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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 capi’a éonsumption over time at the cost
of immediate growth of employment. Thié generalization includes

not only the earlier simple aggregative models of Harrod-Domar
and Fel'dman-Mahalnobis, but a COnsidérable number of‘the'recent,
more complex multisectoral, intertemvoral models.1 Allow employment
component -in these models is a product of the assumptions on which
they are built.. For example, these:models geherally'assume a

low growth potential for exports, limited foreign aid and hence

a balancé of payments constraint. Most importént, they assunme a
technologically stagnant agricultural sector, a sector which
préduces up to half the GNP 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
ocutput. rather than being an explieit variable.

.The eﬁployment question is relegated to the background by _
rigid assumptions about capital output ratios and combosition of
demand thus ignoring the implications to employment of choice of
technique and of industrial structure as well as of technological
change. As a result of such assumptions these models may either

produce import-displacing, capital intensive patterns of growth



that have a low employment potentjial or recommend magsive
investments in agriculture to keep up with growth in the demand
for food.2

The Indian development experience provides an excellent
exanple of these assumptions and policies. The low employment,

capitai 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 produce
.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 planﬁing'and showed sﬁbstaﬁﬁiéi yéar
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 egsentially
stagnant agricultural sector relative agricuitural prices would
have increased significantly if the growth of employment had |
been considerably more rapid than that actually accomplished in
the past two decades.

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 agriculture
and a low 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 forejgn exchange constraint.



Fipally, the pattern of industrial develooment vrovided hv #he
Planning models failed to boost the saving rate among smell
savers or to effectively channel what.small savings did occur.

Dualistic models of the Lewis type, which perceive economic
development as synonymous with growth of non-agricultural
euployment provide a clear alternative to these capital oriented
macro-models.h They Have however, never received serious
consideratioﬁ at the folicy 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-agriculturel
sector. The market mechaniem to augment the foéd sunvlies _ f-
required to feed the transferred labor does not work with a
| stagnant agriculture. And the political, administrative.
nightmare of forecibly extracting food surplus from an essentieclly
stagnant agriculture rarely provides a viable alternative.

In a low incog§ economy aggregate food production is
generally highly inelastic to changing terms of trade between
agriculture and industry, whereas the marginal piopensity of the
laboring c¢lass to consume food is high.5 Because of these two
features thg food supply available to the nonagricultural sector:
constitutes a maior constraint on growth of nonagricultural
employment in the case of a stagnant agriculture. With a dynamic
agriculture the rate of relcase of the food constraint is determined
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 as.a result of the so-called "green
revolution" there is a significant potential for release of the
food constraint.. -Empiiical evidence suggests considerable
factor share bias of new agricultural tgqhqology. The extent
of ‘'bias varies. substantially among innovations and physical
environments. Thus the nature of tecppo}pgical change in
agriculture is.of interest becausgggf"its effect on marketed
surplus and laboy mobilization for non-farm epployment. These
vary considerably, first, according to the factor sha;e bias
and sécond according to the demand elasticities of the various
income classes.

.Foi these reasons, we present a model which allows emphasis
on-the food transfer mechanism in a coqtext of technological
change in the agricultural sector. The approach has two major
distinguishing features. First. rather than assuming that per
ncapita.agricultural output in the agricultural sectop 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 consuxer gocds oriented rather than capital supply and invest-
ment goods oriented. It is'thus in sharp contrast fo the
Fel 'dman-Mahalnobis models and their various sophisticated deriv-
atives. Secoﬁd, we explicitly allow for changing share of

agricultural output between different classes and ¢éxamine its



effect on market supplies of food and hence on rate of growth
.of employment.
- Qur analysis has the follawing specific objectives:

1. It provides a general equilibrium systeh for a
‘dualistic economy in terms of the food and the labor merket.

2. It examines the effects of changes in: a) agricultural
output and factor shares indticed by technological changé, b)
'population, and ¢) growth of capital stock in the non-sgricultural
sector on 1) the supply of marketed surplus, 2) the eﬁuilibrium'
level of non-agricultural employment, 3) the equilibrium terms
of trade between agriculture and industry, and 4) the equilibrium
real vage.

