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A Labor 	Supply Theory of Economic Development 

John W. Mellor and .Uma J. Lele* 

Macro planning models for low income countries typically 

emphasize growth in per capita consumption over time at the cost 

of immediate growth of employment. This generalization includes 

not only the earlier simple aggregative models of Harrod-Domar
 

and Fel'dman-Mahalnobis, but a considerable number of the recent,
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more complex multisectoral, intertemporal models. A low employment
 

component in these models is a product of the assumptions on which 

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

low growth potential for exports, limited foreign aid and hence 

a balance of payments constraint. Most important, they assume a 

technologically stagnant agricultural sector, a. sector which 

produces up to half the GIP and an even larger proportion of
 

consumption goods. Further, these models often assume a domestic
 

savings 	constraint or assume that output is only produced by
 

capital. Employment thus becomes only a by-product of growth of
 

output.rather than being an explicit variable.
 

.The employment question is relegated to the background by. 

rigid assumptions about capital output ratios and composition of 

demand thus ignoring the implications to employment of ch6ice of 

technique and of industrial structure as well as of technological 

ahange. As a result of such assumptions these models may either 

produce 	 impqrt -displacing, capital Inutensive patterns of growth 

-I
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that have a low employment potential or recommend massive
 

investments in agriculture to keep up with growth in the demand
 

2
 
for food.
 

The Indian development experience provides an excellent
 

example of these assumptions and policies. The low employment,
 

capital intensive, import-displacing pattern of industrial
 

development in India seems to have been justifiable, expost.facto.
 

However, each of the justifying factors is in part a produc,.
 

of government policy and thus the premises of the planning 

models have been substantially self-fullfilling'
 

Per capita agricultural output did not increase significantly 

in the first twenty years of planning and showed substantial year
 

to year fluctuations. This was followed by a failure to mobilize
 

market suplus of food through the open market or through govern

mental policies of food procurement.3 Given an essentially
 

stagnant agricultural sector relative agricultural prices would
 

have increased significantly if the growth of employment had
 

been considerably more rapid than that actually accomplished in
 

the past two dbcades.
 

Exports were stagnant not only because of the low growth
 

potential for traditional exports but also because of failure tu
 

develop export markets for nontraditional manufactured goods.
 

The latter itself was in part a consequence of a stagnant agriculttr(
 

and a lowr rate of savings, and in part a product of the industrial 

structure implicit in the planning models. Small and uncertain
 

per capita foreign aid reinforced the foreign exchange constrainL. 
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Finally, the pattern of industrial develonment nrnvided by fhP 

planning models failed to boost the saving rate among small
 

savers or to effectively channel what small savings did occur. 

Dualistic models of the Lewis type, which verceive economic
 

development as with growtbhsynonymous of non-agricultural 

employment provide a clear alternative to these capital oriented
 

macro-models. 
 They have however, never received serious
 

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

of the dualistic models to analyze realistically the mechanism
 

of food transfers from the agricultural to the non-agricultural 

sector. The market mechaniem to augment the food sunnlies
 

required to feed the transferred labor does not work with a 

stagnant agriculture. And the political, administrative. 

nightmare of forcibly extracting food surplus from an essentially 

stagnant agriculture rarely provides a viable alternative.
 

In a low income economy.aggregate food production is
 

generally highly inelastic to changing terms of trade between
 

agriculture and industry, whereas the marginal piopensity of the 

laboring class to consume food is high. 5 Because of these two 

features the food supply available to the nonagricultural sectorl
 

constitutes a ma.ior constraint on growth of nonagricultural 

employment in the case of a stagnant agriculture. With a dynamic 

agriculture the rate of release of the food constraint is determincd
 

by complex forces of which tho distribution of the agricultural 

product within that sector is of particular Importance. 



Given the possibilities of substantial increases in 

agricultural production asaa 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 new agricultural technology. The extent 

bk bias varies substantially among innovations and physical 

envtrohments. Thus the nature of technolpgical change in 

agriculture isof interest because..of its effect on marketed 

surplus and labor mobilization for non-farm employmet. These 

vary considerably, first, according to the factor share bias 

and second according to the demazd elasticities of the various 

income classes. 

For these reasons, we present a model which allows emphasis
 

onthe food transfer mechanism in a context of technological
 

change in the agricultural sector.. The approach has 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
 

market and then examine the interaction between the food market
 

and the labor market. More generally our model is labor supply
 

and consumer goods oriented rather than capital supply and invest

ment goods oriented. It is thus in sharp contrast to the
 

Fel'dman-Mahalnobis models and their various sophisticated deriv

atives. Second, we explicitly allow for changing share of
 

agricultural output between 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 providns a general equilibrium system for a
 

Adualistic economy in terms of the food and the labor market.
 

