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.+ - 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 éupply 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 deyelop 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 1s 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.
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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 [1l]. 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 propensity to consume foodgrains by the
low-income, laboring class population; and (1lv) 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

gscope 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
technologles 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



fsummarized in section 8 and the paper conoludes with an outline of
various relationa which involve the feedback mechanism and the potentiale<

+ b N .’1 N 7-,4'.!

for sensitivity analysis.

s

2. METHODOLOGY

Several alternative methodological approaches exist for development
of'a mathematical planning model whichlallows 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

v 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. 2/ 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 endogenoue variables
included in the model.

2/ ’
For review of simulation methodology, see Clarkson and Simon [l], Holland
[6] Naylor et. al. [14], Orcutt [15], and Shubik [17])." © - R “(‘5“.



Holland pioneered in constructing simulation models of low income
countries in order to analyze the economic dynamics‘of these écénbmies.éj
Holland-Gillespie [7] reported the results of their initial effort t6
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-

v ‘

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, ié

based.

Specifically, the simulation model presented here is designed to .
trace the effects of ternnological 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 1s highly aggregative in nature and is for the Indiég

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

3/
See also Orcutt et. al. [16].



"aﬁdlnonagricultural 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

s;hp;e "feedback and dynamic coupling functions".
3. THE AGRICU . s SECTOR AND TECHNOLOGICAL CHANGE

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

fin the foodgrains agricultural sector.

Foodgrains Agricultural Sector

The foodgrains sector includes the production of cereals and pulseé.
For simplicity, it is assumed that a technological dualism exists in the
. foodgrains sector and that foodgrains are produced concurrently by using
traditiongl and modern production techniques. The total foodgrains

production at a mrticular point in time can ve specified as

d m
M e () = g () + qf(n),
where QF(t) is the total production of foodgrains in monetary units during
..t (prices are assumed constant), Q (t) is the amount of foodgrains ‘
.. produced by traditional production techniques and QF(t) is the amount 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 béﬁt

obtained as

@ QF(t) = ncey “cy ®, -

[ ' . "‘,‘v.ﬂ o A

,where hF(t) is the yield per unit of ‘land during t under traditional



‘Qibdﬁétibn techniques and H (t) is the cropped-area sbtwn 'to foodgrainsh

‘(

‘ under traditional production techniques. B TR

| The yield per unit of land is assumed to incfease over time. Tﬁis
increase in yield 1s the result of improvements in the traditional |
production techniques and 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 C

r, Y : 1 e ) W
‘(3) i hg(t) = [1 + Yd]t d (0)’ tﬂo’ l’ LI -I',lj..

R
Lz

where hg(O)'is yield’per unit of land under traditional production '
techniques in the initiel period and‘yd is' the' exogenously given' positive
annual growth rate 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

m m m
1 (4) QF (t) hF (t) HCF(t),
line o ; T . 3o
where h?(t) is the yield per unit of land during (t) under modern production
fechhiques and HgF(t) is the cropped area sown to foodgrains under modern
production techniques.

Lo

Again, the yield per unit of land is assumed to grow at an
exogenously specified growth rate. However, this increase is the-result.
of the adoption of modern technology and biological innovatioms. ; ?hggk;‘

’

yield equation can now be specified as o e

(5) ) = [+ ™ BT (0), t=0, 1, . T

where h?(O) is yield per unit of land under modern production techniques
in the initial period and Ym is the exogenously given positive annual



'Qrowth 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
wil; always be utilized and the farmer will never retreat to the use

of traditional technology.

The difference between traditional and modern production techniques,
ﬂas 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 1s 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) H(t) = HNt) + HS (6)

F F e (£) |
where H?(t) and Hg(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 (t), can be expressed as
m ©omy M ( )
¢)) Hop(t) [1 + o] Hg(t), 1< a 22,

', where a® is the coefficient representing the number of cfops which can be"
grown over and above the regular single crop. a =1 1mplies double ’
cropping and o = 2 implies triple cropping. o is assumed to take only :

the discrete values.