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 fhe following section we discuss the assuhptions on
which our formulation is built. The discussion has a dual
'purpbse. First, where we have departed from assumptions made in
other labor surplus formulations we emphasize how our assumptiors
" provide the model a current relevance. Sccond, we discuss how
some of our assumptions help keep the mathematical formulation
simple without substantially altering the relevant conclusions.
For both these reasons the scction should be of considerable
interest from the vicwnoint of policy analysis, although, to

strict model builders, the discussion way seem only peripheral.



I. Assumptions

We assume-that-agricultural,output-is:a-function of'=labor,
land and technological change. For the reasons outiired below,
we further assume that per tapita 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 -embodiment
of labor. Such increased labor input- is the result: of an
immiserizing process, .added labor being employed in -productior
at declining marginal product as population growth reduces pe:
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
agricultural production is highly inelastic with respect to
the terms of trade between agriculture and non-égriculture.7
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 prbduction in two successive pericds
may be brought about by two completely different technological
changes, with highly different effects on marginal productivity

of labor and labor use. Thus, although labor's sharc is



determined at a given level of output by the marginal
productivity of labor, its movement over time may be highly
variable., 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. 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. ILandowners 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 expressed 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 incoms elasticities of demand for
“food grains very close to zero.

Owr formwlation is intended to focus on intersectoral lubor
transfers. So we simplify owr model bx assuming that agricuitural
laborers consume all their income. In the case of landowners,
the assumption is somewhat more involved. Since landowners are
assumed to have zero income elasticity of demand for food grains
the incremental share of landowners is marketed and a commensurate

valuc of comunditics purchased from the non-agricultural seelor.



These purchases include production inputs from the non-agricultural
sector for use in the agricultural seétor. Again in keeping with
our focus on the labor transfer problem we do not include capital
in owr agribultural'production function. In traditional
agriculfure, capital is essentiaily § direct embodiment of
labor and, therefore, does not require separate treatment.
Technological change generates sufficient increase in landowners'
income to provide the required capital. This assumption is
quite valid for the common case in wvhich the bulk of‘increased
capital associated with teéhnological change is working capital
for financing inputs purchased from‘the non-agricultural sector.

The sharp dichotomy between 1§ndowners and laborers is a
very helpful simplifying assunption which distinguishes between
those cultivators who predominently produce for the market as
against those whose produce is mostly consumed doqestically.'
The real world of peasant agriculture and gradation in size of
farm is accommodated by viewing intermediate situations as
appropriately weighted averages of landowners and laborers
with a consequent wéighted average set of demand elasticities.
Since paynents to laborers are assumed to be made in kind and
since laborers are assumed to sell a portion of their receipts,
thls allows consideradble further flexlbillty in the tenurial
arrangenments accommodated by the model.

Landowners are assumed to be fixed in number. This

ssumption can be modified to incorporate change in the population



of landowners without altering the conclusions. Changing share

of output, hovever, 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,
neut?al 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 fbcuses attention 6n the
implications of rrice inelastic aggreéate supply of agricultural
commodities and the consequent key role of technological change
in agriculture ts overall economic growth. In practice individual
small éountries may encounter, through imports, an elastic supply
of agriculturel commodities. In'those circumstances our model
points to the desirability of trade if an adequate rate of
Eechnological change in agriculture cannot be achieved.

In the non-agricultural sector, fhe demand for agricultwral
commodities is assumed to be a function of the price of agricul-
tural goods in terms of industrial goods and of the latorers
real income. In equilibrium the wage of the laborers in the
non-agficultural sector is equal to the per capita income of -
the agricultural 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 case of the agricultural laborers non-agricultural
Jaborers consume all their income. Demand for labor in the
non-agricultural sector is deternined by its marginal productivity.
Non-agricultural profits are all saved and invested.

