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Modelling the Adoption of HYV Technology in
Developing Economies: Theory and Empirics

Jadunath Pradhan and John Quilkey”

Modelling the adoption of HY'V technology in developing
economies may be effectively prosecuted at the micro-
level in a non-separable, decision-theoretic system. The
degree of adoption of high-yielding varicties of rice can be
incorporated into the household decision framework and
account can be taken of imperfections in labour and com-
modity markets. Despite the gap between theory and
practice, an embryonic empirical model is implemented
using survey data from Orissa, India to appraise the effec-
tiveness of a range of agricultural policies on farm-family
welfare, farm output, marketed surplus of food and rural
employment.

1. Introduction

With the introduction of high-yielding crop vari-
ctics, the adoption of the new sced-fertiliser tech-
nology was accorded primary importance in the
development strategies of most agrarian econo-
mies. Their governments have pursued an array of
policies embodying the promotion, dissemination
and adoption of the new technology. While a
degree of success has been achieved, the relative
effectiveness and implications of the policies are
notclearly understood. This paper offers a contri-
bution to improved understanding through a de-
velopment of the theory of the semi-subsistence
agricultural household, which helps to explain
input-output relationships, commodity demand
and labour supply. Anextension of the theory also
accounts for the behaviour of the farm houschold
with respect to the adoption of new technology.

The contribution to theory is limited here by a
need to focus on the empirical component of our
research. However, a simple yet significant modi-
fication is suggested as an amendment to house-
hold production theory.! A case is made to
endogenise the prices of mputs and outputs for
which no markets exist. Thedegree of adoption of
high-yielding varieties of rice has been incorpo-
rated into the standard model of household pro-
duction as an endogenous variable in the house-
hold decision-making process.

In an effort to maintain consistency between the
theory and the empirical model, discussion in this
paper is confined to the neo-classical tradition. No
attention is given to approaches suggested in evo-
lutionary economics (Witt 1993, Tool 1988) or
socio-economics (Etzioni and Lawrence 1991),
which to an extent bear on the issues of houschold
behaviour and technology adoption.

Within the neoclassical framework, the main focus
in the detailed specification of the model was to use
concepts and definitions of variables which have
close empirical counterparts and are readily quan-
tifiable. Although this has led to a somewhat
unorthodox specification, its virtues appear to out-
weigh the costs.

The proposed model is described in part 2, and
estimated in part 3. In part 4 the model is used to
evaluate some commonly pursued policy meas-
ures. Part 5 contains the main conclusions and an
outline of the scope for extension and further appli-
cation of the model.

2. The Empirical Model

The first relationship important in characterising
farm households in developing countries is the
farm output function which may be written as:
q,=q +q.=F(,1,C,mx), 2.1)
where g is the level of production; q is the level of
consumption; g, is the marketed surplus; 1, 1, are

fs? "hd
labour supply and hired labour demand, C, repre-

° Respectively, Faculty of Business, Victoria University of
Technology, St Albans, Victoria 3021, and School of Agricul-
ture, La Trobe University, Bundoora, Victoria 3083.

! See Fleming and Hardaker (this volume) and Pradhan (1991)
for accounts of the historical development of this theory.

239



Review of Marketing and Agricultural Economics

Vol. 61, No. 2, August 1993, Part 11

sents the cash inputs, = is the extent of new
technology adoption as measured by the proportion
of land allocated to the new technology and x are
other relevant exogenous variables. Note that F
stands for the output function which is different
from the concept of a production function. This is
because the production function refers to a given
technology while F is a result of combining two
separate technologies. The detailed specification
of this equation is pursued in Pradhan and Quilkey
(1985).

The second important relationship is a utility func-
tion:

U=UlgM, 1 (s).1,(s), C (s)] , (2.2)
where an additional commodity M is incorporated
to take account of all other consumption goods
besides the subsistence good which is produced
and consumed by the farm households, and s, s, and
s, are i,j and k specifications of variables associated
respectively with on-farm labour supply, 1, off-
farm (market) labour supply, | _, and cash inputs
used in farm activitics, C. No distinction is made
as to the sources of C, which may be funded by
borrowing or ‘own cash’ generated from liquid
assets. Lending activities are assumed not to be
important in the empirical context.

