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It is increasingly apparcnt thL the rL::ifications of the "green 

revolution" extend fal bc.tyond the ag:i.-ultural sector. rhe ne- techno­

]ogical chann;es in agriculture offer opportvnity r treatly accelerat­

ing tha rate of growth of employment and thei-eby achieving a much broader 
and morc ecuitable di';tribution e' the bcnefiJit of ecunoLI1c developlment. 

The two papers included here pcent; the conceptual basis for a major 
research thru,'t into the relationship bctwceen technological change in 

agriculture and increalsed einploya ont. 

In "The Po].iticel Lconpmy of ] ,Iploymret Ori ented Dao-e.opment" .e 
examine the irmplications of thr2 new high yielding grain varieties to 
policy for agricultural dC.velop-ient ,and to various npects of general 
econom. c development including the choice of iuduw.rial structure, the 

choice of production technique, the domestic savings rate, the scale of 
industrial orgcnization and the level and composition of trade. 

The precepts concerning technological change in agriculture upon 
uhich the first paper is based are examined in the context of a mathe­
matical growth model in '"A Labor Supply Theory of Economic Development." 
That paper presents a general equilibrium system for a dualistic economy 
in terms of the food and the labor markets. It examines the effects of 
change in: (A) agricultural output and factor shares induced by techno­
logical change, (B) population, and (C) gro ;th of capital stock in the 
nonagricu.;.tural sector on (1) the supply of marketabi c agricultui'al 

n.
ei b
surplus, (2) the equilibriumn :tevej. of nonagrictturad empioy (3) 
the eqluilibrium teans of trade between agriculture and industry, and 
(4) the eqilibrium real. wage. The model also exe;lnines (a) the rate of 
growth of nonagricu]J.tinlaT employment and its relationship with the groarth 

of capital stock ove- tirme, and (h) changes in terms of trade over time 
between .griculture and nonagricultural sectors. The presentation, like 

any matherati cal model. involves a number of simplifying assumptions. 
Thie model, in particular, emphasizes the role of technological change 
in agriculture on the rate of groth of agriCultural marketings and the 

potentials for nonagricultuiral employment. Another model is now being 
prepared based on this first model which incorporates a third market, 
the capital rrarket, into the formulation. 

A third. paper entited, "A Firther iote on1 Dualistic Models," by 
Uma J. Le.e points out the basic relevance of dualistic models to anal­

ysis of the implications of technological cbange in agriculture to 
overvJ.l development and then states thw basic :hortcomings of these 

models as cndrent].y developed for the purposes of vie.,ing contemporary 
technological change in the agricultural ector. That paper provides 

useful background for the basic model presenLed here. 

weA series of empirical studies are underway in which are testing
 

various parts of the forinuatior ,set forth in this moO,c].. Thetse cmpiri.­
cal efforts include istudies of the tech'nol%;iiel biat: of urrent agri­
cultural technolor and their first round effects on the distribution
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of income and level of marketings. Another series of studien iv exai.. 
ining the employment potentials in the agricultural sector as they
relate to the new technologies in agriculture including both primary
and secondar-y employment effects. Special attention is being given to 
the problem of allocating rural labor amongst various al.erna Lives 
subject to the various restraints of food supply, capital. and adminis­
trative talent. Other studies are concerned with the special problems 
of small farmers in a context of rapid technological change;, the vqri­
ous factors which affect movement of' rural 14!bor to emplo,,yment oppor­
tunities, within the context of' technological cbange Ji agrict_!tive,
and the special. relationships between development in thc rural sector 
and increased employment in small scale industry. Papers reporting
the resu.ts of these various studies will be ;lssued in this series. 

The papers in this series are part of a larger ser-es which *.n'2ludes 
papers from a previous AID research contract concerned vith the role and
 
function of agricultural prices in economic development. !iany of those 
papers, particu.arly those concerned with intersectoral resource trqns­
fers have relevance to the curreit research on employment and income 
distribution.
 

John 1-1. Mellor 

Ithaca, NW York 

June 10, 1971 
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THE POLITICAL ECONOI'JOY EMPLOYlr1E ITOlIE2, ):,EV1.Lc) HflIT 

UMA J. LFIE AND JOHIU 1,. 1ZLLOR 

I. 

Unerployment and maldistribution of vealth are no-v. at 

center stage in the drama of economic development, Prime 

inister Indira Gandhi's sw,,eeping election r-ictory) bascd 

on Garibi Hatao--don ith poverty, is to be consumreiated 

through greatly increased employment of the poor. Through­

out the developing world population growth has added .mmensely 

to the army of unemployed while economic policies have failed 

to increase incomes rapidly -andhave raised employment even 

less. Unfortunately, however, increased employment exacer­

bates the equally explosive prob.em of inflation. As thc 

poor are employed and spend their incomes on food 'and other 

consumer goods, prices tend to rise. Most governments then 

sacrifice employment of the poor to restrain tho price 

increases resented by the urban middle c]ases. 

Here is the dilemma of the employment problem and it 

is this which gives special relevance to the "green revolu­

tion." The new agricultural technologies can provide "I.he 

food needed to complement increased emp.oyrent. Conciu'rently, 

as agricultural production incrcase,, the employment generated 

purchasing power of the poor can prevent tho fall in price.: 

which would dull incentives to i: 'asant agricultuoralist . 

1 



Like .ose, the greater purchasing power of L7:icuturalists 

provides demand for increased output from the industri,1 

sector.
 

The utopian promise is in sharp contrast to .idely
 

reported realities of the "green revolution," All too 

often income inequity and unemplo-yvent haxc been dramati.­

cally highlighted by the new high yield varieties of Crain. 

As compared to smaller cultivators, the larger farjers 

can better afford the risks of innovation and they wie:ld 

more political power over the developmental agencies which 

provide access to credit and the crucial purchased inputs 

such as fertilizer, seed and perticides. More .t.i'i" , 

the chasm separating the kulak cultivator from the landloss 

laborer is drastically idened as -yields per acre rise 

increases Introductiondraatically, and en-ployment little. 

of labor intensive irrigation Lnd multiple cropping mpy 

reduce the rate of increase of disparities but the dispari­

ties remain and grow until additional action i s taken. 

For laborers to receive the benefit of even these secondary 

effects, the political environment must be favorable and 

econoyic policy astute. The benefits for the p:,or do not 

as for the rich,rise autcmatieally from the system they do 

danger system that increasedAn additional from the is the 

J, culti­profitability of farndng tempts landowners to esiine 

vation of their tenancies and thereby convcrt pour tonants 

into destitute laborers. 



-If the extraordinary promise of' the emerging agricul­

tural.technologies is to be realized, drastic change in 

policies tow-.,ards employmwnt and industrialization will 

be needed.
 

II 

'Past failure to generate rapid increase in employmerit 

can be largely explained in terms of the ascendant theories 

of economic grow.th and consequent policies of capital 

intensive production and import substitution. Such
 

develol-nent strategy i.ias prompted by emphasis on struc­

turing the economy towards heavy capital goodE production 

and reinforced by assumption of low grow.th potonrLal 

for exports. The domestic capital. goods sector was to 

be built vlt an early staige of developiuent to force immediate 

savings and investment and to refrain from long run reliance 

on imports. At the extreme one first produce&, rot food, 

not fertilizer, not fertilizer factor.;es, but the indus­

tries i.ihich produce fertilizer factories,
 

It was also beliavcd that minimization of employment and 

tjereby of consunption in the short run w.iould conserve 

resources so that they could be ploughed back into further 

expansion of the manufacturing sector. The conclusions bhat 

folloi.. from such assumptions min oe stetcd succinctly but 



rhe lower the 2,ate O1simplistically as foilowzi: 01" PrmoWUH 

-the short run, the higher their 
employment ond consumiption in 

for itIt is a bourgeois approa ch,
levels in the long run. 

die in the short run.is the poor who 

intensivethe precticc: of 	ce.pit,a.
Contrary to the 	theory, 

has resul. ed in relatively low rates of 
industrial expansion 

of those industriesis because the coupiexitvsavings. This 

the prophecieseven IronicallY,
caused low profits and losses. 

for exports hLve been fulfilled precisely
of low growth potential 


rere based on that initial assump­
because the policies followeE 


little immediate

the low income countri.s have

tion. Clea'ly, 


income counterparts in
 
comparative advantag;e over their high 

sophis.­
export of capitai. intensive products, India's highly 


are classic examples

ticated Second. and Th'.rd Fivo-Ycai' Pl.ans 


es and conscCquLences.
strateiof these various asu~zptiofl5 


much of Latin America are less precise but
 
The Philippines 	an. 

still cunfomding i.lustrvi.ons.
 
' -
of the irnv(',,. ' m e nt and 

UnforLunetely, though thu hopes 

belied it is unli.cly that 
capital. goods orientation) we.ce 


mid trade
enployd'en, consumor goods 
an orientation toward 


vithiout a technological

would have been Generai.ly oucessfu1 


in the 3.950's ,med
If In-,,in aericu.ture.breakthrough 

nt the otherwise feasible 
1960's had expanded non'armnienloyrment 

http:Generai.ly
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rate of 7 percent per year, the added expenditure on food 

of the newly eanployed labo'ers w.,Tould. have driven up real agri­

cultural prices by I.'ougjhly 10 percent per year, Not only would 

the econoiic base for growth in etmployment have been cut off,, 

but the situation wo,ld have been pglitically Unacceptable 

as well. W'orld supplies of Tood w.orc not avai].able on the 

massive scale ner-ded to back employ ient-oriented growL.h stra­

tegies in the developing world as a whole, even though indivi­

dual small countr'ies such as South Korea, Hong Kong and Sitga­

pore have been successful inmatching employment growtrth w.rith 

imported food. 

