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PREFACE

ReéentkteChnological breakthroughs in'€He ag?iculturai.sectoré of -

_;a number of low income: countries offer potential for acceleration in -

the rate of growth of employment and substantial broadening of the dise
tribution of jncome. . These complex processes are the subject of a Cornell
University~-USAID research contract the purposes. of which are (1) to
conceptualize the relationship between technological change in .agricul= -
ture and employment and income distribution, (2) to empirically describe
and analyze the relationships seb forth in the conceptual: framework, and
(3) from these t6 develop policies for further. 1ncrea31ng de51rable ‘
effects on employment and income distribution.. . ’ :

In this paper we view the relationship between growth in potential
for employment in the mnonagricultural sector and the. supply of food. -
Special attention is given to the varying effect of technological change
in agriculture on the distribution of benefits of increased agricultural
production to different income clagses and the consequent differing proe
portions of production marketed. The model presented here provides-a - -
general equilibrium system for a dualistic economy in terms of the food
and the labor market. The model concentrates attention on the role of
technological change in food production and on the availability of food
for the nonagricultural lsbor force. It analyzes these relations in
the context of two warkets = the food market and the labor market. A
subsequent model will introduce s third merket, the capital market, and
view the effect of technological change on the availability of capital
to the agricultural and nonagricultural sectors. In that model the come
plex interactions of the food, labor and capital markets will be studied
with emphasis on the influential role of technological change in agrie
culture.

Issued concurrently with this paper is one entitled, "The Political
Economy of Employment Oriented Development,” by Ums J. Lele and John W.
Mellor. In that paper we discuss the implications of our model to policy
for development of the agricultural sector and to various other aspects
of economic development == including the choice of industrial structure,
the choice of production technique, the domestic savings rate, the
scale of industrial organization and the level and compogition of trade.

A third paper entitled, "A Further Note on Dualistic Models,” by
Uma J. Lele points out the basic relevance of dualistic models to
analysis of the implications of technological change in agriculture to
overall development and then points out the basic shortcomings of these
models as currently developed for the purposes of viewing contemporary
technological change in the agricultural sector. That paper provides
useful background for the basic modél presented here.

A series of empiricel studies are underway in which we are testing
various parts of the formulation set forth in this model. These empirical
efforts include studies of the technological bias of the new high yield-
ing crop varieties and their first round effects on the distribution of
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income and the level of marketings. Another series of studies is exame
ining the employment potentials in the agricultural sector as they relate
to the new technologies in agriculture including both primary and secondary
employment effects. Special attention is being given to the problem of
allocating rural labor amongst various aliernatives -subject: to the various
restraints of food supply, capital and administrative talent. . Other
studies are concerned with the special problems of small farmers-in a
context of rapid technological change; the various factors which aifect -
movement ‘of rural labor to employment opportunities within the context. -
of technological change in agriculbure; and, the special relationships .
between developments in. the rural sector and increased employment. in .
small scalte industry. Papers reporting the.results of these- studies = |
will be lissued in this geries. -~ o A T

. The papers in this series are part of a larger series which includes
. papers Trom a previous AID research contract concerned with the role and
function .of agricultural prices in economic development. Many of those .
. papers, particularly those concerned with inbersectoral resource trans-.
fers have relevance to the current research -on employment and income.
cdistribubion.. . C S T R o

-'thﬁ W. Méllorlf'
» Jthaca, New York

. May 21, 1971 -
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A Labor Supply Theory of Economic Development
' ‘John W. Mellor and Uma J. Lele®

Macro plapning‘modgls for_;ow_incpme counﬁries typically
emphasize growth in per capita consumption over time at the cost
of immediate growth of employment. This generalization includes
5ﬁQt only'thg earlier.simp;g_aggregative médéls gf Harrqd-meér
aﬁa FglfqmanfMahganbis’ but a considerable number pfrthe_regent,
nore qomplgx mulfisectoral,.intertemporai médels.l__A low emplqyment
component in thegg models is a product_oflthe assumptions onlwhich
they are built. For example, these models generally assume a
:_lqw grqwth:pqtentialvfor_exports, limi@edmforeign aid_and hence
~a balance of_payments.cgn§traint. Most importent, they essume a
technologically stagpant agricultural sector, a_sector which
produces,up,tp half the GNP and an even larger proportion qf
consumption gocds.. Further, these models often assume a d_or_nestic
savings:cppgﬁraint_or assume that output is Qply prqduced by_
capita}.‘_Emplpyment thus bgcomes only a by-pfoduct of grpwth_of
output rather than being an explicit variable. | L _

The gmploymen_t question is relega‘l;ed_ to the background 'by
rigid assumptions about capital output ratios and qqmpoéiti_or; of
demand thus ignoring the implications to emﬁlqyment of choice of
~technique and of industrial structure =s well as of technological
.chenge. A4s a resultmof such assumptions these modelg pa& eiﬁher

produce import-displacing, caopital intensive patterns of growth
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that have a‘ioﬁ.e@ple?ﬁenf potentiei or.reeemmehd’maesime
investments in agriculture to keep up with g§ew£h in the demand
for food.2
The'Indiaﬁ'&évelbpmentfexperiehceJﬁfdvidee_e§ excel}ent
eéemﬁle‘ef ﬁheee{assuﬁpﬁiens and pelicies:e The:i6W e@pI5§me£ﬁ;
.capltal 1nten31ve, 1mport-dlsplac1ng pattern of 1ndustr1al |

development in Indla seems to have been Justlflable, expost facto

'However, each of ‘the Justifylng factors is in part a product :
.Jof government polmcy and thus the premises.of. the plannlng ”‘|
=:rxiod.els have beefi substantially'se]f fullfilling
Per capita agrlcultural output did riot increase signlflcantly
in the flrst twenty years of plannlng and showed substantlal year
¥to year fluctuatioﬁs This was followed by a fallure tQ“mOblllZE

market suplus of food’ through the' open market or through govern-
3

mental pdliczes of food procurement Given an. essentlally

‘stagnant agrlculturel sector relatlve agr1cu1tura1 prlces wouid

have iﬁcreesed significaﬁtly if the groﬂth'of;employmene‘eed

been considerably more rapid than that actua;ly aeeomp1is§ed in

the past two decades. | | | o
Expdrté?wéfe stagﬁeht not only because of the.lew éfbﬁth

potentlal for traditional exports but also because of fallure to

develoy export markets for nontraditional manufactured goods

.The latter itself was’in-part a consequence;oglaqetegpag@_agriculture

end'enleW‘fate'of eavings} éna'iﬁ part'a p;g@geﬁ of_tﬁewiﬁdﬁstrial

lsﬁructure implieit in<ﬁheﬁplaﬁhﬁng ﬁodels.[ﬁsmailwaﬁdﬁﬁeerteih

TR
R .

per capita foreign aid reinforced the foreign exchange constraint.