2. It examines the effects of changes in: a) agricultural
 

outpu and factor shares indticed by technological change, b)
 

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

sector on 1) the supply of marketed surplus, 2) the equilibrium
 

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

of trade between agriculture and industry, and 4) the equilibrium
 

real wage.
 

3. It analyzes a) the rate of growth of non-agricultural
 

employment and its relationship with the growth of capital stock
 

over time, and b) changes in terms of trade over time.
 

In the following section we discuss the assumptions on 

which our formulation is built. The discussion has a dual 

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

other labor surplus formulations we emphasize how our assumptions 

provide the model a current relevance. Second, wze discuss how 

some of our assumptions help keep the mathematical formulation 

simple without substantially altering the relevant conclusions. 

Fot both these reasons the section should be of considerable 

interest from the vieunoint of policy analysis, although, to 

strict model builders, the discussion tray seem only peripheral. 
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I. Assumptions 

We assume that agricultural, output-.isa. a function of-libor, 

land and technological change. For the reasons oublired:blow, 

we further assume that per. capita agricultural output. Can be 

increased only by technological change in-agriculture. 

In traditional agriculture, i.e..; with no technological 

change, output increases through a direct input of labor or 

through land and capital which are largely a direct embodimeni 

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

labor being employed in productiorimmiserizing process, .added 

at declining marginal product as population growth reduces pex
 

capita incomes, thus. increasing marginal utility of the 

additional income.6 For these and other reasons of logic
 

supported by the empirical evidence, we assume aggregate
 

with respect toagricultural production is highly inelastic 

of trade between agriculture and non-agriculture.7
the terms 

These assumptions give primacy to technological change in
 

agriculture in fostering a shift in the labor force to .the 

non-agricultural sector. 

-Technological change in agriculture is often highly biased 

and varies Greatly in the extent of bias. The same rate of
 

increase in agricultural production in two successive periods
 

may be brought about by two completely different technological
 

chnngcs, with highly different effects on marginal productivity 

of labor Etnd labor use. Thus, although labor's share is 



determined at a given level of output by the marginal 

productivity of labor, its movement over time may be highly 

variable. Vle, therefore, examine the effect of changing
 

labor share on the two market equilibria. 

Owners of different factors of production evidence sharply 

differing consumption functions. For simplicity in dealing 

with this situation, our model divides the agricultural 

population into two classes--laborers and landowners. Laborers 

are assumed to have a positive income elasticity 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. Landowners are assumed 

to consume a fixed amount of agricultural output per capita, 

regardless of its price or their income. Landowner,'s food 

consumption could also be ex:pressed as a function of price and 

income changes just as in the case of laborers. However,
 

empirical evidence shows that landowners with incomes well
 

above subsistence have price and income elasticities of demand for
 

food grains very close to zero.
 

Our formulation is intended to focus on intersectoral labor
 

So we simplify our model by assuming that agricultural
transfers. 


In the case of landouners,
laborers consume all their income. 


the assumption is somewhat more involved. Since landowners are 

assumed to have zero income elasticity of demand for food Crains
 

share is commensuratethe incremental of landowners marketed and a 

value of' cor:,diti~cs purchased from the non-acvicultu1'ol :;e':tor. 8 
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These purchases include production inputs from the non-agricultural 

for use in the agricultural sector. Again in keeping withsector 

bur focus on the labor transfer problem we do not include capital 

In traditionalin our agricultural production function. 

a direct embodiment ofagriculture, capital is essentially 

labor and, therefore, does not require separate treatment. 

change generates sufficient increase in landowners'Technological 

income to provide the required capital. This assumption 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 non-agricultural sector.
 

a
The sharp dichotomy between landowners and laborers is 


very helpful simplifying assumption 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 is acconmodated by viewing intermediate situations as
 

appropriately weighted averages of landowners and laborers
 

with a consequent weighted average set of demand elasticities.
 

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

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

this allows considerable further flexibility in the tenurial 

arrangements accommodated by the model. 

Landouners are assumed to be fixed in number. This 

assumption can be modified to incorporate change in the population 
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of landowners without altering the conclusions. Changing share 

of output, however, does illustrate many of the interesting 

results that could be derived by assuming changes in the population 

of landlords.
 

Production in the non-agricultural sector is assumed to 

be a function of labor and capital. No technological change 

is envisaged in the non-agricultural sector. Nevertheless, 

neutral technological change as assumed in other dualistic 

models could be incorporated easily in our system. 

A closed economy is assumed. However, implications of this 

model for trade "in non-agricultural commodities are discussed. 