I
 

Precisely because develop',ent policies of the past two 

decades have.been consistent with the old reality of stagnant 

agriculture, so the new reality of technological breakthrough 

in agriculture requires a nev, 9tratcgy. Accelerated growth 

in -food,production provides striking opportunities for reversal 

of the lowT employment, 'basic indust"t approa.cho Such a 

change has far reaching imp.ieations not only to the indUs­

trial sthcture, but to the choice of production technique, 

of industrial o.e.ianizsa­the docztlc savings rate, the zcale 

tion and thb level and conpps.tion of trade. Durther, because 

ofitsdintribu-ional bias tow4rds the rural elite; 
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technciogical change in the agricultural sector, may itself 

be turned into an engine for growth in industrial emiployent. 

The t4pper income rural people who receive the primanj 

benefit of the newv yield-increasing agricultural technologies 

already eat velL. * Conseqtaently, they arket the bulk of their 

additional production and thereby suriTjport grwthh in n-.2farln 

employment. This contrasts to traditional means of increasing 

agricultural pyoduction through labov.-intensive methods of 

land reclamation and more careful crop husbandry. Thus, in 

India of the 3950',s food grain marketings increased little 

faster than production; by the late 1960's, the new technolo­

gies bad causc4 food grai n arkctings to grow about 60 percent 

faster than production. 

Unforti.matcly, the potential for increasing employment 

provided by larger food 1.arketings may easily be lost by inappro­

priate supporting policies. If increased domestic: food produc-­

tion is used only to replaxe food aid no significant increaloe 

in nonagricuitural emplonnent will occur. If th food is 

exported inste,., of being conswumed domestically, growth of 

eraployment will 6epend on the manner in which the foreign 

exchange is used. In mnost La;in American countrie, the pattern 

has been one of investment abroad or incyreascd imnports of' 

consumer good,; for upper income c).asses, instead of alleviating 

the domestic employuent problem, If the foreign eCxchange is 



used for import of capital goodu so as to f.rpand the domestic 

industrial sector, euploYnrent wrill increase. How much employ­

t.he technology of ­ment increases will, of course, depend on 

industrial .develop ent. The tendency has been to fritter away 

capital intensive industries. Mexico seems to
the potent-lal on 

addingbe a classic vr,sc of the agricultural breakthroghs to 

to accelerate growth
rural income disparities but not being used 

of industrial employment. Taiwan and Japan illustrate particularly 

progress to increase employment.
successful use of agricultural 

food imports cannot be reduced or exports increased,If 

landed classes .ill press for pricethe politically powerful 

high agriculturalsupports arid govurnmcut purchases to maintain 


an
prices, Mihat policymakers often fail to realize is that 

employveot oriented policy increases demand for food and thereby 

without other action. It is thusmaintains agricultural pr'ices 

Landed classes will receive a payr-off froomobvious that the 


the strategy for main­technological changc no matter what 

taining prices, i.e., .hether prices are maintained by increased 

exports, reduced imports, builcding of stocks or increased employ. 

ment. jaborers ill, however, benefit only from increased 

is obviously the latter. Unfor­employment. The best strategy 


tunately, the ).andoaning classes, vith their desire for. expedi..
 

ency in delivery of benefits, do not support the employment
 

option. 
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T e rapi("..r rising income of n-roperous lando.mers and 

gr o ring tax base for the support
peasants also offer, a large and 

revolution"of cnplo ment prograns. Even prior to 	the "green 

Latin Averica is notoriouswere undertaxed.the landed intercsLs 

incomc rural people PEY
in this renpect and in rIlndla upper 

urban people in the
only about one-third as much in taxes, as 

same income brackct. 

the taxes which could supportThe ).ended interests evade 

high agricultural pricesemployment programs 	 and maintain 

of the inasses. It is those tendencies,despite the poverty 

revolution
founded on greed and ignorance, which 	turn the green 

new agricultural techuo-'
red, not the underlying nature of the 

iogies.
 

IV 

rate places
Sharp acceleration in the agricultural growth 

forexpansion on programsthe imi.ediate burden of employment 

for purchased
rural public works. Fortunately, increased demand 


of food,

sup-plies suc:h as fertilizer and increased maretings 

the agricultural brealthrougb greatly
both of which accompany 


labor intensive rural public
incrt:.-se the rate of return to 


schemes, and

wor's such as roads, landleveling, ia.rigation 


Some of the iucreas"ed food production
rural electrification. 


mTay thus be us:A 4:o fe..d au expanded rural labor force wbich
 



increases agricultural production.in turn facilitates further in 

In addition, adroit handling of productive public works may allow 

are not available for distanttapping of local ta: bases that 

central government purposes. 

exists amongA disturbingly high degree of scepticism 

effectiveness of, such investment.bureaucrats regarding the 

with some reason, that resources allocated toThey believe, 

rural public works will disappear in the coffers of local poli­

scale of political patronage. Theirticians and enlarge the 

of many such schemesviews are also influenced by the failure 

in the pre-"green revolution" environment of largely subsis­

was lit'.e econlrl-c incentivetence agriculture in which the2e 

for villagers to support such schemes. 

The increased etiployment; and income consequent to agri­

a more than proportionate increaseculture-.ed growth cause i.much 


in the demand for fruits, vegetables and livestock products.
 

and pro-
These in turn use large quantities of both production 

the basic food griins sector is stagnar t,
cessing labor. As long as 


on labor supplv and output demand prohi­
however, its effect both 


of these types of agricultural
an increase in the productionbit. 


of livestock products, grain shortages

commodities. In the case 

also raise the costs of production. A rough estirate for India 

shows that the "green rovolution'; and its ancillary effects 

http:culture-.ed
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are consistent with an increa:se ir vilk production alone which 

could provide a'50 percent increase in annual e~ployment ana 

income to the 1.5 million lnlless .tabor: families, Thee secon­

dary potentials in agriculture :vequire substantial public invest­

maent in now fortms of research, education, credit an market 

developmont. 

Wi.c one set of policies expands rural employment, care 

must be taken not to allow other policies to throw additional 

laborers on the markhto Tenants must be protected from eviction 

by avaricious lando-imers. Small farmers nmu-'st be assisted by 

reducing the risks of imovation and increasing the availability 

of' credit and productICn supp3ies. Loborc:rs inust not be 

capriciously displaced by machinery. Mechanization i s a 

particis,!rly complex issue in i.Atich bad po*icy may destroy 

many jobs, hfnile a. selective cffort m-'ay ctullly jncrc-e produc­
tion and total mploynent through reduced costs of transpcr­

tation, improved methods of water distribution, and the breaking 

of labor bottlenecks, 

M4anufacturing ond serv.ce .indu.stries ust be the principal 

long run source of e,?anu'd. mployrunit. Rapidly rising incomes 

of' agriculturalists con 'acilittute aceleratcdgrowth in indus­

trial cmpJ.oymen, throitgh inmm.caxcd dem.,n!l and acter savings 

and investment. It may be n , -rsarrto reinforce there teI­

dencies wi.th a rd.st.'_bu.on of income crnd additional investnent 

incentives. 

http:rd.st.'_bu.on


Econoists have for too lorjg been the jesters who ration­

desires of the rich to.keep'their mioney by stating
alized tlhe 

that 	growth requires invtveient and savtirn and that the rich 

tnore than the ,poor. In mamy couitxieS the rich riot only
save 

.s
save little, but the .!,vate).,n of their corsunp tiOil loaded 

of doucstic produc­intens.mve Vientowards inports and capital 

incocme hands vould 
tion. A higher proportion of wealth in lower 

in many countries direct consunption to.;wards products providing 

ld ive melt rates. :In 
local jobs, and rife vavingmore 

.newly profitable local industries as .0ll, Latin Aerica is 

of income in orderredist.ri.butionreplete with countries needing 

or.± d ihdu~trial structure. 
to foster a riore euplo, rent 

that the high gro,th rate countries such as 
It is not accilent 


have much broader distribution of

South Kirea and Japan2Taiwan, 


+6untries as the Philippines.
ouchincome than lower g '6woth'rajc- e 

Rapid exmanThion of smlall scale ind.ultries, both directly 

goods and ancillar, to larger scale
in the production of consumxr 


for eq.ployment
of the moost effective nearsfirms offe.s one 


is sewing mechines, bicycles, transis­
expansion. Producto sach 	 I rm-a.., tools, andL 


tor radios, ag)ic.:uI.mtural ivpemntsand 04toothere k o a
 

potentia. for T.eing vanufactured
machinery hove considerable 


scale iiudu -rie thzat make "many

in whole or in part in small 


scale industries

lobs 	per u.iit of capital thon do the largemore 

?.accmenlt chi,'.s of deverpfcfnt.
introjacetl undcg- moderon im;1ort d1 ..



121 

In addition, in absence of vn organized cv.ic.a. riou'et and of 

investment oriented price aLn. fisca.l poLiLcies in the agricul.tural 

sector, small indus;tries provide on efficient Ilay of fostering 

and mobilizing small savingrs in the agricuItural sector. Develop­

ment of mediuu.md m.all induLr.ics maIy ,Iso bypaFs the route 

of the rura]..urb-an dichoto'my follo-aod by vost indus;ri.lized 

nations of today and the soci.~l, politii.al and ,-Ivil.onjlenta. 

of small scale industrieaconsequences of that route. Developnent 

requires large public investiienL in rower and transport and 

attention to many special problems of credit, reatioris vith 

large scale industi, and access to expcirt markets, supplies 

of raw materials ind machine-y. 