»!Increase in'the cultivatédiirrigated-area under:foodgrains:is s -

> oot ’ t A o
e 3w L P 5 . N

SpeCified as ot R e P e ‘«,".‘ T T T P & ,'\;!‘f.'f.':...!
o e T P A FICI  S i n." I
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® e = E D) ),

where MF(t) is the annual addition to the cultivated irrigated area
'under foodgrains. This annual addition to the irrigated area is determined

by

l
+

o (9) Mp(e) = u[Hg(t= 1) - Hp(e-1)],

'where“u'is glven exogenously and refers to ‘the: incremental irrigation

1

capacity coefficient.

Similarly, the total cropped unirrigated area under foodgrains, o

HCF(t), can be derived as

a0,  w® = n+d 2w, oy,

where H (t) is the total cultivated unirrigated area under foodgrains
and ug is the coefficient representing the number of crops which can be
grown over and above the regular single crops. Again, ad is assumed to
take only the discrete values. In general adn o implying that the un-
irrigated land is single cropped.

- As mentioned above, only a small portion of unirrigated aregtunder;

foodgrains is brought under irrigation every, year implying o e

(11) Hg‘ (t) = Hg (t"l) - MF(t);‘ N e
. - N

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

the total cropped area under foodgrains is given by
(12) Hop (8) = Hgo (£) + Ho (6)

In order to determine HCF (t), the initial conditions and the parameter
values are specified exogenously. Furthermore, irrigated and unirrigated
areac under foodgralns are assumed to be synonymous with area under modern

and traditional production technology, respectively.



Nonfoodgraihs'Agricultura1~Seetor

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 (1) household consumption demand, CN(t), (ii) intermediate demand in
other sectors of the economy, (i1ii) 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 total production (demand) of nonfoodgrains

agriculture, Q. (t), can now be specified as
N

T
(13) Q,(t) = NF Q.(t) + NP | Q (t)
N Tobygy F F

R

t

-

”+ 1 c.(t) + 1 T X.N(t)
—— N
{MNN .[ 1-b

P

+ i_j' GN (t) + IN(t),
NN ’ NN

A where QP(t) is the total production of agro-industrial products and
b,,"are the input-output coefficients. BRI

i.'l

N
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4, THE NONAGRICULTURAL SECTOR

;s 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\othqri
edible oils, sugar, gur, khanasari, cotton and wgolen textiles. O
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 prodquéﬂig e

expressed in value terms at constant prices.

The total demand for agro-industrial products is comprised of (i)
household consumption demand, CP(t), (i1) 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

b

(14) Qp(t) = |_BE [ Qu(t) +| _BN | Q.(t)
PP [T | F 1-b. N
- |77"pp] ' PP
: :ff‘i«;": " F ~T
i I lep®
e 1 BRI

L.
vy Saeren_tam Yo S D ]
) RS o
+.11 G,(t) .
P T s

where b,, are the input-output coefficients.

13
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_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
hﬁs led to increases in production aund 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 1 shows the substantial difference among expenditure classes
in the marginal propensity to consume different commodities. The
pProportion of incremental income spent on foodgrains declines substantially
for the higher expenditure classes. Landless laborers spend 535 percent of

their incremental incomes to purchase foodgrains whereas farmers in the



Table 1: Allocation of Additional Rupees of f£xpenditure 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
i iture Total (c) (d) Total Total
Rupees @ - - - - = = = = = = = = = = Percent— — — — = = = = = = = = =
I Axttom N> Land 8.93 55 14 69 18 13 31 100
2
11 3rd < 1 acre 13.14 36 22 58 19 23 42 100
11 4th &
5th 1-5 acres 17.18 25 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
1’2 ¢ Lower
1/2 of
10th 15-30 acres 41.89 7 28 35 13 52 65 100
'8¢ Upper
1/2 of
10th 30+ acres 85.84 2 29 31 11 58 69 100

{a) diz:zludes
(L) inmcicies
c) dincludes

=:lx azd =ilx products; =eat, eggs and fish; other foods; tobacco and allied products.

vegetable oil, other edible oil, sugar, gur, khandsari, cotton and woolen textiles.

fcctwear, durables, semi-durables, convevance, 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 increasc In the marketable surplus from the farmers represented by
higher expenditure clagses and the laboring class will provide & market

for the fncrcased supply of toodgrains. The proportion of incremental
income speat on nontoodgrains agricultural commodities increases gradually,
and more or less 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: (1) laborers (including small farmers) and (11)
enterpreneurs. Consumer commodities are divided into four groups:—