The specification variables, in effect, represent the
sources of resource endowments, their allocations
and product characteristics of relevant endogenous
variables. By definition, these characteristics are
exogenous variables which determine the values of
their respective endogenous variables by mecha-
nisms other than those explained by the current
model. However, it is possible to identify reason-
ably well what these specification variables are in
particular contexts.

The variables s, and s, may stand for such factors as
family size and composition, which largely ac-
count for variation in the time endowments among
farm households. Family size and composition are
considered exogenous variables since they deter-
mine, without themselves being determined by,
current decision-related variables such as on-farm
and off-farm labour supply. Similarly, specifica-
tion variables s_accompanying cash inputs are
likely to be asset and liquidity related variables
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such as income and wealth, and credit market
related variables such as interest rates and accessi-
bility to sources of credit.

Finally, the third important relationship is a real
balance constraint that integrates the production
and consumption sectors of the farm household,
defined as:

P, * Y, + Wl - Wl -M-C,- V=0, 23)

where p, is the sale price of marketed surplus q_ of
farm produce (rice), w and w_ are the on-farm and
off-farm wage rates, y_is nominal uncarned in-
come, M is the market value of non-rice consump-
tion commodities, C, is the use of cash inputs in the
farm-firm, and V is the saving of cash that may be
carried over from year to year.

The empirical optimisation problem of a semi-
subsistence agricultural household implies maxim-
1sing the utility function (2.2) subject to the output
function (2.1) and the cash-flow identity (2.3).

To derive the empirical model, the constrained
optumisation solution technique may be applied.
Instead of the familiar case of a single linear con-
straint, here there are two constraints, one of which
is non-linear. However, the general methodology
applies, yielding the Lagrangian function:

L=UlgM,l (s).1 (s}, Cfs)] -

Alg+q -F(d,1,.C,mx)]-

Apa,+y.+w 1 _-wl -M-C.-V),(24)
where A, and A, are Lagrangian unknowns.
By differentiating (2.4) partially with respect to the
unknown variablesq, M, 1,1 _,C_,q_,L,,®, A and

A, the following first order conditions are ob-
tained:

L,=U,-%=0, @.5)
L,=U,+A,=0, (2.6)
L,=U_+AF, =0, @.7)
L=U,_-Aw =0, (2.8)
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L, =U_ +AF, +4,=0, 2.9)
L, =ME, +Aw,=0, (2.10)
L =AF =0, 2.11)
L..=-A-Ap,=0, (2.12)

L, =-@+q)+F(,l,C.mx)=0, (2.13)

andL,,=-(,q, +¥, + W,l,, - W, -M-C;- V) =0.
(2.14)

where the subscripted L’s, U’s and F’s are partial
derivatives of the relevant functions with respect to
the indicated subscript variables.

In principle, the solution of the first-order condi-
tions (2.5) through (2.14) would yield the relevant
behavioural equations and the equilibrium values
of A, and A, in reduced form. In practice, however,
there are two reasons why a general analysis of the
reduced-form behavioural equations through their
derivation from (2.4) poses formidable difficulties
(Deaton and Muelbauer 1980). The utility and
output functions involvedinequations (2.5) through
(2.14) are typically nonlinear in nature, at least in
variables if not in parameters. Moreover, accurate
specification of U and F with respect to the vari-
ables to be included and the functional forms to be
used is essential to the derivation of sensible re-
duced-form equations.

To overcome these difficulties, a simple linear
utility function is generally assumed to exist in
applied work (Stone 1954). However, this ap-
proach has problems. First, errors in specification
of the unknown U and F extend to the derived
reduced-form equations. Second, errors may be
exacerbated particularly when U and Fare nonlinear,
so that application of a Taylor’s series approxima-
tion would almost always be required for the solu-
tion of the first-order conditions.

In view of the above problems, the method of prior
specification and reduced-form equations, despite
its theoretical merit, is not followed here. Instead,
attention is paid to the specification of structural
relations directly, rather than the solution of first-
order conditions. Because they provide more infor-

mation than the reduced form, these structural
relations are likely to retain more economic mean-
ing than the reduced-form equations.

