' ,one ofthe facto;rs, tbe min1mum amount ofth,e other .fac-

tor necessal:'Y'to produce the output. 1f this 1s done foX' output X¡ when very
,litt:l.elabou.r 'isava'il~ble,i1i 18 'be~t',~o produoe by the use of the variable--

, , '

coeff'ioient~. pI'joe,e,$, alone;a repr,esen~,at1ve, faotor use for this oase 1e at
point ~po'J\smore labour bécome~aiaile.ble themin1mum amount of capi tal re .•.

qu.ire9-'to; prqdt:tc~, ..~l 1's .:found, by eliding dovvn the varia,ble-ooeff:iciente oons-
tant-produ.ot' l.ine 'to :'p.dint a., Lina 8.1 represente d.ifferent oombina,tione .0£

, ,.. ,i" - '

thévar1ableMcget'fiaient's techniquelooat~d at a and the fi.xed-ooeff1c1ent
, ,

proce~s.:When the"laboura,vailaple ie 1'urtheX' 1ncreased, the min1mumamounts

OfcaPital:ne~~es.aryt9 pro~,úcexl a,refound bymov'1ng alone l1ne al. As lab
our 'sva'ilable '''is still' fut,thertnorelltsedthe 11nelb isthe,next segment of

. I ~ . • '

.f: ' , ." "

th.e.ef'fio~enc~;J..ocusused, f.or reasone a.nalogous to ,those given for tbe use
, of: s'egment,alo'Final.1y, "when la.bour 1s 1noreasecl be'yond the amount ave,.ilable

atpo1nt, ,b,aga1n only '~he varielble-coeffioi-ente me'tJ:1odshould be used to pr2
duoe Xl-

Output x¡ could also be produced 1:;>yprocess combinet1ons and e.1I10untSof
f.actorswhioh'do not .11e on. ,the eff~oiency, 100t16, oí course() Line pl repres-

U Although ,th~.,con8tant:-proq.uct linea for the fixed";"coefficients sector
are 'drawn ir' Figure 7 a,s', if "only che procesa 1s available, tlfe demon,- ',.

strat1on, ,1s'perfeotly 'generai' and ita ,1mp¡if"tations are ápplioable when more
than one process 1~ a,vailab,le fol' .the' t'ixed~cóefficient industry"U lam,1ndebted ..to R.' $olow ~o.r, tpe ,cri:tioismofa previous paper wh1óh

led to'this "formulat1on., .
,;'
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ents a series. oí such combinations, using in varying proportions the va.ri-

able-coefficie11tstechniques locatad at p or n and the fixed-coefficient pro-

cess loca.ted .at po.int 1.Any combination of methods a.long pnl, however, \vould

result in highercostsfor xl than amethod found on the efficiency locus; me-
t:hods along pnlcould a180 be used to produce la.rger amounts than xl- Of

course, many linea like pnl could be dra,'vvn between a 1 and. the vertical por-

tiono! thefixed-coefficient xl isoproduct line a.nd, analogously, between

lb a.:nd tb.ehorizontal port.ion .of .the fixed-coefficient isoproduct line (1 Lines

like 1m, Di which many could also be, drawn, represent combina.t1on of method.s

7ihich v'lould alsoproduce xl' but require more of both la ..bour and capital tha.n

points on the efficiency lecus. The bounda.ries of lines such as 1m are the

,rertical and horizonta.l portions of the fixed-coefficients xl isoproduct line.

~iiguré 7 embod'ies the constant-returns-to-scale assumption for both the

fi.xed-coefficients and vari,~:3ble-coefficients method. This i8 not necessarily

the [flost. ree.listic O:r relevant, .assl;unpt1on hovvever, nor does the re la.tive po-

sitj"Ol1. oí" the.t\vo typesofcurves9 or ,the shape of .the veris,ble .•coef:ficients

isociurnits n.ecessa.rily correspond closely to rea.lity. It is useful to recognize

other', sp:eeia.l. ca,ses v{h:i.c.h ma.y have importantempirical significa.nce. In

Ftgur~e 7'<) for e:.xa,mp.le¥ only the extremes of the isoprodu.ct curves of the vari-
, " ','

. . . .

able--coefficierits technique \vere apart of ..the efficienc~~r locus for any parti-

culór output9~.nd, aSdravm, relattvely little $ubstitution Vilas possible at

such ex:tremes.It vvould, oí course, be possible to draw figures in which the

'effi.cient t isoprodu.ct ridge lines follo"J the variable-coefficients lines so

as to allo\y substitution offactors over a considerable ra.ngef'

::rhe effect.' of divergent rat.es of ret,urn to scale on the shape and slope

of the constant-product ridge linea isillustrated in Figure 8 for one poss~
ble set ofrela,tions, In the fixed-coefficíents process i t is assumed that

there are il1.Qreasin.g ...returns to sea.le (shO\Yn' 'by cecreas.ing ,dista.nces betvveen

xl' x2' x3' along any ray fróm the orip:in). Inthe variable-coefficients IDe-

thod constantreturns toscale are the:rule' (shown by constant distances be~
tween xll' x'211 X13, aJ,ong a ray from the origin). In this example, the eff!
cient isoprodllct lines cbang~ their. shape as OlltpU.t 1e increased e For OtltPU.t