(1) foodgrains, (i1) nonfoodgrains, (11{) agro-industrial goods (mainly
procersed agriculture), and ({v) nonagro-industrial goods and services.
We can now specify the log-log-inverse consumption function for the ith

expenditure class and jth commodity group as follows:é/

(15) logec (t) = (ﬁj + Bij + Yij loge Y1 (t),

13

Y1 (t)

whare cij(t) is per capita consumption of ith expenditure class for jth

commodity group, Yi(t) is per capita income of ith expenditure class, and

%J' Bij and Yij are the consumption function coefficients. The consumption

4/

“The definition of cach of these commodity groups 1s given at the bottom
of Table 1.

5/

Goreux (4] and Sinha [18] have suggested and vvaluated alternative forms
for the consumption function {n order to analyze consumption behavior of
houscholds in low Income countries,  Some of theue inelude Hnear, double~
log, memi-log, log-tnverse, log=log fnverse aud hyperbolic forms. For
Justificattons for the une of log- log Inverse fundctfon to analyze the
expenditure patternn [n low fneome countrlen, nee Goreux [4] and Sinha (18).
Desatl [J] hau alao uned Log~log-tnverne tunction to analyse the consumption
expenditure patterns o Indta. Iy (hin study we have chonen the log=-log~
inverae functton part ly because we nave already uned It to obtaln consumption
coefficientn and to analyze the household consumption behavior of different
expenditure clawsen {n India,
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demand is estimated for both the labor househnlds and entrepreneur households,
However, for simplicity, the consumption behavior of urban laborers and
entrepreneurs is assumed the same as for corresponding rural laborers and

entreprencurs,

t
The expenditure elasticlity for 1 h expenditure class and jth commodity

group, eij(t)’ is glven by

cift) - Yij _ 811 ’
Yi(t)

(16)

which depends upon Yij and Yi(t)' The total consumption expenditure

B
1
for ith expenditure class and ] commodity group in the agricultural sector,

CijA(t), is determined by

(n ¢ alt) = Cy(e) N0,

wvhere NiA(t) is the number of consumers in the 1th expenditure class in
the agricultural sector during t. The total consumption of Jth commodity
group in the agricultural sector, CjA(t)’ is the sum of the consumption by
the two expenditure classes, ie,

(18) c, . (t) = xz

A =1 Cyyal®)

Similarly, we can determine the total consumption expenditure for 1th

expenditure class and jth commodity group, CijN(t)’ and the total consumption
of tha jth commodity group, CJN(t), in the nonagricultural sector as
(19) CiJN(L) - Cij(t) N n(t)s
(20) c, () = 1 C,o(t)
4N ‘1wl 13N

where NiN(L) 1s the number of consumers in the 1th expenditure class in the

nonagricultural sector.
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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) 1s changing in response to population growth and migration patterns.

6. AGGREGATE OUTPUT AND DEMAND: INPYT-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,
(111) 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) 1is a three-dimensional vector of total output from three sectors;
B(t) 18 a 3 x 3 dimensional matrix of input-output coefficients with bij 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 I(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. TIn this particular case we can view i=1

as foodgrains sector, 1=2 as nonfoodgrains sector, and i=3 as agro-industrial

gector.

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

(22) Q(t) = [I-BT [C(t) + X(t) + G(t) + 1(t)],
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-1
where I is the three-dimensional identity matrix and [I-B] is the inverse

of [I-B]. For the existence of solution to equation (22), [I—BT1 must be
non-singular. Otherwise, [I—BT1 does not exlst and a solution can not be

obtained.

7. INTERDEPENDENCE BETWEEN AGRICULTURAL AND
NONAGRICULTURAL SECTORS

The interdependence between the agricultural and the nonagricultural
gectors can be analyzed from four different aspects. These are (1)
intermediate demand among sectors; (i1) household demand for nonfarm
consumer goods; (iii) food supply and demand; and (iv) labor supply and

employment. Lach of these four aspects 1is discussed below.

