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MODERNIZING-AGRICULTURE, EMPLOYME T AND ECONOMIC GROWTH 

-,A SIMULATION MODEL -

By, 
John W. Mellor and Mohinder S. Mudahar 

1. INTRODUCTION 

Recent technological breakthroughs in the agricultural sector offer
 

prospect of significant improvement in the economic performances of many
 

low income countries. Modernizing the agricultural sector has important
 

implications with respect to agricultural production, the supply of wage
 

goods and raw materials to the nonagricultural sector, income distribu­

tion patterns, employment and migration patterns, intersectoral resource
 

transfers and changes in farm and nonfarm consumer demand [Mudahar, 13].
 

This calls for developing new theoretical frameworks to analyze these
 

implications and a new set of priorities for development policy. There
 

is a further need to develop empirical quantitative models which will
 

reflect these theoretical frameworks and lead to relevant policy con­

clusions.
 

This paper presents a simulation model which grows out of concurrent
 

formulation of a conceptual framework by Lele and Mellor [10]. The
 

simulation model emphasizes the role of foodgrains as a basic wages good
 

constraint to employment, and the relationship between income from food­

grains production and demand for employment creating goods and services.
 

Particular emphasis is given to demand for various agricultural com­

modies and the effect of different, technologically induced income
 

distribution patterns on that demand. The basic model is presented in
 

this paper and the results from its application are presented in Occa­

sional Paper No. 76.
 

1/
 
The research reported in this paper is financed by contract No.
 

AID/csd-2805 entitled, "The Impact of New Technology on Rural Employment
 
and Income Distribution." We are grateful to Roger Selley for a number
 
of the suggestions and formulations built into this model which date
 
from his early association with its development.
 



The relevance of various existing models of economic growth in the
 

context of modernizing the agricultural sector in low income countries
 

has been analyzed by Mellor [11). The overall conclusions of that anal­

ysis suggest that existing growth models are inappropriate for analysis
 

of repercussions of new technologies in the agricultural sector and hence
 

for answering many of the currently relevant policy questions with respect
 

to economic growth. Past models are particularly inappropriate where
 

there exists a combination of (i) a large population base with relatively
 

elastic labor supply; (ii) acute food problems and relatively inelastic
 

food supply; (iii) high marginal prppensity to consume foodgrains by the
 

low-income, laboring class population; and (iv) scarcity of capital with
 

less than perfect capital-labor substitution [Mellor, 11]. Furthermore,
 

many low-income countries have a large agricultural sector and low
 

industrial base along with scarcity of foreign exchange and limited
 

scope for increasing exports. It is this substantial, but common set
 

of conditions which give such urgency to modernizing agriculture if
 

there is to be broad participation in the processes of growth.
 

In this context, a framework is needed which incorporates modern
 

technologies in the agricultural sector and allows for interaction
 

between the wage goods constraint and level of employment. Lele and
 

Mellor developed a conceptual framework which "provides a positive
 

alternative to the capital-intensive, import-displacing, low-employment
 

growth patterns followed by many low-income countries," [9]. The model
 

developed in this paper is based on that framework and incorporates
 

interactions between agricultural and nonagricultural sectors with a
 

focus on the impact of modernizing agriculture on production, consumption
 

demand, income distribution and the potential levels of employment in
 

various sectors of the economy.
 

Section 2 provides an outline of simulation methodology; the
 

agricultural and nonagricultural sectors are discussed in sections 3
 

and 4 respectively; section 5 deals with consumption demand and income
 

distribution; an input-output framework is developed in section 6;
 

the interdependence between the agricultural and nonagricultural
 

sectors is discussed in section 7; the simulation model structure is
 



suarized in section 8; and the paper concludes with an outline of
 
various relations which involve the feedback mechanism and the potentials
 

for sensitivity analysis.
 

2. METHODOLOGY
 

Several alternative methodological approaches exist for development
 
of a mathematical planning model which allows incorporation of the
 
interrelated elements discussed above. 
A simulation model can incorporate
 
large numbers of equations and allows handling of nonlinear functions.
 

It facilitates, through a set of equations, performance of alternative
 
policy experiments on the economy. Finally, the number of "degrees of
 
freedom", which is an important consideration in estimating various
 

econometric models, does not pose a serious problem in estimating
 

simulation models.
 

Day [2] provides a general definition of simulation as follows:
 

"An economic simulation model is a system of
 
equations, a computer program or an analog device
 
for representing the behavior of an economy or
 
part of an economy. A simulation run is a partic­
ular finite sequence of values for a set of endo­
genous variables determined by the model for a
 
given set of the initial conditions, parameters
 
and exogenous variables."
 

Simulation may be viewed as a process of experimentation on a
 
mathematical or statistical model.- / This includes approaches such
 

as linear programming, dynamic programming, recursive programming
 

and any kind of econometric model. The model developed in this paper
 
is a simultaneous equation system simulation model. 
The purpose is
 
not to estimate the coefficients of the simultaneous equation system
 
but to generate a growth path for each of the endogenous variables
 

included in the model.
 

2/ 
 . .
 
For review of simulation methodology, see Clarkson and Simon [1], Holland''
 

[6], Naylor et. al. [14], Orcutt [15], and Shubik [17]3.
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Holland pioneered in constructing simulation models of low income
 

countries in order to analyze the economic dynamics of these economies.-­

Holland-Gillespie [7] reported the results of their initial effort to
 

develop a large macrotype simulation model of a developing economy with
 

emphasis on development planning and foreign trade policy. However, the
 

agricultural sector was not the main focus of that study.
 

Johnson et. al.[8] and Halter et. al.[5] developed a detailed
 

systems science simulation model of the agricultural sector and applied
 

it to Nigerian agriculture. They use a building-block approach and
 

developed sub-models for different components of the economy. These
 

sub-models are independent and detailed models in themselves. The
 

national model is obtained by putting together various interacting sub­

models.
 

This paper presents a simultaneous equation system simulation model
 

which is designed to trace out the implications of the modernizing
 

agricultural sector on the supply of wages goods, employment and income
 

distribution. It follows the Lele-Mellor [10] general equilibrium model
 

of a dualistic economy in which growth of employment is determined by the
 

equilibrium between the independent labor and food markets. The model
 

incorporates the distributive bias of technological change in the food­

grains sector and lays out a conceptual framework to analyze the
 

dualistic economy with a modernizing agricultural sector. Their model
 

provides the general conceptual framework for the operation of the
 

dualistic economy on which the simulation model, developed here, is
 

based.
 