It is observed that rarely does the absolute size of
the agricultural pcpulation éecline prior to a major decline in
the proportion of the population in agriculture and of the
proportion of consumer expenditure on basic agricultural coé@odities.
Thus, because our model refers to an early stage of devw}opment,
vwe can assume that labor can be withdrawn from the traditioﬁal
agricultural seghgr without reduclng a) the absolute size of
the agricultural labor force and b) per capita agricultural
output. As long as industrial employment does not increase at
a rate that more than absorbs increase in the population of
agricultural laborers, the first condition will b2 fulfilled.
It also seems apparent that With some reorganization of traditional
_agriculture, involving little additional capital input and marginal
changes in techniques, it would be possible to withdraw a substantial
amount of labor from agricultﬁfe'without reduéing per capita output.
As ve will see later this by no means assures constant terms
o? trade between agriculture and industry when labor is withdrawn
from agriculture. These changes in terms of 4{rade emphasize the
potentiel limit imposed by thé food market cf.d.the iuportance o1

viewing the two markéts as.scrarate tut intéracting entities



1l

Although we assume that the production of the basic Tood -
Jrains is inelastic, the production of other agricultural
commoditiés may be quite elastic., This is because they occupy
only a small proportion of the land area and use a much higher
- proportion of nonland iﬂputs in their production.. Thus iﬁ
a practical frcqtment ouwr agricultural séctor would most usefully
. be defined to include ohly the basic foodgrains. As the food
constraint is relaxed, f;Sduction of high income elasticity,
labor using agricultural commodities might expand in production
'through the supply of labor in a manner similar to that of
indust;ial goods.,

II. The Formulation

bur static model is comprised of a food market a labor

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

L}

Notation:

A agricultural output
1.4' = agricultural labor input

land

1}

technology

marketed supply of food
market demand for food

= total consumption of food by landowning classes

- 015 mz <t
n

relative budget share allocated by laborers €6 ihe

consumption of food
§ = agricultural labor's relative share in agricultwral

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

‘r = population of laborers in agriculture as proportion of
total labor population

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

rand non-agricultural sector

L; = agricultural labor force

A
= rN'>]:A
LI = non-agricultural labor force
= (1L -1r)N
Wb = demand price of-labor in the non-agricultural sector
in terms of non-agricultural goods
WS = supply pricé of labor in the non-agricultural sector in
terms of non-agricultural goods
X = non-agricultural output

K = non-agricultural capital stock

¢ = elasticity of non-agricultural output with respect to

capital
1-0 = elasticity of non-agricultural output with respect to labor
I = investment in the non-agricultural sector -

The Fozd Market

Agricultural production is a function of labor, land and
technological change. It is lincar homogenous with respect to

lahd and labor.
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2
A so, g--"‘:2<o
o1, 31A

The relative share of labor in aggregate agrlcultural output

is determined by the marginal productivity of labor.

L,
(@) 8= A.2
AL
ds >
at 2 0

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

sector,

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.

&) v = £, v)

such that 2 <o, 2

SP Y <o

Per capita income of agricﬁltural laborers ié equal to
théir share in the agricultural output-divided by agricultural

lubor population,



Market demand for food in the non-agricultural sector is
" equal to fhe budget share allocated to food consumption out of

wage .income by the non“agr:i.CUltu.l. Gl LGWUULGLD

) M = bAL

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 L

Demand for labor is a function of its marginal produstivity

8 W = (1-0) %T

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

equal to per capita income in the agricultural secctor.

v
S _ sA
(9) P % I



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-agricultural output.

£
. ld&k X
Thus: 3% = %

Equilibrium in the Food Market

The equilibrium in the food market is graphically illustrated
10

P

Figwe l: Equilibrium in the Food Markel

Setting 3 ecqual to 6 it follows that:

12) A-C-bsa - 2A0-T)
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12 can be restated as:

b(P,Y) = ——p=

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) Wy = W,

The Equilibrium in the labor market is graphically

illustrated in figure 2.