Structural relations of interest may be derived from
the first-order conditions in the following way. The
values of A, and A, are defined in terms of marginal
utilities of the subsistence good and all other con-
sumption goods in equations (2.5) and (2.6). These
can also be interpreted as the prices of the two
goods concerned. While A, refers to the utility
value of a physical entity, the subsistence good
produced and consumed at home, A, is the utility
value of a monetary unit, the rupee value of other
consumption goods. Although, in principle, either
A, or A, could be chosen as a numeraire, A, has been
chosen since, by definition, supply (production) of
and demand for (consumption of) q are equal, so
that A, represents the equilibrium value. Moreover,
the study is concerned with the behaviour of sub-
sistence and semi-subsistence farmers rather than
commercial units.

From equation (2.5) which provides the linkage
between the consumption sector (the farm family)
and the production sector (the farm-firm) of the
farm household,

A= S (2.15)
Using the value of the numeraire A, from (2.15), the
relative prices of other consumption goods can be

obtained from the linkage equation (2.12) between
the real and nominal sectors as;

A= -(\P)=-(UJP) . (2.16)
The Lagrangian unknowns can now be removed
from the rest of the first-order system of equations
by using their values from (2.15) and (2.16). The
resulting system of equations defined in implicit

form may be treated as the structural relations of the
farm household model.

It seems natural to name the transformed first-order
conditions after the variables with respect to which
the Lagrangian function is differentiated. Thus, the
transformed first-order condition (2.6) written as:

u,-(U/P)=0, 2.17)
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may be called the ‘other consumption goods func-
tion’. It canbe traced back to partial differentiation
of L with respect to other consumption goods, M.
Similarly, equations (2.7) through (2.11) may be
transformed into the implicit family labour sup-
ply equation:

L,+UF,=0, (2.18)
the off-farm labour supply equation:
L.t+U/P)w =0, (2.19)
a cash-ini)ut function:
Ug+UFE,-(U/P)=0, (2.20)
a hired-labour demand equation:
UE,-U/P)w =0, (2.21)

and a rice-technology adoption equation:
UF. =0 (2.22)

respectively. Tomeasure the outputequation (2.13),
the variable representing total production q, isused
in place of (¢ + q_) so that the total output
equation is:
q,=F(,1,.C,m X) . (2.23)

The equations (2.17) through (2.23) along with the
identitics, the output and disposal identity :

q,=4+49,, (2.24)
and the real balance identity:

pq +y, +wl -wl, -M-C-V=0,2.25)
constitute the structural farm housechold model

consisting of a system of nine equations in nine
endogenous variables.

3. Specification of the Empirical
Model

Application of the model for the measurement
period - in this instance one crop year - entails
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estimation of the parameters of seven behavioural
equations. These equations are inimplicit form and
are not readily estimable. Several aspects of the
specification problem need to be resolved before
the model can be estimated. These include:

(a) specification of individual equations in explicit
form, including deciding which explanatory
variables are to appear in each estimating equa-
tion;

(b) measurement of variables since some of the
variables may not have direct empirical coun-
terparts;

(c) specification of the functional form of indi-
vidual equations; and

(d) prediction of the signs and magnitudes of the
coefficients in each equation.

To specify the behavioural equations (2.17) through
(2.23) in explicit form, the standard normalisation
rule is applied. Each equation is normalised with
respect 1o the endogenous variable which it is
designed to explain. For example, the farm-output
function (2.23) is normalised with respect to the
output variable; the family labour supply equation
(2.18) is normalised with respect to the family
labour supply variable and so on. Some
econometricians agree on the existence of such
normalisation rules and on their existence naturally
(Fisher 1970),

Information to identify the right-hand side ex-
planatory variables in each structural equation is
generally imperfect. The knowledge that each
endogenous variable in a simultaneous equation
system is jointly determined by all predetermined
variables provides little help in the specification of
structural equations. It is necessary to turn to
intuition, experience and, in particular, the struc-
tural linkages in the model to specify the explana-
tory variables in each structural equation.

Such specification is not entirely ad hoc. The
structural linkages, and the specification variables
referred to earlier, hold the key to a great deal of
correct specification. For example, by virtue of the
structural linkage equation (2.18), the family la-
bour supply equation is likely to be affected by
other variables which appear in the utility function
and the output function. Similarly, specification



Pradhan and Quilkey: Modelling the Adoption of HYV Technology in Developing Economies: Theory and Empirics

variables such as family size and composition,
through their effect on time endowment, are most
likely to explain family labour supply behaviour.