Specifically, the simulation model presented here is designed to,
 

trace the effects of technological change on agricultural production,
 

employment in the agricultural and the nonagricultural sectors,
 

consumption behavior and demand patterns, and the subsequent effects,
 

upon the supply of wage goods to the nonagricultural sector. The
 

simulation model is highly aggregative in nature and is for the Indian
 

economy as a whole. However, the economy is divided into agricultura1
 

3/
 
See also Orcutt et. al. [16].
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andnonagricultural sectors. The agricultural sector is further divided
 
into foodgrains and nonfoodgrains sectors. The foodgrains are produced
 
by using both traditional and modern technologies. The nonagricultural
 
sector is further divided into agro-industrial and nonagro-industrial
 
sectors. 
All the sectors are linked with each other through several
 

simple "feedback and dynamic coupling functions".
 

3. THE AGRICTi .) SECTOR AND TECHNOLOGICAL CRNGE
 

This section (i)describes two subsectors of the simulation model,
 
the foodgrains agricultural sector and the nonfoodgrains agricultural
 
sector; and (ii)analyzes the nature and role of technological change
 
in the foodgrains agricultural sector.
 

Foodgrains Agricultural Sector
 

The foodgrains sector includes the production of cereals and pulses.
 
For simplicity, it is assumed that a technological dualism exists in the
 
foodgrains sector and that foodgrains are produced concurrently by using
 
traditional and modern production techniques. The total foodgrains
 
production at a particular point in time can .especified as
 

(1) QF Wt - QF Mt + QF (t),
 

where QF(t) is the total production of foodgrains in monetary units during

F ), d
t,(prices are assumed constant), QF(t) is the amount of foodgrains
 

produced by traditional production techniques and Q (t)is the amouqt of
 
foodgrains produced by modern production techniques.
 

Traditional Production Techniques
 

Traditional production techniques are assumed to represent unirri­
gated land, labor intensive agricultural operations, little or no use
 
of modern forms of capital, and low-yielding local crop varieties. The'
 
amount of foodgrains produced by traditional production techniques can be,
,,
 

obtained as
 

(2) Q (t) . hF(t)'HdF (t)
 

where ht) 
 is the yield per unit of land during t under traditional
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and HdF(t) is the croppe6d aea ibwnto'foodgrainWs
 
P~r o'ntechniques and
66i 


under traditional production techniques. , -.
 

The yield per unit of land is assumed to increase over time. This
 

increase in yield is the result of improvements in the traditional
 

production techniques &nd the adoption of labor intensive new technology.
 

Assuming that yield per unit of land is growing at an exogenously given
 

rate, the yield equation can be specified as
 

4), d d t d,1
1~y t=0, 1,
(3) hF(t) + hd (0) . 

F ' 

where hFd(0)' is yield'per unitof land under traditional ptoduction." 

techniques in the initial period andy d is theexogenously given positive
 

annual growthrate in yield per unit of land,under traditional production
 

techniques.
 

Modern Production Techniques
 

Modern production techniques, are assumed to represent irrigated land,
 

modern forms of capital (including chemical and biological innovations)
 

and high-yielding crop varieties. The amount of foodgrains produced by
 

modern production techniques can be specified as
 

(4) QCt) hF (t) HTF(t),
 

where h (t) is the yield per unit 'of land during (t)under modern production
 

tech iques and HM(t) is the cropped area sown to foodgrains under modern
 

production techniques.
 

Again, the yield per unit of land is assumed to grow at an
 

exogenously specified growth rate. However, this increase is theresult
 

of the adoption of modern technology and biological innovations.T
 

yield equation can now be specified as
 

(5) h (t) = [1 + ymit h (0), t-0, 1, . .. 2T 

where hm(0) is yield per unit of land under modirn production techniques
nm
 
in the initial period and yMis the exogenously given positive annual
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growth rate in yield per unit of land under modern production techniques.
 

Finally, it is assumed that once modern methods are adopted on a
 

particular portion of land, then the most recent technology available
 

will always be utilized and the farmer will never retreat to the use
 

of traditional technology.
 

The difference between traditional and modern production techniques,
 

as defined here, is that modern techniques are assumed to require
 

relatively more modern capital, including chemical and biological
 

innovations. The output-land ratio is also higher in the case of
 

modern cultivation methods. Furthermore, the output-labor ratio is
 
higher in the modern foodgrains sector. The initial level of technology
 

and the technological progress for both the traditional and modern
 

production techniques is assumed to be reflected by a proxy parameter
 

included in the yield equation which is specified exogenously.
 

Cropped Area Under Foodgrains
 

At the outset, it is assumed that the proportion of cultivated area
 

in foodgrains and nonfoodgrains remains constant over time. The total
 

cultivated area under foodgrains, HF(t), is comprised of both irrigated
 

and unirrigated area, i.e.,
 
(6) HF(t)' = Hm(t) + (t), 

where 

H(t) and HF(t) refer to cultivated irrigated and cultivated un­

irrigated area under foodgrains, respectively. Given that the irrigated
 

area can be used to grow multiple crops every year, the total cropped
 

irrigated area under foodgrains, H F(t), can be expressed as
 

(7) H F(t) = [1 +am] H(), 1 am 2,, 

where a is the coefficient representing the number of crops which can be
 
M
grown over and above the regular single crop. a = 1 implies double 

cropping and a - 2 implies triple cropping. cP is'assumed to take only 

the discrete values. 
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,,,:'Itncreasein'the cultivateddirrigated area under,foodgrains id , 

specified as -. -... ,,: . 

48In.. t ) MF().-t), ,, , 

where F(t) is the annual addition to the cultivated irrigated area
 

under foodgrains. This annual addition to the irrigated area is determined
 

by
 

(9) MF(t) [HFt 1) - t-1), 

whete,-iis given exogenously and refers to the: incremental irrigation
 

capacity coefficient.
 

Similarly, the total cropped unirrigated area under foodgrains,
 
d
HCF(t)., can be derived as
 

HFC) ...
(lO. d -I+,dd Fd' .. 'd
(10), H 1 a H t), 0 < < 1, 

where Hd '(t) is the total cultivated unirrigated area under foodgrains
 

and 'a is the coefficient representing the number of crops which can be
 
dgrown over and above the regular single crops. Again, a is assumed to'
 

take only the discrete values. In general a o implying that the un­

irrigated land is single cropped.
 

As mentioned above, only a small portion of unirrilgated area under.,
 

foodgrains is brought under irrigation every year implying
 

(11)d - d­
(11HF (t) = HF (t-1) - MF 1t).
 

where MF (t) is defined by equation (9). From the above it follows that 

the total cropped area under foodgrains is given by 
m d 

(12) HcF (t) = HCF (t)+ HCF (t)
 

In order to determine HCF (t), the initial conditions and the parameter
 

values are specified exogenously. Furthermore, irrigated and unirrigated
 

areaE under foodgrains are assumed to be synonymous with area under modern
 

and traditional production technology, respectively.
 