L

= (L -1

I

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

Qg

() pyr = -9 OK
L

I

Substituting for LI and Y 14 can be restated as:

(1-0x%
(1 - r)c T SA

This will be referred to as the LL function representing
equilibrium in the labor market. It can be shown that for 1l
3P
>
T 0

-The General Equilibrium

Since b is a function of P and Y, substituting
v

A-0) k%

(l-r)oNG Sa

for P from equation 14 and %%

12, we obtain a condition for a general equilitrium as follows:]]

for Y from equation 5 into equation

(4]
A -G (1 - o) k% sA)
(15) r ( A _> -b <-S.7‘: (l - r)o NU ’ I'N) 8 =0

The general equilibrium derived from 12 and 1b may be shown

crayhically wy follows:



e - U'.
p=f{l- oK rE

’ 1-1r)N sa
I/ ( )
; (Equilibrium in

the labor market)

St e ca

b(P,Y) =r{A - C)
sA

(Equilibrium in
the food markeb)

}t L

Figure 3: General Equilibrium in the food and the Labor Market
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IV, Secnsitivity Analysis

2 will now proceed to investigate the sensitivity of
r, P, ¥ and W/P with respect to A, M, and K. This is done by
partial differentiation of the solution equations for each of the
four endogenous variables in éhe 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 aée based on the
ranges of all possible numerical values that the vafiables

and parameters are likely to take in a dualistic economy.

L N K
os os ds
_—— > 0N — —_—
& w"-°% =m0
r 1- - ;. + -
.P . .+ - - + * .
%& + + + - +
H + + o+, - ¥
5 -

The results in the sensitivily matrix are immensely
interesting. They show that when the increase in ihe agricultural
output is brought ebout without changing labor's rclative
shafe, as in the case of a.neutral technblogiéal chanre, the
effeét of change in agricultﬁrai outpdb onr, P, &; and W/P

:

can be detersdned uncquivecally for all likely valv o of
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variables and parameters in a duvalistic economy. The matrix
shows similar unequivocal results in the ecase of effects of changes
inNand XK en r, P, M, and% .

However, the most intemsting results 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 ébout mainly through increased labor input.

The sénsitivity analysis emphasizes that when factor shares in.the
agricultural sector chénge, what happens to r, P, Ms and g as

a result of increase in the agricultural output.depends v?fy

much on the relative magnitude of the various counterbalancing
forces.

For example, except in the case of W/P, all the other
resu}ts obtained fér neutral technological change are reinforced
vhen labor's share declines as a result of an increase in the
agricultural output. However, in the case of ﬁyP, the effect
of increased agricultural output accompanied by labor's
declining share is indcterminate. This is because of the
fol}owing factors. The equilibriuq wage rate in the non-
agricultural sector, when measured in terms of agricultural
géods,‘is equal to the per capita incSme in the agricultural
sector. A decline in the labor's shore causes a decrease
in thg proportion of populgtion in the agricultural sector,

thus increasing per capita income of the existing. agricultural
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labor force. Vhile 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,

¥hen increase in agficultural output is accompanied by ine
crease in labor's relative share, the effect on r,'P, Mé 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,
My and W/P will be greater relative to that of increasd
labor's share, ﬁowever, if the labor's share increases sub-
stantially as a result of the increased agricultural output
the effect on r, P, My and W/P may be opp;site to thatswhen
increcased agricultural ou%put is not accompanied by'changing
factor shares.

'These interactions will be discussed in tﬁe dymamic
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 in agricultural output. They show that with increased
labor'share, as for production increases in.traditional agriculture,
proportion of population in the non-agricultural scctor may
decline, terms of trade may mové in favor of the apriculturnl

sector, the marketed surplus of food may decline and the real
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vage 1n the noq-agricultural sector may increase. Converse
changes may be ;xphctcd vhen technological change decreases
ldbor 8 share in agricultural output lThe factor'shaiés in
the agricultural sector are thus of crucial 1mportance in
the growth of -the non-agricultural sector.12

V. Dynamic Analysis

Growth of Ermloyment and Capital Stock Over Time

Equaﬁion 15, may be dsfferentiated with respect to time, set
equal to zero and income elasticity of demand for food sub-

stituted for

Q; o vhereé L. ch 1 .d(A -C) _l4x
1.4y Cp dt = (A-’ﬁ) at N ét
Yat

14 can be shown that. the rate of growth of pPer capita real income
of the agricultural labor force bears the following relationship

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

14y _ 1.