3.1 Estimation of the Empirical Model

In this section, the substantive results are presented
employing data from farm houscholds in Orissa,
India (Pradhan 1991). The three-stage least-
squares estimates along with the associated diag-
nostics are presented below in equations 3.1 through
3.7, where the variables and test statistics for each
equation are as defined in Tables A1 through A7 in
the Appendix, respectively. The results show that,
as postulated in the theoretical model, none of the
behavioural equations could be treated as inde-
pendent of the rest of the equations in the model.
This is evident from the finding that at least one
other endogenous variable was found to provide
statistically-significantexplanations for the depend-
ent variable of every estimating equation of the
model.

A large number of factors (35) are shown 10 help

explain the rate of adoption of high yielding vari-
eties (HYV) of rice in this study. Many of these
stimuli and inhibitors affect the technology-adop-
tion behaviour of farmers indirectly through other
decision variables. The results suggest that the
single-equation method of estimating an unre-
stricted reduced-form equation to explain the adop-
tion behaviour of farmers is likely to be mislead-
ing. When decisions are interdependent this
method may lead researchers and policy makers to
ignore many relevant determinants of technology
adoption. Itmay also lead to misperception of the
directional effect of some of the explanatory vari-
ables on technology adoption.

3.2 Interpretation of the Estimated Model

In view of the primary concern of the study with
the adoption of ‘new technology’ and the associ-
ated behaviour of farm households, interpretation
of the adoption equation (PMVRA) is undertaken
first. The preferred estimate of the structural
equation for the adoption of new rice technology
was:

(2.76) (-5.94) (2.58)
(-1.43) (1.13) (-1.83)
-0.326EXMV2"" + 0.022SEXPO™" -
(-4.18) (3.02)
R? =0.71, F

13266

PMVRA = 45,357 - 0.0772FLKR"™* + 0.029SHLKR™* + 0.280CCER™" + 0.129RYD - 2.042RSDD"

- 0.0891PON" + 0.043PSPR - 0.081PBPR" + 0.127POIA™" + 0.560EDLDM" + 6 410EXMV*"
(3.11)

= 54.07*** RMSE = 17.37, U=0.188, UM=0, Us=0.07

(3.10) 0.04) (-1.44)

(1.58) (7.21)

(3.1

In all equations, the figures in parentheses are
calculated t values, * denotes significant at the 10
per cent level, ** denotes significant at the 5 per
cent level and *** denotes significant at the 1 per
cent level. The summary statistics R? and F are
from the OLS equations. Other statistics are from
the 3SLS equations. It is apparent from these re-
sults that the extent of adoption of HVY rice is
affected by some variables that are exogenous to
the farmers’ decision process, as well as to others
that are endogenous. It is estimated that, if a farm
family could afford to hire 100 man days of labour

for growing rice (HLKR), it would increase the
allocation of land to HY'V rice by 2.95 per cent.
Similarly, a family’s decision to spend 1000 rupees
on market-purchased inputs (CCER) was found to
be associated with allocation of 2.8 per cent of rice
land to the new technology. From the negative
coefficientof -0.0772 for the on-farm family labour
supply (FLKR), it may be inferred that agricultural
households would intensify technology adoption if
the new technology is profitable enough to give the
farm family more leisure.
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Characteristics specific to the new technology were
also found to be important determinants of the
extent of adoption. Specifically, yield variability
of HY Vricerelative to traditional varieties (RSDD)
was found to be a significant inhibitor of adoption.
It may be inferred that research to reduce yield
variability of HY'V rice, perhaps through develop-
ment of drought, flood, and insect and pest resist-
ance, is essential for the successful promotion of
the technology. The better performance of HY Vs
compared with the traditional varicties (RYD) was
not found to be a stimulant to adoption of the new
technology.

Stimuli for the adoption of HYV rice, which im-
pinge on infrastructural development and institu-
tional change, were percentage of irrigated rice
land (POIA), experience in HYV rice (EXMV),
and educational attainment of the decision maker
(EDLDM). The rate of technology adoption was
found to be increased by more than half a percent-
age point (0.56) for one year of additional school-
ing by the decision maker. This result is similar to
that obtained by Chaudhri (1979). Experience in
the production of HY V rice (EXMV) was by far the
most important stimulus for adoption. It was found
that the farmer’s experience with HY'V rice tended
to increase the adoption rate, but at a decreasing
rate. It was found also that the direct effect (which
can be drawn from the adoption equation alone) of
one year of ‘hands-on’ experience in HYV rice,
perhaps through ficld-demonstrations presented by
agricultural extension officers, would induce the
non-adopter farmer to devote more than 6 per cent
of his land to the new technology. The positive-
interaction effect of experience in HYV (EXMV)
and the extent of farm irrigation facilities (EXPO)
on adoption rate supports the view that experience
(EXMYV) and the availability of irrigation facilities

(POIA) are likely to be synergistic in their effects.