Intermediate Demand

The foodgrains, nonfoodgrains and agro-industrial sectors are highly
interdependent in the sense that they use outputs from each other's sector
as inputs to produce their own outputs. As a result, an intermediate
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 1s made available as an input to that sectoc. 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 explicitiy taken
intc account through the input-output framework described above. The
magritude of the input-output coefflicients reflects the degree of inter-

dependence among sectors.

Household Demand for Nonfarm Consumer Goods

As has heen reported in Table 1, houschold demand for nonagro-
industrial goods and services increases substantially from lower to higher
expenditure class. 'The landless laborers spend only 13 percent of thelr
incremental income to purchase nonagro-industrial goods whereas the highest
expenditure class, repregented 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 industrializationm.
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 sectcr is relatively
elastic. The conclusion then follows that the immediate economic problem
is not of labor supply but rather of providing wages goods and cretting
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 1in income
levels of all income groups. Given the consumption behavior of farmers

falling within the higher income groups, this has led to an increase inm
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demand for nonfarm consumer goods and an increase in demand for modern
production inputs. In order to meet these growing demand components, the
nonagricultural sector must increase the supply of these commodities. Most
of these commodities can be produced by relatively labor intensive supply
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
behavior. However, in order to maintain these newly created employment
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 sectdr)
and per capita expenditure on foodgrains, we can determine the employment
potential generated in the nonagricultural sector as a result of an expansion
in the foodgrains sector. It has been assumed (given the supply conditions)
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 1s 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 Q}L, respectivelg.
However, 1f 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'4
aspect is the main focus of this model. ; j

1

8. THE SIMULATION MODEL STRUCTURE

The general structure of the simulation model'ié described both
graphically and mathematically. Figure 1 specifically, and Figure 3 more
éenerally, illustrate (i) the basic components of the simulation model,
(11) resource flows and factor movements, (iil) interdependence amdng
various sectors in the economy, (iv) input and output markets, and (v) -

6/

. 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 equatioﬁ which 1s
followed by a brief description;Z/ In the empirical part of this model,
however, we have tried different functional forms in some equations and
have incorporated different variablés to determine some of the ehdogenous
variables. All of these modifications are not repotted in this paper. -

Cropped Area under foodgrains (total)

67 ~
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.
1/
All the variables used in the simulation model refer to indices unless these
ara defined ntherwiea.
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FIGURE 3. DIAGRAMATIC SUMMARY OF THE GENERALIZED SIMULATION MODEL
OF THE INDIAN ECONOMY
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Total production of foodgrains from traditional technology

3 Qfe) = nie) Bl (0 X
F

Total production of foodgrains (modern technology + traditional technology)

A

. m d e LRt
(34) - - Qp(t) = Qp(t) + Qg(t)
A
Proportion of foodgrains cropped area under modern cultivation
HCF(t) , m
(35) ¢ (t) = ==———, ¢ (t) is increasing over time since H_._(t)
HCF(t) e S ' -~ "CF

is increasing at a faster rate than HCF(t)

Average outout-land ratio of foodgroins“(average‘production per unit of land)
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where Q?(O) is the initial output of foodgrains (modern)
and Q?(t) is the output of foodgrains (modern) in time t
(any time after the initial period); B?F
?g is labor's share in the

is labor's share
in the initial output and s
incremental output. The expression for SEF(t) is derived as

follows:

Spr(t) = spp QR(0) + &2 I Qp(t) - Q?(O)I

m m m mA .m mA m
e Spp(t) = 895 Qp(0) + 85 Qp(t) = 8,7 QR(0)
o f%aﬁ m m mA| m mA .m
or Syr(t) I%QF - Sz%[ Qp(0) + 8 Qp(t)

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

. For comments see equation #37.

d, ..

@ ol =%
d \
Sep(®)

Employed labor's total share in foodgrains production (traditional tech-
nology). For derivation see equation #38.

O o) = [ofe - o [ + 2 oo

Output-labor (employed) ratio of non-foodgrains. For comments see equa-
éion #37.

(41) g (t) = (8" ¥
Son(t)

Employed labor's total share in non-foodgrains production. For derivation
see equation #38.