Xl only the variable.-coefficients. constant-product

output X2 the 'efficient' isoproduct ridge

line is relevanto
lineinvolves use of



thesís assuming .that eélch sector proéhlces a,. differ.ent commodi ty. The geome-

trical representation 6f thi s, ueing t!;le box diagram technique 1ntroduced in

the previous section is'prov¡ded by Figure 9a •.The. assumption that for xl on-
ly two alternativa processes are availabl.e 1s.:ma.intained for convenience;

the resulting prOduction~POsSibilitY'Gurves'forxlare shown by the solid
liD.es G lJ:he assumpt'ion OÍ. var~a.ble coefficient é iri: the' prodl1ction oí x2 is lim-

ited to the sector betvi~en its ridge' lines becau,se' a.t thes'e ridge lines the

marginal 'productivi tyof one ofthe fa.ctora becomes zero and further input of

thisfactor wou'ld have"no effect on output •.1.

Figure 8 provides the formal basis for
soma useful deductions. Changes in factor
prices which m1gbt at one scále of output

induce shifts in the proportions in which fac-

both the fixed-and varia,ble-co-

efficient' techniq.ues.. Finally ,for out'put

, ,x3, only the fixed-ooeffic'ent technique 18

'efficient ~and the .rid.ge linea involving the

vari'able-coefficient method necessarily have

a positive slope~'

:x: ' .. 1

x'
x 3
'3x2.....-.._-x', 2

,,
1 tors are usad, may not induce súch shifts
~
~ Figure 8 at a.nother scale of output or may only pro-, .1duce. smaller sh~fts. Likewise techniques .of. prodootion tlot feasible at one

scale of.production may'become ma.ndatory for ef;ficiency at another scaleo

In l11j..gures 6, 7é;lnd8i t is parti~cula.rly olea.r t~,t in" ~rder for the sys-

t.em to t1."lavel a,long its 'most eff:1.cient production isoquant it 'is' necessa,ry

that factor pr'l.ces' be fle:x:,ibleo. Factor .•pric'e rigidi tíes would make parts oí

th.e efficient COl1Stent~product lines .unattaina.ble for profit-maximizing busi-

!~essmeno .
,- ;Ne can.now go rapidly through'an'analySis of the two-sector modal hypo-
I
t

./~

The production fun'cti'ons for xl a.nd.'x2' are reproduced in the box diagra.m

1-1 It is assumed tbat there is no d1sposal problem and, thllS, that the pro-
ducti6n isoquants do not bend-back on themselveso
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in ~1gure:9b: the ,di~en$1ons of tbe box are determined by the factor endow-
!ments .1 USingth,s bo:¡cdiagram we can trace out the ef'f'iciency locus f'or
\\' . .

'~ the two prod~cts by repeatingly asking the question, 'For a given amount oí
~ . " .

!X¡ wha.t isthe maximumamount oí x2 which can be produced?' In the prooess

of tracing. out the effic1ency "lccua, the transforma. tion curve can be dra.wn
for the' two goods •.

'.Sta~ting 8,t 0l'~ero output of' xl' the maximumamount oí x2 producible

16 giv~ by 02~~If" theo.utputof Xl. 18 increased relativa to x2, 1t would,
be IIlost .e.ff1"o1ent at f'irst' to 'us e procese., x' 1 for xl and to produce x2 by

trave1tl1ng ~long ita 'mo'st eapital-intens1verid.ge'line. 02A. Th1s representa
optirna1 beha.viour up to pOint, B, In this eta.ge al though both produc te are be-
ing produced cap1ta~ .16 a redtmdant fa.ctor. Th1s resulta in epite oí the ver!
abl1ity of' coef'f'ioienta in produotion of' x2 beoause outside the upper r1dge
1ineOf'x2caPital. ha$. zeromargina1 produotivity. Sta,ge 1 is represented on

. the t.ransforma.tion' curve in. IP:igure 90 as eegment AB.

K "

o '
1 --rr--'

Figure 9b

The eff1cie~cy locus fraro Bto'C 18 traced out by f1nd1ng the sueces-
sionof points at whic~ th~ xl .co~sta,nt-prOduct curves touch the higheet x2
constant-product curves. Inthis stage process x'l wi11 be used f'or xl and

a varying eombination of' f'actors íor x2• The segmentar tbe tt'ansfbnnation curve

L.! Again bnly t'he ratio ofthefector endowments is important as long as
consta.nt returns to sea,le le aS,sumed.
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for this sta.ge9BC, l/Nill be c"urved' as equel 1noreases in product1on of ~

along x' 1wil1 notres~lt in Clllnst~nt cha,nges in o-qtputof x2• Only along

raya from. the orig~n 02 v/~~l e.qu~l .distanQesimply equal diff;erenoes in out-

pti.t of ..x2- BC ..~ill be concave to the ori-
gin as is'normal' for transformation
c~r.ves; ..grB:ph1oally.1t can be seen that
.smaller and smaller changes along x'l are
need~d in order to move aoroes equel
o~a,~g~.~. ~n. out:put oí .~2 •. As production

moves 'fromB toO the points at which x'l
oorner~ tOllC~ the x2 isoquants w111 be
c~arac~erized by smaller and sme.ller