The assumption of a closed economy focuses attention on the
 

implications of price inelastic aggregate supply of agricultural 

commodities and the consequent key role of technological change 

in agriculture to overall economic growth. In practice individual 

small countries may encounter, through imports, an elastic supply 

5f agricultural commodities. In'those circumstances our model 

points to the desirability of trade if an adequate rate of
 

echnological change in agriculture cannot be achieved. 

In the non-agricultural sector, the demand for agricultural 

commodities is assumed to be a function of the price of agricul

tural goods in terms of industrial goods and of the laborers 

real income. In equilibritzi the wage of the laborers in the
 

non-agricultural sector is equal to the per capita income of 

the agricultural laborers class. 9 Their income nnd price 

elasti6it'es and budget shhres are, therefore, assmed to be 



10 

just 
same as those of the agricultural laborers. Further 

the 

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

Demand for labor in the
 laborers consume all their income. 


is determined by its marginal productivity.
non-agricultural sector 

are all saved and invested.
lion-agricultural profits 

It is observed that rarely does the 
absolute size of
 

the agricultural population decline 
prior to a major decline in
 

agriculture and of the 
the proportion of the population in 

on basic agricultural commodities. 
consumer expenditureproportion of 

I."
 

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


we can assume that labor can be withdrawn 
from the traditional
 

agricultural sect~r without reducing 
a) the absplute size of
 

capita agriculturalforce and b) per
the agricultural labor 

As.long as industrial employment 
does not increase at
 

output. 


a rate that more than absorbs increase 
in the population of
 

fulfilled.the first condition will b-
agricultural laborers, 

of traditionalthat With some reorganization
also seems apparentIt 

and marginal
additional capital input 

agriculture, involving 	little 

it would be possible to withdraw a substantial 
changes in techniques, 

of labor from agriculture without reducing 
per capita output. 

amount 


means assures constant terms
 
As we will see later this by no 

is withdraifl 
of trade between agriculture and industry when labor 

These changes in terms 	of trade emphasize 
the
 

from agriculture. 


af.d. the i.iportance, oi
imposed by th6 food markldtpotential limit 

as separate but itai'tin" bntitibs.
VidJing the two markots 
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Although we assume that the production of the basic food

drains is inelastic, the production of other agricultural
 

commodities may be quite elastic. This is because they occupy
 

only a area a
small proportion of the land 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 include ohly the basic foodgrains. As the food 

constraint 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 thht of
 

industrial goods.
 

II. The Formulation
 

Our static 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
 

Z = land
 

t = technology
 

MS = marketed supply of food
 

= market demand for food
 

C= total consumption of food by landowning classes
 

b =relative sharebudget allocated by laborers7' 6 the 

consumption of food
 

s agricultural labor's relative share in agricultural 

output 
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P price of agricultural goods in terms of non-agricultural 

goods 

Y per capita income cf agricultural labor population in 

terms of agricultural goods 

= population of laborers in agriculture as proportion of 

total labor population 

N = total labor force, i.e:, labor force in the agricultural 

tand non-agricultural sector 

L,-"= agricultural labor force 

= rN >A 

L = non-agricultural labor force 

(1 - r)N 

W demand price of-labor in the non-agricultural sector 

in terms of non-agricultural goods 

supply price of labor in the non-agricultural sector in
WS 

terms of non-agricultural goods 

X = non-agricultural output 

K = non-agricultural capital stock 

= elasticity of non-agricultural output with respect to 

capital 

1 - a = elasticity of non'-agricultvr~l output with respect to labor 

I = investment in the non-agricultural sector. 

The Food Market 

Agricultural production is a function of labor, land and 

technological change. It is linear homogenous witli respect to 

land and labor.
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(1) A = f(1A, 7: t) 

A A 

The relative share of labor in aggregate aaricultural output 

is determined by the marginal productivity of labor.
 

A .A=(2) A AA
 

ds 
> 
0 

Marketed supply of food to the non-agricultural sector is
 

the difference between output and consumption in the agricultural
 

sector.
 

(3) • MS = A -- 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. 

(4) 1) = f(P, Y) 
b Bb
 

such that - < 0 T < 0 

Per capita income of agricultural laborers ii equal to 

t1dir sh:ue in the aricultural output'dividcd by ngricultural 

Jnbor l'pulat ion, 



(5) Y = sA cA 

Market demand for food in the non-agricultural sector is
 

equal to the budget share allocated to food consumption out of
 

wage income by the non-agricultu1.... 

(6) MD b=. 

The Labor Market 

The production function for the non-agricultural sector is 

a Cobb Douglas linear homogeneous function of the first degree.
 

Thus: 

(7) X K" LI 

Demand for labor is a function of its marginal productivity
 

(8) =- (- o) XD ~ L-

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.
 

WS sA( F -P- r-a 
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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-agricultural output. 