Nonfoodurains.ARrdculturalSeetor
 

The nonfoodgrains agricultural sector deals with producing commodities
 

such as milk and milk products; meat, eggs and fish; vegetables; fruits
 

and nuts; spices and pickles; jams and jellies; beverages; tobacco and
 

allied products, etc. The total production of nonfoodgrains agriculture
 

is determined by demand rather than supply conditions. The demand consists
 

of (i) household consumption demand, CN(t), (ii) intermediate demand in
 

other sectors of the economy, (iii) total demand by the government (state
 

and federal), GN (t), (iv) net exports, XN (t), and (v) change in the stock
 

of inventories, IN (t). The consumption demand and intermediate demand
 

is determined endogenously whereas the rest of the demand components are
 

specified exogenously. The totaJ production (demand) of nonfoodgrains
 

agriculture, QN (t), can now-be specified as
 

(13) (t) = BNF Q (t) + PJ t
 

NIN 
+ILI7N ) +ftL N71IIN(t) 

h7re .Qp(t)'.is the total production of agro-industrial products and
 

bi are the input-output coefficients.
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4. THE NONAGRICULTURAL SECTOR
 

- The nonagricultural sector is divided into two categories, the 

agro-industrial sector and the nonagro-industrial sector. The agro­

industrial sector produces commodities such as vegetable oil and other l 

edible oils, sugar, gur, khandsari, cotton and wqolen textiles. 

Similar to nonfoodgrains agriculture production, the total production 

of agro-industrial products is determined by demand rather than 

supply. It supplies processed consumer goods to other sectors of the 

economy and depends upon the agricultural sector for raw materials,.,,)., 

Again, the production of nonfoodgrains and agro-industrial products is 

expressed in value terms at constant prices. -

The total demand for agro-industrial products is comprised of (i)'
 

household consumption demand, Cp(t), (ii) intermediate demand in other
 

sectors of the economy, (iii).total demand by the government (state and
 

federal), Gp(t), net exports, Xp(t), and (v) change in the stock of
 

inventories, Ip(t). The consumption demand and the intermediate demand
 

are determined endogenously and the other demand components are specified
 

exogenously. The total production (demand) of agro-industrial products
 

can be specified as
 

(14) Q(t) TbpF T1 bN TQNtQFt) 


JL1~I
PP1
-b 
 I
 

_bPP PP
 

w p i 1oeff 1 In
 

where b jare the input-output coefficients.
 



The nonagro-industrial sector, on the other hand, may be viewed
 

as comprised of a consumer goods sector and a capital goods sector.
 
However, these sectors are not analyzed in this paper which is limited
 

to determining the potential level of employment in the nonagricultural
 

sector which can be supported by the foodgrain supply, at constant
 
relative prices. The foodgrains supply (wage goods) to the nonagricultural
 

sector is determined as a residual after meeting all other demands for
 

foodgrains. The per capita consumption demand for foodgrains by the
 

laboring class is determined endogenously by using explicit consumption
 

functions.
 

5. CONSUMPTION DEMAND AND INCOME DISTRIBUTION
 

As observed by Engel, the consumption behavior of households is
 
significantly influenced by their income levels. 
 Recent technological
 

breakthroughs in the agricultural sector of many low-income countries
 

has led to increases in production and income levels of rural households.
 
However, there is growing empirical evidence which shows that large
 

farmers have benefitted relatively more from these new technologies than
 
small farmers and the laboring class [12, 13]. This overall increase in
 
per capita income and the growing disparities in income distribution have
 

important implications for consumption behavior of various expenditure
 
classes. Consumption behavior for various expenditure classes can be
 

represented by their marginal propensity to consume and the income
 
elasticities for various consumer commodity groups. 
 The differences
 

in the consumption patterns of different income groups (expenditure
 

classes) has important implications for demand and marketable surplus
 

of foodgrains, and demand for other consumer goods and services.
 

Table I shows the substantial difference among expenditure classes
 
in the marginal propensity to consume different commodities. The
 

proportion of incremental income spent on foodgrains declines substantially
 
for the higher expenditure classes. Landless laborers spend 55 percent of
 

their incremental incomes to purchase foodgrains whereas farmers in the
 



Table 1: Allocation of Additional Rupees of Expenditure by Rural Expenditure Classes in India, 1964-65
 

Nonagricultural Commodities
 

Agricultural Commodities & Services 

Mean per 

Expen- No. of Economic Capita Food- Nonfood- Agro- Nonagro­
diture Deciles Charac- Monthly grains grains Indus- Indus-

Class teristics Expend- (a) (b) trial trial Grand 
iture Total (c) (d) Total Total. 

Rupees------- ----------------- --- Percent- - -----------

I N Land 8.93 55 14 69 18 13 31 100 
2 

II 3rd < 1 acre 13.14 36 22 58 19 23 42 100
 

I11 4th &
 
5th 1-5 acres 17.18 24 25 49 18 33 51 100
 

IV 6th, 7th
 

& 8th 5-10 acres 24.13 15 26 41 18 41 59 100 

V 9th 10-15 acres 30.71 10 26 36 13 51 64 100 

VI Lower 
1/2 of 
loth 15-30 acres 41.89 7 28 35 13 52 65 100 

VII Upper
 
1/2 of
 
10th 30+ acres 85.84 2 29 31 11 58 69 100 

Source: Ccpiled fro= Mellor-Lele [121.
 

(a) inzaudes cereals and pulses 

(b) incloles =ilk ani =ilk products; =eat, eggs and fish; other foods; tobacco and allied products. 

(c) includes vegetable oil, other edible oil, sugar, gur, khandsari, cotton and woolen textiles. 

(d) includes footwear, durables, semi-durables, conveyance, consumer services, education, fuel, light, 

house rent and miscellaneous consumer goods and services. 
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highest expenditure class spend only two percent. 
 As a result, there will 
be an increase in the marketable surplus from the farmers represented by 
higher e Xpenditure cv ;,j,;es and the laboring class will provide a market 
for the lnc c ied tipply of Ioodgrains. The proportion of incremental
 
income si pnat on no 1foodgrailns agricultural 
 commodities increases gradually, 
and more or lei,, stays constant for agro-industrial goods for different 
expenditure classes. However, the proportion of incremental income spent 
on nonagro-industrial goods and services increases significantly for
 
higher expenditure classes. 

Consumers have been divided into two expenditure classes in this
 
simulation model: 
 (i) laborers (including small farmers) and (ii)
 
enterpreneurs. Consumer commodities are divided into four groups:-4/
 
(i) foodgratns, (if) nonfoodgratns, (fit) agro-industrial goods (mainly
 
procesed agriculture), ad 
 (iv) noagro-lnduntrial goods and services.
 