. ~lop,~s on tl1.e x2 isoquants, oorrespond-
ing .to the decr,easing cap1tal-labour ra-

t1Q used .~n t~e product1on of x2• At
lt'igure 9C:i '..s<?me 'poi~t, C, the oap1tal-labour ratio

in x,., will. b~oome. equa'¡ to too capital-labour ratio represented by the ne
, ,::.

gatively slanting portion of thex1 i(:loquants. A ra.y from the origin 02 to
point e will intersec:Elveryx2isoquant at a point with identical slopea.
Thus CD, thath~rdst9ge oí tbeeffio'1eno1 locua ando the tr~msformation curve
\;1111 b(l the.l1eries. oí tangenc1es oí ,the negat1vely, slanting portion of the

xl 1s00UElnts,.'repres~nt¡ng'o.omb1nat1onof troceases xi and ,x' t1 end the X2
isoqua.nts alongth$ ray 02C.The aegment of 1he tra.neformation curve corres-

pond1ngtoCD liea'ona rsytrom 02 andthtiethe equal jumpe acroes the xl
isoquan.ts vdil markóut oonstant changes in produo t10n of x2•

Atpoint Dand for fuÍ'ther increaees in output otx1 relative to x2 it
would be best to use only procesa Xl' l for produqtion of xl- The segment of
the transf~rnat1on cu~ef'. PE,'oorrespond1ng to DE on the eff1cienoy loous 9

is . curvad .tor .reason,s .~'1m11ar to those whj,choreated the ourvature of segment

BCCJ

. The fina.l s.ta.ge of' the eff1Q1ency locus 1s the labour unemployment stage.
'rhe marginal productiv1ty of labour ha:s. fallen to zero in the x2 sector and
in a pe.rfect fa,atar market wa'ges. would 'fall to zero. EF represente th1s final



'stageon thetransforma tion cUrve in .Ii'igure 90 #1

ABCDElli'in, H'igure 90 is the full transformat1on curvefor this case"
~ There are now curvad a.s vi/ell as straight-line-segments, and the k1nks char-

.acteristic of the previous tra.nsformation curves bave disappea,red. 1

IrlFigure 9b~ as 111 Figure 5b9 1t 1s possible to v1sualize the effects
of structul"$al chnngesby altering the shape and posi tion of the product1on

iSOUllr'?nts for ekJ,ch product . 8nd the d1mens 10ns of the box.

'The bOJe diagram approoch helps toO clarify tb.e imp11ca.tion of the differ-

.eneas i~n.~rubstit'utability in the f1xed-coefficient and variable-coefficient
sectorsc It 18 clear 'that theoutputs at \'{h1ch one or another fa,ctor becomes
redl1ndartt lvvill be determinad by the ¡,1mite of subti ttlt10n in the var1ableCll#oo-

'efficients sector a.no. the rnost extreme labour-a,nd-capi ta,1-intens1 ve process-

es inthe fixed-coeffj"cient s!9ctor, not by the discontinu1ties of the latter
sector éD These have ot~ler important effects. however.

S',¡ppose that the respectiv(: dema.nds for output are such tbat s, large pert
oí .tl'le avr:t11able capital 1s oravvn into tha ca.p1'tal-1ntens1ve and fixed-coeffi-

cient sec'tor" The Dmou:nt of labour wh1ch ca"n be e,bf30rbed in theee sectors j s
dependen.t ell trje amOU!lt; oí ct;Jpitn.l a,va.ilable. Slnoe capital i:J a aoaree faotor,

labour, em,p~oyment 'opportuni ties inthis sector aIre 11m!ted by 1te av'ailabil1-

ty rather tha:n by dernan.cl for output. The relativelY' plent1ful L~,bollr supply

18 then pusrled in"te tJ:le va.r1able-coefficient seotor andabsorbed. there as

long as. 'the margina,l v~alue' productivi,ty of labol;r 1e higher than the wages

'1t receive8~

In tl'l:ts oa.se9 as in tlle mOdela of thé preoeding sections, unemployment

is not due to lao'k of effective .demand and a,s a result cannot be relieved by

conventional cont.racyc11ca.l eco"1omic. policy d..esigned to stimulate spending.

If employment opportunities in the fixed-coeffic1ent sectors were limited ¡'y
capital scárci ty 01~ sorne other .resou.rce bottleneok 9 an increase in demand ra-
ther than stimula.ting addi'tional output "v\fould only creste inflat10nary pres-

sures" 11kewise in the variable-coefficients sectors if the marginal product-

..L! Being off the efficiency curve, i t ma,y be notad, is like being on an i-
soqua.nt Inl in the sil1.g1e-good case. Of, Fip;ure 7 abo've.
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ivity of la~our were zero, .the first effects oí a,n i11:;':l~ease in dems.nd for
output \vould be D.n inqrease. in prices \:v1thout an 1ncrease in production. If

more.of the scarce factors were made aV8.ilable to the f1xed-coefficient sec-

tors~ more 1abour could then be employed and would be used, it there were an
effective dema.nd for ita output. Additlonal amounts of the acaree factors in

the vt'Jriable-coefficients sector wO\lld aleo increase labour product1vi ty and

outpl:r,j ií~ dern;::J.nd were Eide(p.lE1t~.