(10)(lO)I == dK = oX 
dt
 

=K XThus: 

Equilibrium in the Food Market 

(11) Ms = 

The equilibrium inthe food market is graphically illustrated 

in figure 1.10 

and
 

J/ _P 
Figure 1: Equilibrium in the Food Market
 

Setting 3 equal to 6 it follows that:
 

= bsA (1_- r)
:12) A - -bsA 
r 
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12 can be restated as:
 

=-r(Ab(PY) qA 

This vill be referred to as an FF function representing 

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

-P<o 
ar
 

Equilibrium in the Labor Market 

(13) WS = wD 

The Equilibrium in the labor market is graphically 

illustrated in figure 2.
 

WsW 

WD 

and
 

WS2.L
 

Fit,,urc 2: Eqiiilibrium in the Labor Market 
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From 13 by setting 8 equal to 9 it follows that
 

(lJ,) p - (I - K0 
Lao
 

Substituting for L and Y 14 can be restated as:
 
I
 

Ka
P (1(--r)'U N6 rfAA) 

This will be referred to as the LL function representing
 

equilibrium in the labor market. 
 It can be shown that for 14
 

)P > 0
 

The General Equilibrium 

Since b is 
a function of P and Y, substituting
 

i-a) K" rN
 
I r)__V_ C '
rI
 

for.P from equation 14 and LsA
 for Y from equation 5 into equation

rNf
 

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

(15) r A b d1y
 0 

(I r)0a 

The general equilibri n derived from 12 and 14 may bc shown 



p (I - rT 
r)cV sA 

- (Equilibrium in 
tfie labor market)
 

b(P,,Y) r (A 

sA 

(Equilibrium in 

L. 	 the food mnarket~) 
r 

Figure 	3: General Equilibrium in the Food and the Labor Market
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IV. Sensitivity Analysis
 

- will now proceed to investigate the sensitivity of
 

r, P, 5S and W/P with respect to A, 11, and K. This is done by
 

partial differentiation of the solution equations for each of the
 

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

Changes in A (agricultural output) which increase, decrease
 

or leave labor share unchanged are each examined. The signs
 

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.
 

r N 

+ - .-- +"." 

.P ,++ - .
 

+ -


W + + +-

The results in the sensitivity matrix are immensely
 

interesting. They show that ifhen the increase in the agricultural 

output is brought about without changing labor's relative 

share., as in the case of a neutral technological ch'iflQ, the 

effect of change in agricultural output on r, P, n,(ndW/P 

can be dctcr:ined uinecivocally for Lill .ikely yal of 
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variables and parameters in a dualistic economy. The matrix
 

shows similar unequivocal results in the nq nf affects of changes 

in N and K an r, P, 14 and 

However, the most integrating rcsults are obtained in the
 

case of an increase in the agricultural output that changes
 

relative factor shares. This may happen, either when technological
 

change is biased or when the increase in the agricultural 

output is brought about mainly through increased labor input. 

The sensitivity analysis emphasizes that when facto.r shares in the
 

agricultural sector change, what happens to r. P, M and K as
3 P 

a result of increase in the agricultural output .depends very 

much on the relative magnitude of the various counterbalancing
 

forces.
 

For example, except in the case of W/P, all the other
 

results obtained for neutral technological change are reinforced
 

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

agricultural outpt. However, in the case of W/P, the effect
 

of increased agricultural output accompanied by labor's 

declining share is indeterminate. This is because of the 

following factors. The equilibrium wage rate in the non

agricultural sector, when measured in terms of agricultural
 

goods, is equal to the per capita income in the agricultural
 

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

in the proportion of population in the agricultural sector, 

thus increasing per capita income of the existing.agricultural 
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labor force. Wh4ile 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 rate in the
 

non-agricultural sector is thus a combined effect of these two
 

mutually opposite forces and depends upon their relative
 

magnitudes.
 

When increase in agricultural output is accompanied by in

crease in labor's relative share, the effect on r, P, 
S and W/P
 

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

only slightly, relative to the increase in the agricultural
 

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

and W/P will be greater-relative to that of increasd
 

labor's share. 
However, if the labor's share increases sub

stantially as a result of the increased agricultural output
 

the effect on r, P, MS 
and W/P may be opposite to that'when
 

increased agricultural output is not accompanied by changing
 

faetor shares.
 