Finally, the pattern of induStfial‘deﬁélopmeﬁt pro%ided:by the
planning models failed to boogélthe saving rate among small -
-gavers-or-to effectively'channéi:what small savings did -occur,
-Dualistic models of -the-Lewis typej-which‘§erceive economic
. development as’syhonymous with growth of non-agficultural
'employment;provide a clear.alterﬁative-to.these capital oriented
macro-models,g rThey~have;hgwever,unever=received serioﬁs ;--l
consideration a2t the policy level. This is becausefof the failure
.of the dualistic models to analyze realistically the mechanism
of~f00d*transfersvfromvthe'agricﬁlturai to thefnon;agricultural
sector. ~The market mechaniem to augment the food supplies .
required to feed the transferred labor does not work with a. -
stagnant agriculture. ‘And the political, adm&nistrative~
nightmare of forcibly extracting foodjsurplus.from an-esgentially
stagnant agriculture rarely prcvides-a;viabie‘alternativeh-
-Inta.low income écononmy aggregate food productionyiS';gf;
. generally-highly inelastie: to changingxtérmé_of trade between-.
- ragriculture and industry, whereas the marginal propensity of the
laboring elass to-congume- food is hights.ﬁBecause-of*these-two
features the fobd: supply avallable tb the nonégriculturalvsector
. constitutes 2 major constraint on gfowth'of nonagricultpralur
employment. in the-.case of a-stagnant.agriculfufe._¢With & dynamic
agriculture the rate of. release of the focod cgnstraint is determined
by couplex forces of which the distribution of the sgricultural

product within that sector is of,particulargimportanqe.:




- - Given the possibilities of substential increases’ in:
agricultural 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 &hare biag of new sgriculturdl technology. The extent
“of ‘biag varies substantially adong innovations and:iphysical
environmentd. Thus the ratire of technological ;hange»in S
© agriculture’ is of interest because of its effect on marketed:. -
surplius and labor mobilization for non-farm employment, These
vary considerably, first, according tothe: factor share bias"-
and second according to the demand:elasticities of the various
income classes,

For theSe reaSOns, we present a model which allows emphasis
! dp the food transfer mechanism in a context of technological -
change in the agricultural sector. 'The approach has two major
distinguishing features. "First, rather -than agsuming that per
capite agricultural output in the agricultural sector is jointly
© mobilized with labor, we treat the food market as an independent
market and then exsmine the  interaction between the food market
and- the labor market. More generally our medel iz labor. supply
and congusier goods oriented rather then capital supply and invest-
“mert goods oriented. It is thus in’sharp contrast to . the - .
‘Fel'dman-Mahalnobis models and their various sophisticated deriv-
atives. Second, wé explicitly sllow for changing share of

agriculturai“output'betﬂeen different .classes ‘and examine its



effect on market supplies of food and hence on rate of growth
‘of employment.

Our analysis has the following specific objectives:

1. It provides a general equilibrium system for a
dvalistic economy in terms of the food and the laﬁof market,

"'é."It'éXamines'the effects of changes in: a) agricultural
output ‘and factor shares induced by ﬁechnblogical'cﬁénge; b)
prpulaﬁibn; and c) growth of capital étbék'in'the'ﬁbn-agricultural
sector on 1) the supply 6f'marketed'éUrp1us;'2)”the equilibrium
level of non-agricultural employment; 3) the equilibrium terms
‘of trade between agriculture and industry, and %) the equilibrium
real wége.' |

3. Tt analyzes s) the rate of growth of non-agricultural

employment and its velationship with the growth of capital stock
5&6& time, and b) changes in terms of %rade-ove? time.

In the following section we discuss the assumptions on
which our formulation is built. The discussion has a dusl
pufpbse: First, wheére we have departed from aSéumptiohs’made in
other labor surplus formulabtions we emphasize how our assumptions
"bfovidé'tﬁe model a Gurrent relevance. Seébhd, we dis¢usS how
.someﬂof”oﬁr'aséﬁﬁptioﬁs.helpukeep the mafhéﬁatiéal:fcrmulétion
simple without substantially altering the ‘Felevant conclusions.
'For both these reasons the section should b of considerable
‘iﬁﬁerééﬁ'from the viéwﬁéinf of poiicy anaiysié,'alﬁhough,*to

strict model buiidersg thé'discﬁséion may séem only peripheral.




.. L. Assumptions .

We assume that agricultural output is a function of labor,
laﬁd and techﬁqlqgigal.change,‘_Farlﬁhe reas@ng_opﬁlipad below,
we fuxtherfasgume ﬁhat_per‘cépita,agyicultu:al output can be

:iﬁcreased onlj ﬁ& technological change in agriculture. -
_;Initraditional:agricultu;e, i,e55:WithfhQ techno1ogica1
change, éﬁtput increases-throughra direct inpﬁt_Of labor or
. through land and capital which arg_largely‘a diréét=embodiment
_-qf\labor.\_SuCh.increasgd‘labor input is the Tesult of an
. immiserizirg process, added iabogibéing_employeﬁfin'prpducﬁion
&% declining marginel product as population growth reduces per
capita incomes, thus increaging marginal utility*of:thg‘
: additional_income.éu For these and otherﬂﬁéagéns of logic
‘supported by the empirical evidence, we assume aggregate .
agriéultural.production_is highlyfinélg%ticfwithrrespect to_
fﬁé terms of trade bgtﬁeén_éériéﬁlﬁhrékéhﬁqu;—agriculture.7
These.éssumpﬁiqhs.give-priﬁaéyitﬁ_tééﬁﬂﬁibgiéalibhange in
égriculture in fostering af?hifﬁ_ﬁﬁ tﬁgf;ﬁbdf”forcetththe_u
.non-agrlcultural sector, ;f'”{”’*”' RETI
Technolog1cal change 1n agrlculture is often hlghly biased
éﬁd varies greaﬁly,ln the extent'of.blaSu The;same rate of_
1ncrease in agricultural production in two succe351ve periods
y be brought about by two compleuely dlffErent technologlcal
‘changgs,:w;th hlghly dlfferent effgcts;gn-marginal p:pdpctzvity

. of labor and labor use. Thus; although labor’s share is



- determined at & given level of - oubput by the marginal
productivity of labor, its movement over time may be highly -
wvariable.  We, therefore, examine the effect of changing
labor share on the two market equilibria. . -
Owners of different factors of production evidence sharply

differing consumption functions. TFor simplicity in'dealing:
‘with this situation, our model divides-the agricultural
population "into twe classes-~laborers and landowners.: Taborers
are assumed to have a pogitive income elagticity of demand for
food "of less than 1.00, but still substantially higher than
that ~of landlords.: Laborers are also assumed.to have a: °
negative price elasticity of demand. TLandowners are ‘agsumed
to consume a fixed amount of agricultural output per capita, .-
regardless of its price or their income.. Landowner's food =
consumption couldjalso bve expressed azsa function of price and
income changes just as in the case of laborers. However; -
empirical evidenceé shows that landowners with' incomes well
above subsistence have price and income elasticities of demand for
food grains very closeito zero.