It is possible in th1a case oí two ~ao~orBf one of fixed and one of vari-
{:.'l)lecoeffieients, for a divergetlc8. to ex1st between the full-employment out-

J)'ut and the outptlt wi tll maximum value, just as in the oase of fixed-coeffi-

r~ient proceBses fol.~ each of tVIO goods, as depictedin Figure 6 aboye, This

could result even if there were !10 market 1mperf'ect1ons. If, in Figure 90,
'tl1:'~ eommu.llity indifference ourves were like 11 rather than 12 so that the tan-
genoy occu.rred in the cap1t~.1.•scarc1tYt labour-surplue stage, the divergence

(1:0111d e'¡cis t QOr¡ the otl1er 'hand, commun1 ty••ind1fferenoe curves sh'3pea lil{e 12
'.'¡ü\.4.1ú IneO.fl tha,t i t v{ould be posaible for full •.employm.ent output and maximum-

1alue outp'ut to bE' i~dentical. l'his dem.onstration 16 au,bjeot to the same

.~.u;;~.lifiC'[3'tions .8.pplied .to the one •.good oase.

\7ttl~lOU.t ernpirical lmo'//ladge, 1t i.s not poeeible to evalu~te oertainly

',}18 .r'~ l~:l'ti ve impoI' tarlC e oí eachof ~he etagee af the transforma tion curve 90.

-'T<'h/'j v';'!.r.i¡ a(Jüo:cdirlg to the l'lynothesia advanoeci here the transforma tion curve
t tor un.derdeveloped areaa \vould oo~s1st ms.1nly oí the high labour-intensity
¡ éJ.nd labour-unemplo'J1T'ent se~ents such as DE and. F,E.
'--- ,J~~ t)~.

\,
r- -Jo have thlJS far in this seotion assumed the existence of competitiva mar-

l;'ets 011d profit-maximjzLng' entrepreneura. 1Neha.ve shovm that , even lmder
.nlcJ1. o.sDllm,ptions, technolo'gy, factor endowments and final demanda ma..y combine
j.11 'va:ys 'Nhich make i t very d'~fficu1t for underd.eveloped. arass to solve their

tproblelns of lmemployment and unde~employment. It 18 possible nov to broaden ~
I

~the analysis by combin1ng it with the analysis oí the effeots of rnarket 1m-
!

\perfect1.ons discussed i"n SE-)otion'l to de~erm1ne whet further problema are
I .-

Jcreatea. v.¡hen sorne of the assumptionsof' competí t10nare .dropped.

Behind the transforrna.'tion curve liema.ny fine adjus tments as factors are

nhifted froro onei.ndustry to another and rec;:ombined in va,rying proportions
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to obta1n the ma.ximum outP1.J.t from'one industry for given outputs of the

other industryo 'It has b(~e11assUIned in der:lving tha transformation curve
too t the necessary ~.dJus tm(3nt ~!ou.ld be e.ccomplished as they wo\;üd 'be in a

perfect fn.c.tor ma.r:ket. Bu.t flexi1?,Llity vv1t}lill .Nide limite 1s required to

actliev~ every pos8ible posit1oI:1. on a trana,tormution loous auoh as that in

(Figure 9c. iVben lmperf.ect1ons and r1gidi t1es OÍ var10us types obstruct the

'rnovaln.ents of fa.c.t,o:rs a.nd pr~cee:1' the sy~~tem v/ill not be al,le to ach1eve ita

opt1mum -tr~l'laforrna,'tionour'\re bu.t w111 1rlstes.ddo nobetter tha.n to move 8-

long sorne otilar, less than 6ptimal ourve. Lim1ted faotor~pr1ce flex1bili-
ty rnay be 0\1.1te L~e:r1ous ~!hen Bit lea,ot one good 18 prod.u.ced wi th fixed-co-

effioiellt prOCaS(3eSo Ifrigid faotor pr10es renc1er a, ~elat1velY' l.abour-1nt-

aYls'1:ve procesa '.mprofita.ble, 1ihe only a,l tnrnati ve prooese may invol ve a b1g

jump to a qui te (~a.:)ito,1 .•in1jansi,ve procesa EtS weel é10 a drast1c obataeln to
substitution in "the var:ie,ble-coefficients prooesa.