We can now specify the log-log-Inverse consumption function 
 for the ith
 
expenditure clans and jth commodity group as 5 /
follows:­

(15) log e j(t) - aij + 8ij + YtJ loge Yt (t), 

Yi (t)
 

where cij(t) Is per capita consumption of i t h expenditure class for jth
 
commodity group, YI(t) is per capita Income of Ith expenditure class, and
 

01ij, t and y J 
are the consumption function coefficients. The consumption 

4/
 
The definition of vach of ten.t. commodity groups I" given at the bottom 

of Table 1.
A/

Goreux (4j and ;Inhi 1H]8J hlav. uggted and evaluatedlalt, i iat Ivv forms
for thit connumpt ion 
 urn(' Lion It o)rder to inn lyze contitm)t ion beihivior ofhounchold Ill low Il'omrle (ountr I'.". (momof the ie Inude inear, double­log, "Citr-log, I o- lvhiivrs, ](,g-iog Invvriei 

' I 
ind iyp) bol ( f(orms{.justif icat Io fi.t l t he tie, of log- Jog Inveltie eI()1iull( 

For 
t () lll IlyZ4. t ii' 

expendI t lirev o1.t li t. In11 W I (ltie (o l l i' , icee' (.fie've X ) e4I 1811d ",IDesal I'fl hJoim, t i ) lh,'d Il, o)g-- iPVrb, Ii11( tfiou to0 'lnji ly/' Hie colleurt|ptlonexpend ItC111,4-Jl,,C t 4'i n'i In id Ia. IlliithI ti"tudy we hav. ('1ionri the' log-log­inveri,' Iiii (Ini puir iy Ie('jeo i,,e we 1iave ailtr aldy ured It to obtamli connumptionCOeff I|i "l 'nd to ollilyze the hounehold cnidutript ion behavior of different 
expenditure ('lA,,ie, in India. 
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demand is estimated for both the labor households and entrepreneur households. 

However, for simplicity, the consumption behavior of urban laborers and 

entrepreneurs is assumed the same as for corresponding rural laborers and 

entrepreneurs. 

ith 
The expenditurc ela,tLcity for expenditure class and jth commodity 

group, e j (t), is, giveni by 

(16) Ci(t) Yijjil
 
Yi(t)
 

which depends upon y B3 4 and Y1 (t). The total consumption expenditureth *J' th ­-J 


for i expenditure class and j commodity group in the agricultural sector,
 

CijA(t), is determined by
 

(17) C IjA(t) Cij (t) NiA(t),
 

iA 


the agricultural sector during t. The total consumption of j commodity
 

group in the agricultural sector, CjA(t) , is the sum of the consumption by
 

the two expenditure classes, ie,
 

where NiA() is the number of consumers in the ith expenditurethclass in
 

(18) C (t) - E2_ C(t).
 

Similarly, we can determine the total consumption expenditure for ith
 

expenditure thhclass and Jt commodity group, CijN(t), and the total consumptionl
 

of tHl j commodity group, CjN(t), in the nonagricultural sector as
 

(19) CijN(t) Ccj (t) NIN (t),
 

(20) C (t) "-2 CN(t)
 

where NiN(t) is the number of consumers in the ith expenditure class in the
 

nonagricultural sector.
 



15
 

Both CJA(t) and CjN(t) are changing over time since cij(t), NiA(t)
 

and NiN are changing in response to various endogenous feedback functions
 

and exogenous variables. The per capita income which determines the levels
 

of per capita expenditure on various commodity groups is changing in response
 

to changes in wage rate and employment levels. The magnitude of NiA(t) and
 

NiN(t) is changing in response to population growth and migration patterns.
 

6. AGGREGATE OUTPUT AND DEMAND: INPUT-OUTPUT FRAMEWORK-


The aggregate output of three major sectors is exhaused by various
 

components of demand. These demand components consist of (i) household
 

consumption demand; (ii) intermediate demand in other sectors of the economy,
 

(iii) total demand by government, (iv) net exports, and (v) changes in the
 

stock of inventories. These demand and supply components can be realistically
 

represented by using a Leontief type input-output framework. The input­

output framework allows us to incorporate demand, supply and the interactions
 

among foodgrains, nonfoodgrain and agro-industrial sectors. Algebraically,
 

the total 
output and demand for these sectors can be formulated as
 

(21) B(t) Q(t) + C(t) + X(t) + G(t) I(t) = Q(t), 

where Q(t) is a three-dimensional vector of total output from three sectors;
 

B(t) is a 3 x 3 dimensional matrix of input-output coefficients with b j as
 

the input of the ith good required to produce a unit of jth good; C(t) is a
 

three-dimensional vector of household demand; X(t) is three-dimensional
 

vector of net export demand; G(t) is a three-dimensional vector of government
 

demand; and 1(t) Is a three-dimensional vector of change in inventory. C(t)
 

is the sum of household demand in both the agricultural and nonagricultural 

sectors. All of these supply and demaad components are expressed in value 

terms at constant price levels. In this particular case we can view i=1 

as foodgrains sector, i=2 
as nonfoodgrains sector, and i=3 as agro-Industrial
 

sector.
 

The solution to equation (21) can be obtained as follows
 

(22) Q(t) - [I-B]1 [C(t) + X(t) + G(t) + I(t)], 
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-1 

is the inverse
where I is the three-dimensional identity matrix and [I-B] 


of (I-B]. For the existence of solution to equation (22), (I-B]i must be
 

non-singular. Otherwise, [I-B]I does not exist and a solution can not be
 

obtained.
 

7. 	INTERDEPENDENCE BETWEEN AGRICULTURAL AND
 

NONAGRICULTURAL SECTORS
 

The interdependence between the agricultural and the nonagricultural
 

sectors can be analyzed from four different aspects. These are (i)
 

intermediate demand among sectors; (ii) household demand for nonfarm
 

consumer goods; (iii) food supply and demand; and (iv) labor supply and
 

employment. Each of these four aspects is discussed below.
 

Intermediate Demand
 

The foodgrains, nonfoodgrains and agro-industrial sectors are highly
 

sense that they use outputs from each other's sector
interdependent in the 


inputs to produce their own outputs. As a result, an intermediate
as 


demand exists for the output of these three sectors. The total output
 

of one particular sector is constrained by the output of other sectors
 

which is made available as an input to that sector. On the other hand,
 

the intermediate demand for the output of a particular sector depends on
 

the "capacity to produce" of other dependent sectors and the magnitude
 

of input-output coefficients. The intermediate demand is explicitly taken
 

into account through the input-output framework described above. The
 

magvitude 	of the input-output coefficients reflects the degree of inter­

dependence among sectors.
 