A A
(42) SEN(t) ]}2N - BQQI.QN(O) + 8,y QN(t)
Average output labor ratio of foodgrain.
\
) e =% ©
Em

Ed
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vhere P::'(t) and ?::r(t) refers to employment in the
modarn and traditional foodgrains sector, respectively.

Total production of non-foodgrains
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Total output of agro-industrial

(43)

-wa F A d -ub
Q (t) = || Q (1) +
N 1- bNN ¥

e P s

T, (t) + ]
N
]l - bNN 1

o e L 2

where b13

consumption of non-foodgratng

non-foodgralon.

< -

ME | Q)

whe

Xu(t)

« b

RN

el

refer to tnput-output coefficients, CN(I) s

and X, (t) ts net export of

products (procesnsed agriculture)

Q.(t) = bpp Q}(l)' bPN Q,,(t)
P 1-0b T -n N
l)l) L 1 ’)’l
+ .1 C.o(+] 1 ‘
e — X (t)
[l b!'l‘ 1 | 1 bl'l’ p

Again, b" refor to fnput-output tnrtlivientl.cp(t) ie

the total consumption of proce
is the net export of procedvucd
case XP(l) (o1 Xu(l), for that
it fmplicu tmport of procenncd
of nonfoodgralun and procensed
determined by the demand equat

connideratfan=,

nsed agriculture and XP(I)
agriculture,  However, in
matter) has 2 tiegative sign,
agriculture. The production
agricultural comnoditien is

fonn (rather than the supply

Per capita annual expenditure (or per capita fncome) of total employed +

unsmployed) labor in the agricultural acctor (index)

(46)

. P
LA(L)

Thias equation fmplles that lab
worda, they connume whatever t

annual expenditure tm equal to

orers don't sava. In other
hey earn, {.e. per crpita

per capita annual income,.



n

Total annual wage bill or expenditurs (or total income) of employed labor
force in the agricultural sector

E

(47) } 1A

(t) «w - p" (1)

LA

Adjusted per capita monthly cxpenditure of total (employed and unemployed)

labor {n the econumy (in rupeecs).

() = Max.

“e) ' Poo(t) L 1A
LA

L (©).x

vhera xL {s the actual total wonthly consumption expsnditure

for the labouring class. It 1s cstimated from the croas-
sectional data collected by NS5 and NCAER. In thie case, XL

® 16.9 and {n expressed in rupecs. By substituting for E

LA(t)
we obtain
V) PR (
Yo« X A X, = X, = () L X
PLA(() ’ ’

vhere v (t) 1s the (effective) fmplicit wage rate in the economy,
In the cawe of tull-employment , PﬁA((), - PLA(l) or PEA(t)/PLA(t) -],
This f{mplica that when the economy achieves full-employment,

YL(t) reachen an upper limit which s equal to (v . XL). In

a sense, YL(l) {n o function of the amount of labor employed,
YL(t) fe used an an sadependent vartable to estimate the
consumpt fon functlons for foodgrains, non=-foodgrains and
processcd agriculture for the laboring ¢lans. However,
consumpt fon of toodgrainn, non-foodgrafns and processed
agriculture will not change after YL(l) reaches an upper

limit. Since

E s .
0 «[PLL)/P (O] <1,

the expenditure multiplication-factor stays between the
uppar and lower limits of
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Labor's budget share of foodgrains consumption expenditure in the total
monthly consumption expenditure. The annual budyget share will be same as
the monthly budyet share since we have to multiply both the numerator and

denominator by 12 to obtain annual budyget share. Both cancel out,

¢, ()
(49) Mept) T

YL(L)

Per capita monthly consumption expenditure on foodgrains by labor in the

acononmy
B+ s LS 8. log Y, (t)
(50) C p(t)= Exp. | "oF T ¥ () T "2F 87Ny

Labor's annual consumption {ndex of expenditure on foodgrains

(v) . w, (t)

(31) Lep (00 =y, I

CF

Labor's ~xpenditure elasticity of foodgrains consumption

B B
(52) aLF(t) - ZFYL (t) - 1F

Y, (©

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

monthly consumption expenditure (sce equation #49 for comments).
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(53) "Len(e) =

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

the economy
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Labor's annual consumption index of expenditure on non~foodgrains

(55) ey O = Moy (0« wp ()