~3ince 'Na tare :~Hn~teI'Hst,ed in. the effeot of 1mperfeotions in tlle factor mar-

lcets, it \Nill be 'i..l~3eful to disting'uish traJ'lsi~o:r.'mat1on Cllrves V\'h,ich aseume

perfect adjustmel1'tt3 1rl 'tne factol~ marketsf th.ese will be oalled 9 teohnioal
-transfonna'tion curvesp

• 'CCransforrnat1on curve~~Jv,¡}'d~chte.ka i11tO acoount market

imperfections will bE) ~iifferent fromthe tec)hnic:al tre.:nsfOI'1na:t1on curves,
; .. 1

these le.tterrelati.onfl ;','1111be de.s1g.nated 'm&.rket transformetion curvesll•----.--__ .-.---,-,-~--- --.-,--_ ..
'Different types of m3.:r~k3t imperfeotions will creEtte different types oí ah1fts

8.vvay from the "tecmlical transforna 't1on ourve, so there 1s not one ma.rket
tro.nsformat1on ourve fo.:c eGlch tecn.~1oal transformat1on curve but many.

I.t lIlay help to approximate :reality to assume that factor-pr1oe ratios
in th.e v~)riable-coeffj ..c:ient;s sector a.re rela,ti vely more flexi b].t:l th~n thost'J

in 4tb.G fi~ed-coeffJ.ci ent s sector .(are rela tively more flex1 ble than those in

the f'ixed-coefficients sector} l,fhis Ínight resul t from differentiaJ strength

L! .'rhe effect of fact;o.r-market i.mperfections in. sh1fting the rnarket tra,ns-
formation curve .irJ.s:.tde the technical t!tsnsforrr,a.tion curve has been point-

ed out and analyc~ed. f'o:r.:- 1rlternatir)nfll tr~.a.e by G., He.berler, 9 Some Problems
in the Pure 'I'heory CJf Il1terna.,tional Tra.de! t The Economic Journa 1, June 1950,
LX, 22:3-40 and by 1>. Sarnu.elson, 'ipvalua.tion of Real ~rational Income9, Oxford
~conomic Pape~s, Jan. 1950, 11 (N.S.), 18-19 for welfare economice; others
have probably also noted the effect.
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oí union organization or susceptibility to government wage controls.Suppose
for example, that by'means of union press~es or min1mum wage leg1s1ation
real vvages of labour were rrllintained so that in the fixed-ooeff1c1ents sec-
tor thQ Jabour-capital. prioe rat~o was eet aboye that represented by the s-
lope of the constant product curve combining processes xl a xli in Figure
9b; the factor~pric~ ~atio in the var1able~coeffic1ents sector may st111 be
assUInec1 to vary freely. The cost~m~nimizing comb1nat1on of factore 1s deter-
11ined for any partioular output at the po1nt at wh10h the produot1on-poss1-

Ibility sohedule tor that output touchefJ. the loweet expend1ture line. If the
prodtmtion-poss1bility sohe6ule has any slopeat. this 'po1nt, 1t 1e a oond1-
ti.on oí' equil:lbrium tha.t this s¡ope be equa,l to 'i;hefe,ctor-pr1ce re tio' whioh

determines the slope of th~ expenditure line. As a result under the present
-:lssUJnptions process .x'i wOl;J.ld.never be usad, It would a,lw8,Ys be more prof1t-

d.ble to use procesa x' l. a.lone in produc1ng xl- The traneformat1on ourve
~ould be ABCGH in Figure 90; this 1s below the teohnioal transfarmation
otlrve G;nd has a, much longar ranga of unemployment. If both seetora were cha::-

.1ctI3J:'ized 'by f3uoh h1,gh,. intlex1blet'actor-prioe rat1os, the economy' e tran~
. . 1

1?ormo't.i.;n curve ~yvOQld appr~ch ,ABOJ_.

:;.)arr1ors 'to the movement. of :f'aotors would have the effeot of m.ov1np.: the
üHj.:ck\~t 'transformat1on cu:rve even furtner inside the teohnical traneformat1on
ot:trV8 and i~creasing the range over \vh1oh a fa.atar 18 red'W1dan.t.

rr'f.l'1S i.:~perf'9c.t1ono in fa,ctor marIcata have several un,des1rable effects.

'rhey reduce the amount of goods ava11able and oreste a w1der ranga oí oombi-
nE1tions oí goode over \r{h1ch labollr may 'become unemployed, depend1ng on the

struc tnre of final demando

Although the etfects of rigid vvages on the, transformat1on curve of the

econamy are clear~welfare judgements a.s to the resulta oí removal of the
:ea,ctor-price ri gidi t1es are subject to the same qualifica tione as in the pr!

l.-:rious case. Muen depends on theeffects of a change in methods on the income ~

ldistribution, :'lnn, via incOme distribution, on community preferences.

U Barriera to ca,pital movem~nt createq bymonopoly may eraste si tua,tions
analogolls t o th.Qse descri bed 'sbove resul ting from la bour-market imper•.

fections.
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The :jnalysis aboye i8 based on hypotheses ~N}Jich .ca.n be tested empirical .•

ly t~rld. \Vl1ich des~~rve to ,be given fa..C'tU:::ll.conten.t. l~jmpiricaJ,. testing requires

~neasllrt-:rm.0nt of tl~.Le prGport~onS,il"l íNbich prOc1tlctive fa.cto:rs ca,n be and are

actual.ly u;sed Ct I~~:3sen.t:L311y tb..e objecti've of such resea.rch woulb be an invest-

iga ti)n oí" produe tion f\ln.c.tiont~.