The degree of adoption of HYV rice was also
influenced by the input and output prices. The price
of nitrogenous fertilizer (PON) had a significant
negative effect on the rate of technology adoption.
While the selling price of rice (PSPR) had a positive
but insignificant influence, the buying price of rice
(PBPR) was found to be a significant inhibitor of
technology adoption.

It is clear from both theoretical and empirical
models that farm housecholds’ decisions on tech-
nology adoption are not independent of other deci-
sions about on-farm labour supply (FLKR), off-
farm labour supply (OFLS), hired labour demand
(HLKR), level of production of rice (TRO), home
consumption of rice (HRC), consumption of mar-
ket purchased goods (TNFC), marketed surplus of
rice (TMRS) or amount of cash used to buy factors
of production (CCER) in the market. Ineach of the
structural equations of the estimated model, at least
one of the above endogenous variables appeared as
a significant explanatory variable. For example,
the on-farm labour supply (FLKR) of the farm
household affected, and was affected by, the house-
hold’s decision about the amount of labour hired
(HLKR) for the production of rice on the farm, the
degree of adoption of new technology (PMVRA)
and the level of use of modern inputs (CCER).
These variables were found to appear on the right-
hand side of the on-farm labour supply equation,
with statistically significant coefficients, indicat-
ing that these variables contribute to the explana-
tion of the on-farm labour supply in semi-substance
agriculture,

The estimated on-farm labour supply equation
(FLKR) was:

FLKR =

(2.36) (-1.38)

(2.95) (-1.38) (10.54)
+0.233POIA™ - 25.823PRFR™" -

(1.88) (-1.75)

56.604™" - 1.3070FFWR"* - 1.138HLKR™" + 3.28CCER"" - 0.568PMVRA"™
(-9.08)

+ 5.587TNFB™™ - 9.943PDA" + 46.5540KRA™ + 0.2770KRA2 - 0.244VMSC

R2=0.50, F, = 25.60***, RMSE = 84.22, U =0.26, U%=0.0, U= 0.0

(6.65) (-2.13)

(1.12) (-1.08)

(3.2)
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From this equation, it can be inferred that a farm
household’s decision to hire one more man-day of
labour (HLKR) was accompanied by the with-
drawal of 1.138 man-days of family labour from
the production of rice. Similarly, a family intend-
ing to inject 100 rupees worth of purchased inputs
into rice production (CCER) would decide to use
3.28 additional man-days of family labour. The
amount of on-farm family labour supply by agri-
cultural households was found to increase with an

increasc infamily size (TNFB), farm size (OKRA),
and the extent of irrigation facilities on the farm
(POIA). The percentage of dependants in the
family (PDA), the fertiliser/rice priceratio (PRFR),
and the off-farm wage rate (OFFWR) all tended to
reduce the on-farm labour supply from farm fami-
lies.

The estimated hired labour equation (HLKR) was:

HLKR = 10.928 -0.504FLKR""* +0.449PMVRA™"+0.0126TNFC""" +1.940CCER™* - 0.0490FLS™
(0.42) (-8.88) (2.40) (3.16) (3.54) (-1.91)
+ 0.354HRC + 22.2590KRA™" + 0.8110KRA2™" - 0.670CNFMW + 0.105PSPR.
(0.60) (5.33) 4.39) (-0.33) (0.95)
R?=0.84, F p0= 148.02***, RMSE = 65.02, U= 0.18, UM=0, Us=0.01 (3.3)

In this equation the quantity of labour hired for
cultivation of rice appears to be largely determined
by farm size (OKRA) and decision variables such
as the amount of cash used (CCER), non-food
consumption (TNFC), off-farm labour supply
(OFLS) and the degree of technology adoption
(PMVRA). Price variables such as the on-farm

wage rate (CNFMW) and selling price of rice
(PSPR) had no significant influence on the amount
of labour hired by the farm household.