(16) §35 = K&
. 13._(%95_1_‘1‘2)
vhere ¥'gf = \K'dt LI'dt

quation 16. shows that as Llong as per cepita income of the
agricultural laborers increases the capital-labor ratio in the
non-agricultural sector also increases. also, since ¢ <]

the capital-labor ratio increases more rapidly than the rate of
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growth of per capita income, It is interesting to note here that,
since Y --é%, per capita income in the agricultu;al sector may
increase, not only because of increase in agricultural output. but,
also because of increcase in labor's share or due to decline in
the labor force in the agricultural seqtor. It, therefore,
seeﬁs.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 would cause an increase in per capita
;iﬁéome of agricultural léborers.

It is of considerable interest to examine further the

factors that would determire the rate of growth of employment in

the non-agriculturel sector. Solving equation 15 for L, and

différentiating with respect to Ly gives us
(17) EE.:.[. = E.I..d_“‘i. + ..afl.dn + aLI Ky oL I ds -
. dﬁ A dt. od dt aK dt s - dt
Thus:
orC
I _lan . A - obf - (nf-1-¢ epp) (1) + ¢, 0 (;\ T
— o= ﬁ.a-t-, +

(l-r)(ﬁi— - b __.gl_i;fi)- (n,-1 })
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where n, = income elasticity of derand for food
GAA= Price elasticity of demgnd for fqod of
agricultural laborers when payments are
‘made in kind.3
# = rate of growth of total labor force

-

@ = rate of growth of agricultural output

@

—n
|-
ae

= rate of change of labor's relative share
in the agricultural output
1 B
- It can be shown from 18 that Ei.%ﬁ;: is'peaitive for
ﬂ11mhmsofa>;p

Further, from equation 18 may‘be noted the various factors
that influence the magnitude of % - dt - For example, it may be
noted that the larger the value o?tx s i.e,, the greater the rate
of growth.of agricultu;al 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.%;- ;;I increases. It is also clear from 18 that the
larger the share of profits in the non-agricultural output
the greater the rate of growth of employment in that sector.

- These relationships are of immense interest in the policy
context. They indicate that to the extent that technological
chgnge in the agricultural sector ig accompanied by increased
labor's share in output, it would provide a damperiing effect on

the growth of non-agricultural employment. This would occur
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1) throurh its unfavorable effect o maIKeved Supply of food

2) through its effect on the level of industrial wages reauired to
withdraw labor from agriculture to the non-agricultural sector.

In fact, growth in agricultural output may be completely compensated
by increased shgre of agricultwral laborers with no effect on the
‘growth of non-agricultural employment. By the same token technological
cbange that brings about a movement in £he distribution of agricultural
output against the laboring classes, may enhance phe growth of
Apon-agiicultural employment. This crucial relationship between
distriﬁ@%ion vithin the agricultural sector and its effect on
nqp-ag;icultural employment through wage r;te 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 JJatio in the:
non-aé;lcﬁltural sector will increase with increase in the
ber capita income in-the agriculfural sector, the actual magnitude
of the capital-labor ratio is contingent upon the rate of growth
of agrlcultural output and the changes in relatlve factor shares
in the agrlcultural sector. Thus th; capital-labor ratio will
increase less rapidly if agricultural output grows &t a high rate
than if it does nut. .It may‘increase evén less rapidly if increcase
in agricultﬁral output is accompanied by a deciine in labor's_
share in agricultural output. This is because the:opportﬁnity

cost of labor to the non-agricultural scctor is dependent on
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- per capita income in the agricultural sector, which 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 augmentiné technological change in the'agricultural
sector, by keeping the capital-labor ratio in the"non-agricultpral
sector from rising as fapidly as it would othervise may provide
‘considerable continuing comparative advantage in the production’
and export of labor intensive commodities 3in'a dualistic economy
such as ours.