< Our. formulation is. intended to focus on:intersectoral’labor
_trgnsfers. So we simplify our model by assuming that agriculbural
laborers consume ‘all. their income. In the 'case - of. landowners,,
the assumption is somewhat ‘more involved. 8ince landowners are
assumed to have zerc income elasticity of :demand for-food grains
- the ‘Incremental share of:landovmers is marketed and a commensurate

value of commodities purchased from the non-agricultural sector.




These purchases inelude production inputs from the non-agricultural
gsector for uge ir the. agricultural sector. Again in keeéping with
our focus on the Iabor transfer problem we do not include capital
in our agricultural production function.  In traditionsl
agricylture, capital is essentially a direct embodiment of
labor'aﬁd,fthereforequoesmﬁdt require separate treatment.
Technological change generates. sufficient increase in landowners’
income to provide the required. capital.. This sssumption is. .~ .
quite valid for the common case in which the bulk: of increased -
capital associated with technological change is working capital
for financing inputs purchased from the nonwagricultural sector.
- The: sharp dichotomy between landowners and laborers is ..
very-helpful sinplifying assuwaption which distinguishes between
those cultivators who predominently produce for the market as-
against those whose produce is mostly consumed domestically.
The real world of peasant agriculture and gradation in size of
farm i§ accommodated by viewing intermediaste situations as
' appropriételyiweighted.averages;of landowners and laborers
with a consequent weighted average.set of demand elasticities.’
Sinee payments to laborers are agsumed td be made in kind and
- gince lsborers are assumed to sell a portion of .their receipts,
this allows considerable further flexibility in the tenurial ":
arrangements accommodated by the model.
i Landowners are-assuned to be fixed in number. This i -

" agsunption can be modified to. incorporate change in the population



of landownérs without altering the conclusions. - Changing share

of output, however, does illugtrate many of the interesting

results that could be derived by assuming changes in the population
Sof landlords.: |

Production in the non-agricpltural secbor is assumed to
be a funetion of labor and capifal. Mo technological change
is envisaged in the non-agricultural sector. Nevertheless.
neutral technologicel change as assumed in other dwalistic-
models could be incorporated easily in owr system.

A closed economy is assumed. - However, implications of .this
model: for trade in non-agriculbtural commodities are discussed.
The agsumption. of a cloged economy focuses attention on the -
implications of price inelasgtic aggregate supply of ‘agricultural
commodities and the consequent key role of technological change
in agriculture to overall economi#-growthn In practice individual
small countries may. encouiiter, through imports, an elastic supply
of agricultural commodities. ~In those'cifcumstances'oﬁr“model;

- points to the desirability of trade if an adequate rate of
technological change in agriculture eannot be achieved. -

- In the nonsagrieultural éector, the demand for agricultural
commodities is assumed to be éafunction of the price of agricul-
“tural goods in terma of industrial goods and of the laborers -
veal income. In eguilibrium the wage of the 1aborers in the
non-ggricultural sector is egual to the per capiﬁa incone of
the agvricultural laborers class.9 Their income and price .

elasticities and budget shares are, therefore, assumed to be
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the same as those of the agricultural laborers. Further Just
as in the casge of the agricultural laborers, non-agricultural
g -laerers‘consume;all their income. Demand for iabor in the
non~agricultural gector is determined by its marginallprOduétivity.
Non-agricultural profits are all saved and invested.".

It is observed that rarely does the absolute size of
the agricultural population decline prior:to a major—ééciiné in
the proportion of the populaetion in agriculture and of the
proportion of consumer expenditure on basic agricultural commodities.
Thus, because our model refers to an-early stage of devélopmentﬂ
we can assume that labor can be withdrawn from the-traditioﬁéi
agricultural sector without reducing a) the absolute Size‘éfr
“the agricultural labor force and b) per capita‘agficultural
dutput .. As long as industrial: employment does not increase at-
5 pate that more than absorbs increase in the population of
agricultural laborers, the first condition will be fulfilled.
It also-seesws apparent that with some'reofganizatioh of tréditional
agriculture, involving little additional capital inpu£ and‘maréiha1
changes in techniques, it would be possible to withdraw é-éubéééntial
amount of labor from agriculture without reducing per éépité owtput.
As we will see later this by no means assures constant tefmélir
of trade betusen agriculture and: industry when labor is withdrawn
from agriculture. These changes in terms of trade emphasize the
potential limit imposed by thé food market afd. the importancélof‘

viewing the fwo markebs as separate but intétecting entities, 4
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Although we assume that the production of the basic food-
grains is inelastic, the production of other agricultural
commodities may be guite elastic. This is because they occupy
only a small proportion of the land area and use & much higher
proportion of nonland inputs in their production. Thus in
a practical treatment our agricultural sector would most usefully
be defined to inelude ohly the basic foodgrainsg. As the food
congtraint is relaxed, production of high income elasticity,
labor using agricultural commodities might expand:in production
through the supply of labor in a manner similar to that: of
industrial goods.

ITI. The Formulation
0 Our stabtic'model is comprised of a food market a labor
market, equilibrium in each and a general equilibruim as follows.
Notation:

A = agricultural output

1A = agricultural labor. input .
7 = land
%t = technology " - v

= marketed supply of food

market demand for food

G F

= total consumption of food by landowning classes

b = relative budget share allocated by laborers to the
“eorsumption of food
g = agriculturdl labor's rélative share in agricultural

output
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. P...=: price of agricultural goods in terms of non-agricultural
- gootls
Y- = per capita income of agricultural labor population in
- berms of agriculburel goods
r = populabion of laborers.in agriculture as proportion.of
- btotal labor population
M. = total labor force, i.e., labor force in the agricultural

- and non=agricultural gactor

*LA:=. agricultural labor.force.
o= PN >1Ah‘ L
LI = non-agricultural labor force
= (1L - )N

:Wb = demand price of labor in the non-agricultural sector
- in terms of non-agriculbural goods - .