These interactions will be discussed in the dynamic
 

analysis in the next section. 
The preceeding discussion
 

does suggest that in the context of growth the most interesting
 

results in the sensitivity matrix are those relating to labor's
 

share iii agricultural output. 
They show that with increased
 

labor'share, as for production increases in.traditional agriculture,
 

proportion of population in the non-agricultural sector may
 

decline, terms of trade mosy move in favor of thn agricultural 

sector, the marketed surpl.us decline the realof food may an-l 

http:surpl.us


increase. Converse 
wage in the non-agricultural sector may 

changes may be expected when technological change decreases 

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


the agricultural sector are thus of crucial 
importance in 

sector.12
of the nn-agriculturalthe growth 

V. Dynamic Analysis 

Gro-th 	of Ermloyment and Capital Stock Over Time 

to time, set 
Equation 15, may be differentiated with respect 

equal to zero and income elasticity of demand 
for food sub

stituted for
 

I dCF 

Ndt
IrdY here C (A- )lt 

YOt
 

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

bears the" following relationship
of the agricultural labor force 


the non-agricultural sector

with the csttal-labor ratio in 

= (16) 

1 d1k (dK 1 LL1where -- t ' 
I d 

of theiong as per capita incomeEquation 16 shows that as 

increases the capital-labor ratio in the
agricultural laborers 


also increases. also, since a <
 
non-agricultural sector 

the capital-labor ratio increases more rapidly than 
the rate of
 

http:sector.12
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growth of per capita income. It is interesting to note here that,
 

since Y = per capita income in 	 the agricultural sector may 

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

also because of increase in labor's 6hare or due to decline in
 

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

seems highly probable that the capital-labor ratio in the industrial 

sector would rise over time, for even if agricultural output 

increases only as rapidly as the population growth, and even if 

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

from the agricultural sector mould cause an increase in per capita 

income of agricultural laborers.
 

It is of considerable interest to examine further the 

factors that would determine the rae of growth of employment in 

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

differentiating with respect to LI 	 gi.es us 

•dLl LI dA . BLI dN +L I dK - LI ds" 
(17) 	 + 7d- T-D --- Idsdtj dtjr tA 


Thus:
 

(n/i-ifcAA) oX CAn) 

.1 dT1 1 clfl + - sbf -1iAA )(p-a) + c a(- -)-'C -n(18) 	 I d 1UA- r AiXAA A 
A r L. (1-"r)" (nA-'))) 



where nA = income elasticity of demand for food
 

CAA= price elasticity of demand for food of
 

agricultural laborers when paynents are
 

made in kind.13
 

9 = rate of growth of total labor force
 

= 
rate of growth of agricultural output
.L da
 
8 -.--s d
sdt
 rate of change of labor's relative share
 

in the agricultural output 
dLI
It can be shown from 18 that 1i. 
 i for 

L t* igipoaitivefo 
s1I vnlie of a
s > 

Further, from equation 18 may be noted the various factors
 
dL


that influence the magnitude of• LI d--'"For example, it may be
t F,
 

noted that the larger the value of 
 , i.e,, the greater the rate 

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

of non-agricultural employment. It should also be noted that the
 

rate of growth of employment is inversely related to the movement
 

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

decreases L. d- increases. It is also clear from 18 that theL dt18tath
 
larger the share of profits in the bon-agricultural output
 

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

These relationships are of immense interest in the policy
 

context. 
They indicate that to the extent that technological
 

change in the agricultural sector is accompanied by increased
 

labor's share in output, it would provide a dampening effect on
 

the growth of non-agricultural employment. 
This would occur
 

http:growth.of
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3) throurh its unfavorable effect uurrecul suppLy of food 

2) through its effect on the level of industrial waaes reauired to
 

withdraw labor from agriculture to the non-aricultural sector. 

In fact, growth in agricultural output may be completely compensated
 

by increased share of agricultural laborers 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
 

output against the laboring classes, may enhance the growth of
 

non-agricultural employment. 
 This crucial relationship between
 

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 

implications for the magnitude of the capital-labor ratio over
 

time. 
They show that although the capital labor ratio in the
 

non-agricultural sector will increase with increase in the
 

per capita income in the agricultural sector, the actual magnitude
 

of the capital-labor ratio is contingent upon the rate of growth 

of agricultural output and the changes in relative factor, shares 

in the agricultural sector. Thus the capital-labor ratio will 

increase less rapidly if agricultural output grows ct a high rate 
than if it does nut. It may increase even less rapidly if increase 

in agricultural output is accompanied by a decline in labor's 

share in agricultural output. 
This is because the opportunity 

cost of labor to the non-agricultural sector is dependent on
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per capita income in the agricultural sector, iihich is a function, 

not only of agricultural output but also of relative factor shares 

in the agricultural sector. 
These complex conclusions are at
 

variance with the simplistic treatment and conclusions concerning
 

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

dualistic models.
 

These results also have significant implications for trade.
 

A labor augmenting technological change in the agricultural
 

sector, by keeping the capital-labor ratio in the non-agricultural 

sector from rising as rapidly as it vould otherwise may provide 

considerable continuing comparative advantage in the production 

and export of labor intensive commodities in a dualistic economy
 

such as ours.
 