All the emtloy:cn'to mer.ure.s here v,.r'del1nicated izitiallm 

more profitable vn.nd prosress uore rapidly where agr.culture is 

already prosperinrg most, Consequently, 2rolosive ,idening of 

regional incoine disparities 1-: one of the most intractable 

consequcn'eos of the "g,en revolution." it is the poorer class 

in the bachward repeions who suffer the greatest .nequity in 

economic development. 

Unfortunate.yi the politics of regionalism reiwf'orc3 

already difficult econor'ic problcm by restricting freee transforan 

of food to these regioui and of surp.s a ..v.ebor ay frivoi the i 

thus seriously hawpering a re,.oio.n bc.ia.'nv in .evelojv, nto The 

liml.ted cosL benefit calcu' a' ons convtitJ.onn,*Lly un.od in thre 

http:Unfortunate.yi
http:politii.al


and aid giving agencies
allocation of investible funds by planners 

further reinforce regional imbalances. A fresh view jaust be 

taken of thc problems of inte',regionaL resource al.location 

multiplier effect of investments in mind.
with a much longer run 

wigs in lajkistan have 
The economic disparitie- between the two 

vividly brought homo the stark effects of narrow cost benefit 

analysis.
 

V 

In the past, massive foreign aid in the face of 
a stagnant
 

countries towards capital
agriculture has pushed low income 

least comparaive
intensive industries in which they have the 

This has meant high cost production, relaively
advantage. 


for repayment

low rates of return, and consequent poor capacity 

of loans. The aid giving agencies bave also encouraged low income 

countries,the technolog- of high incomecountries to adopt 

suited to different proportions of capital and labor. 

a new impetus
Success in the agricultural sector has provided 

which cater to the
for development of agricultural technologies 

physi, al conditions prevaillnl in low incooe countr.ies.
different 

sectors of the economyeffoxt mu.st be launched in otherA similar 


suited to the economic condition of
 
to evolve technologies 

abundant labor. Foxeigrn aid can play a significant role in 

scientifir infrastrpcture. To do so
developing the ncc'ssay 



will require that program d-vuloptlent and alpr-aisa). make less 

use of foreign consultants and their technologic.l biases end 

more use of the rising rew-earch and dcvelopaent capabi litics 

of the aid receiving nations. 

Carefully used, in conjunction .ith a buoyant agricultural 

sector, foreign aid inay suiply the canital to complement labor 

using industries. This may lead to low cost production, high 

profits and increasing capital formation. The contrast of this 

approach writh the capital intensive one may explain why foreign 

aid has been so effective in some countries such as Taiwan and 

South Korea and so ineffective in others. 

Since the agricultural breakthroughs have been significant 

mainly in foodcropsf sho'rtage of other agricuitural raw ta.terials 

such as cotton and oilsceeds, axe now likely to be serious con­

straints on employuent c-pansion. Foreign aid could play a 

particularly significant role in identifying and supplying 

these commodities in the short run ond in providing technological 

assistance to increase their production in 'he long run. 

The form of aid thus needs to be complementary to the form 

of the development process, WhIere the agricultural sector moves 

rapidly there iiay be a need for foreign aid in the form of capita. 

goods and foreign exchange. If the ngricultural sector is stag­

nant, hovever; mid hence inhibits the growtb of employment, 

foreign aid mnay emphacize develo-p aent of the techno).o,.ical 
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for fostcrrn.g the sced-fertilizer revolution.infrastructure 

While these longer term policies a: e being implemented, food 

in balance with growth
aid can be used for expaviding employment 

in capital. East Pakistan is particularly in need of the 

latter ztr?.teg,. 

a lhbor iatenoive industrial sector
The development of 

also has significLnt implications for expansion of trade. 

Demand n.ll expand rapidly for many Lypes of imported raw mate-' 

The immediate
rials and capital goods -to combine with labor. 

often viewed by planners as 'unfor­
need for foreign exchange is 

tunate. However, Ahat i s not recognized is tlat development 

intensive industrialof a growing 	 domestic a,rk.t for labor 

prepare the oav for eventual export. The experience
products .ay 

of Japan and Taiwan and more .?ecently of India demonstrates the 

of labor intensive goods, not
large potential for exports 

only to other low income countries; but also to advanced indus­

increasingly 	dear.trial nations where labor has become 

Sudcess in exports may cven a'Jo.ow supplement of domestic agri­

cultucal production w:ith rood Aripoiti, to sustain a soiiewhat 

faster growth of employment than i-:ouid oth-ritlse be possible.
 

food imports by ComTmunist China appear to have

Commercial 


oriented approsch than that

allowed a much more employirent 


India could profitably develop
followed by the Soviet Union. 

rice imports 	 fromi Thailand for the same purpo :#. 
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In the long run, expansion of trade is to be preferred 

to aid as trade encourages speciolization in those types of 

However,comodities which use more of labor 	relative to capit0l. 

useful role during the interimforeign aid can play a pexIticula.y 

period when demand for imports of capital and raw mater: als out­

strips.the l.ong run export capability. 

a posi-The oevelopmental approach outlincd above provides 

tive alternative to the capital-intensive, import-displacing, 

coun­low-employment grovth pattern fol.lowed by many )o'.r income 

atries. At the theoyetical level, ou. approach eriphasizes 

consumer* goods orientation. We contend that this would. eccel­

erate gx'owth of emplomvent, savings and exports. We have shown 

is a sinc: non for suchhow release nf the food constraint qua 

detemniningan approach. Several factors p.ay a crucial role in 

whether the potentials offered by technological breakthrough in 

agriculture arc fully exploited. 

First, although the miagnitude and the nomntum of the 

tie rcvo..ution is asgriculturvtl revolution inwia be disputed, 

fait accopli in the i,,portant sense that the concept of agricul­

owoverz if thetural d.eveloprrent ha' been crasticolly changed. 

iyriad scienrLific, admnisnitrative, inzstitutional .rid po.itica.l 

not vttenGcd CL(i.-t:tyintricacies of the "green revolution" ave 

the roevo].utiou "may h:b. 



17
 

production*
Second, both to accelerate growth in agricu3.tri 

effective poli.cies are
and broaden distribution of benefits, 

needed to extend the "green revolution" to 
small farmers, to
 

confine farm imechanizationtoprevent displacement of tenants, 

rural 
to the few soci'Ily desirable finctions *oind to expand 

employ-ment through 	diversification of agrinultuire; Pn11d develop­

rural public vorks programs.ment of productive 

for a
Third, success in agriculture provides opportunity 

Governments of ml~ny

fresh look at industrialization policies. 


countries are geared to the ideology of lage 
public sector
 

and are often neither willing
capital-intensive enterprises 


to cater to the needs of a
 
nor equipped administratively 

oriented type of industrial dcvolopn e nt. 
more atomistic employment 


not be deemphasized, but it. moay

Public sector investment need 

need to be redirected. New industrial policies may need to
 

to private investment and dis.
 
be coupled i..th encouragement 


import oriented conspicuous consumptioin by high

couragement to 


income groups.
 

be sought more zealously.

Fourth, export mar'kets must 

have often followed .i policy of too
Industrialized countries 


little action on the que2tion of allow­
much rhetoric and too 


from lov. income coun.,ries.

ing imports of competitive products 


ith the lol- incon-,
the onus often liesOn the other hand, 


poor qta.-ity st;,ndarsh, and.
ofcountries' lack 	 ,.iti at.vc, 



delayB 'fin.deliveries of goods. Improved agrieliturai 6,od e, PlOy-­

to the reform of exportment conditions should give impetus 

and import policies. 

strong argument for acce.erating tlpFifth, a must be made 

a r 
flow of aid to low income countries. American aid in pa:tiZic 

countries
has cltindled to appallingly low levels while the poor 

sharing the income of their faster gro"*Jng
are lectured for not 

The agricultural breakthroughs,regions with their laggard ones. 

which foreigr assistance may claim a significant credit,in 

lor incomeprovide new potential for self-sustained growth in 

for a carefulcountries. Our analysis emphasizes the need 

which groi,:th is fositered hhrough
examination of the manner in 

a clear need for a short run increase in iwhi le
aid and 

growbh of agricultural production is acceleratinig.
 
To vaintain a high growh rate in food production avid to
 

foster employrent oriented industrialization obviously requires 

that go beyond the tokenismiow income countriespolicies in 


symbolic nationalizations. It also
' 
of socialist slogans and 


from the birh income coatrics th.mi pious lect:eS

require's more 


nd boot strap development,
about f-ee trade 
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A Labor 	Supply Theory of Economic De:velopment 

John W. Mellor and Uma J. Lele* 

Macro planning models for lou income countries typicaily 

emphasize growth in per capita coi sumptio, -,ver time at the cost 

of immediate gromth of euiployment. This generalization includes 

not only tha earlier simple aggregative miodel-h of Harrord-Dnnr 

and Fel'dman-Mahalnobis, but a considerable number of thc recent, 

more complex multisectoral, intertemporal models. A lov employment 

c..omponent in these models is a product of' the assumptions on 14bich 

they are built. For example, these models generally assume a 

low grow.rhh potential for exports, .limited foreign aid and hence 

a balance of payments constraint. Most i.portant thcy assume a 
-

technologically stagnant agricultural sector, a sector vhicb 

..produces up to half the G'P and an even larger proportion of 

these models .often assume o domesticconsumption goods. Further, 


savings constraint or assume that output is only prodeccd by
 

capital.. Employment thus becomes only a by-product of gro.:th of
 

output rather than being an explic-it variable.
 

The employment question is relegat-ed to the bac.ground by 

rigid assumptions about capital output rtios and. comp.sition of 

..-demand thus ignoring the implications to emp]oymnnt of' clk5i.ce of 

--technique and of i. ustria. structure as vlc). as of .°,io ogical 

change. As a resu].t of such ssuimrptions these models reoy oither 

produce import-dirp].acing, capital intensive .Oatterns of gro'ith 

-I­

http:clk5i.ce
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'ad 
I 

that have a low ei-:,ploynient potenti;a ol rc eorimclid 	 massive 

in the demandinvestments in agriculture to 	keep up vith growth 
0 

for fc;od. 