W, = supply price of labor in the non-agricultural sector in

S

terms of non-agricultural goods

¥ = non-agricultural outpub:

K = none-agricultural capital stock

g = elasticity of non-agricultural output wiﬁh“respect to
capital

1 -0 = elagticity of non-agricultural output with respect to labor
LT - = investmerit in ‘the non-agricultural sector |

The Focd Market. -

Agriculturel production is a function of.labor, land and
techriological change. It is linear homogenous with respect to

jand and labor.
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(l) A = f(l s Z, t)
2
B >0, 22 <o
olA BlA

The relative share of labor in aggregate agricultural output

is determined by the marginal productivity of 1ébbr.

@ o 2.2
TR a3
A hlA
dg >
at & .0

Marketed supply of food to the non-agriculitural sector is
the difference between output and consumption in the agricultural

sector.

S3) My = A C - bsA

Budget share allocated by agricultural laborers.to food is
a function of terms of trade between agriculture and non-agriculture

and their per capita income. .

) b = £(2, )

i b

it of et
such that 5 o, T <0

Per capibta income of agricultural laborers is equal to
their share in the agricultural output dividéd by agricultural

labor population.




ik

(5) v = 2 - £

Market demand for food in the non-agricultural sector is
equal to the budget share allocated to food consumption out of
" wage income by she nbﬁ-égriculﬁural leborers.

&) M = b‘%.L

The Labor Markeb

The production function for the non—agrf&ultﬁrai'sector is

a Cobb Douglas linear homogeneous function of the first degree.
‘Thus;. e

o x = Lt

Demand for laber is a function of’its'marginal-producti%ity.

(8) Wy = (1-09 £
I

Labor migrates from agriculture to the non-agricultural
sector until the wage rate in the non-agricultural sector is

equal to per capita income in the agricultural sector.

W
3 sA
(9) = W



and
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Note 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 profits in non-agricuitural output .

. 8K

(10) I = 7 = oX
1 dK X
Thus: I"'{"a-_'t-;- = GE

Equilibrium in the Food Market

(11) My = My

The equilibrium in the food market is graphically illustrated

in figure 1.10 f,,»w’fff

"

P S
Figure 1: Equilibrium in the Food Market

Setting 3 equal to 6 it follows that:

bsA (1 -~ r)

(12) A -T-bsA = -
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12 can be restated as:
’ (A -. . ‘E) :

.b(P?¥) sh

This will be referred to as an FF function representing

equilibrium in the food market, It can be shown that for 12

Equilibrium in the Labor Market

(13) Ws = WD

The Equilibrium in the labor market is graphically

iliustrated in figure 2.

Wb
and
Wy

e L, i
m———ll

LI B (l --I‘)I‘T

Figure 2: Equilibrium in the Labor Market
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From 13 by seﬁting 8 equal to 9 it follows that

(1)  PY = _(.L.‘__E.)_gf.
L1

Substituting for LI and Y 14 can be restated as:

(1L-0)K°
(1 - r)GANG sA

This will be referred to as the LL function representing

equilibrium in the labor market. It can be shown that for 1k

ap
ol N
ar 0

‘The General Equilibrium

Since b is a function of P and Y, substituting

(2 - o) X°
cor - )7 nf

T.8A

for P from equation 14 an %% for Y from equation 5 into equation

12, we obtain a condition for a general egquilibrium as follows:

33
0 = (55 e HEDES . ). - o

The general equilibrium derived from 12 and 14 may be shown

graphically as follows:
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5o (1 - ox?  rw

L / (1 - r)%C e
/ ' (Equilibrium in

the labor market )

B(P,Y) =r{A - CT)
v

(Bquilibrium in
_ the food market )

Figure 3: General Equilibrium in the Food and the Laber Market
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- IV, Bensitivity Analysis -
We will now proceed to investigate the sensitivity of
r, P, Mé and W/P with respect to A, N, and K. This is done by
cpartial differentiation of the solution equations for each of the

four endogenous variables in the model with respect to 4, N, and K.

.- Changes. in A {agricultural output) which increase, decrezse -

or leave labor share unchanged are each examined. -The-sigﬁs
in the sensitivity matrix. presented below are based on the
ranges of -all possible numerical values that the variables

and parameters are likely to take in .a dualistic economy.:.

Er>o0 Loo V<o

aA DA A
r + - - + -
P . + - - 4= +
Ng . + + + - +
W : + o+ + - +
2]

‘fhe résults'iﬁ théﬁsénsitiéity maffix éfexiﬁmeﬁéély -
1nterest1ng Thej éh§W‘tha£ wﬁeﬁﬂthéfincfeééetinﬂfgé‘égriéultural
output is brought about W1thout channlng labor 8 relatlve
share, as in the ecage of a neutral technolog1ca1 change the

effect of change in agrlcultural output on r, P M% and W/P

can be determlned unequlvocally for all 11kely valuas of
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variables and parameters in-a duvalistic economy. The matrix

ghows similar uﬁeqﬁivocal results in the case of effects of changes
~inNand K en r, Png and T’%Ti}

' However, ﬁhe-mbst intemsting results are obtained: in the

- case-of‘an'increase iﬁ the agricultural output that changes . -
relative factoriéhar33~ This may happen, either when technological
change ig blased or when thé increase in the agricultural -

output is brought about malnly through increased labor. 1nput.
The-sens1t1v1ty analysis emphasizes that ‘wheén factor shares:in the
agricultural sector change, what happens to'r, P, ME“and g,as

a result of increase in the agricultural output depends vgfy

much on the relative magnitude of the various counterbalancing
forces.

For example, except in thé case of'WVP, all'the‘other
results obtained Ffor reutral technological change aré reinforced
when labor's share declines as a result of an increase in the
agricultural output. However, in the case of W/P,fthe effect
of increased agricultural output accompanied by labor's
‘declining share is indeterminate. This is because Oflthé_‘”
follow1ng factors The equllibrlum wage rate in the non-

_ agrlcultural sector5 when measured in terms of agrlcultural
goods, is equal to the per caplta 1ncome in the agrlcultural
sector A decllne in the 1abor 'S share causes a decreaéel

in the proportlon of populatlon 1n the agrlcultural sector,”

thus 1ncrea31ng per eaplta 1ncome of the ex1st1ng agrlcultural



.21

labor force,  While at the same time, a decline in the labor's ™ -
share also pushes the per capita income of the agricultural:::
labor force downward directly, The resultant wage ratewin the.:-
non-agricultural sector is thus a combined effect of these two
mutually opposite forées and. depends: upon their relative - -
magnitudes.