The estimated structural equation for the off-farm
labour supply (OFLS) was:

(5.06) 0.11) (0.05)

(-4.86) (4.61) (-2.38)

10269

R2=0.35, F,__ = 16.28*** RMSE = 200.80, U=0.27, UM=0, US=0.11

OFLS =455.211"" + 0.141CCER +0.0491TMRS + 50.121TNFB™"* + 0.04970TI"" - 0.877VHMA

(5.42) (8.25) (-0.08)

- 11.443HRC™ - 15.2460FFWR"" " -61.528PDA™ - 104.452DC1™" - 0.430PSPR .

(-3.40) -1.01)

(3.4)

The agricultural household’s off-farm labour sup-
ply behaviour was greatly influenced by market
opportunities, family size (TNFB) and composi-
tion (PDA), and income (OTI). Increases in family
size (TNFB) and asset income (OTI) tended to
increase the size of the off-farm labour supply. On
the other hand, the off-farm wage rate (OFFWR)
and percentage of dependants (PDA) reduced the
sale of labour in the market. Caste of the farm
family (DC1) also had considerable influence on

off-farm labour supply. It was found that higher
caste families offered much less off-farm work
than lower caste households. As the agricultural
household consumed more rice in the family, asign
of a relatively rich family, off-farm labour supply
declined.

The estimated cash-input use (CCER) equation
was:
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CCER =2.554 + 0.0381FLKR"™ + 0.0110FLS - 0.2266HRC** + 0.00120TI"" + 0.0580PMVRA"™

(0.83) (3.89) (0.23) (-2.42) (3.83) (1.66)
- 0.0808RI" + 0.0009LLFF"" - 0.0615CAT" + 0.0367HLKR™" + 0.0838WLTH"" + 0.266ANU""
(-1.64) (3.07) (-1.71) (3.97) 4.73) (3.34)
R2=0.64, F, = 45.86***, RMSE = 11.29, U=0.23, U*=0.0, U* = 0.09 3.5)

The farm household’s decision to use cash inputs
such as fertilisers and chemicals in rice production
was governed by its labour supply, home consump-
tion and rice technology adoption behaviour. Con-
sumption of rice (HRC) and cash use in farming
were found to be negatively related. The farm
family’s liquidity (LLFF) increased the use of cash

inputs in cultivation while interest rate (RI) and
credit acquisition time (CAT) reduced it. Income
(OTI) and wealth (WLTH) of the family tended to
increase the use of cash in farming.

The estimated farm output equation (TRO) was :

10269 —

TRO =-7.250""+0.122FLKR"™" - 0.0005FLKR2"" + 0.0297HLKR """ +0.160PMVR A" + 0.375CCER

+ 0.0046CCER2""" + 0.0083VDAN™" + 0.0824APU""" - 0.0001APU2™ + 0.052POIA™
(8.02)

(-3.08) (5.37) (-3.44)
(2.45) (5.60)
R*=078, F___= 99.53** RMSE =14.11, U

(2.35) (2.61) (1.49)

(-2.90) (1.89)

= 0.18, U=0.0, U*= 0.02 (3.6)

This equation indicates that family labour (FLKR)
was more productive than hired labour (HLKR) in
rice production. Indeed, it was found that family
labour is at least four times more productive than
hired labour on account of their direct contribution
to output at low levels of labour use. Farm output
seemed to increase at an increasing rate with cash-
inputs (CCER), reflecting the very low levels of
cash use in farming in the sample households.
Farm supply of rice, however, increased at a de-
creasing rate with the use of on-farm family labour

in the rice production process. This possibly re-
flected the relative abundance of labour and the
operation of diminishing returns to labour in the
farming system studied. Apart from the input
usage levels, the intensity of technology adoption
(PMVRA) and irrigation (POIA) also increased the
level of rice production in farm firms.