The Indian development experience p;rovides an excellent 

example of' these assumption- and policies. The lo-w e~iiplm,ent, 

capital intensivc-:, import- IioplcLng pttern of industrial 

justifiable, expost. facto.development in India .seems to har? been 

However, each ofC the justifying factois is in part n product -" 

the premises the planningof government policy and thus 	 of 

models have been substantially self-fullfilling.
 

did not increase significantlyPer capita agricultural oixbpuL 

the first twenty years of planning, and showed substantial ye'arin 

ato year :luJetuationio. This .:as iollovea by fai.ure to mobilize 

market suplus of food through thr open zrnrket or through govern­

mental policies of food prccureent.' Given an essentially. 

stagnant agricultural sector relative agricultural 	prices vduld
 

have increased significantly 	 if the growth of employment had, 

than that actuially accomplished inbe'en considerably more rapid 

the past two decrides. 

Exports were stagnant not only iecau~e of the low growth 

topotential for traditiorial. cxp,rits but '.,- becau e of fail,:re 

develop export markets for no:ty'aditioijil mantrfacture3 goods. 

The latter itself vas ir par'; .. on3eilucmne of a stnagnarit agriculture 

and a low rate of savinrg's; and Ain 	 ".-i,'t a p-:od;ct o the iniuzi.rtl
 

.
in ) Sma2ll 

i.c',o :1 . erz1h ,ig, constraint 

structure implicit 'th - ' ,ni',ry',c:I,. 	and uncertain 

. ..per ca:.ita. foreign n:'O re , 	 'a'r: 
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Finally, the pattern of industrial development provided by the 

smrllplanning models failed to boost the saving rate among 

savers or to effectively channel i.;hat small savings did occX'. 

Lcvis trpe, Njhich percei've economicDualis',ic mod cls of the 


growth or non-agricultural
development as synonymous with 

employment provide a cl.ear alternative to these capital oriented
 

macro-models. They have how.ever, never received serious 

This is because of the failure consideration at the policy level. 


of the dualistic models to onalyze realisti.cally the mechanism 

of food transfers from the agricultural to the non-agricultu'al 

suppliessector. The market mechaniam to augment the food 

requii.ed to feed the transferr:d labor does not work vith a 

And the political, administrCativestagrant agricultuxe, 


food surplus from an essentially

nightmare of forcibly extracting 


a viablc al.ternative.
stagnant agriculture rarely provides 


In a low income economy aggregate food production is
 

in h stic to changing terms of trade between
generally highly 


whereas tho margina). propensity of the

agriculture and iniistry, 


con sume 
 ij high,5 B.eause of these two
laboring class to food 

the food supply availidbic- to thr: ninagricut.]xal sector
fentares 

constitutes a major constra-.rit o, growth of nonagricultural
 

in the case of a stagnant. agriculture. With a dyiie,.c

employment 

rate of relv.; e of the food ConstraiLt J.s determined
agriculture the 


of "ohich hbr dist i'bution of the ngcr'culti ra.

by complcx fore!es 


prcd.-uc t -,LM' o ......
-,.h :;1, -,:'.,.cu].erofe im.,ort ,icc. 

http:requii.ed


Given the possibilities of sdibstantial increases in 

agricultura]. production as a result of the so-called "green 

revolution" there is a significant potential for release of the 

food constraint. Empirical evidence suggests considerable 

factor share bias of ocw agriculti)ral technology. The extent 

of bias varies substantially among innovations and physical 

environn. .nts. Thus the nature of' technological change in 

agriculture is of interest because of .its effect on marketed 

surplus and labor mobilization for non-farm employment. These 

vary considerably, first, according to the factor share bias
 

and second according to the demand elasticities of the various
 

income classes.
 

For these reasons, we present a mode] which nX).ows emphasis 

on "the food transfer mechanism in a-cioitext of technological 

cbaiige in th. agricuitural sector. The approach bas two major 

distinguishing features. First, rather than assuming that per 

capita agricultural output in the agricultural sector is jointly 

mobilized with labor, we treat the food market as an independent 

vzrket and then examine the interaction between the food ma rKet 

and the labor markeL. MIore generally our iodel is )5bor sv-pply 

and consumer goots oriented rather than capital supply and invest­

ment goods oriented. It *.s thus in sharp contrast to the 

Fel'dman-Mahalnsbis models and their various sophisticated deiv­

ativcs. Second, we explicitly allow for changing share of 

agricult-,.-al ou.put 1):tcon diffcrent clnst;es ana examiane -*ts 



effect on warket suppliLus of food and hence on rate of growth 

of employmnt. 

has follmring specific objectives:Our analysis the 

1. 	 It provides a general equilibrium system for a 

terms of the food and the labor r air1t.dualistic economy in 

of changes in: a) agricultural2. It examines 	 Lhle effects 

output and factor shares induced by technologi.cal change, b) 

population, and c) growth of capital stock in the non-agricultural. 

the supply of marketed surplus, 2) the equilibriumsector on 1) 

level of non-agricultural employirent, 3) the equilibrium terms 

and 4) the equilibriumof trade between agriculture and industry, 

real wage. 

the rate of growth of non-agricultural3. 	It analyzes a) 

of capital stock
employnent and 	its relationship with the grouth 

over time, and 	b) ch'.oges in terms of trade over time.
 

the ass-0mptions 	 onIn the following section we discuss 

which ou formulation is built. The discussion has a dual 

where we have departed from assumptions mude in 
purpose. First , 

other labor sur.?.us formulations we emphasize how, our assumptions 

modcr. erarrent relevance. Secoild, we .iN-cuss bow.
provide the i 


matheinatical fori "Latlon
 
some of' our assumptions help keep the 


conricl,.ior.
simple u-ithout 	 substarLialy altering the relevant 


reasons the section should be of consid.er4)ble
For both these 


interest from the viewpoint of policy ana2.ysi.s, elth-u.h, to
 

c o:ly." peripheral.
str .ct r.i:]. builders, the disc ssionr may 

http:sur.?.us
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I. Assumpt-iono 

We assume that agricultural output is a function of labor, 

land and technological change. For the reasons outlined below, 

we further assume that per capita agricultural output can be 

icreased only by technological change in agriculture, 

In traditiornl agriculture, i.e. , .ith no technological 

change, output increases through a direct input of labor or 

are largely a direct embodimentthrough land and capital which 

of labor. Surch increased labor input is the result of an 

being employed in productionimminerizing process, added labor 

at declining murginal product as population growth reduces per 

capita incomes, thus increasing marginal 	utility of the 

reasons of logicadditional income. For these and other 

supported by the erkpirical evidence, 	 we assume aggregate 

agricultural produution is highly inelastic with respect to 

and non-agriculture.7between agriculturethe terms of trade 

change inThese ass-;_mptions give primacy to technological 

in the labor force to -theaericultu'e in fostering a shift 

non .agr ui.tura). sector. 

Tochnological change in agriculture is often highly biased 

The same rate ofaud varies 1greatly in the e-.hent of 	bias. 


in two successive periods
increane in vgricultural. production 

two comp.t'elv different tecbnologcl.ray be b-rnught about by 

effo:ts on targinral productivitychanges, with h1Oh!y different 


of labor ElA :I.:,.or .ise. Tbs.s ).thoug;o cibo:"s share is
 



level of output by the marginaldetermined at a given 

over time may be higblyproductivity of labor, its movement 

the effect of changingvariable. We, therefore, examine 

on the tuo market equil-Abria.labor share 

Owner.; of diffceont factors of production evidence sharply 

For simplicity in dealing
diffcering consumption functions. 

model. divides the agricultural
vith this situation, our 

and landowners. Laborerstwo c)nsses--laborerspopulation into 

to have a positive income elasticity of deviand for 
are assumed 

lels than 1.00, but still substantially higher than
food of 

also assumed to have a
that of landlords. Laborers are 

ossumed 
negat ive .nice elasticity of demand. Landovncr are 

to consume a fixed amount of agricultural 
output per capits,
 

. f d 
its price or their income. Landowoner 's o

regardless of 


also be expressed as a fuuction of price and
 
consumption could 


just as in the case of laborers. However,

income cba.ngcs 


shoi.:s that landowners with incomes v'ell

erapirical evidence 

of demand forincome elasticities
above sWub-istence have price and 

food grai.ns very close to zero.
 

focus on intersectoral laboris intended to 

m:Del by assuming that af-icultura) 

Ou formul.ation 

So "e simplify ourtransfers. 

In the case of landovners,all the-ir incoi-;e.laborera consume 


nvolved. Since ler.cJd n -' r S atlc
 
the assvz,x:tion is soi-ewl'nt more 

zero incomc olasticityr of derrrid for fool grains
assumed to h-ave 

d. I-'a cor le nsurate
Fnc:,m'2,,,.e of ).an,-,.qnes i: mJr1tcdthe n.l 

l"c. "h" no.->._gricultu ai sector,
value of cotnroiti:5 purchoceI 
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These purchases include production input. from the non-agric1ltural 

sector for use in the agricul.tural sector. Again in keeping with 

our focua on the labor transfer problem we do not include capital 

in our agricultural production function. ln trcditional 

agriculture, capital is essentially a direct embodivlent of 

labor and, therefore, does not require scparate treatment. 

Technological change generates sufficient increase in landowners' 

income to provide the required capital. This assumption is
 

quite valid for the common case in uhich the bulk of increased 

capital associated with technological change is vmrking capital 

for financing inputs purchased from the non-agricultvral sector. 