When increase in agricultural output is-apcompanied by ine

S

may go in-either direction, If labor's .relative share increases

crease in labor's rvelative ghare;, the.éffect_on.r,.P,gM and W/P

only slightly, relative to the increase in the agricultural
output, the effect of increased agricultural output on.r, P,
MS and W/P will -be greater relative tqfth%t Qf ;ncreaéd“.
labor's share, However, if the labor's Sﬁéfe iﬁcreéseé sub-
stantially as a result of the increased agricultural oufput
the effect on r, P, MS and W/P nay Dbe opposite to that when
increased agriculturel ouéputris_not accompanied by changing
factor shares. L

Thege interéctionéiﬁill be discussed in the dynamic -
gnalysis in the next seéfion. The pfeceedigg_discussiqn
does suggest that in the context of growth the most interesting
results in the sensitivity matrii are thoséfrelatihg to lsbor's
share in agricultural output. They show that with increased
labortshare, as for production increases in . traditional agriculture,
proportion of population in the non-agriculturel sector wey ..
decline; terwms of trade may move in favor of the agricultural.

sector, the marketed surplus.of food may decline and the real |
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wage in the non-agricultural 'sector may increase. Converse - - .
changes may be expected when technological .chahge decreases

' labor's share in agricultural output.  The factor shares in

kthe agricultural sector are thus of crucial.impoftancerin

the growth-of?thernon-agriculturalfsector;lex
V. Dynamic Analysis

Growth of Employment and Capital Stock Over Time

””Equatibn'lsg'may-be'&iffer&ntiatéd3with'respéct to time, set
equal-to zero and-income elasticity of demand for food sub- .

sbituted for -

1T MR W-ow

]
u
C'-

Tt can be shown that the rate of growth of per capita real income
of the agricultural labor force bears the following relationship

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

1l

14y . - 1.dk
(16) 3% ‘YT

(Lag 1 1)
K'dt Lo dt

Ll
where Lg%
" Equation 16 shows that as long as per capita income of ‘the’
agricultural laborérs increases the capital-labor retio in the
non-agricultural sector also increases. ~Also, since o< 1.

the capital-labor ratio increases more rapidly then the rate of -
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growth of per capita income. It is interesting to note here that,
since ¥ = iﬁ, per capifa income in the agrlcultural sector may
increase, not only because of inecrease in agricultural output but,
also because of increase in labor's share or due to decline in

the labor force 'in the agricultural seator. TIt, therefore,

seems highly probable that the capital-labor ratio in the industrial
sector would rige over time, for even if agricultural output
increases only as rapmd 1y as the population growth, and even If
labor's share does not incerease, just the withdrawal of population
from the agricultural sector would cause an increase in per capita
income of agricultural laborers.

"It is of considerable interest to examine further the

“factors that would determine the rate of growth of employment in

the non-agricultural sector. Solving equation 15 for LI and

~differentiating with respect . to LI gives us

" dL. o 3L DL CAL 'aL

% "hraa CLray | Proax I ds
U1 3w = = E{—If“_aN,’dt X a5 T

Thus:

ot g st
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. where A, incone .elasticity of demand for food: .

fl

m
i

price elasticity of demand for food of
agricultural laborers when paymeunts are
13

made in kind.

: rate of growth of total labor force

g o
H

B

rate of growth of agricultural output

ale
ale

= rate of change of labor's relative share

in the egricultural output
1 ALy
Tt can be shown from 18 that = P id pesitive for
I
Call values of g > g

Purther, from equation 18 may be noted the various factors
aL

I
that influence the magnltude of % i gg . For example,; it may be
i
noted that the larger the value of @ , i.e,, the greater the rate

of growth of agrlcultural-outputj-the faster the rate of growth
of non-agricultural employment. It should also be noted thet the
rate of growth of employment is inversely related to the movement

of labor's share in agrlcultural output When legbor's share

- dL s
.E;' at”
larger the share of profits in the non-agricultural output

decreases imervesses. It is also clear from 18 that the
the greater the rate of growth of employment in that sector.
These relationships are of immense interest in the policy
context. They indiecate that to the extent that technological
change in the agrlcultural sector is accompanled by increased
labor s share in output, 1t would prov1de a. dampenlng effect on

the growth of non-agrlcultural employment. This would occur
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© 1) through its unfavorable effect on marketed supply of food

' 2) through its effect on the level of industrial wages required to
“withdraw labor from agriculture to the non-agriculbural sector.
1;In_fact, growth in agricultural output may be completely compensated
by increased share oft agricultural lsborers with no effect on the
growth of non-agricultural employment. By the same token technological
-change that brings about a movement in the distribution of agricultural
outpﬁtﬁagainst the laboring classes, may erhance the growth of
 ”noﬁ4agricultural employment. - Thig crucial relationship between
distribution within the agricultural sector and its effect . on

| non-ggricultural 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
 implications for the ‘magnitude of the capital-labor ratio over
time. They show that although the capital labor ratio in the
non-agriculitural sector Willlincrease with incresse in the
per capita incoméfin%the ééricﬁltural seétof, the aéiual ﬁégnitude
of the capital-labor ratic is contingent upon the rate of growth
ofsagriéultufal outﬁutﬁand thé changes in'relativé'ééctof'SEares
in the agricultural sector. Thus the capital-labor ratio will
increase lass rapldly 1f agrlcultural output grows at a high rate
“than 1f it does not. It may increase even 1ess rapldly 1f increasge
in agrlcultural output is accompanled by a decllne in labor 8
share in agrlcultural output Thls is because Lhe opporturlty

cost of labor to the non-agricultural sector is dependent on
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per capita income in the agrieultural sector, which is a function,
‘not only of agricultural output but alsc of relative factor shares
~in.the agricultural sector. ‘These complex concliusions are at
variance with the simplistic treatment and conclusions concerning
_capital-labor ratios in the Jorgenson and Fei-Ranis treabment of
dualistic models.:
These results.also have significant implications for trade.
. A labor augmenting technological change in the .agricultural
gector, by keeping the capital-lebor ratio in the non-agricultural
sector from riging as rapidly as it would otherwise may provide
consideravle continuing comparative advantage in the production
-~ and export of labor intemsive commodities in a dualistic economy
such as ours.