1\1thou,g;h -the eoncep't of .the producti.on fllnction has been familiarfoI

sorne t,ira-e, it:s. enlpirical i]1Vestigªt~í)nba~39 .as i8 COmmQ11, been neglected with

irrl'port~ir.tt notev/orthy exceptions. In tIlin c()nf~xion it should be notdd too t even

thou.gh i t i:;1 ~)().mHtim.eB p:reserlted as a.n ana,lyt1is' of prOdtlcti ve processes. a.nd

.l"L~~~t:?l~:;linolof~Y, :LS ta.1{en froTa thHtheOI;¡ of prodllction, input-OtltPU.t ana.lysis,

as it no~:! stan_c.~'S9'doeB 110t- ~eveal thi3 tecl1:n.ologies actuall;~r in use in en eco-

e ~For' t}liB pU.rpos~ a rD.ucb. l1ig:her deg'ree of disaggrega.tion tJl!o'llld be neces-

sary th8J:l is ellrJ:-er1tl~l praeticed' 01 appeaJ:'B feasible. Interindustry flov/s may

3tr~C)ngly J:'E::flect h:Lstorica.} incide.nts ,by \'vJ:1ich certain technica.l processes

are coneel1tl~ated il1 a pa.rtt.culn,r. sector v¡rlicrl suboontra.cts for other sectors.

Or1 j.f SiID.ilal-- tocl1.rJ.ieal ljDcesses are vvtde1y 11seu, t:he irltt1rill.dllstry flows in

el p;irtic'tllnr year 1-18.Y refle'ct difC'.erent cy:clj~cal patterns irl i.tldustry; one

illa ..Ustry prod~Lcing at. i ts eapa,city may subeorltract to 8l1other' industry wb.ich

11£3.8 equiprnerlt car}able 0:[' pf:rform.j,.n:~ the nec;essary operations and is cyclicalc:»
-¡

13' depress(~do,l. Studte.s of capital coefficients m9de for input-output ta.blas

do indicéltE:9 hOV1lever, 8, rnetbodw'b,ich can be l1Sed for a factor":;'proportions stu-
r1 2\)yo

:rIle objecti ve of the pl'iocess anslysi.s 8,pproach newly developed a.t the

~.?£lnd COl~pora.tion is exaetly the empirica.-l determination oí' production fune-=»

tiont.' I1he emphas.is oí' t1:1e process analysis approach i11 esta.blishing all the

alternatives on a produetinn-posBibility schedule, iNtlicll is essential for

pl-"ogra.mrnirJg 9'i8 sOlnE;~.,.:'ifhD..t d:ifferen.t frorn a factor .... proportions stlldy. For the

-lJ rr.11is point in .madt3 \tvith force by 11, :~Jarko~vVitz in J?rocesss Ana lysis of the
lV1etal ':,7orking Indu.stries, ir})e li-and Co:rporation (Santa" T¥Toñica~ 1953)9 pp.

7-8.2J Especially t11e st-(ldies 'mr?,de'by the Inter-Industr~y .Analy'sis Branch of the
Office of Ohief Bconomist, Bl~eau of Mines, U.S. Department of Interioro
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la tte~ ,study not onlY,the, 'ran'g~ ot .poss1bilities but the rela,tive frequen-

cies of tl1.eir ,useand dynamip" oon'siderat1one' ~nvo¡ved," in choice are 1mport-
, l' '''--,. • , ,"'

a~t" The methods of proQeSf:l ana::,~y's1~ oan. als~ be used f,o,:, a factor-propor •.
tions stud,y, hÓlv,ever.

For' the study. of ..,faotor proport,1-ons I twogeneral appr~ches seemtobe
, . ,

available '. ,The f'1r~t,.'suggested by 1npu't-outPl1t ~tud1e8 ofcap1tal.coeff1-

o1en1rs ,a,?ld wh.~oh w111~e called, the, t p~Cluot'ana11e~s' method t 1nvolves:a'

o~ne,us ines(oh plant Qtud.1 e~ ,oí th~ s,m~unts of eaah type, 'of 'faot'or I óf PJ10-

ducti6nused in the expans1onof the out¡)ut of. a pe.;-t1c\11ar product. The
second' method, basad "n' 'c'le.ss,1f'i.'Cflti,onsof .teohn1oal proceeeee, requ1ree

'"1 • "

the .determiIW tion 0'£1:1'113com~inations of fac.tors. actua11y used \':)yfirme to
.."performcerta:i.n' stf"n~a~d1~edt,taskst. Theaeapproaohes to thefaot,?r-pro-,

port1or~ ..s studyare ,llotX1eo~s~er1J~y"log1qally eepara,'tet nor ebould they al-

ways b.e comp¡etelyd.1ff.erent' ~n ~..pp11oat1onf~he great ad,vs,ntage of proces8
" ,

~na,lysi,s ~n' prec.ise ~detlt1fioatlon,.of' ,outputsa811 oompensate for the weak-
, ,1,\... " , ,

1'.le1SS Qt P~oduct fJ,nalya1s \Jt¡hsre ,mult~~produot pl~ts are 1nvolved. The advant-
, . .