The sharp dichotomy between landowners and laborers 'is a 

very helpful simplifying assumption which distinguis-.es betvween 

those cultivators who predomincntly produce for the warket as 

against those whose produce is mostly consumed domestically. 

The real. vorld of peasant agriculture and 'gradat-.on in size of 

farfi is accommodated by viewing intermediate situations as 

appropriately weighted averages of landowners and laborers 

vith a consequent weightad average set of demand e3ticities. 

Since payments to laborers are assumed to be made in kind and 

since laborers are assuned to sell a portion of their receipts,
 

this allows considerable further fleruibility in the tenuria). 

arrangements eccorrmodated by the model. 

Landowners are ossted to be f.xod in numbcr. T"1his 

assumption can be modified to incor-porate chngc in -*he popil.ation 

http:gradat-.on
http:distinguis-.es
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6bareconclusions. Changingof landooreers 'vithont nlte' 'ing the 

of output, hocver, d.ocs i.llstrate many of the interesting 

in the populationcould be derived by assuminig changesresults that 

of landlords. 

Eector j. rsnumad tonn-agriulturalProduct ion iD the 

capital. tccnnological change
be a fxunctior, of labor awd. No 

Nevertheless,
is envisaged in the r.on-nagicultural sector. 

other dualistic
neutral technological chaiigo as assumed in 

models could be incorporated easily ii or system. 

cconcmy is assumed. However, implications of this
A closed 


commodities are 
discussed.in non-agricilturalmodel for t:ade 


attention on the
 
The assuniption of a c).-'ed e-oomir focuses 

supply of agricultu'alof yrice in.lastic aggregateimplications 


of technological change

cominodities arid the consequent hey role 

ovcraM) oconomi growth. In prnctice individual 
in agriculture to 

supply
small countries may encounter, t-,hough imports, an elastic 

commoditiec. In tho-me circumstances model 
of agricultua. 

our 


of "-'rade if an udequate rate of
 
points to the desi'..ability 

technological chairg, in agriculture cannot be achieved. 

scxtor, 't'he dem nd for agr-icultural
In the non-a'iriv.i.t'f

r a l 

of agric'ul­to be a function of tha pricecommodit.c Is assuziod 

goods and of the laborersin teris of ia4u.-'i;ria1tural goods 


u.tc of the leborers it) the

real income. In eq'i:ib..ii thc 


"
 non-a ri~uJ~t'YsX l Esect-o, i eqili- to t;he per capita income of
 

. J "". ..and rrice
 
the ag7i lt : 1.. .'.0, c1 [us, .... 


-. ..- ,itet: ar?., t:h .,.'o-c a; .ued to be
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the same as those of the agrieultural l.abort;vs. Flurther just 

as in te case of the agricultural laborers, non-agricultural 

laborers consume all their incomie. )cmand for labor in the 

non-agricultural sector is determined by its marginal productivity. 

Non-ag icltural profits are all saved and invested. 

It is observed tb,-jt rarely does the absolute size of 

the agricultural. populatioIi decline p.rior to a major decline in 

the proportion of the population in agrif-ulture and of the 

proportion of consumer expenditilre on basic agricultural commodities. 

Thus, because our model refers to an early stage of development, 

me can assume that labor can be vithdrcwn from the traditional. 

agricultural sector tithout rcducing a) the absolute size of 

the agricultural labor force anl b) pe:r capit.i agricultural 

output. As long as industrial emp].oym(nt; dc's not increase at 

a rate that more than absorb- iicreasc in the ponpulation 'Of 

agricultural laborers, the first condition .:ill be fulfilled. 

It also seems apparent that vith some reorganization of traditional 

agriculture, involving little additiona). capital input and marginal. 

changes in techniques, it v.ould be possible to "ith.:a.. a substtantial 

amount of labew froml ag-'ciulture. .itboat rcucine. pc:r capita output. 

As me vill see Later thi:"by no means assius con,;.ant ten:.ms 

of trade bet:ecn agr.cvItt.re and ihdustrv whc-n lbor is withdre' n 

from agriculture. Th :z; changes in terms of trade emphasiUze the 

potential l.imit irposed by thL foo. ,,,t J.cd.trh: i..l-o'tirnce of 

http:agr.cvItt.re
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Although we assume that tho procuction of the basic food­

grains is jne].as'tic, the, production of other ag,.i.cu:itural 

commodities may be quite elastic. This is becanv;e they occupy 

only a small proportion of the land area and. u e a much higher 

proportion of nonland inputs .i their product.ion. Thus in 

a practical treatment our agricultural sector w:ould most usefully 

be defined to include ohly th2 basi" foodgrair~s. As the food 

of high income elasticity,constraint is relaxed, production 

might expand 	 in productionlabor using agricultural commodities 

through the supply of labor in a manner similar to that of 

industrial goods. 

I. The Formulation 

Our 	 static miodel is compriscd of a food market, a labor 

in each and a general equilibruim, as follows.market, equilibrium 

Notation: 

A = agricultural output 

1 = A agricultural labor input 

E = land 

t = technology 

Mi = marketed supply of :ood 

V = market demajid for foo(d 

= total consumption of food by landowning classes 

b = relative budret ohare allocated by laborers to tho
 

cons -amption of food 

s = agricultua. lab.r's relative hwerc in agriu]t'u&L 

ovtput 
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P = price of agricultural goods in terL.s of non-agricultural 

goods 

Y = per capita income of agricultural labor population in 

terms of agricultura. goods 

r population of laborers in agricul.ture as proportion of 

total labor population 

N total. labo,' force, i.e., labor force in the agricultural 

and non-aricultural seczor 

LA agricultural labor force
 

= .N >i1
AA 

LI non-agricultural labor force 

= (1 - r)N 

W = dcemand price of labor in the non-agricultural sectorD 
in terms of non-aGricultural goods
 

S-1	 supply price of labor in the non-agricultural sector in
 

terms of non-agricultural goods
 

X = non-agricultural output
 

K non-agricult'ural capital stock
 

ac, 	 elasticity of non-agricultural output with respect to 

capital 

1 -	 a elasticity of non-agriculturol output witih respect to labor 

I = invwstmen in the non-agricultural sector 

The Food Iarkec. 

Agricultural production is a function of labo., land and 

technological chb.nge. It is linear homogenous v.ith respact to 

land and l.'bor. 
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(.) A r(IA, Yj t) 

-~2. 
.A o>0, 

The rclativc share of labor in aggregate agricultural OUrGpU 

is detcrmined by the marginal productivity of labor.
 

1A ?A 
A- ''
 

dA> 

Marketed supply of food to the non-agricultural sector is 

output and consuption in the agriculturalthe difference bctveen 

sector.
 

(3) Ms A-C 

Budget share alocated by agricultural laborers to food is 

.tgriculture and non-ag"'ckulturea function of terMs of t-raia betw.een 

and the'.r per cipita incomc. 

()b = f(p, "-) 

such that M < 0 0 

Per capita inceri of agficul.tural .aborcxs :, c:qvai to 

ogricu.'tUratopt'divided. by agrica2tunlt ir sh.wo.... inthe 
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(5) Y sA sf"
 

N ,L
 

Market demand for food in the non-agricultural sector is 

equal to the budge, share allocated to food consurnption out of 

wage income by the non-agricultural laborers. 

(6) b 
P I 

The Lhbor Market 

The production function for the non-agricultural sector is 

a Cobb Douglas linear homogeneous function of the first degree. 

Thus: 

(7) X = Ka 1. " a 

Demand for labor is a function of its marginal productivity,
 

(8) (-). CF 

LQbor migrates -romagriculture to the non-agriculturel 

sector until the vmge rate in the non-agricultural sector is 

equal to per capita income in the agricultural sector. 

(9) ()i sA­
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Vote that WS is stated in terms of non-agricultural goods 

and, when deflated by the terms of trade index, shows the 

wage rate in terms of agricultural goods. 

Investment in the non-agricultural sector is equal to the share
 

of pxofits in non-agricultural output.
 
• d1K 

(10) I = O= 

!dK - X
 
Thus: K -


Equilibrium in the Food Market 

(11) M, 

The equilibrium in the food market is graphically illustrated 

01.1i figure 

M 

and. 

Figuxe 1: Equilibrium in the Food Market 

Setting 3 equal to 6 it follews that: 

=-r
(12) A - -bzA bsA.(i- r)
r 



12 can be 2cetated as: 

b(PY) = r(A sA- ) 

This .l be referred to as an FF function representing 

equilibrium in thle food marlet, It can- be shown that for 12 

<
br
 

Ei!ibrium in the Labor Mrket 

T(13) W, V'D 

The jEquilibrium in the labor market is grapbically 

ilts.trated in figure 2. 

and 

I-T-

Labor MarletgFiloarc: 2: Lciuii. ::. in the 
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Fromr 13 by setting. 8 equ, to 9 it fol.l.olrs that 

0y
(io) L. 

Substituting for L and Y !4 cnn be restated as: 

(- ) K rN
 
Sr% (f sA
 

This will be referred to as the L function representing 

equilibrim in the .abor market. It can be shown that for 14 

;)p 0 

The Genural Fqou. :lbri m 

Since b i. a func'-i.on of P and Y, substitiuting 

°
(I1- a) K: rN
 

(1 - ., sA
 

from .h and for Y from 5 into cquation 

32, . obtai.n P. 2onjd.i'ion for a gencrl equilhbriYumn as fo].loV1s:. 

for ' ccuntjion nd equati.on 

(15) r- -. ,, b.b) ((L ) , 

The ge.ite-n3 eq.i..-i.A.u. iderived from 12 9n ? rmay be shr',.r 

http:equati.on
http:func'-i.on


( (I - 0r)I , 
.. L/(Equilibrim. in 

*. F the labor(Euli"umi market) 

b(P,Y) -r (n­

(Equilibrium in 

L 
Figu r 

F the food market) 

Figure 3: General Equilibritm in the Food and the Labor Market 
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XV. clersitivity ArrAly if, 

We Will now proceed to inwestigate the uensitiv'ity of 

r, P, 14 w:ith to A, K. i. &one byS and W/P respect 11, and Thi!: 

partial difffcrentiation of tho solution equatio.s for eaCh of the 

four endogenous variables -in the Ldc. with reipc.t tc A; IT,and K. 