Change in Terms of Trade Over Tima'

. Movements in the termg of trade over time may be analyzed

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

 (e0)

) F e EETEE T %
142, lGA  1dK o 14v, 1ds
S <k LAGE  "2K4ab T3Wdt b g at

Where al, a2, 33, ah are reepectively elastlc*tles of prlce
W1th respect to change 1n agrlcultural ou.tput3 capltal stock

populatlon and labor 8 share in agrzcultural output
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It can be shown that depending upon whether

> i
Eb(nA— AA-bgeAA) E.A.__
14P . > T
5 will he b 0 and prices will increase, remain conatant

or decrease over time."fhe movement of ﬁerms of trade between
agriculture and industry over time are thus depeﬁdent upon a
complex set of factors and may move in either direction depending
upon the magnitudes of these several parsmeters and variables.
Tt should be nobed.that theJtermsgof‘frade-are‘determined by the
price, income and output elasticities on'fhe cne hand and by the
factor shares in the agricaltural sector and average propensities
to congume of the two income classes on the other,
VI, Conclusion

The system presented in thié.ﬁaﬁéfmfilléta major gap in
the theory of & dualiéfic ecbnomy; _Iﬁ éxaﬁineé the functioning
of the food and labor market as two independent markets and
examines the iuteraction between the two and its effect on labor
mobilization. Tt explicitly allows for. a) the %aryingfshare of
labor in the total agricultu?al cutﬁutliﬁ)“foi tﬁé varying
response of food conéumpti&n to iﬁébﬁe éﬁ&?ﬁiiééméhanges for the
two clagses in the agricﬁltural Sectér. Thié is a significant
improvement over the existing dwalistic theories that treat
growth of agricultural output as being synonymous with growth of

agricultural marketings. This model therefore, analyzes the
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rate of growth of non-agricultural employment in terms of the
growth rate of agricﬁltural outpué'as well ag of changing
factor gshares in the agficulturalvsector. |

If.musts'however, be emphasized that this formulation is
oniy a first step forward from the existing dualistic medels.

It does proviae congiderable scope for incbrpbfating the third

ma jor market in the general equilibrium system, namely the
intersectoral capital market. The existing fﬁéories,.including this
ane, agsume that nonagricultural investment océufS'only through
séviﬁgs in that sector. The evidence from Jépanrand Taiwan

and more recently from India indicates that sévings inthe
tfaditional gector provide a considerable scopelfor-industrial—
ization particularly of‘the small scale type which: does not

i ?equireliumpy capital investments. In dualistic economies, in

" which the capital market :s "ill-organizad and inefficient,
congiferable interest must lié‘in examiniﬁg %ﬂe role of the

- intersectoral capital market in the pace of industrialization.

i "If ig clear that techhological change in agriculfure with its varying
factor biés“wili be an important determinantrsf the sign and
direction of intersectoral capital transfers.

Furthér; this model, like its predecessors assumes that supply
of consumers goods other than food is'highly elastic and that
inO'serious bottlenecks in industrialization.0ccur due to changes
" in the prices‘ofqthese goods. Tt may be Worfﬁﬂhile to examine
the effect of vérying-degrées of elasticity‘dfléupply of consumer

gcdds other than food on labor mobilization.
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The analysis thus provides a variety of possibilities for
developing a more realistic model. of industrialization. It
also suggests areas of empirical investigation of relationships

that are crucial to this analysis and that have been largely
" .neglected in the pagt.  These include:

1.  Changes in factor shares resulting from various types
of new agricultural technology, e.g. effectsiof improved.
varieties, multiple cropping, irrigation, and mechanization,
on factor shares in the agricultural sector. Our model provides
a relevant framework in which to view the indirect effects of
chahging factor shares from different technologies.

2. The.response of different income groups to price and income

_changes in terms of domestic consumption and marketing of food.
This is of particular relevance in the context‘of technological
. change which results in considerablelchanges in the distribution
.-of the physical product..

3. .The capital-labor ratios and the capital-output ratios
implicit in different. types of non-agricultural investments--
both in the marufacturing sector as well as in the development of
infrastructure. By emphasizing labor as a.scarcé resourcé when
cowbined with focd, our mcdel emphasizes a rneed for an optimal

combination of industries-with varying capital-labor ratios,

- Although not explicit in the presentation of the model, it is

_ apparent that if the rate of increase of the marketed supply of
- food .increases; a short run disequilibrium between capital and

lsbor supplies will be. created. This ealls for seafch_for
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means of reducing capital-labor ratios, The potentials for
reducing capital-labor ratios through restructuring of industry
needs to be examined. Trade and a new structure of domestic
demand incident to redistribution of income also will have
considerable implications for the structure of industry.

L, Implications of rapid industrialization to trade patterns.
The effect of accelerated growth of marketed food supply on the
ghructure of industrialization on factor intensity and hence on
comparative advantage needs increased attention.

5. The halance in foreign aid between consumer goods,
ineluding food aid, and capital goods. Past models of growth
have favored a major emphegis on capital goods with a resultant
small employment component in aid induced growth. Renewed atudy
is needed of the relation and balance between consumer goods,
including food, labor mobilization and capital goods. There is
implicit in this a concept of balanced aid between capital
gpods and consumer goods and an interesting set of gquestions
concerning the relative merits of trade and aid from the point
of view of employment policy.

All thege relationships acguire a new significance in the
wake of the new pobtentials for technological change in the
agricultural sector and their implications for expansion of the

non-agricultural labor force.
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FOOTNCTES

Cornell University, This paper was initiated with funds

from the Cornell University Comparative.Ecqnomics-Progfam

cand completed-as part of the Cornell University AID research

contract on employment implications of technological changes
in agriculture. . We are grateful to T. C. Liu, Roger Selley,
and William Tomek for ilmportant suggestions in formulation

of the model and to Simone Clemhout, Carl Gotsch,_Rdbert Herdt,

Jaroslav Vanek, and Henry Wan for a critical review of the

_paper.

See Jagdish Bhagwatli andTSukhﬁﬁcyﬁChakravartyﬁfor a rgview_
of substantial literature on pianﬁi@é mddels.gs applied to
India. Also see Trma Adelman and:Erik.Thgrbegkeﬂ Louis
Lefeber's :egept arﬁicle.dpes examinavihe‘qugstion of_emplqyu
ment. However,:@ue to his rigid asSﬁmptions, his work, like
otherg also reaches the dismal coﬁciﬁsioﬁ of 8 choice between
present growth of employmsnt_vs, futuréTle?el of consumption.
As an example of the 1atte: séé quhomoy_bﬁakravarty and
Louis Lefeber. . At an operationai 1evel:the plaﬂningkmodeléi‘:
have proved unsatisfactory for a variety oﬁnreasons, among
them not_the_leasﬁ_important is failuré touincorporate
fluctuationslin‘agriqultural“producéion;‘ See, for example,
the various forumlations of Chakravarty and Lefeber and

Richard 8. Eckaus and Kirit 8. Parikh for India. S
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A nugber of empirical generalizafioﬁs are made at various
points in this paper They‘aie in général'drawn from;the
work of John W. MEllor et. al and Uma - Lele for’ Indla

T. H Lee for Taiwan, and Mellor 1970 for various couﬁtrles.
See W.‘Arthur Lewis, Gustav Ranis and John'C.:H. Fel, and
Fei and'Ranié;‘ For a critical comparigson of these models -
Wwith néia'Jorgénsen, 16611965 as well as enphasis on the'
'ﬁérd;“ofléréde prbﬁlem;ﬁeeaJohn.W.'Mellor, 1667.