Household Demand for Nonfarm Consumer Goods 

As has been reported in Table 1, household demand for nonagro­

industrial goods and services increases substantially from lower to higher
 

expenditure class. The landless laborers spend only 13 percent of their 

incremental income to purchase nonagro-industrial goods whereas the highest 

expenditure class, represented by the upper half of the 10th decile, spends
 

58 percent of their incremental income on those goods. This reflects the
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creation of potential new demand for nonfarm consumer goods in the rural­
agricultural sector and supports the view held by Goerux and Houthakker
 
that demand conditions play a crucial role in the process of industrialization.
 

This aspect of demand has gained an added significance through the "green
 

revolution."
 

Food Supply and Demand
 

The foodgrains and other sectors in the economy are interdependent
 

on each other for the supply and demand of foodgrains. The marginal
 

propensity to consume foodgrains out of incremental income by large farming
 
households is relatively very low (Table 1). Furthermore, it is these
 

farmers who produce the major portion of the foodgrains. Consequently, in
 
a context of dynamic growth, the marketable and marketed surplus of food­
grains increases at a faster rate than the production of foodgrains.
 
Because of this high marginal propensity to spend added income on foodgrain
 

the laboring class in both the agricultural and nonagricultural sectors
 

provide the basic market potential for expanded food supplies (Table 1).
 
However, in order to create this additional demand for foodgrains, laborers
 
must have the purchasing power which can come from sustained increase in
 
employment. Thus, both the demand (through employment) and the supply of
 

foodgrains is explicitly included in this model.
 

Labor Supply and Employment
 

It is reasonable to assume that the supply of labor from the
 
rural-agricultural sector to the urban-industrial sector is relatively
 

elastic. The conclusion then follows that the immediate economic problem
 
is not of labor supply but rather of providing wages goods and creinting
 

demand for labor through creating more employment opportunities in both
 

agricultural and nonagricultural sectors.
 

The recent technological breakthroughs in the agricultural sector of
 
the low income countries, as well as other countries, led to 
ncreases in
 

the marketable surplus of foodgrains and subsequent increases in income
 

levels of all income groups. Given the consumption behavior of farmers
 

falling within the higher income groups, this has led to an increase in
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demand for nonfarm consumer goods and an increase in demand for modern
 

In order to meet these growing demand components, the
production inputs. 


nonagricultural sector must increase the supply of these commodities. Most
 

of these commodities can be produced by relatively labor intensive suoply
 

industries in the nonagricultural sector which, in turn, should create
 

increased demand for labor with concomitant new employment opportunities.
 

The resulting increased income of this laboring class should create a large
 

demand for foodgrains or wage goods, given their traditional consumption
 

However, in order to maintain these newly created employment
behavior. 


opportunities and prevent an inflationary spiral, the foodgrains sector
 

must be able to meet the increased demand for foodgrains. This inter­

dependence between foodgrains production, demand creation and employment is
 

illustrated in Figure 1. Furthermore, we have to strike a balance between
 

the total supply of and demand for labor as well as foodgrains.
 

The total labor employed in the nonagricultural sector depends upon
 

the supply of foodgrains produced by the foodgrain sector. By determining
 

the marketable surplus (after meeting all the demand except for household
 

consumption demand for fobdgrains by laborers in the nonagricultural sector)
 

and per capita expenditure on foodgrains, we can determine the employment
 

potential generated in the nonagricultural sector as a result of an expansion
 

It has been assumed (given the supply conditions)
in the foodgrains sector. 


that if excess labor demand exists in the nonagricultural sector, labor
 

will migrate from the agricultural sector and keep migrating until a full
 

employment situation is reached in both sectors.
 

The current experience of many low income countries indicates that
 

both money wages and unemployment have been increasing over time, implying
 

that the Phillips curve is shifting towards the right. However, the
 

development of new agricultural technologies now being more widely used in
 

low income countries makes it possible to increase food supplies which
 

supports a larger labor force through the increased supply of wage goods
 

and hence reduces unemployment. Consequently, there is a possibility of
 

shifting the Phillips curve towards the left and hence reducing either un­

employment or both unemployment and infletion. This is shown graphically
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in Figure 2. In this case, the Phillips curve is represented by PP, the
 

percentage change in wages and unemployment is AW1 and AL,, respectively.
 

However, if we are able to shift the Phillips curve to P P through
 

increased supply of foodgrains (wage goods), it will be possible to reduce
 

the unemployment rate to AL2 by keeping the percent change in wages constant.
 

This model is not concerned with migration nor with the factors which
 

arise to determine a potential migrant's move from the agricultural to
 

the nonagricultural sector. Most migration models are concerned with the
 

process of migration per se rather than the question of sufficient food
 

(wage goods) for the potential migrants in the urban sector. This latter
 

aspect is the main focus of this model.
 

8. THE SIMULATION MODEL STRUCTURE
 

The general structure of the simulation model is described both
 

graphically and mathematically. Figure 1 specifically, and Figure 3 more
 

generally, illustrate (i) the basic components of the simulation model,
 

(ii) resource flows and factor movements, (iii) interdependence amdng
 

various sectors in the economy, (iv) input and output markets, and (v)
 

the changing technology in the agricultural sector.-
/
 

The mathematical structure of the simulation model is outlined below.
 

Most of the variables are described in the title of the equation which is
 

followed by a brief description.- / In the empirical part of this model,
 

however, we have tried different functional forms in some equations and
 

have incorporated different variables to determine some of the endogenous
 

variables. All of these modifications are not reported in this paper.
 

Cropped area under foodgrains (total)
 

6/
 
All the components related to the capital market of Figure 3, i.e.the demand
 

for and supply of capital goods, are not incorporated explicitly in the
 
present version of the simulation model. However, it does exist in the back­

ground of the model and we implicitly refer to the role of liquid and physical
 
capital in the production process of the agricultural and nonagricultural
 

sectors. We realize that it is an obvious shortcoming. However, the model
 
will be extended to incorporate the capital market at a later date.
 

7/
 
All the variables used in the simulation model refer to indices unless these
 

nadf~n~r1 nthojraQo 
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H--t -H () 

Cropped area under foodgrains (modern technology, 


(24) H,,, + a,.,
H (t), 1 a <2 

Cropped area,under foodgrains (traditional technology),
 

(25) HC + H(t), 0 < <1 '
 

'Net¢rigated area' under :foo'dgrains 

(26) H~(t UFI t ±l) + MF(t) 

Net unirrigated area under foodgrains 
 "
 

(27) d d ( _ 

-Increment-in the area under irrigation (foodgrains) 

(28) H.(t) p HF(t - H (t-l), 

Net-area-under foodgrains (irrigated + 4nirri'gated)-,, 

(29). HF(t) - HF(t) + Hd(t) 

Yield equation of foodgrains (modern technology),
 

(30) hF(t) + m hF(t-l)""- y> 0'
 

Yield equation'of foodgrains (traditional technology)
 

(3) ' ;t) = + y h (t-1), 0.< y" .<. 