Changes in A (agricultural- output) which inc'casc decrecse 

or leave labor share wichange. arc, each e,-, inc2, 

in the sensitivity watrix prescned below ae based on the 

ranges of all possible numnerical values that the variables 

and parameters are likely to takc in a dual.iuAic economy. 

N 
 K 

a> 0 2C -S C s<0 
~~5A 

r + . . + -

P + . - + + 

+ + 

W + + + - + 

The results in the sensitivity matrix P:re immenhe y 

interesting. They show "that ."en the incrleasc in th. a'icu.u~aa. 

output i.s brought about without ehng Pbor's relhiiv, 

share, as in the case of a neutral. tec'nologic-J], change, th 

effect of change in agricultural output on r, P,, 1%7ai..w/1 

can be determined unequivocall, for all likr.y v,.lu s o:? 
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variables anc! parameter,' in n d1."i-..tic Qc:co1n1oy. 'T'he ma~rix 

results ill the ce oV efi'ects of changesshows similar tunciuivocal 

in N and K on r, P, i1t aMn-i 

However, the most intcisting results arc obtained in the 

case of an increase in the agricu).tural out.put that changes 

either when tcchno.ogicalrelative factor shares. Tiis ,ay hap~jn, 

change is biased o-' when the increase in the agricultu'al 

output is brought about mainly through increased labor input. 

that when factor shares in theThe sensitivity analysis emphasizes 

sector chunge, ,ho happens to r, P, 14 and L 's
agricultural 

a result of increase in the agrJcultural output depends very 

much on the relative magnitude of the various counterbalancing 

forces.
 

of W/P, al). the other
For example, excc* t in the case 

results obtained for routral. technological change are reinforced 

when labor's share declines as a result of an increase in the 

agricultural output. Iowever. in the case of W/P, the effect 

of increased agricultural oul.put accompnied by labor's 

declining share is indteminate, This is because of the 

follow.ing factors. The equilibriuin wLe. rate in the non­

in terms of' agriculturalagricultural sector, vhen miasured 


per capita incorae i the agricultural
goods, is equal to the 


A decline in the )abor's share causes a decrease
sector. 


in the pi-nportion of population in tho agricu].tual sector,
 

existing alx.cultura.
thus increasing p]r capita Jincorre of the 



labor force. Wqhile at tle sae timlr, a decl.ine: in the M1or' ; 

-
share also piashes the per copitj i conie ef the agric'lturO) 

The -Leglabor force downward directly. resultaint rate ir,the 

non-agricultural sector is thus a combined effect of' the:se two 

mutual.ly opposite forces and depends upon their re.-tive 

magnitudes.
 

I-len increase in aCricultur"-,li output iq accInI1j0anie! by in,­

crease in labor's relative share. the offcct on r. P, 11, and VV/P 

may go in either direction, If labor's relative -&bare increases 

only sli.L'htly, relative to the increase in the agricultural 

output, the effect of increased agricultural output on r, P, 

14, and W/P will be greater relative to that of inc'eavid 

lnbur"s share. Hvwever, if the labor's shnre 2incrc-alsop -Zub­

stantinlly a- a result of the increased agricult-OxAT ou';put 

the effect on r, P, i4B, and W/P may be oppos:.te to thet when 

increased agricultural output is not accompanied by ch-inging 

factor shares.
 

These interactions will be discussed in the dynta:mic 

analysis in the next section. The prccc.cding dis..i.zsion 

does sugecst that i.n the context of growthi the; !ostL intc,,cvtiUg 

results in the .ensitivit, ,mtrix ore those relatin" to labor's 

share in agricul.tural output. Tt,.y show that with ine-noo-ed 

labor'share, as for production inicrcase.; in traM6t.iol-r) ,c"1 "'" 

proportion of populationr in the non-agci cu~tu'el sector '.y 

decline , tri.mS, of trade may nouvt in fcvor ci the .g... .'al 

sector, the rLLurlcI Ud surpluo of focl d(' : . I.1.-I'JC. 

http:oppos:.te
http:mutual.ly
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wage in the non-,griicui-lira I ect'n' may incrceuCe Converse 

changes may be exrp.cteO uhen technol.ogiC-al. c1aige decreases 

in r out pub. factor shares inlabor's share agricit l The 

of crucial imp.ortance inthe agiicultural sector are thus 

secto;.12of the non-agriculturalthe growth 

V. Dynamic Analysis 

Growth of Empbloyment ad Capita]. SFtec; Over Timc 

o. time, set
Equation 15, may be diffee.ntiated with respect 

equal to zero and income elasticity of demand for food silb­

stituted for 

I dt Ndwherr3 

It can be shown that the rate of growth of per capita real income 

bears the following relationshipof the agricultural labor force 


with the capital-labor ratio in the non-agricultural sector
 

i dY 1 dk

(16 ) Y' "i1 -", ­

where *'- -1 \dk'd t Li t ) 

Ps per capita income of theEq'uation 16 shows thatv e- long 

"P,ncza-':c the capit',l-labor ratio in the
arricultura3. :Laborcrs 


so Albo, a < 1
non-agricui.itu.l seurto. increases. since 

.... % ,'.e r'pidly than tile rate of
the capxtiCl-labo2' rr-t:h-i" 

http:secto;.12
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grovqth of' p-r capit~a i.ome, It is interesting to note, here that, 

sA 
, per capita income in the agricultural sector m.ysince Y = 


increase, not only because of increase in agricultural output but,
 

or due to decline in
Ahare
also because of increase in labor's 

the labor force in the agricultural seqtor. It, therefore, 

seems high.y probable that the capital-labor ratio in the industrial 

cven if agricult,,ral outputsector uould rise over time, for 

inci'eases only as rapidly as the population growth, and even if 

labor's share does not increase, just, the withdrawal of population 

cause an increa.e in per capitafrom the aericultural sector vould 

income of agricul.tural laborers. 

It is of considerable interest to examine further the 

factors that mould determine the rate of growth of ernplo-yulmt in 
for LI ardthe non-agricultural sector. Solving equation a.5 

usdifferentiating ,ith respect to L[ gives 

dL7) IA + I dN + LIdK LI ds(17) d-£ I - -a' -'jt% 6s-'d"-

Thus: 

dLI I.-(nA-1-c )(c-xr) + C X -i).'(c -nA)} 
AA. . .. L A 

. A '(18) . L..r I. i sb icA z l 1) (AlTuatFT aT"{:.ry- (JA.r(L, 
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[ '3 
where nA = income elat",.city of de;anj.a for food 

C price elasticity of demandCN= for food of 

agricultural laborers when payments are 

made in kind 13 

P= rate of growth of total labor force 

Ct = rate of grc,.-'th of agricultural output1 ds 
(3rates dtofc of cangeI of labor's relative share 

in the agricultural ovA.put 

It can be shown from 18 that - s poitive for
 

all vnluez of a > 
 I.
 
Further, from equation 18 may be noted 
 the various factors1 dLI 

that influence the magnitude of For example, it may be 
noted that the larger the value of Ce , i e, , the gr.ator tha rate 

of growth of agricultural output, the faster the: rate of growtlh
 

of non-agricultural employment. 
 It should also be noted that the 
rate of growth of emplo:i.ent is inversely related to the movement
 

of labor's. share in agricultural. output. 
 'When labor's share
derassI dLI


decreases L d*- increases. 
 It is also clear from 18 that the
 

larger the share 
 of profits in the non-agricultural output 

the greater the rate of growth of vmnplcment in that sector. 

These relationships are immenseof interest in the pol.iey 
context. They indicate that to the extent that technological 

change in the agricultxal sector is accompanied by increased 

labor's share in output, it would p.vovide a dcimpening eff'eci on 

the growth of non-agricultural employment. This wculd oceur 
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1) throuagh its taifNavoralic effect on marketeid supply of food 

2) through its effect on the level of :i.ntutria.l .ages requi.ed to 

viithdrav; labor from agriculture to the non.agricultwuca. ,:eeto-t 

In fact, growth in agricultural output may be cor,;plCtel,r cjrnpen1aSted 

by increased share of agricultural labornr' iith no of'ect cri the 

gro.th of non.-gricultural emp.oymcr?,. By the samue 1otIen tccho'ogca] 

movement in the distribution of agriculturalchange that brings about, a 
outnut against the laboring classes, may erjhancc the grrowth of 

non-agrcicultural employnent. This crucial rclationship b.tween 

distribution within the agricultural sector and. its effect on 

non-agricultural employment through wage rate and through 

mobilization of marketed surplus is neglected by the existing 

dualistic models. 