The scant empiriﬁal evidence that emists on the relationship
of aggregate supply to price changes supporis this contention.
See for exam;ﬂe Rober Herdt and Howard Bamum.

For analy31s of these complex Pirm-household relat10nsh1ps

see Meéllor, 1963, and Amartya K. Sen.

. Assuming a ubtility function with fixed coefficients and’

unit elasticity of substitution Sen (p. 437) shows that

" the response of output to price must be positive. He,

nowever, admits that "without further empirical research
we cannot say how realisgbic are the cases covered here."
The exercige is, therefore, only esoteric. In absence

of knowledge of the trﬁe shape of thé'uﬁilifj fudcticr-a
judgement about the most likely supply response must
déﬁéﬁd heavily on empiricai'évideﬁCéféuéh as that cited in
footnote 5;

Tt will be noted thab although the emphasis in our
presentation is on the lsbor supply problem, the mechanism

discussed includes an increase in demand for goods produced
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~in the non=agricultural sector, which itself may be an important

dynamic of growth.

This assumption is different from the assumption in the classical

dualistic model. Our assumptlon may lead to.an increasing -

equilibrium real wage in the noneagricultural sector, as per

capita income of the remaining sgricultural laborers in the
agricultural sector increases a) with withdrawal of labor, b) with
lncreasing agricultural cutput, or c¢) with changing share of.
laborers ‘in agricultural output. -Labor migrates from the agri-
qultural to thé non-agricultural sector until wages in the none
agricultural sector egual per capita incomes in the agricultural
sector. The simplicity of the asgumpiion has inecreased the anal-
ytical facility of our formulation. However, maintenance of the
conclusions only requires tha£ Wages in the non-agricultural sector

be a function of the average income irn agriculture. This assump-

- tion.could be modified to contain the more complex formulation

of the-Todaro'model withouﬁ altering_therconclusions of our
analysis. For example, a high nonwagriculturaluwagé might be dige
counted by repeated unemployment.

The derivation of the supply and demand curves is based on the
assumption that b is not linear homogenous with respect %o P and Y.
Assuming a price adjustment in the food market and a quantity
adjustment in the labor market and using the corregpondence

principle and Engel's law it can be ghown that for the equilibrium

to be stable where gz = 0, it is necessary that b1 < Q where
o s
bl = 55 We are grateful to Roger Selley for derivation of the

stability conditions. See Appendix B to this paper.
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12. ‘Our exposition pleces perspective on the controversy between .

13.

James Nakomura and others concerning the:rate oﬁ;growth..
of agricultural output in Japan during the Meiji pgriod.',.-
Presumably during the Meiji period growth in output was
increasingly derived from yield increasing technological

chenge in contrast to the more labor ~intensive sources

. of growth in Tokugawa period (se¢ Thomas Smith). The

résultant change in factor shares would: support a greater

growth in non-agricultural employment and greater structural

* transformation for a given increase in agricultural output. .

Thus we may at-least partially accept Nakamura 's amalysis of

output data without modifying the eariier assertions concerning

‘agriculture's increased contribution to economic growth. A

similar argument.cowld be made for Jaiwan’'s accelerated ' -
growth in agricultural output in -the 1920's and the 1950's. -

T4 ecan be shown that this price elasticity is equal to eiA,+ ny

*  s3 the usual price slasticity of demand and Qﬁrthe

where EAA

income elasticity of demand for food. We.are grateful to

Roger Selley for the detailed derivation. See Appendix A to

‘this paper..



37

Reforenss

) Adelman, Irma and Thorbecke, Erik, The Theory and Design of

Feonomic Development, Raltimore, Maryland, 1966.

Barnum, Howard, "A.Model of the_Market‘fof:FOOdgrain in Tndia
1948-1964," Technical Report #23, Project for the Evaluation
and thimnzation of Economic Growth, Imstitute of Economic
Growth5 institute of International Studies, University of

California at Berkeley.

Bhagwati, Jagdish and Chakravarty, Sukhomoy, "Contribfitions to

Indian Economic Analysis: A 8urvey, "Amer. Econ. Rev., Septémber'

1969, 59, 2-73.

Chekravarty, Sukhomoy and ILefebey Louis, "An Optimizing Planning

Mcdel, " The Economic Weekly, February 1965, 17, 237-252.

Eckaus, Richard 3. and Parikh, Kirit 8., Planning for Growth::

Multisectoral, Intertemporal Models Applied to India, Cambridge

Massachusetts, 1968.

Fei, John C. H. and Ranis, Gustavy, Development of the Labor

Surplus Economy: Theory and Policy, Homewood, Illinois, 1964.

Herdt, Robert, "A Disaggregate Approach to Aggregate Supply,"

American Journal of Agricultural Economicss Yov. 1970; égp 512-520.

- Jorgensen, Dale, "Development of & Dual Economy,” Econ. J.,

June, 1961, 71, 309-33k.




38

, "The Role of Agriculture in Economic Development:

Clazsical versus Neoc13531ca1 Modals of Growth " in Wharton,

Clifton R. Jr.g'ed Sub31st@no¢ Agrlculture & Economlc Development
Chicago, Iilinois, 1969. . o

Lee, Teng-hui, Intersectoral Capital Flows in-fhe Economilc

Development of Taiwan, Ithaca, New York, 1971.

Lefeber, Louls, ”Plénning in a Surplus Lebor Economy,' Amer. Econ.

Rev., June 1968, 58, 343-373.

Lele, Uma J., Food Grain Marketing in India: Private Performance

snd Public Policy, Tthaca, New York, 1971.