Total production of foodgrains from modern technology
 

(32) FF F) CFi
Q (t) - hF(t) Hm (t) " ",, '
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I 

Total production of foodgrains from traditional technology
 

(33) 	 Qd(t) hd (t) H d M
 
F F CF
 

Total production of foodgrains (modern technology + traditional technology) 

(34 QF(t) - QM(t) + dMA'. 

F QFF~t 

Proportion of foodgrains cropped area under modern cultivation 

HOM (t) 
(t) HFt) ,(35) 0 - W (t),is,increasing over time since HCF(t) 

is increasing at a faster rate than HCF(t)
 

Average output-land ratio of foodgrains'-(average'production per unit of land)
 

(36) h(t) QF(t)

HCF(t)
 

Output-labor (employed) ratio of foodgrains (modern technology)
 

S(37) 	 qmt Q~( w ' 

F SFt) 

In other .words,'
 

m.
 

PLF(t) :(" 

t)	 FPtLi 

PLAF(t) referB to employed labor force in the modern food­

grains sector and w is the wage rate. {£
 

Employed labor's total share in foodgrains production (modern technology)
 

(38) S F = , + Q(t)Et) - (0) sF 
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where Qm(0) is the initial output of foodgrains (modern)
 

and Q-(t) is the output of foodgrains (modern) in time t
m 
(any time after the initial period); am is labor's 3hare
 

in the initial output and amF is labor'
S£F lbrs share in the
 

incremental output. The expression for S is derived as
WF(t) 


follows:
 

m =
S~tM F QM(0) + s'A Qm(t) - m0 

oSF(t) St QF sIF F - F 

or' SIF(t) IIF -	 + sQm(O) Q'(t)
 

Output-labor (employed) ratio of foodgrains (traditional technology).
 

For comments see equation #37.
 

(39) 	 d
d t QFt~
 

d
 
SRF(t)
 

Employed labor's total share in foodgrains production (traditional tech­

nology). For derivation see equation #38.
 

(40) Sd (t) - 1 d - adA IQd(Q) + adA QdWI IF FIF
IF F 	 QF~
 

Output-labor (employed) ratio of non-foodgrains. For comments see equa­

tion #37.
 

(41) 	 qN(t) - QN(t). w
 

S N(t)
 

Employed labor's total share in non-foodgrains production. For derivation
 

see equation #38.
 

(42) SN(t) IN QN(0) + BIN QN(t)
 

Average output labor ratio of foodgrain.
 

(43) 	 qF(t ) E Q (t)
 
Em Ed
PLAF(t) + PLAF(t)
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vhere 1t 7 (t) and PIAP(t) retere to euployast Sn the 
modern and traditional foodgrainA sector, respectively. 

Total production of non-foodgrains 

F Q (t)+ . QWf.
(44) Q(t) 

11CN(t) + I) N 

bNN ­ i - b N N 

where bj retr to I nput -output couitic tents, C(t) to 

consumption of nn-toodt4ralli aid X,,(t) tb net export of 

non-foodgr~ai (. 

Total output of agro-induttrial produtb (prwteaiied agriculture) 

(45) QpW - J')+ U QNW 

IL~ l()I bil X1p( t 

+ii + -I - , 
) " 

Again, i rei'r to Input-moitptut tot1lclents.Cp(t) i 

the total c: lb)lflp ion of pi weined I ogriuttire and X(t) 

is the net expiort of tiund ntyriculturv. Iowever, in 

case X,(t) ( Xj (t ), for thit mnitti-r) hla i ti-g t ie tign, 

it Impli i m'lptrt of ptocet red 4Ix titultui r. 1ihe production 

Of ul (todra i p r r t'tIAl oldit Ie ison MI Pitid t l irtil cOMr 

detern nI .d by hIw (Ivina l i quittI loln (titt Iri t hani th nupply 

connd .at 1.-l . 

Per capita annual expt'ii-t iiic. (or pe r tapi t' llInome) of total employed + 

unemployed) labor in the siiticulturnl nector (index) 

W
(46) YlA(L) lA(t. 
IL.A(t ) 

Thin equat ion impil I, that laborers don't sove. In other 

wordn, tiey connlutffie winteve r they earn, i.e. per crpita 

annual expenditure in eqntil to per capita annual income. 
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Total annual wale bill or expenditure (or total Income) of employed labor
 
force in the agricultural aector
 

(47) 	 1, (t)- W • Ib)L
 
.IA IAM
 

Adjusted per capita tiwnhly axpnditure of total (employed end unemployed) 
labor In the econ:uy (tit rupece). 

(48) YL(W) 1A(t) . XL ) 

LA (t) 
whrt XI. le the actual total monthly consumption expenditure 

for the lalm, tip clann. It in estimated from the cross­
sectional 	 dtt e c ll ct d by 	 N.S and NCAER. In this case . XL 

* 16.9 atnd 	 In expreased in rupees. By substituting for LA(t) 

we obtain
 

(t)- ,I )L ,X,. a w p" M 	 t XL"6 
 W. 


where w (t) In the (effective) Implicit wage rate in th. economy. 
1In the c4U f I l l-emp ioynlnt 1'Y t), - t) or E (W ,
 

This Impl les that whIen the economy a(cihleves ful l-employment, 

YL(t) rvachrt ano upper limit whf(h in erJial to (w . X1.). In 
a sense, Y () Iun itIfunt 	ion of the amount of Inbor employed. 

YL(t) IN totied in an iait'pt)lt(e:nt va riible to etliLmate the 
consump ?fion| I tlt t. (Illo f funoodpraL I ri II, no-foodg Iinn andtor 

processed 	 iagriuulture for tle laboring clatiN. However, 

consumption of foodgralnt, non-too(dgrainti and processed 
agriculture will not, chlange iif ter V ) reaclhit an upper 

limit. Since
 

0 < HA(O)/ (t < 1,
 

the expenditure multiplication-factor stays between the
 

upper and lower limits of
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0 cl.PE (0/Ir (t)-W
 I (t) < W.
 

Labor's budget share of foodgrains consumption expenditure in the total 

mothly consumption expenditure. The anuul budKet .,hare will be sam as 

the monthly budget share sincv we have to multiply both the numerator and 

denominator by 12 to ubt in iuinual budgvt bhare. Both cancel out. 