These results are of even further interest due to their 

implidations for the ictgnitude of the capital-labor ratio ovtr 

time. They show that althoug;h the capital laor ratio in the 

non-agricultural sector will increase .ith increae in the 

per capita income in the agricultural sector, the actual magrituie 

of the capital.-labor ratio is contingent upon the rate of gro:th 

of agrlcultural outpult and the change, in rolati've fac(o' sbhres 

in the agr.icii.tu:al sector. Thus the capita ..-labor ratio ,i:'. 

increase less rapidly if agr~iculttral output g(rows nt a high rate 

than:iMf it does not. It ma, increase even less rk.pi, .'y if ii)crear,e 

in agi:icultural. outpu[; is accompanied. by a decline in labor's 

share in agriculitural output. This is because th:, oprturi' y 

cost of labor to the ncn-ngr'eu'.txa) .ecto:, is dp'.-.ndent cn 

http:requi.ed


per capita income in-:hhe agricultural scctor, which is a function, 

not only of agricultural output but Oso of relative factor sharei 

in the agricultural sector. These complex conclusions are at 

variance with the s implistic treatment and conclusions concerning 

capital-labor raftios in the Jorgenson and Fei-Ranis treatment of 

dualistic models.
 

These results also have significant implications for trade. 

A labor augmenting technological chitnge in the agricultural 

sector, by keeping the capital-labor ratio in the' non-agricultura: 

sector from rising as rapidly as it would otherwise may provide 

considerable continuing comparative advantage in the product ion 

and export of' labor intensive commodities in a dualistic economy 

such as ours. 

Change in Ternms of' Trade Over Tima 

Movements in the terms of trade over time may be aldyzed 

by differentiation of P with respect to A, s, 1, and K. 

6A 1 .'. t LP -:'P ' dc
 
d~t &Ikdt K dt I dt as dt


(19) dP' P + L8P .dJL'.1 dN 

i dP 1 dA ++ dK 1 dN 1 ds
(20) "t - d. 'Pi a3 "7 a' 4 'dt 

vhere a1 , a2 , a3 , alt are respectively clas'Licities of price 

with xespect to change in agricultural oulilut, capital stock, 

population and labor's share in ngricu] ural output. 
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Thus: 

(2 1) 1 -

f3P H 
" " 

r-I 
~-- <0 

b ( --A +A < 0 
PK b ac 

- r " AA 

BP T(23) a3 = " 

sb fc1,(2.( - c).c A- > 

- Ar 

(23) 	 a4 s NP 

A-l- " 7' --"" bC c 

sbb (nA - cp A) 0 

SA - r.z+' -:) 
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It can be shown that depending upon whetber 

s b (nA .A - b cr'(-A 
> rc
 

1 dP
 

y. -c will be 0 and prices will increase, remain constant 

or decrease over tiwc. The movement of terms of trade between 

egriculture and industry over time are thus rlependent upon a 

comi,.ex set of factors and may move in cither direction depending 

upon the magnitudes of these several parameters and variables.
 

terms of trade are determined by theIt should be noted thet the 

price, income and output elasticities on the one hand and by the 

factor shares in the agricultural sector and average propensities 

to consume of the two iincome classes on the other. 

Vi. Conc lusion 

The system presented in this paper fills a mejor gap in 

the theory of a dualistic economy. It examines the functioning 

of the food and labor market as two indepcndent markets and 

examines the interaction between the two and its effect on labor 

mobilization. It explicitly allows for a) the varying share of 

Mbor in the total agricultura). output b) for the varying 

response of food consumnption to income and prlce changes for the 

two c1.Fsses in the agricultural sector, This is e. significant 

i'mpro:cuicint over the existing dualistic theories that treat 

growth of agricvtiu-al output, as b-i!,g synonymous w.,ith grot.h of 

agricultural r.,iarketirgs. This modeX there'ore; analy,'Cs the 

http:comi,.ex
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rate of growth of nonagricultuhl emloyment in terms of the 

growth rate of ,g :iculu'al ouLput as dell as of changing 

factor shares in the fagricultural sector. 

It must, be i.?sizcd that this formulation ishowever, cm!-A 

only a first step forward from the existingr dualistic 	models. 

the thirdIt coes provide considerable scope for inorpozati" 

major market in the general equ-lib iun syste)m, namely the 

intersectoral canital mrhet. The eiisting theories, including this 

occurs only throughone, assume that nonagricult)x-a] investment 

savings in that sector. The evidence from Jar-an and Taiwan 

and more recently from India indicates that savings in the 

traditionial c,tor -roviie a consicratrble scope for industrial­

scale type uhich does 	 votization particularly of the Srnall 

require .umpy capital :investments. In dualistic uconiiies, in 

which the ce jital market is i.l-organizad and inefficient, 

considerdble intere-t 	must lie in cxiiAninmg the rol.c of the
 

market in th- pace of industrialization.
intersectoral capital 

It is clear that technological change in agricultu..c with It. .,arying 

foctor bias vi). he an i o.iant determinant of thc ,ign and 

direction of inter.ect oral capita. transfers. 

Fur he-: , this mo, like .ts predccessors a:,;cumes tbat supply 

fooG is highly clasti, cnd thatof consumers goor3n other thani 


no seriovus bottlent.'cks in industlri'-).ization occur due LO chaiges
 

in tha yrjces of these (.goofts. It .-y be .or'ht,hio. o .m'ne
 

the effe of arg. d,'.g:'le" of ela;tlc2 t,-,of 1upJ y of coiu-mer
 

goodc c,,w than " ncr",I) iabor:.J'. oizsio
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The analysis thu: -orcvidltt a varicty oJ "p bifi.-es for 

leveloping a more rci xUic mode). of .industrlialization. It 

of empiricvg, investigation of re.lationshipsalso suggests areas 

that are crucial. to this P.nalysis and that have been largely 

neglected in the past. The,e incude: 

1. Ch,'nges in factor shorc:: "esulting from various types 

of new agricultura), technolog,y. e.g. ef.fects of improved 

varieties, multiple cropping, irrigation, and mechanization, 

sector. Our model provideson factor shares in the agricu.tural 

a relevant framework in -whieh to view the irdirect effects of 

changing factor shares from different technologies. 

2. The responso of different incore grovps to price and income 

ch&nges in terms of dom:s ie consumption an.t arketing of food.
 

This is of -articular -e].evance in the r:ontext of technological
 

- consi.erable changes in the distributionchange which results 

of the physical product.
 

and the capital-output ratios
3 The capital..)abor rati.os 


implicit in different tyr;es of non-.agricultuYral investnments­

in the devel.opment of

botLh in the manufactr.ing sc( t-cr as.we)l as 


.ha'i,.ng .r-bor as a scaice resource when
infrastructure. By 1.. 


o-ur model. r.hsi;0:s a nccd -. optimal
or ancombined with food, 


of indutrii w.th vary4ng c-,AiA.abor ratios.
combination 


Although not explicit in the prescntation oi' ihw mode., it is
 

of increase of ';hu ,ar1ieted supply of

apparent that if the 


food irnerefises , shor.; .;r -ci.i.'iun"i, capital and
run d:i tOen 

al' f sea.ch Iorlabor SUpj)..r-, lq)). I),,- 1e.j'., 
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means of reducing cap1 tEil-labor riatios, The potnt1ials for 

ratios through restructur ing of inlustry
reducing capital -labor 

a new structure of domestic
needs to be examined. Trade and 

demand incident to redistribut.1on o^ incomc also *,ill have 

cons ider,ble inpications for the structur2 of industry. 

to trade patIerns.of rapid ind-ostria)ization4. Implications 

on the 
The effect of accelerated grolwth of marketed food supply 

factor intensity -'nd hence 
structure of industrialization on on 

increased attention.comparative advantuga needs 

in foreign aid between consumer goods,
5. The balance 

including food aid, and capital goods. Past models of growth 

have. favored a major emphasiz, on capI.ta]. Goos with a resultant 

11,enciied study
small employment component in aid induced grov.:th. 


bottween con sumer goods,
is needed of the re.ation and balanT:e 

including food, la'bor mobili,2 at;ioyi and capita]. goods. There is 

in this a concept of balanced aid between capital
implicit 


goods and consumer goods and an interesting seo of questions
 

trade f'roii point

concerning the relative mcr.cts of and aid the 


of vicw of1 emp.oyirnt policy.
 

acquiJe: a neSs:.Yfice in theAll these rlhtionshir' 

wake of the nev potentials fo technologica)l cbinge in the 

for expani;J.on of thoagricultural sector and their imwi.-ations 


non -a,ricultur",I labor fore.,
 

http:expani;J.on
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Jagdish Bhagwati and SuIdomoy Chakravarty for a review 
1. 	 See 

on os applied to 
of substantial ]icrature planning models 

Irma Adclaun an& rih Thorbcke. Louis-In ia. Aso nec 

recent article does examine the question of employ.­
Lefeber's 

, o his work, 	 like 
menit. Howev.r, clue to his rgid 

between 
others also reaches the dism l ecnclusion of a choice 

level of consumption.
present groth of employment vs. future 

sue SWihoifcy Chakravarty ancl 
2. 	 As an examp].e of the latter 


levl, the planninfg, models
 
Louis Lefeber. At an operational 

among
have proved urs.tisfactory for . variety of reaSo,s; 

failure to incorporate
not the least importns'. isthem 

agri e.fultural production. Fic, for exaiple,
fluctuations in 

of ChakravaitY and I.Ofeber and 
the various forumlations 


for India.
Richard E%Eckaus ani. 	Kirit $. Parikh 



3. 	 h number of e mpiriea cener)izations are made at various 

points in th.s pap.r. They are in genem). drswn from the 

work of John W. Mellor' et. al. and Urmwa Lele for India 

T. H. Lcc for Ta' .mn, and Mellor, 1970 for various couanries. 

4. See W. Ar21hur Gustav Raniis and John C. 11. Fei, and 

Fei and iis. For a ciitical cO:lparison of these models 

witi Dalc orgrtsen, 1.3-i.;65 as ;el1 as e:-]jazis on the 

torm:s of trade prcb,,rn.,' John W. Mellor, 197. 