'ag:e '0£, 'proo.,m t analys1s' in 1nolus1or~ofa:ll oont':r1but1ng 1nputs san be 1m-
. .:

portánt when, usj,ng the Pl'ocess .••~alrs1£i1 approach",here it te di'£f1cult to 1.•.
...s,olat.: 'th~o,Orlt,ribution;aof all 1np~te. Thus,1t 1e .1mports,nt in particular
CH1~esto have1nminda,m~thodcomb1n1:ng both theproduct and process ana1yses.

The .application Of ..p~oduct ,analysis' ban be madein two \Vaya: (1) By

.abstr~ct1ng the, data requ1r,ed trom ,the en'g1neering plana whioh a,re prepared
,when a néw i~vestment' 1s und,erta,ken, and ,'wnich ,l1st the construction.equip-
ment, labourand mater1ale .:required fOl'1¡b3 opera,tion of ~he p1ant. Aocount-

..' '" ~
ing 'r~cords:ofnew 1nveatmentexpens~soOtÜ,d aleo stlpply part of the neces-
sary tni'ormation. :(2) By mean~ot'factor inventories' af ex1ating plantsto
provide forthese p!$Ilte¡the intorm,at10n which,the investment plan analysis
provid,e's for ',newexpa~'s1ons.No, eas'y B,nd ~utomatio' applicat10n of product a-

nalysistechniques 1$ !pose1b~e in theface,'of p1;'oblemssuch as those rais-

. ed b1 multiproduct firme andthe measurement 0'£ tl1e expansion ot capacity_
These pr.obleme can often.be, ~v.e~oomet I.,bel~e~etto malee this a fruitful me-
'thQl" .,,'

l'X'oceset a1?'a,lysis 1e basad ón tb:Q.'oonoept19'n thats,ll produo't1ve activ1ty

7.



-~)o.

can be di.vided i11tO slaptara,te tE~ch!lical, processes wi th similar outputs whose

inputs call be :tdf3n'tified a.~;~l~ccmr.'sred. Process analysis thus provides another
~ logically satisfH.c'cor:r t3.ppr'oaer: to study of.factor"proportio:ns~ The process-

analysis approach call 'mor,:~ovelJ pr-ovlde the be.sis for a companson of factor-

propo.:c'tiollS by fin::ll ~i)rodu,:}ts, an.d tj1tlS for anindepenclent check of factor-

propoX''tions com.p1tt(}d by tri,;} prodtlct-i,nalys1s method. Thie ~.uld be aoh1eved
by deterrnirling t:he appropr:i.8,te. phyai.::al processee ando levele of aot1 vi ty ne.•

.ceSf.3ary fol' the ()u.tp'u'~ of :~ p8I"ti.ct\li3,l;' final ,product end aggregat1ng their
ff..J.ctor inp,utse ~rb,e pr()c;:~du"t'e just de.3cr1l¡~q ia., in fact, that actllslly used

in modern engi.neer:to;g p.ract1ce in, pl;lnt and equ1pment dee1gn 'snd layout •.
The diBadva.!'rtnge ol tJle pr'ooess~.a,na¡Y's1 s approach, ,however, stemm1ng

:.f.rQmthl-~ l(irlds oí intorjj8. t:Lon which '\Tould. .be ger:erally ava1la ble o 1 be11eve

Occurs pr'ec.isely YJ1:Lerethe product-a"nalys1s metbod 18 strong. The id Ortna-
tion fOI~ th€:; prooeos-cn1.alyn.is a.ppraa (}h must com,e from the ~eoo;rds of inputs

topart:i.c:uJ..élr prOCHSi3Uf3 eUld, tb~ec,e rec.jords, beoa.use oí' the ,p.úrposes for vvhioh

tlley ar~1'kept9 'nil.l ~seldom be suffic:Lently detailed ano oonprehensive a,s to

't11e.i11PU't~~ inv"ol,red iIl l:.l .pJ:~cess. Ae a restllt i t fNill 6ftE~r.l be neoeseary 111

l#tsirlg t~,;e pl'oeeS~l-t«nqJ.~yrlis a,pp:ro~:),c~ '"Cc estirce:te th,e oont~r1btlt,iorlS oí vindi-

l'llect' inpu.tl-;1 ,1;0 thf~ p11ooesBes.' studl ed •.