Lewis, W. Arthue, "Economic Development with unlimited Supplies.

of Labor," The Manchester Schocl, May 1954, 22, 139-91

Mellor, John W., "Technological Chenge. in Agrlculture and Inter-
sectoral Resource Flowsg“ Occa31onal Paper #34 Cornell University

USAID PrLces Research Contract June 1970

, "Towards a Theory of Agricultural Develppmemt;”

in Southworth, Herman M. and Johnston, Bruce F., eds.,

Agriculturai Developmenﬁ'and Econbmic'Growth;'Ithacag Wew York,

1967.‘i

Economlcs of Agrlcultural Development Ithaca,

New York 1966



59

s "The Use and Productivity of Farm Family Labor in

Early Stages of Agricultural Development,” Journal of Farm

Economics, August 1963, 45, 517-53k.

s Weaver, Thomas F., Lele, Uma J., Simon, Sheldon R.,

Developing Rural India: Plan and Practice, Ithaca, New York, 1968.

Rakamura, James, Agricultural Production of the Economic Development

of Japan 1873-1922, Princeton, 1569

Ranis, Gustav and Fei, John C. H., "A Theory of Eccnomic Development,”

Amer. Econ. Rev., Sept. 1961, 51, 533-559.

Sen, Amartya K., "Peasants and Dualism With or Without Surplus

Labor," J. Polit. Econ., October. 1966, 7h, L25-450.

Swith, Thomas Carlyle, The Agrarian Origins of Moderrn Japan,

Stanford, California, 1959.

Todaro, Michasl P., "A Model of Labor Migratiorn and Urban

Unemployment in Iess Developed Countries,” Amer. Econ. Rev.,

March 1969, 59, 138-1k48.




LA

Appendlx A
A Note on Demand Elastlcltles, Mbnetary Payment and Payment in Klnd
by | ‘

" Roger Selley

Consider thé”aemana eQﬂation for‘gOQd 1
i Qv Q (P )lo-; P : Y)J l = 130.-, N B .(l)

where Q is the quantlty demanded of good 1, Pi

i, and Y 1s the quantlty of the Jth good recelved as payment in kmnd.

1s the prlce o? good

Totally dlfferentlatlng (1) results in

e Wty Byty @ (@)

where in is the change in the quantity of good i consumed resulting .

from the changes clPi “ea dPl\T’ d¥. If we consider s change -in the

price Pj while holding all other prices constant, upon dividing

through by de, (2) becomes

aQ;  oQ; 0 4

= +
aP, — dP, oY @a°r,
d dJ a J

; i= 1, eeu, N. (3)

If in addition we take the monetary value of Y as constant, i.e.,
PjY = k, we can totally differentiate PjY =k,

(de) Y + (ay) Py =0, (L)
solve (4) for dY/de and substitute the result into (3) which after

multiplying by Pj/Qi becomes:

aQ, Py aQ P,
de Q @7

jule

-é——,i=l,...,N. (5)

ﬂ
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Expressing (?) in terms pfug;astiéitiégiéésults in: _
: efj _ éij“_'ﬁil" wRE e T ST . : : (6)
where Eij ig the price elasticity_of demgpd for the ith good with
respect to changes in the jth price, all other prices and the monetary
value of the payment in kind,_PjK, hald cqnstant,riﬂe,};this i?:
the usual price elasticity of demand discussed in the ;iterature;
Eij 1s the prlce elast1c1ty of demand for the 1th.good With respect ﬂ
to changes in the Jth prlce where all other prlces and payments in
klnd are held oonstanf- n. 1s the elastlclty of demand for the 1th‘
good with respect to changes in the payment in klnd, all prlces held
constant. The prlce and 1ncome elast1c1t1es presented on page 20
can now be shown to have the following relatlon to the usual price

elagticity of demand:

O L EE L BRI (7
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Appendix B
' Stability Conditlions and the Correspondence Principle
by

" Roger Selley °

Let us hypotnesize that the terms of trade increase over time
if demand for the marketasble surplus exceeds its supply, .

=HEMD-M],H'>o=i}5>o,y=MD-M | (1)

S dx S
and that labor migretes to-thernonagricultural sector when the demand

prlce for nonagricultural lasbor eXCeeds its supply prlce,

PG Moy ~W,], 0 ——gm} x..wD-wS. T (e

Consider the linear Taylor expanslon of the system (l) and (2)

siy2n. 2ipad o]
ai'/ aP ai'/ Bx‘-l T

Re)

n‘where the partials of P and T with respect to P and r are evaluated
at an_equmlihr;um pq1p§ (P%, %), . A necessary and sufflcient
condition‘fqr_locel stability of the system (1) and (2) 1s - that

the eigen values of the matrix of partials in (?),“ o

T /R TS

have negetlve real parts.

For the eigen values to have negative real parts it is necessary

‘and suffieient that L

HYb, sh/m ¥ G1(- f=-K2/N2(1-r)5 + Psa/rgm ()

A
o

@1‘%’ o
;

-G'f"KE/Ne(l—r)B + (H'blr + P) sA/rQN <0




and

» . P S ‘.::‘.,-
3P or  CP or

FEEE- o (51 o8/ ) G(-i‘Ke/I\Tg(]_-r)B v pea/ePN (6)
- H' (sA/N) (b, sA/<N +b/r) G! (sA/rN) >0
where outpub is specified by the general production relation
X = Ly PIK/L] =Ly £lk),
- o/,

and " = e/,
D1v1d1ng (6) by H'G! sh/rll results in the condition
by (-f"K.E/NE(l-r)3 + P sA/r N) '”; o _:' :f"'ks ?"'(éé)
-y (/e e a/Pu <0 o
By Engel's Laws the percentage-impprtance of food expeqditure
declines as income increases, i.e.; 52‘%E0« Assumingrdiminishing
feturns-in'production £ <0 and'assumeé Engel‘s:Laws app1y;'it
is necessary that bl < O for (6a) ‘and therefore (6) to be satisfied.
The partlal bl < O is also sufflclent for the satisfaction of condition
(5). Equatlon(6) places a stronger ‘condition on bl which depends
upon the magnltude of the parameters and variables of the model,
Applylng Tngel's Laws and Samuelson 8 correspondence Pr1ncmple
permits the unaMblguous deﬁermlnatlon of all of the 31gns in the
sensitivity matrlx on page 16. | -
| Slnce the relatlve budget share spent on food by laborers can
be expressed ags b = A/Y where A is defined here as péf capita

consumption of food and Y is per capita income, the constrainbs:



b5

placed here on bl and b2 can he expressed in terms of

elasticities as follows:

b 1(BAP>§.
P

- =B
Py B TINFE/D TP <O (M)
b =ab_é{<éAg>é-é -_-_b_(n - 1) <0 (8)
2% YWor &MY TF Y VA
which can be restated as
€ppy <O (72)
and
n, <1. (8a)

From the results derived in Appendix A, equation (7a) can be in
turn restated in terms of the "usual" price and income elasticities
ag follows:

1 'x' - -~
€ap = €Xy *m, <O (7a=1)