5. 	 The scant empirical evidence that eitists on "the relationship 

of 	argregate supply to price changes supports this contention. 

See 	 for example, Rober Herdt and Ioward bla1.ur .. 

6. 	 For' anu.yfris of those cowiplex firiin-househo.Ld relationshipz 

see 	14c].lor i963, ond A.:!artya N. Sen. 

7. 	 Assuming a uii].iUy function with fixed cocfficients ena 

unit e.asticity of busti:Lution Sen (p. 437) shows that 

th reiJ. of' output to price mwut be positive. le, 

hovaor, .adrits that ':without further eirrpjrica1 resew'ch 

v.e cannot c.qy how rca'listic arc the cases covered here." 

The cxnrei; is,.thcrc-fore, onl y esotc.,ric. In absemae 

of ]ro;)edte of the t):e sha.'ap of the utUit;: 1"u:,cti.:'-a 

judgemln't about the rvi.).5.kuly supp.y ro-spcmsc must 

depend heavi*.y on cei:iricoil evji..ew;e such w.- that cited -in 

footn.ote .
 

Ai.xt V.i-. e o,eot i'ha:.uh the emphasis in our'
 

PM'e( 1A:,!!,1" i.; Onieo laber sw)p.ly pro.LC:?, thc ,u,.:m
 

d:i. 	 ':; .:'.' iv)c.u'. :;an incxca". :in c.elnd ' " ods Jr,'.Auned 

http:firiin-househo.Ld


vilhi itself may be an imporLantin the non-ap .'ctor;tvcultur 

dynamic of grou:th. 

9. 	 This assixnption is different from th, assumption in the classica. 

dualisLic model. Our asstuiption may lead to an incruasing 

ecjuilib:<.um rAl tage in the non.agricultural sector, as per 

capita income of the remaining agricultural. labc-5ers in the 

agricultural soctor incr'oascs P) with wvithdrawal of labor, b) vith 

increasing agricultural output, or c) with changing share of 

laborers in agricultural output. Lbor migrates from the agri.­

non­cultural to the non-agricultural sector until vages in the 

the agriculturalagricultural :ector equal per capita incomes in 

has increased the anal­sector. The s!impicity of the assumption 

ytical facility of oui' formulation. However, if.aintenance of the 

only requires that vagcs in the nonragriculturv. sectorconclusions 

be a fumrction of the averagec income in agriculturc. This vssYnp.. 

tion could be nod.fied to contain the more complex formulation 

of' the Tod&'ro olel without altering the conclusions of our 

analysis; For example, a high non- gricultural wage might be dis­

countcei by repeated unemployment. 

30. 	 Thu de-ivtio' of th supp y and dei.rnr corves iv. based on the 

assur,-ptiun that b is not ) inoar honocnous with respect to P end I. 

11. 	 Assu'zing a price adjustment in the food mari-et and a quantity 

nmarhet and usinz the correspondenceadjustment in the labor 

]ngcl. 's lau it can be 1honM that for the equil.:Ibriutiprinciplc and 

to br! sLtbhV wl.,ro t), it i- 1-1e 1,.,
 

" !.. 'eltuu to ,. 	 '.;(!:(L.va;ionb - ', 	 . _.;Qro Z: .loy for - of th­

.siabs 1lty ct.nb:,'. iols, .eAppeudix P to Lh:UOi. 

http:ecjuilib:<.um


12. 	 Our exposition places perspective on the eontmrcversy betwieen 

James Nakzmura and others concerning the rate of Growth 

of agricultmal output in Japan during the Mfeiji period. 

Presumably dur'irg the Meiji perlod gro.;th in output vas 

increasingly deri.vcd from yield increorsing techncloLical 

change in contrast to the moro. labor Inte'.iCive source, 

of growth in Tolugawa period (sce Thomas Srith). The 

resultant change in factor shares would support it greater 

growth in non-agricultural emn lovient and greater structural 

transformation for a given increase in agriICUtural output. 

Thus 	we may at least partially accept Naammca 's anal ais of 

output data without modifying the earlier n,,,set ions conce rning 

agricult.ure's increas.d contribui,iovi to economic g'owtri. A 

similar argument could be made for Taivan's accelerated 

' growth in agricultuwrol output in the Y.920'b .nd th 101's. 

13. 	 It can be shown that this price elasticity is cqwaJ, to ci. + r 

where A* is the uw.ual price elasticity of demand and i tb,-
AAA 

income elasticity of demard for food. We arc grateful to 

Roger Solley for the detailed derivation. ,ee Apmdix A to 

this 	papor. 
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Appendix A
 

A Note on Demand Elasticities, Monetary Payment and Payoent in 'Kind
 

by
 

Roger Selley
 

Consider the demand equation for good i 

Qi I( Pi ). P., Y)) i = i,..., () 

where Qi is the quantity demanded of good i, P. is the price of good 

th
i, and Y is the quantity of the j good received as payment in kind. 

Totally differentiating (1) results in
 

dQ= ~Q. c'PQ. d '.*. 6Q.1 (1 +.. d
Q. dP F+-"-d)+I
1 TP7 .LI~ OP DT. N1 N 

where dQi is the change in the quantity of good i consumed reulting 

from the changes dP1 ... U.I) dY. If we considcr a clbae in the 

price P. while hol.ding all other prices conOtant, upon dividinga 

through by dP., (2) becomesj
 

dQ. i cQi dY

"'- -" +-CV, pj , 

If in addition .,e take the monetrary value of T as constani;, i.e., 

P.Y = k, we can totally differentiate P.Y = k; 

(CIP i)Y (dY) Pji=o, (4) 

.)solve (4) for dY/dP, and substitute the result Into ( which aftc.r 

multiplying by P/Qi becomes: 

dQ. Pj Q. P. Y 
A t 3)'j..7 C). I$ N. 
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in terms of cauticities results in:
Expressing (5) 

th
where ...is the price elasticity of demand for the i good with 

th 
price,, all other prices and the monetary
respect to changes in the j 

value of the payment in kind, P K2 held constant, i.e., this is 

the usual price elasticity of demand discussed in the literature; 

all other prices and payments in 
to changes in the j price where 

held constant; n. is the elasticity of demand for the i.th 
kind are 

good with respect to changes in the payment in kind, all prices held 

The price and income elasticities presented on page 20
 constant. 


can now be shown to have the following relation to the usual price 

j
elasticity of demand: 


7cK.4eMAA A 



Aviendi- B 

Stability Conditions and the CorrespondncyWO PAinciple 

Roger Sclley 

tivlieLet us hyotnesize that the termzs; oY' trade increosc over 

if demand for the marketable sirp).us ,xcecd,- its supply, 
JI(4-M H' > 0 LI >H0.r= '-P (1) 

Ix D " MS):11 [MD MS] 

and that labor migrates to the nonagricultural sector a.hen the domand 

price for nonag:1.cultural labor exceeds its supp).y price, 

- G, ! W S (2)=G [v,, I s ] '--- < 0) - W'O" 

•P 
DS 

Consider the linear Taylor e.persion of the system (i) and (2): 

P and i' with i'cspcct to P and r are evaluaterdwhere the an'tiali]. of 

A necessary anf! cufficieatat an equilibrium point (P ; r). 


condition for local stability of the sysc';em (1) and. (2) '.s that
 

the eigen values of the mtrix of partialk in (3),
 

T --) .-. 0 

have 	negative real prts. 

For th:. eigen value, to hIve native reel parts it is n3cessery 

and sufficient that 

.,-a 	 (..C tPs,('..) (5)=" A! - r ¢ 	 / 

,:-, ,,1..21,
2 r .- <.1.0 

http:sirp).us
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and 

3P o- cr i, (b1 /r) G'(-_" 2 /1h(r)3 I PsA/r2N (6) 

- H I (sA/ rI) (b2 SArF + b/r) G- (vA/rlN) > 0 

where output is specified by the general production :e.laition 

x I =fIT Izfk 

and f" = fli k2 

Dividing (6) by 1'G' sA/rN results in the condition 

b1
2C£" 2 ' l) sA/r N) (6a) 

b2 (sA/rN)2 /, + b sA/ir2 N < 0. 

By Engel's Laws the percentage itvportarce of foo. exp ndito,, o 

declines as incorne increases, i.e., b,2 < 0. Assui.-ing dininishing 

re'turns in production f"' < 0 and a.suii:,es ingel's L ws apply) it 

(6) to be satisfied.is necessary that bI < 0 for (6a) and therefore 

< 0 is also sufficient fo" the satisfaction of conditionThe partial b I 

(5). Equation (6) places a stronger condition on b which depends 

a 
upon the magnitvde-of the paameters ma&1.vb'. ':;ablez-;6fthe odel. 

Applying EngO.'Ls Laws and Sami'.lson's correspondence Principlc. 

permits the unambiguous determination of all of' the signs in the 
............ ......:..,¢. 

sensitivity ma'crix on page 16. 

Since the relative budgc.t chare spernt on food by iars c.n. 

be e>pressed as b = A/Y where A is defined here a, per caT.?i-(;a 

",;. co)trn.-ntSConscription of food and Y is per cap-It;& incom'-e * 
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placed here on b 1 wJ. b2 Cm 150 c)'Treszod in toms of 

elasticities as follcws: 

b 1 P)A b <0 (7) 

b = .hK-J4-fl.1< (8)
b 2 "I- 3 . ( \4' bf X) = ' h "".. ) < o (8 ) 

2 'Y y \7Y1A Y Y 'Y 

which can be restated as 

(7a)AA 

and
 

nA < 1. (8a) 

From the results derived in Appendix A, equation (7aI can be in 

turn restated in terms of the "usual" price and .ncomn elasticities 

as follows: 

SC + riA < 0. (7a-1) 
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