A mejor f3011I'Cl: ():C :1.nforma.tio'n for the applioation of the process-analysis
G-lipr08,cil m-3.Jr l;e th; tj,mH 'cEirder lr.ept .by many firms, These card~ 11st tor each

worker the time' vvhi,cl1 he t~lkes, :3t eanh type ofmaoh1ne v'Ihich be uses to per-

fonn.. the ~p~rat.ionE; or:t t~epart1CLtlaJ.' p.1ece. These oe.rds \'Vould ha.ve the ~-
'bour illp.Uts anO. flPr.),(~hiti.eB specified for partiou¡s.r task$ and often conta1n
other USt~ful. data EJS well. ,Thejo'b stLeets vlh1ch accompa.ny production orders

are als o sourcer3 of tn.f,,+,!lW tion a:3 tr.~y ¡1st the time per uni t and in total
~ required by each type of' mechin ..3 fi11d pJ;'ooess to fin1sh a lB rt1cular 1tem"

CC\:N'CL1J:'31 01~S

In, tllis pa.per EJ. .rn;mber of d:L:t":t"I(~re:nt hypot11eses ha.ve been developed. and

combined for ttle ptxrpos é oí e:~cpl~3:l11irl.goU.ts.tandtn,g fea tures oí sorne under-

developed e.,rea.s: tbe peI"SiE:te]:1cf~ ()f ,vnemplo:yment and underemployment, the

coexi~~tence of' vrnqdeI'n ~c:api~t€tl-Lntenf)1ve 'techniques and m,eth,ods u.sing a
great deal OÍ ~abou.r anO. li,ttle 'capitaJ,., '~.nd ls.rge different~als in factor
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rf:lturner iri d.iffer~ón~s.ectbrs. 1 'ha.ve suggested .tl::e,t to [;1.. considerable de..,
greé tbese ':c'01,1-(1~tions 'may',be 't1.le':r~'sttlt9f' '~-l f"et.' characteri.stic oond.itions:

f;?,lctor~ma~k~t .i!upe'r'feotions., ando ...li'm:tt'ed techn'ieal S1J.bsti tlltability of feot-

orS9' V:/1th. d'ive~genoee. be.t~Neenthe pI.oportion.s i:n ~Nnich, gooc1s .are de~and.e(l

. and 'in '\vh.i.c!J. ~heY'Qari b'a s~lpplied\,i"ith ..fttl1 lis'e 'ofa.vailable faotorse
. . .

.Factor-nlarltet. irnperf~ot,i'O~s ""Jh.ich .1trn:Lt fac,toI1 !nob11~ty CIleate eJn'ploy-'

'X'I1!.3ut,pl~oblems ':.'1n.'1mdt~rer;lp.J.('j:yed .areas 't~vitb 'lOVl per oapita incomes a.nd l1m.i t-

ed capi t~l :r't~s9).)x'ces v\fhich a.re '.1.Jo.t ctiffer¡3nt: in kind but are mU.oh diffE:~ren't

i,11 de~r'ee' fromtr:108f:.~ ,ex:isting.'in themoJ;'f~ adV8,nced cOttntries.
)Yhen th'e ..propOI .1;:Lons "1.n 'v'.rhiol'l. fS(.1 to:r.:a£> 0(;111' be combined ~lre v~:rria.ble Tvvi th-

C)l;.t liDli-t, f'ee.9' v~ith .deCr(:;rlsir:igl)Ut'al~Nays positive' rna,rginal returns to ls{IQ

bou~r~ e..d.diti6r1~+ ¡élbol,lr/cat1 .alv~a.ys '.px.od.uce e,lddit:ional' output. If theteohn1-

c~,~,lsubstl tutabilityot fL;l.ctors 1e limi't e.d, '~'s1s E3uggested here. the poss1b-
ility of .'la.bour. 'ry~dllnd.8,rlcy'aris~es. G'V(;j~! 'j~f tl1ere a.re són1B ¡'~H3c-tors in \N'hich

labour' aiv-~a.ys. 'hp\s a p~at tive marg'1na.l .prod.'.l.ot there me,;y' be a,' d.1vergence be~ .
.t\.'i¡~.-..e.n. '.rn ..0: ".•..'1..•.ml.."''m..' 1.".-[.:;..l u~., .o'.,'.+.l.t.')'.f.~+ ..:. ..:r,.l,u~~..,<., , ~"'n"'\l~~'rmt:)l."'t. .Qut..pu'.' .t.. l-"P .t.hf:>..~1:\ .i. s-. 1n~u f'f.•.1._.•• 1 - - -'-+ -..e. \A;." ',!,'~4 ,'1;0" \ •••••••••. :,'\ y _ -,H - •.••uL"J ..... \..'cl"'''''''''..L.. . : " <~,; .•. ~",,'" '..,.' ._..._.,.,.,~, __ ._: .. _

?
t---....
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more important fOf ,theundard()"veloped f;l:t"8¿,:;; "?!hQse reso

.terJ. 'r;o.t sui t'e'el 'to ..the .fr~ctor Pl"'o})o%<tipn~'.- di(~ .te. t ~.~tj by t1-~l~:~
1:,'11riOMnent a,re 01'-

'''101ogioal lea-
: 'dfSt.iSh~p' of advanoe 'oo'urJ.triea .•' J)iffer(~nC;~lS . ~n' inoome di::3t:~.y:tbu:t;1()n élnd the
. ra.Dt~'e',.of prbduats.",}1~~Y ~l.~o 1Yla~(e'l¡im:ited ..t~chn:Lca.l Sllb~1'tittrt¡;lbl. a more

p.res~-lrl{~: px:'pblem .in. underdevel'oped than in "ac1'va.need. ar~~J.~).

'. ' .