Change in Terms of Trade Over Time

Movements in the terms of trade over time may be analyzed

by differentiation of P with respect to A,s, N, and X.
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vhere a) s s a3, a), are respectively elasticities of price
with respect to change in agricultural outvut. ennital stock,

population and labor's share in agricultural output,
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It can be shovm that depending upon whether

> rC
8b(n, - pp=doey,) 2

Lar
P'dt
or decrease over time. The movement of terms of trade between

will be % 0 and prices will increase, remain constant

agriculture and industry over time are thus.dependent 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 determined by the
price, income and output elasticities on the one hand and by the
factor shares in the agriéultural 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 explicitly allows for a) the varying share of
labor in the total agricultural output ‘b) for the varying
response of food consumption to income ;nd price changes for the
fwo 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 growth of

agricultural marketings. This model thercfore, snalyzes the
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rate of growth of non-agricultural employment in terms of the
‘growth rate of agricultural cutpub as well as of changing

faétor shares in the 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 Taiwan

and more recently from India indicates that savings in the
traditional secter providé a considerable scope for industrial-
ization particularly of the sm2ll scale type vwhich does not
require lumpy capital investments. In dualistic eccnomies, in
vhich the capital market is ill-organized and ipefficient,
considerable interest must lie in examining the role of the
intersectoral capital harket in the pace of industrialization.

It is clear that technological change in agricﬁlture with its verying
factor bias will be an important dqterminant of the sign and
direction of intersectoral ecapital transfers.

Further, this model, ‘like its predecessors assumes that supp’

~f consumers goods other than food is highly clastic and that

no serious bottlenecks in industrialization oceur due to changes
in the prices of these poods. It may be worthwhile to examine
the effect of varying deprees of clasticity of supply of consumor

goods othér than food on lulor wuwbilizution.
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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:

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

2. The response of différent 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 vhen
combined with food, our model emphasizes a need for an optimal
combination of industries with varying capital-labor ratios.
Although not explicit in the rresentation 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 supplics vwill be created. This calls for scaveh 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
cénsiderable implications for the structuye of industry.

L. 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.

5. Tha baldnce in foreign aid between consumer goods,
including food aid, and capital goods. Past models of growth
have favored a major emphasis on capital goods with a resultant
small employment component in aid induced growth. Rencwed study
is needed of the relation and balance between consumer goods,
including food, labor mobilization and cepital go?ds. There is
jmplicit 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 roint
of view of employment policy.

All these relationships acquire a new significance in the
wake of the new potentials for techmological change in the
agficultural sector and their iuplications for expansion of the

non-agricultural labor force.
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FOOTNCOTES

Cornell University. This paper was initiated with funds
from the Cornell Unjversity Comparative Econcuics Program
end completed as part of the Cornell University AID resea}ch
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 eritical review of the
paper.

See Jagdish Bhegwati and Sukhomoy Chakravarty for a review

of substantial literature on planning models as applied to
India. Also see Irma Adelman and Erik Thorbecke. Louis
Lefeber's recent'article does examine the question of employ-'
ment. However, due to his rigid assumptions, his work, like
others also reaches the dismal conclusion of a choice betieen
present growth of employment vs. future level of consumption.
As an exartple of thé latter see Sukhomoy Chakravarty énd
Louis Lefeber., At an operational level the planning models
have proved unsatisfuctory for a variety of reasons, among
them not the least important is failure to incbrporate
Tluctuations in agricultural production. Sce, for example,
the various forumlations of Chakravarty énd Lefeber and

Richard 8. Ickeus and Kirit 8. Parikh for India.
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A number of empirical generalizations are made at various

points in this paper. They are in general drawn {rom the

work of John V. liellor gg. gl. and Uma Lele for India

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

See W. Arthwr Lewis, Gustav Ranis and John C. H. FFei, and
Fei and Ranis. For a critical comparison of these models
with Qﬁle Jorgensen, 1561-1S65 as well as e rhesis on the
terdg'of ﬁrade prcbles{seg:John W. Mellor, 1967.