Change in Terms of Trade Over Tits
 

Movements in the terms of trade over time may be analyzed
 

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

(19) 	 dP P dA + 2P + ,PdN+(t = '-	 P dsdt 
 M d asdt 

(20) 	 l dP l dA ldK + ' l adsP dt - -l.dt + a2.RKdt 3N dtF 4+sdt 

w;here al, t2' a3 , n), are respectively elasticities of price 

ith respect to change in agricultural outnut, nnnf1-n1 stock, 

population and labor's share in agricultural output. 
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A
 
(21)P 


(a1 = A P
 

L --s - , + ,n < 0 

(A - 'd) r (i- r bc 
rli+ ro SAA 

K 
(22) a2 :;K P
 

-AA> 0 

(A-Cr (1-r) sbeM
 
A -r + ro) AA
 

(23) a3 - P N 

s b f e (A - a) - ( nA )0 

(A- C) r ( - r), 

A (1 - r + ra) AA 

Bs P
 
(24) a4 = '. 

S b "(nAAA) >0=~~-0 (,- > 
(A -- r +-r) sbcA 
.A 1 ..r + ra A 



It can be shown that depending upon whether 

sb (nA - AA-b e CAA) > 

,--will be 0 and prices will increase, remain constant 

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

agriculture and industry over time are thusdependent upon a 

complex set of factors and may move in either direction depending
 

upon the magnitudes of these several parameters and variables. 

It should be noted that the terms of trade are determiied by 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 income classes on the other. 

VI. Conclusion
 

The system presented in this paper fills a major gap in
 

the theory of a dualistic economy. "It examines the functioning 

of the food and labor market as two independent markets and 

examines the interaction between the two and its effect on labor 

mobilization. it c:plicitly allors for a) the varying share of 

labor in the total agricultural output b) for the varying
 
S. 

response of food consumption to income and price changes for the
 

two classes in the agricultural sector. This is a significant
 

improvement over the existing dualistic theories that treat
 

growth of agricultural output as being synonymous with gro-th of 

agricultural riarketings. This model therefore, analyzes the 
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rate of growth of non-agricultural employment in terms of the 

growth rate of agricultural output as well as of changing 

factor shares in thc.agricultural sector. 

It must, however, be emphasized that this formulation is
 

only a first step forward from the existing dualistic models. 

It does provide considerable scope for incorporating the third
 

major market in the general equilibrium system, namely the
 

intersectoral capital market. The existing theories, including this
 

one, assume that nonagricultural investment occurs only through 

savings in that sector. The evidence from Japan and Taivan 

and more recently from India indicates that savings in the
 

traditional sector provide a considerable scope for industrial

ization particularly of the small scale type 4hich does not 

require lumpy capital investments. In dualistic economies, in
 

which the capital market is ill-organized and inefficient, 

considerable interest must lie.in examining the role of the 

intersectoral capital market in the pace of industrialization. 

It is clear that technological change in agriculture :ith its arying 

factor bias will be an important determinant of the sign and 

direction of intersectoral capital transfers.
 

Further, this model, like its predecessors assumes that supp: 

' . consumers goods other than food is highly elastic and that 

no serious b6ttlenechs in industrialization occur due to changes 

in the prices of these goods. It may be v.orthv.hilc to examine 

the effect of varying degrees of elasticity of supply of conrsumer 

goods oth-tW than foodI oil LLor i,,obilizatioi. 
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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 past. These include: 

I. Changes in factor shares resulting from various types
 

of new agricultural technology, e.g. effects of 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
 

changing 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 considerable changes ,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 manufacturing sector as well as in the development of 

infrastructure. By emphasizing labor as a scarce resource when
 

combined with food, our model emphasizes a need 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 

Labor Cupplic will'bc creatcd. This calls Ikr t;cIA for 
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means of reducing capital-labor ratios. The potentials for 

reducing capital-labor ratios tirouh 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.
 

4. Implications of rapid industrialization to trade patterns.
 

The effect of accelerated growth of marketed food supply on the
 

structure of industrialization on factor intensity and hence on
 

comparative advantage needs increased attention.
 

Tha balance in foreign aid between consumer goods,5. 

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


have favored a major emphasis on capital goods with a resultant
 

small employment component in aid induced growth. Rene,'ed study 

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 

goods and consumer goods and an interesting set of questions 

concerning the relative merits of trade and aid from the point
 

of view of employment policy.
 

All these relationships acquire a new significance in the
 

wake of the new potentials for techlological change in the
 

agricultural sector an their iriplications for exransion of the
 

non-agricultural labor force.
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FOOTNOTES
 

* 	 Cornell University. This paper was initiated with funds 

from the Cornell University Comparative Econoaics Program 

And 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 important suggestions in formulation 

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

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

paper.
 