Labor's expenditure eclasticity of non-foodgrains consumption

(56) e, (O) = Bon ¥y, (£) = Byy
Y, (0

Labor's budget share of consumption expenditure on processed agricultural
commodities in the total monthly consumption expenditure (see equation
#49 for comments)

C

Y, (t)

(57) nLCP(t)

Per capita monthly consumption expenditure on processed agriculture by labor‘
in the economy
B

(58) Cpp (t) = Exp. Bop ¥ 1p  * Byp log ¥ (t)
YL (t)

Labor's annual consumption index of expenditure on processed agriculture

(59) I m (t) . Wy (t)

rep (&) = Tpep

Labor's expenditure elasticity of processed agriculture consumption
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(60) e p(t) =

Adjusted per capita monthly expenditure of entrepreneurs in the economy

E X
(61) (0= T® -y | By © ;E_
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The estimated valuc of XF 18 44.1 rupees. XE refers to

the actual total monthly consumption expendlture by the

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

in the economy

B
- B ..+ "1F + B, log Y, (t)
(62) CEF (t) hxp.Jt OF ———-YE ) 2F E

Per capita monthly consumption expenditure on non-foodgrains by entrepren-
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Per capita monthly consumption expenditure on processed agriculture by

entrepreneurs in the economy
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Marketable surplus (supply) of foodgrains after meeting intermediate‘and/

. consumption requirements in the agricultural sector.
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Total consumption expenditure on foodgrains in the agricultural sector

(labor plus entrepreneurs)

T

T
(66) Cra (8) = Cipa

(£) + Cppy ()

Total consumption expenditure on foodgrains by laborers in the agricultural

sector

T

(67) CLraA

(t) = I op (8 * P, (6)

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 -

curgw 4y agricultural and nonagricultural sectors. The proportion
of entrepreneurs in the agricultural sector is represented
by the coefficient Py

Demand for foodgrains in the nonagricultural sector

[ e : . .o I oo

o r
(69)  Dpy(t) = by, Q) + T (t)

Total consumption expenditure on foodgrains in the nonagricultural sector

.

y T T . ‘
(70) Cen(t) = Cppy(t) + Cpp(t) L

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 gector).
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Total consumption expenditure on foodgrains by entrepreneurs in the non-
agricultural sector
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where the coefficient Py represents the' fraction of
» n entrepreneurs in the nonagricultural sector. Ctivg
b “‘"/,"i{:m? f;;’f\“" ,;;1 R \ le’ {

Proportion of foodgrains marketed out of the agricultural’ sector Rkl

Sp(t)

(73) p(t) =
A Q,(6)

The total amount (production) of foodgrains is exhausted

by (1) interrmodiate demand in the agricultural and
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nonagricultural sector, and (1i1) consumption of food-
grains by labor and entrepreneurs in the agricultural

and nonagricultural sector.

Total consumption expenditure on non-foodgrains (required'to determine; '

the total demand for non-foodgrains) o

T T
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Total consumption expenditure on non—foodgrains in the nonagricultural
oy 7

sector Fir o 5“-1' R ,Lfidi " ‘“3»,53 TRENY
T T T , '
78 Ch(6) = Ch(®) + (e

vt

Total consumption expenditure on non-foodgrains by laborers’in the. non—

!

agricultural sector RO uox.ﬂqﬁoﬂﬁl
) Y * I e LT A
T
(79) CLNN(t) = LCN(t) PLN(t)’ [PLN(t) LN(t)]

Total consumption expenditure on non-foodgrains by entrepreneurs in the

nonagricultural sector
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Total consumption expenditure on processed agriculture commodities;:,gfph

(required to determine the demand for processed agriculture)

T (t) +

(81) C (t) = CPA

CPN(t)“

¢

Total consumption expenditure on processed agriculture commodities in

the agricultural sector

T T T
G Cp(®) = Cpp(®) + Gy (8)

1
5 !