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 Bamum.

For analysis of these cohplek firm-household relationships
sée.Mellor, 1503, aﬁd Amartyé K. Sen.

Assuning a utility function with fixed coefficients and
it elas£icity of substitution Sen (p. h37).shoﬁs that
;he response of output to price must be positive. He,
1owever, admits that "without further empirical research
we.cannot say how realistic are the cases covered here."
'he exercise is, therefore, only esoteric. In absénce

f knowledge of the true shape of the utility furctiva‘é
judgement about the most likely supply response must
@epend heavily on empirical evidence such as that cited in
footnote 5.

It wi]l be noted that althouslh the emphasis in our
prescntation is on the labor sunnly yroblem, the mrchanism

discussed includes an inereace in demand for gools 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 assumption may lead to an increasing
eqﬁilibrium real wage in the non-agricultural sector, as per
capita income of the remaining agricultural leborers in the
agrlcultu*al sector increases a) with withdrawal of labor, b) with
jnereasing agricultural ogtput, or c¢) with changing share of
1aborers in agricultural output. Ldbor nigrates from the agri-
cultural to the non-sgricultural sector until wages in the non-
agricul cural sector equal per capita incomes in the agricultural
sector. The simplicity of the assumptlon has incrcased the anal=-
ytical facility of our formulation. However, malntcnance of the
conclusions only requires that wages in-the non-agricultural sector
be a function of the average income in agriculture. This assump-
fion could be modified to contain the more complex'formulation

of the Todaro model without altering the conclusions of our
analysis. TFor example, a high non-apgricultural wage might be dis-
counted by repeated unemployment.

The derivation of the supply and demand curves is based on the
assumption that b is not linecar homogenous with respect to P and Y.
Assuning a price adjustment in the food morket and a quantity
adjustment in the labor market and using the correspondence

principle and Engel's lav 3% can be shown that for ihe equilibrium

' ds .
to be stable vherc o 0, it is nccescary that b1 < 0 vhere
('l’ ‘e t. -
b, == e e wav srateful to Roger Sclley for derivaticn of Lhe

stability conditions. See Appendix B to this paper.
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12.

Our exposition places porspective on the controversy between
James Nakomura and othoers concerning the rate of growth
of agricultwral output in Japan during the M2iji period.
Presumably dwring the lieciji period growth in.output was
increasingly derived from yield increasing technological
change in contrast to ths more labor intensive sources
of growth in Tokugawa period (see Thomas Smith). The
resultant change in factor shares would suprort a greater
grovth in non—agricultural employrent and greater structural
transformation for a given increase in agricultural output.
éhus ve may at least partially accept Nakamura 's eralysis of
outppt data without modifying the earlier assertions concerning
agriculture's increased contribution to economic growth. A
similar argument could be made for Taiwan's accrlerated
growth in agricultural output in the 1920's and the 1950's.

. .y

AA A

vlicre eZA_ is the usual price elasticity of demand and n the

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

It can be shown that this price elasticity is equal to ¢

Roger Selley for the detailed derivation. Sce 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

Q = Qi (Piseees Py ¥)5 4 = 1yee, N (1)

. where Qi 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) resulis in

% %y %

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

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

price P, vhile holding all other prices constant, uport dividing

J
through by de, (2) becomes

N ~
T T - S (5)
dP -—6P +—6Y dP ,l—l, OUI,NO 5
J. J , J

If in addition we take the monetary valuc of Y as constant, i.e.,
PJY = kK, we can totally diffecrentiate PJY = k,

(qu) Y + (ay) Py =0, (k)

solve (4) for dY/de and substitute the result into (3) which after

multiplying by Pj/Qi becomes ¢

Q P, Q.
: -w‘——‘-—--‘,i=l, saey Ill (j)