1. 	 See Jagdish Bhagwati and Suchomoy Chakravarty for a review 

of 	substantial literature on planning models as applied to
 

India. Also Irmsee Adelman and Erik Thorbecke. Louis 

Lefeber's recent article does examine the question of employ

ment. However, due to his rigid assumptions, hid work, like 

others alko reaches the d-irmal conclusion of a choice bet.:een 

present groirth of employment vs. future level of consumption. 

2. As an example of the latter see Suhomoy Chakravarty and
 

Louis Lefeber. At an operational le'vel the planning models
 

have proved unsatisfactory for a variety of reasons, among
 

them not the least important is failure to incorporate
 

fluctuations in aericultiural production. See, for example, 

the 	various forutulation.s of Chakravarty and Lefeber and 

Richard S. 'ckaus and Kirit S. Parlkh for India. 



3. 	 A number of empirical generalizations are made at various 

ppints in this paper. They are in general drawn from the 

work of John W. Vellor et. al. and Ura Lele for India 

T. H. Lee for Taiwan, and Mellor, 1970 for various countries.
 

4. 	 See W. Arthur Lewis, Gustav Ranis and John C. H. Fei, and 

Fei 	and Ranis. For a critical comparison of these models
 

i itfi 	Dale Jorgensen, 1561-196 5 as well as e::phasis on the 

terus of trade prcblem&ee. John W. Mellor, 1967. 

5. 	The scant empirical evidence that exists on the relationship
 

of aggregate supply to price changes supports this contention.
 

See 	 for example, Rober Herdt and Howard Barnum.. 

6. 	 For analysis of these complex firm-household relationships 

see 	Mellor, 1963, and Amartya K. Sen. 

7. 	 Assuming a utility function with fixed coefficients and 

Luit elasticity of substitution Sen (p.437),shows that 

;he response of output to price must be positive. He, 

lowever, admits that "without further empirical research 

-ecannot say how realistic are the cases coVered here." 

he exercise is, therefore, only esoteric. In absence
 

)f kuiowledge of the true shape of the utility fu:°ct_:. -a 

judgement about the most likely supp]y response imust 

depend heavily on empirical evidence such as that cited in 

footnote 5. 

8. 	 It will be noted that althovu-,h the 'eiphasis in our 

pro nitnton i; on the .,nbor ::iipply rol em, the rChninm 

discu:seLd inclu1e an increase in dec:aiid f'or goo bi produced 
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important
in the non-agricultural sector, which itself may be.an 

dynamic of gro%.rth. 

in the classicalfrom the assumption9. This assumption is different 

dualistic model. Our assumption may lead to an increasing
 

sector, as pernon-agriculturalequilibrium real wage in the 


of the remaining agricultural laborers in the
 
capita income 

increases a) with withdrawal of labor, b) with 
agricultural sector 


or c) with changing share of
 
increasing agricultural output, 

Labor migrates from the agri
laborers in agricultural output. 

the non
to the non-agricultural sector until wages in 

cultural 

agricultural sector equal per capita incomes 
in the agricultural
 

The simplicity of the assumption has increased 
the anal

sector. 


However, maintenance of the
 ytical facility of our formulation. 


conclusions only requires that wages in-the 
non-agricultural sector
 

be a function of the average income in agriculture. 
This assump

tion could be modified to contain the more 
complex formulation
 

of the Todaro model without altering the conclusions 
of our
 

high non-agricultural wage might be disanalysis. For example, a 


counted by repeated unemployment.
 

10. The derivation of the supply and demand curves is based on the
 

assumption that b is not linear homogenous 
with respect to P and Y.
 

Assuming a price adjustment in the food market and a quantity
11. 


adjustment in the labor market and using the correspondence
 

can be shown that for the equil)brIul m 
principle and Engel's law it 

- = O, it is necessary that b, < 0 wh re 
to be stable where cIA1 

C i'1.1 L-.Lo iccr Oattfululccy for dcriva.Icf o. T o
b 

stab~ility (SeWiit.Ol,, fee Appcndb: B to Ihis paper. 

http:SeWiit.Ol


12. Our exposition places. xczrspective on the controversy between 

James Nakcimurn and otbhrs concerning the rate of groiith 

of agricultural output in Japan dtu'ing the N"eiji period, 

Presumably during the i.Iji period growth in output was 

increasingly derived from yield increasing technological
 

change in contrast to the more labor intensive sources
 

of growth in Tokugawa pciiod (see Thomas Smith). The
 

resultant 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 aral)sis of 

output data ithout modifying the earlier assertions concerning 

agriculture's increased contribution to economic growth. A 

similar argunent could be made for Ta.iwan's accel-erated
 

growth in agricultural output in the 1920's and the 1950's.
 