The estimated structural equation for the market
goods consumption (TNFC) was :

TNEFC =
0.07)  (-2.69) (13.07)
+66.104HRC"™ + 21.355TMRS™™ - 2.251PBPR + 3.10FFWR + 0.000210TWL.
(6.17) (3.67) (-0.80)
R?=0.83, F

9270

46.426 - 2.894FLKR™ + 101.276CCER™" + 0.1710TI"* - 0.00000120TI2

=157.46***, RMSE = 1377.00, U = 0.17, UM=0.0, U* =0.003

(3.02) (-0.42)

0.16) (1.01)

(3.7)

The consumption of market purchased commodi-
ties increased with an increase in rice consumption
{HRC), cash-input use in the farm-firm (CCER),

246

marketed surplus of rice (TMRS) and non-farm
income (OTI). However, consumption decreased
with an increase in the farm-household’s on-farm
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labour supply (FLKR). The purchase price of rice
(PBPR) had a negative but non-significant influ-
ence on market goods consumption.

The above seven equations describe the behaviour,
on average, of the farm household in an area typical
of the less-monetised economies of developing
countries. The model is closed by two additional
equilibrium conditions to ensure that total expendi-
ture in any planning period, including savings, just
exhausts the income of the farm household. The
two identities defining respectively the money in-
come expenditure and farm output clearance
equilibria are:

OTI + (PSPR x TMRS) + (OFFWR x OFLS) -
(CNFMW x HLKR) - TNFC - CCER - SAV =0
(3.8)
and HRC =TRO - TMRS 3.9
Since the adoption equation is embedded in a
system of simultaneous equations, the farm house-
hold’stechnology adoption behaviour is influenced
by all the predetermined variables in the model via
their effects on the endogenous explanatory vari-
ables in the PMVRA equation. Further, the indirect
effects of those exogenous explanatory variables in
the adoption equation may augment or offset their
direct effects. Consequently, the total effect of the
determinants of the new technology adoption can
be traced by simulation experiments or by linear
approximation of the non-linear system, permitting
solution by matrix inversion. In this study, policy
simulation was used. For the purpose of illustra-
tion, a limited number of predetermined variables
were changed parametrically and their policy con-
sequences analysed.

4. Policy Applications

Selected policy applications of the model are illus-
trated here. Keyresults from simulation of selected
single policy applications are also compared with
similar results from combined policy experiments.
The results are presented in Tables A8 to A12. Two
additional variables have been defined. Total la-
bour demand (TLD) is the sum of family labour
(FLKR) and hired labour (HLKR) used in the farm-
firm; and total labour supply (TLS) is the total of

on-farm labour supply (FLKR) and off-farm labour
supply (OFLS). These two additional endogenous
variables facilitate a more complete appraisal of
policy consequences. Policy options are analysed
by solving the model with and without the proposed
changes and comparing the results.

The following limitations of the approach should
be mentioned. First, policy experiments were con-
ducted with the behavioural model of a
microeconomic unit, the farm household, and aver-
age responses were obtained. Therefore, forimple-
mentation of policies at the state level, an assump-
tion similar to the ‘small-country’ assumption made
in international trade analyses is required, while
inferences about the distributional consequences of
the policies for individual farmers cannot be made
directly.

In addition, it is assumed that adjustment to policy
change is instantaneous. The model is static in
nature and ignores lags. Finally, the policy solu-
tions are derived on the assumption that the struc-
tural coefficients are stable for all policy changes.
This assumption may be reasonable for small
changes in policy variables, but if violated, the
magnitude of policy responses would be modified,
although the directional effects are likely to remain
unchanged. However, model structure and coeffi-
cients are likely to be more stable in cross-sectional
studies, as in this case, than in time series models.
Subject to the above, the policy solutions indicate
what would happen to technology adoption and
other outcomes if the proposed policies were im-
plemented.

Several single policy and combined policy sce-
narios are presented in the Appendix tables. In
general, for the values selected, price-income poli-
cies appear to be much less effective in promoting
the adoption of new technology and increasing
agricultural production than structural/institutional
policies. While, with the exception of interest rate
and fertiliser price policies, single policies perform
better as policies to create agricultural employ-
ment; they fail in generating increased agricultural
surpluses for industrial growth. Infrastructural and
institutional policies, with the exception of family
planning, were found to be more effective in en-
hancing the degree of new technology adoption,
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and to be better in generating agricultural sur-
pluses, but inferior in creating agricultural employ-
ment for the landless poor. This result is not
surprising, however, as multiple goals generally
require as many policy instruments as there are
goals in the objective function. Hence, it may be
useful to consider the consequences of combined
policies which may create both agricultural em-
ployment and agricultural surpluses.