Total consumption expenditure on processed agricultural commodities by
! ué . .

rlaborers in the agricultural sector ‘
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Total consumption expenditure on processed agricultural commodities byn
entrepreneurs in the agricultural sector ‘

. 5 ’ 5
P 1( !.‘ ) Y

(84) Crpa(®) = (2] . 1p Py« By (t)] C v (c)
,,:.r),\ . o YE(t) . NIRRT S SADALSIPRE: £- T SO PYS

. ,‘1{ ’; \_5,\‘, IR I or sf., AN R
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the nonagricultural sector

(85) C N(t) = LPN(t) + CEPN( t): o)

Totalxconsumption expenditure on processed agricultural commodities,r gt

1

by}iaborers in .the nonagricultural sector B ;

i
T

Copy(t) = LCP(t) #E (t), [PLN(t) PLN(t)]

(86)

.Total consumption expenditure on processed agricultural commodities by

entrepreneurs in the nonagricultural sector
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(87) CEP(t)  [oy +® (m‘. W (t)

(t) =

) fx-ku

&

Growth equation for the entrepreneurs both in ”the-agricultural and,"non-

.1 . - . o Sy T T T
agricultural-sectors- x R R R T
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(88) Py (t) = [1 +eE.] P (i-l)

where GE is the -rate of growth of entrepreneurs.

L? R RNEAT TR A T VNG S b SR (O AT Y «,*J oobnrr e Tipld
Growth equation for the total (agricultural and nonagricultural) labor
. Dt creat b rer e gl

force '

@) PL(t) = [1+§] P €-1)
Jpe ot i,
One can consider BE and eL as the net growth rates for the
entrepreneural and laboring 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

» P
S

noné‘ér’icultural sector 1s assumed to be fully employed)

E
(90) - By, () = P (t) - Pryu(t)

Total labor force employed in the nonagricultural sectorx (in a sense
the employment rate is determined by the amount of foodgrains available |
S I H ;.,,:,. L T N I T
in the nonagricultural labor sector) '
T gLt L L R 1 ';‘li‘;
(91) E () = Qp(e)
ILCF( t)

Residual quantity of foodgrains after meeting (1) intermediate ‘demand,!”’
(11) consumption demand for entrepreneurs, and’ (1ii) consumption demahnd:*

for laborers in the agricultural sector
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= cT‘n :; ‘ f’ ( |
¥ 1pa(®) " Cgpy (0) - FN(t) " %p(®)

fiptalTieBer<£orce employed in the agricultural sector

) ": ' [ L S . ) coany o ;',‘x"gf},f(,‘{;

U L . E = E E ./C
,(9e? - Pralt) = Ppyo(t) + P, (0

PRI

Aéridditural laBor force employed in the foodgrains sector

(94)  PLup(t) = PLR () + PO (¢)
RCEI A

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

f N P Vo e ot .
' Ler ) ' . ' T O N L LT

Em m m P DS
q(t) v S . ‘
RO DI S R

\gricultural labor force employed in the traditional foodgrains aector

[q (t) 18 determined by equation #39] SR U f“*?f{ ﬁ\'ﬁ
F e 007
d d
(96) EﬁF(t) = (6 | Syp(t) .
d W ; ¢ A
qp(t) 3

Lgricultural labor force employed in the non-foodgrains sector [qN(t)
8 determined by equation #41]

fLy ‘.;:J :"»e‘“‘ﬂ'és?i&,éh 5 2
! iaT e
q(t) W

roportion of the agricultural labor force employed

: E
(98) - ¥, (t) = Pralt)
P (t+)
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Proporticn of the total labor force employed in the nonagricultural

gsector

E
vy (t) = Frn(®)

(99)
N P, (0)

Percentage increase in the foodgrains production

L IQu(e) - Q(t-1)] .
A QF«-S

Percentage increase in marketable surplus of foodgrains

(101) pa(E) = {[SF(t) Sp(t71l 1 100
’y S (t" 1) ! ) j

P : N Ay T T R
Percentage increase in the demand for foodgrains outside of the

agricultural sector

(102) (Pt = Ppy(E-D)y 1

D (t-l)

Pppna () =

T " -*r T ;u A
Percentage increase in the labor force employed in the agricultural ;

sector

B

o e E E
(103) PLAE(t) - {[fLA(t) = P, (t=1)] } 100

E
PLA(t-l)

Percentage increase in the labor force employed in the Donagriculturél K

sector

E
(t) = {[PLN( ) - Pyt 140
LN(t_l)

(104)

LNE

Percentage increase in the labor force employed in the foodgraina

agriculture sector

o
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1e - 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 ths 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 (1) 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 traditlonal
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, . e .,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 (1) yileld increase coefficients, each reflect-
ing the nature of technological change; (i1) coefficient determining the
amount of area to be brought under irrigation every year (which ;n turn
determines the number of crops which can be grown annually on the same
plece of land and the yield per unit of land); (ii1) coefficients
determining the multiple cropping intensity; (iv) population growth rate;
and finally (v) the initial distribution of population between laborers

and entrepreneurs.