(49) 71CY(t) - C .F(t) 

Per capita monthly consumption expenditure on foodgrains by labor in the
 

econonyT
 

(50) CLF(t) Exp.I OF +Y1(t)l 2F log YL (t) 

Labor's annual consumption index of expenditure on foodgrains 

(51) II.CF (t) " LI.C (0 wI (t) 

Labor's expendlture elasticity of foodgrains consumption
 

(52) aLt M - 2 FY1 Mt IF 

Labor's budget share of non-foodgraina consumption expenditure in the total
 

monthly consumption expenditure (see equation #49 for comments).
 

(53) il,CN(t) - C (t) 

Y (t) 

Per capita monthly consumption expenditure on non-foodgrains by labor in
 

the economy
 

(54) CLN (t) - Exp. BON + aIN + 2NlogYLW
 

YL (t) 
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Labor's annual consumption index of expenditure on non-foodgrains
 

(55) 1LCN (W - "LCN (t) . wI (t)
 

Labor's expenditure 	elasticity of Lion-foodgrains consumption
 

(56) eLN(t) -	02N YL (t) - IN
 

YL (t) 

Labor's budget share of consumption expenditure on processed agricultural
 
commodities in the 	total monthly consumption expenditure (see equation
 

#49 for comments)
 

C
(57) 	 TtLCP(t) Lp(t)
 

YL(t)
 

Par capita monthly consumption expenditure on processed agriculture by labor
 

in the economy
 

(58) CLP (t) -	 Exp. 8OP + a1P + 8 2P log YL (t)I
I YL (t)­

Labor's annual consumption index of expenditure on processed agriculture
 

(59) I (t) 	- LCP (t) . wI (t) 

Labor's expenditure 	elasticity of processed agriculture consumption
 

(60) 	 eLP(t) - 02P YL kt) - alp
 

YL (t)
 

Adjusted per capita 	monthly expenditure of entrepreneurs in the economy
 

(61) (t)M TEXE- X F­ (t)TXT 
The estimated value of XE Is 44.1 rupees. XE refers to
 
the actual total monthly consumption expenditure by the
 

etitrepreneurs. For further comments 
see equation #48.
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Per capita monthly consumption expenditure on foodgrains by entrepreneurs
 

in the economy
 

(62)(2CEF CE W -Exp.TI(t)8OF 1lF + 62F log YE (t) 

Per capita monthly consumption expenditure on non-foodgrains by entrepren­

eurs in the economy
 

(63) CEN (t) Exp.T ON + a1N(t) + a2N log YE (t)
 

Per capita monthly consumption expenditure on processed agriculture by
 

entrepreneurs in the economy
 

=
(64) C (t) Exp. TOP + 1 p + 2P log YE
 

Marketable surplus (supply) of foodgrains after meeting intermediate and
 

consumption requirements in the agricultural sector.
 

Ct) F-b 

(65) SF(t) = QF(t) -FF QF(t) - CT - QN(t) 

Total consumption expenditure on foodgrains in the agricultural sector
 

(labor plus entrepreneurs)
 

(6) CT Wt = T)W + CT Mt 
(66) CFA = CLFA CEFA 

Total consumption expenditure on foodgrains by laborers in the agricultural
 

sector
 

T L
 

(67) CLFA(t) = ILCF (t) " t) 

Total consumption expenditure on foodgrains by entrepreneurs in the agri­

cultural sector
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where PE(t) is the total number of entrepreneurs in the'
 
agricultural and nonagricultural sectors. 
The proportion

of entrepreneurs in the agricultural sector is represented
 
by the coefficient PA"
 

Demand for foodgrains in the nonagricultural sector
 

(69) D (t) 	 T
 - FP Q(t) + C (t) 

Total consumption expenditure on foodgrains in the nonagricultural sector 

(70CTN~:) 
 T T(70) CFN 
 (t)LFN (t+ CEFN(t)
 

,Total consumption expenditure on foodgrains by labor in the nonagri­
cultural sector (All the labor is assumed to be employed." See equation

for determining the labor employed in the nonagricultural sector). i%
 

(71) 	 T E
CT WE -' I W PE W
CLFN(t) - 'LCF(t) PLN(t)	 ' ' 

Total consumption expenditure on foodgrains byentrepreneurs in the non­
agricultural sector
 

(72) cT-(t) CIEF( [PN ' PE~t)] 
 wI(t)
 

where the coefficient pN represents the fraction of
 
entrepreneurs in the nonagricultural sector.
 

Proportion of foodgrains marketed out of the agricultural sector
 

(73) 	 p'(t) - SF(t)
 

QF(t)
 

The total amount (production) of foodgrains is exhausted
 
by (i) intermediate demand in the agricultural and
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nonagricultural sector, and (ii) consumption of food­

grains by labor and entrepreneurs in the agricultural
 

and nonagricultural sector.
 

Total consumption expenditure on nDn-foodgrains (required'to determine
 

the total demand for non-foodgrains)
 

T T 
(74) C (t) - C (t) + C (t)

N NA NN-' .~ 

Total consumption expenditure on non-foodgrains in the agricultural sector
 

(75) " (t) - C NA(t) + Wt 

Total consumption expenditure on non-foodgrains by laborers in the
 

agricultural sector
 

(76) CL(t) I (9t' W
 , , ~~.........................
,/, ,', -.. '. ,. 

Total consumption expenditure,on non-foodgthins,by entrepreneurs "itn tlhe :
 

agricultural sector
 

(7T M NT) P (1 '(t

CENAt) E CELJ 'I~ 

Total consumption expenditure on non-foodgrains. in the nonagricultural
 

sector "' "- ... ,
 

(78) CT (t) - T N(t) + CET (t) 

Total consumption expenditure on non-foodgrains by laborers in the,non­

agricultural sector ,,, ., 

(79) CT (t). :ELIN t P E (t). [P(t L(t)1
N 


Total consumption expenditure on non-foodgrains by entrepreneurs in the
 

nonagricultural sector
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(80) C ..{E&(t) l'N yo I 1
 

Total consumption expenditure on processed agriculture commodities, -,'.,
 
(required to determine the demand for processed agriculture)
 

(81) 	 Cp(t) = cT t+CT(t),
 

P PA PN
 

Total consumption expenditure on processed agriculture commodities in
 

the agricultural sector
 

(82) 	 CPT)W - CT ()+ CT M
 
PALPA~t ,EPA~t
 

Total consumption expenditure on processed agricultural commodities by
 

labQrers in the agricultural sector
 

(83)
 
8LPA~t) ILCt) PLA~t)
 

Total consumption expenditure on processed agricultural commodjtjes by,
 
entrepreneurs in the agricultural sector
 

(84) CEpAt) - EPM. " P PE(t) 1 w (t) 
IYEF(tE) 

Total consumption expenditure on processed agricultural commodities in
 

the'nonagricultural sector
 

(85) C(t) - CLPN(t) + CE t 

Total, Qonsumption expenditure on processed agricultural commodities,. ,s.,:.. ,,.,. 


by. .aborers,in.the nonagricultural sector. 
 '~~ 

(6) N(t.) L PNt)
 

Total consumption expenditure on processed agricultural commodities by
 

entrepreneurs in the nonagricultural sector
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T CEPt(87) CP'M 1.LP W1" ,)EPN (C Et) [N _)PEIt)].
 