[4) aD N T WA



xpressing (5) in terms O1 elasticities results in:

€y = €y " ny {6)
where e{ﬁ is the price elasticity of demand for the ith good with
respect to changes in the jth price, all other prices and the monetary
value of. the payment in kingd, Pa.rc,‘held constant, i.e., this is
the usual price elasticity of demand discussed in the literature;
Gij is the price elasticity of demand for the it}‘l rood with weengct
to changes in the jth Price wucic ari ovner prices and vavmente {in
kind are held constant; ny is the élast1c1ty of' demand for the ith
good with respect to changes in the payment in kind, all prices held
constant. The price and income elasticities presented on page 20
.can now be shown to have the followinz relation to the usual price
elastiéity of demand:

€f) = €aq =0y (7)



. Appendix B
Stability Conditions and the Corresponience Principle
by
Roger Sellny

" Let us hypotnesize That the terms of trade increase over time
if demand for the marketable surplus exceeds ts supply,

s aH
—1 . - ? }— S e o -~
P=H [MD Ms],H >0= .“>0,y-M MS (1)

and that labor nmigrates to the nonagricultural sector when the demand
price for nonagricultural labor exceeds its supply price,

=6 [ - . v - 9C =W -

=G [ ~wd, ¢ =g <0 x = ."s' (2)

Consider the linear Taylor expansion of the system (1) and (2):

e
-

P b, 3p/3p 3e/3r| |p
- + (3)
r| (v 3+/3p or/or| |r

vhere the partials of P and r with respect to P and r are evaluaucd
at _an equilibrium point (P+ r¥). A necessary and suff1c1ent
vwuurtion for local stability of the system (1) ana (2) is that

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

ap op i/( ap al ) - (C\:i’ or aP ai‘) } . (L)

2""1’ or Tt or [E P R
have negative yeal parts.

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

and sufficient {that

e
cr

* = H.bl sA/YN + Gl(_f"xe/ne(l.r)5 + PsA/r?N) (5)

Y.

[a) (2]
= »G'I‘"J("/I.‘"(l-r)} i+ (Il'blr 1 1) .r-./x/r?u <0



and

b or -ei» e 2
5 ar " Or op P = H.' (by st/rlt) G (~L"K"/H(Lex)” + PsA/r N (6)

- 10" (an/rhh) (b2 sA/r?N + b/z:) G' (sA/rH) >0

vhere output is specified by the general production relatic.

X = L i‘[K/LI], = L £x] ,
f! = Bi‘/ak',

and " = aef/aka.-

Dividing (6)'by H'G! shA/xM results in the condition
by (-.f"r/n? (1~ r)3 +P sA/r ) (6e)
- b, (sA/rn) 2/r + b sA/r2N <o.

By Engel s Laws the percentage 1mportance of food expenditure
declines as income increases, i.e., b2 { 0. Assumlng dlmlnlehlng
returns in production " < 0 and assumes Engel's Laws apply, it
is nececssary that 51 < 0 for (6&) and therefore (6) to be satisfied.
The partial b <0 13 also sufflclent for the satisfactlon of condition
(5). Equetion (6) places a stronger condltlon on by which depends
upon the magnitude of the paramcters and variables of the model.
Applylnv Engel's Laws and Samuclson's correspondence Principle
permits the unombiguous determination of all of thc ul&ﬁu in the
sensitivity matrix on page 16.

Since the relative budget share spent on food b& luborers can
be expressed as b = A/Y where A is defined here as per capita

“consumplion of food and Y is per capite income, the congtraints
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placed kere on bl ond b2 can be expressed in tarms. of

elasticities as follows:

ST SHCHIRTIP @

b2=%=%{(g%%>%‘$}=%(%“1)<° ®)
vhich can be restated as

€p <O | (72)
and

n, <l. | (8a)

From the results derived in Appendix A, equation (72) can be in
turn restated in terms of the "usual" price and income elasticities
as follows:

=e¥ +n, <0.

€an T €hn YTy (7e-1)