39

" ‘REFERENCES

£ Fenh
boaatty
.

l.ﬁh”éihrkbon, G. P. E. and H. A. Simon, "Simulation of Individual and
Group Behavior", American Economic Review, Vol. 50 (5) December 1960,
“{anpo 920-932.

2, qDay, R. H., "On Simulation", in M. D. Intriligator (ed.), Frontiers
of Quantitative Economics, Amsterdam: North-Holland Publishing Co., 1971,

3. Desai, B. M., "Analysis of Consumption Expenditure Patterns in
o " India," Occasional Paper No. 54, USAID-Employment and Income Distribution
Project, Department of Agricultural Economics, Cornell University,
August, 1972,

4. Goreux, L. M., "Income and Food Consumption", Monthly Bulletin of

-' "Agricultural Economics and Statistics, Vol. 9, October 1960, pp. 1-13.

5. Halter, A. N., M. L. Hayenga, and T. J. Manetsch, "Simulating a
Developing Agricultural Economy: Methodology and Planning Capability",
American Journal of Agricultural Economics, Vol. 52 (2), May, 1970,
pp. 272-284.

6. Holland, E. P., "Simulation of an Economy with Development and Trade
Prob’ems," American Economic Review, Vol. 52 (3), June, 1962, pp. 408-
430 L]

7. » and R. W. Gillespie, Experiments on a Simulated

Underdeveloped Economy: Development Plans and Balance of Payments

Policies, Cambridge: M.I.T. Press, 1963.

8. Johmson, G. L. and et. al., Generalized Simulation Approach to

Agricultural Sector Analysis, with Special Reference to Nigeria,

Michigan State University, East Lansing, Michigan, November 1971.

9. Lele, Uma J. and J. W. Mellor, "Jobs, Poverty and the Green
Revolution", International Affairs, Vol. 48, No. 1, January, 1972.

*10. » "Technological Change and Distributive

Bias in a Dual Economy," Revised Occasional Paper No. 43, Department
of Agricultural Economics, USAID-Employment and Income Distribution
Project, Cornell University, October, 1972.



40

11,

12.

13,

14.

15.

16.

17I

18.

Mellor, John W., '"Models of Ecoromic Growth and Land-Augmenting
Technological Change in Foodgrains Production", in N. Islam (ed.)

Agricultural Policy In Developing Countries, London: The Macmillan

Press, Ltd., 1974, pp. 3-730.

., ind Uma J. Lele, "Growth Linkages of the New Food-

grain Technologien

XXVIe (1), Jonaary-ttarch, 1973, pp. 35-55.

Mudahar, Mohinder o., "Dynamic Analysis of Direct and Indirect
Implication; of Technological Change in Agriculture", paper presented
at the Annual Conference of the Western Agricultural Economic
Assoclation, University of ldaho, Moscow, July 1974 (forthcoming in

the proceedings of the conference).

Naylor, T. H., J. II. Baliot{fy, D. S. Burdick, and K. Chu, Computer
Simulation Jechnlques, Mew York: John Wiley and Sons, 1966.

Orcutt, G. H., "Simulation of Economic Systems", American Economic

Review, Vol. 50 (5), Lecember 1960, pp. 893-907.

, M. Greenberger, J. Korbel, and A. M. Rivlin, Micro-

analysls of Socioeconomlc Systems: A Simdlation Study, New York:

Harper, 1961.

Shubik, M., "Simulation of the Industry and the Firm", American
Economic Review, Vol. 50 (5), December, 1960, pp. 908-919.

Sinha, R. P., "An Analysis of Food Expenditure in India", Journal
of Farm Economics, Vol. 48 (1), February, 1966, pp. 113-123.