13. It can be shown that this price elasticity is equal to c* + nAAA 'A
 

WhUi'e E is the usual price elasticity of demand and nA theAAA
 

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

Roger Selley for the detailed derivation. See Appendix A to
 

this paper.
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Appendix A
 

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

by
 

Roger Selley
 

Consider the demand equation for good i
 

- (P1 W1
(Pi"") PN)Y); i = ,.,N 


where Q is the quantity demanded of good i, Pi is the price of good 

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

Totally differentiating (1) results in 

1 N. d.. dY (2)
 

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

from the changes dPi ... dP, dY. If we consider a change in the 

price P while holding all other prices donstant, upod dividing 

through by dP., (2) becomes 

dQ. 8Q. i.
1 1. i dY N 

If in addition we take the monetary value of Y as constant, i.e.,
 

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

(dP.) Y + (dY) P= O, (4) 

solve (it)for dY/dP,. and substitute the result into (3) which after
 

multiplying by P./Q. becomes:
 
j31 

o. P. .Q.. P. tQ. 
O fl , = ..., II.(C) ,i-rJ ;n i i, ) 



xPressing (5)in termb o 
eiasticities results in:
eJ : ciJ "ni 

-(6)
 

where ef. is the price elasticity of demand for the ith good with
 
resec tf changed inrthe .toohv
 

respect to changes in the j 
 pth 

value of.the 

Prices all other prices and the monetary
payment in kind, PjI, hold constant, i.e., this is 

the usual price elasticity of demand discussed in the literature;
 

Iii is the price elasticity of demand for the it 
 1ood with e.ect
to changes in the jth price 
 -L.L oTner prices and 
oavm~n+ in 
kind are held constant; ni is the elasticity of demand for the ith
 
good with respect to changes in the payment in kind, all prices held 
.constant. 
The price and income elasticities Dresented on page 20
 
can now be shown to have the followin relation to the usual price 

elasticity of demand:
 

SAA. nA
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Stability Conditionr nd the Correspondence Principle
 

by 

Roger Selley
 

Let us hypotnesize tnat the terms of trade increase over time
 
if demand for the marketable surplus exceeds its supply,
 

H. > 
 --dMD> 
D S( )and that labor migrates to the nonagricultural sector when the demand 

price for nonagricultural labor exceeds its supply price,
 

rS<0, 
 x .. (2)
 
Consider the linear Taylor expansion of the system (1) and (2):
 

P bI + a Pla rPl. 
+ / /] (3) 

where the partials of P and 
 with respect to P and r are evaluated
 
at-an equilibrium point (P*, r*). A necessary and sufficient
 
uuj"tion for local stability of the system (1)and (2) is 
tnat
 

the eigen values of the matrix of partials in (3),
 

.{P~V## 
~}- k 

have necative real parts.
 

For the cigen values to have negative real parts it is neccs:;iiy 

and sufficient that 

6.1 1/12(N) PsA/r 

Zp, 1Ib1sA/rN + G,(- ,./I 2 (-.r)3 + ps(5)
 

II1 If 



and
 

c..Pr ' a/rII) G'(.,f"(/Ill-r + PsA/r N (6) 

- Ii, (sA!In) (b2 sA/r 2 N + b/r) G' (sA/rN) > 0 

where output is specified by the general production relati-

X = LI f ( 1 ."= LI ffk] , 

= f ..lN
and f 

sA/rl results in the condition
Dividing (6)'by H'G' 

(6a)
b1 (-f.,F"1/l.(l-r) 3 + P SA/r 2H) 

- b2 (sA/rT)2/r + b sA/rA < 0. 

importance of food expenditureBy Engel's Laws the percentage 

< 0. Assuming diminishingdeclines a6 income increases, i.e., b 2 

returns in production f" < 0 and assumes Engel's Laws apply, it
 

< 0 for (6a) and therefore (6) to be satisfied.

is neccsary that b1 

The partial b, < 0 is also sufficient for the satisfaction 
of condition 

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

of 'the model. 
upon the magnitude of the parameters and variables 

Applying Engel's Laws and Samuelson's correspondence 
Principle
 

permits the unambiguous determination of all of the signs in the 

sensitivity matrix on page 16.
 

spent on food by laborers can
 
Since th relative budget share 

be expressed as b = A/Y where A is defined here as per capita
 

per capita income, the constraintsconsumption of food and Y is 
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placed here on b and b2 can ba expressed in terws of 

elasticities as follow s:
 

cb P =P EAA <0 (7)(7) 

c(jA Y
b2 : I : YnA - i) <0 (8) 

wvhich can be restated as
 

EAA < 0 (7a) 

and
 

nA < 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
 

as follows:
 

CAA = CAA + nA < 0. (7a-l) 