Growth equation for the entrepreneurs both in 'the-agricultural and non­

(88) PE(t) = [1 +~. PE(t-l) 

:where is the ,rate of growth of entrepreneurs.
 
Gf theotal-(agricultural and nonagricultural) labor
 

Growth equatio thie tota ,or 


force
 

(89) PL(t) [ + i] 

One can consider e and as the net growth rates for the
 

entrepreneural and labor±ng class, respectively, after taking
 

into account both the birth rates and death rates.
 

Total labor force in the agricultural sector (all the labor force in the
 

nonagricultural sector is assumed to be fully'employed)
 

(90) PA(t) PL(t) - PEN(t) 

Total labor force employed in the nonagricultiral sector (ina sense
 

the employment rate is determined by the amount of foodgrains available
 

in the nonagricultural labor sector)
 

(91) PLN(t) I W
QF

ILCF(t)
 

Residual quantity of foodgrains after meeting (i)l intermediate-deman d ' '
 

(ii)consumption demand for entrepreneurs, and (iii) constmption demasid,
 

for laborers in the agricultural sector
 



SCTt ,- CEFA (t) C (t) - X-:t 

Totai iabor force employed in the agricultural sector
 

(93)E E()(93)- (t) P A(t) + WLA LAPLAN 

Ajric'uitural labor force employed in the foodgrains sector
 

(9) 	 EM Ed(94) P (t) 	PLAF(t) + P M(t) 

Agricultural labor force employed in the modern foodgrains slctor 
[q (t)is determined by equation #37] 

(95) P 9M m(t) mS M 
-F -F(t) 

qm(t) w 
F 

kgricultural labor force employed in the traditional foodgrains sector
 
[qF )"'b deteri~ned by equation #1 "
 

Ed d sd(t
(96) 	 PLEd(t) QF(t) SF(t) 

qd(t) W 

Lgricultural labor force employed in the'non-foodgrains sector [qN(t). 
.sdetermined by equation 1141]1,.. , , 

(97) P- W 
 -(t)SkN(t) 
qN(t) w
 

roportion of the agricultural labor force employed
 

PE
 
(98) ' A(t) 
-PEA(tI
p (­
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Proportion of the total labor force employed in the nonagricultural
 

sector
 

PE Mt
(99) N(t)- LN
 

PL (t)
 

Percentage increase in the foodgrains production
 

-

(100) PQFA(t) - [QF(t) 	- QF(t l)]

{F QF(t_1) 100
 

Percentage increase in marketable surplus of foodgrains,
 

(101) PSFA(t) - {[SF(t) 	- SF(t1l] 110 
SF(t i)
SFA) 


Percentage increase in the demand for foodgrains outside of .the
 

agricultural sector
 

(102) 	 PDFNA(t) " j[DFN(t) - DFN(t-l)] } 00
 
DFN(t-1)
 

Percentage increase in the labor.force employed in the agricultural
 

sector
 

(103) P(t) -(P~j (t) - P, (t-1)] 10 

P A(t-1)
 

Percentage increase in the labor force employed in the nonagricultural
 

sector
 

(104) 	 PLNE(t) {[PLN(t) -PEN(t-l)]1 100
 
PELN(t1N(t-i)
 

Percentage increase in the labor force employed in the foodgrains
 

agriculture sector
 



S165 PLFAE(t) { AF(t) - P F(t-l)] j i0o 
B P~~.AF~tl 

,,Percentage ,increase in the labor force employed in the non-foodgrains
 
agriculture sector
 

-
(106) PLNAE(t) = {[PLN(t) PLAN(t 1)] i0
LNAE 

P AN(t-l) 

S,9. FEEDBACK, SYSTEM DYNAMICS AND SENSITIVITY ANALYSIS, 

In the mathematical formulation of the simulation model, many
 
endogenous variables depend on their past values and are functionally
 
.related to the past values of other endogenous variables. As a result,
 
the outcome of past actions influences the current state of the system
 

through these functional relationships. These feedback functions when
 
explicitly included make the above system dynamic. 
Consequently, we can
 
generate growth paths for tha endogenous variables and analyze their
 
behavior over time. 
The feedback functions here refer to those mathematical
 
relations which are intertemporal in nature. 
In other words, those
 
endogenous relations in which the current value depends upon past consequences.
 

The dynamic elements incorporated in this model include (i) increase
 
in net irrigated area under foodgrains by bringing previously unirrigated
 
areas under irrigation; (ii) the yield per unit of land or output-land
 
ratios for foodgrains, produced under both modern and traditional
 

technologies, are changing over time; 
(iii) the per capita consumption
 
expenditure on various commodity groups for laborers and entrepreneurs in
 
both sectors is changing in response to changes in income and patterns of
 
income distribution; and (iv) increase in size of the labor force over
 
time which is increasing in response to population growth.
 

By specifying the values of parameters, initial conditions and feed­
back functions, we can solve the system for t=l. 
 The solution vector of
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endogenous variables along with the exogenous information serves as a
 

benchmark to set up the problem for t-2. The cycle repeats thereon from
 

t-O, . , T . 

One of the major advantages of a simulation approach is that it allows
 

experimentation on the economy described by the simulation model. We
 

can generate growth paths of the endogenous variables under alternative
 

simulation runs, each describing a different set of policy programs. This
 

provides a set of policy regimes to choose from by the policymakers,
 

depending upon their economic, social and political feasibility. The
 

sensitivity analysis helps to trace out the role of the magnitude of
 

various parameters and control variables. In this particular model the
 

main focus is on determining the growth and level of employment in various
 

sectors of the economy in response to technological change and household
 

demand patterns. Some of the parameters which can be changed to generate
 

alternative growth paths are (i) yield increase coefficients, each reflect­

ing the nature of technological change; (ii) coefficient determining the
 

amount of area to be brought under irrigation every year (which in turn
 

determines the number of crops which can be grown annually on the same
 

piece of land and the yield per unit of land); (iii) coefficients
 

determining the multiple cropping intensity; (iv) population growth rate;
 

and finally (v) the initial distribution of population between laborers
 

and entrepreneurs.
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