Results of the combined policies of two instru-
ments at a time indicated that the goal of generating
employment opportunities within agriculture is
generally difficult to meet. Technology adoption
as a strategy of agricultural development and in-
dustrial growth is easier to achieve with combined
policies than creating employment opportunities
within agriculture. While appropriate combined
price policies may achieve this goal, theireffectson
family welfare and agricultural development are
smaller than other combined policies.

Combined policies, in general, have less impact
than the sum of individual policy effects for most
response variables. Setting policy targets on the
basis of single policy outcomes may, therefore, be
misleading. One way to handle this problem is to
set the goals and targets before experimentation
with the model and attempt to find a set of policy
settings which satisfy these goals. However, a
target-instrument approach to policy evaluation is
beyond the scope of this study. Instead, a policy-
scenario approach is followed, and policy out-
comes are presented, leaving the choice of policies
to the planners and policy makers who may be
better equipped to make value judgments about the
desirability of different policy goals.

5. Conclusions

The theoretical models developed explain many
farm-household decisions and their relationships in
diverse socio-cconomic and environmental condi-
tions. These range from pure subsistence and
family farming to semi-subsistence and semi-fam-
ily farming, with allowance for segmented labour
markets and wage differentials.

The estimated empirical model comprises the key
economic relationships that are crucial for farm
households’ decision-making about input and out-
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put decisions, labour supply and demand relations,
home consumption and marketed supply behav-
iour, and the issue of technology adoption. Be-
cause of the coherent nature of the estimated model,
itis capable of progressive enhancement for policy
evaluation.

The findings are consistent with the view that farm-
household behaviour, including technology adop-
tion, can best be analysed in a simultancous pro-
duction and consumption framework. Significant
feed-back effects appear to exist in the form of
important endogenous explanatory variables be-
tween the equation for technology adoption
(PMVRA) and the rest of the equations of the
model. In particular, farmers’ decisions about the
degree of adoption of the new technology (PMVRA)
for rice are closely linked to their decisions regard-
ing levels of use of family labour (FLKR), hired
labour (HLKR) and cash expenditure on purchased
inputs such as fertilisers and chemicals (CCER) in
rice production.

The analysis of specific policy changes using the
model indicated that the most commonly pursued
agriculwral policies are effective to some degree in
promoting technology adoption and growth in ag-
ricultural output. Price-income policies, with the
exception of a reduction in the price of fertiliser,
were found to be relatively less effective in enhanc-
ing the rate of technology adoption and achieving
other agricultural development goals than struc-
tural and institutional policies such as irrigation,
education and agricultural extension programs.
While price-income policies were effective, to some
extent, in creating employment opportunities in
agriculture, they often reduced the marketed sur-
plus of rice. Infrastructural and institutional poli-
cies, with the exception of a ‘decrease in depend-
ants’ (PDA), resulted in large increases in mar-
keted surplus but reduced opportunities for em-
ployment in agriculture. Most agricultural poli-
cies, both single and combined policies, seemed to
enhance the welfare of farm households. For most
policy goals, combined policy effects were less
than the sum of the individual policy effects. The
dual problem of generating agricultural surpluses
and creating employment opportunities requires
careful selection of agricultural policies, often in-
volving two or more instruments.
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The houschold model presented has the potential
for extension to cover multi-product problems and
agriculture in high-income countries. It may also
serve as a micro foundation for more aggregated
models. Despite aggregation problems, the farm
household model, by representing the simultaneity
of production and consumption, may be viewed as
a prototype macroeconomic model for those coun-
tries where peasant farming playsasignificantrole.

This model has allowed for the operation of a
segmented labour market. Further realism can be
built in by incorporating capital market imperfec-
tions. One suggestion is to include segmented
capital market features such as on-farm and off-
farm cash-input use, borrowed cash-input use on
the farm, and differentiated interest rates. The use
of cash inputs as a factor of production may be a
problem but can be overcome, in principle, by
taking explicit account of individual physical in-
puts and their prices. This is a matter of data
availability and the resources necessary to be able
to define, collect and analyse the data.
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Pradhan and Quilkey: Modelling the Adoption of HYV Technology in Developing Economies: Theory and Empirics

TABLE AS8:Percentage Changes in Farm Household Responses to Price-Income Policies

Price-Income Policies

Farm Actual  Predicted | 10% 20% 20% 20%  20% 10%
Household’s Values Values |Decrease Increase Decrease Decrease Decrease Increase
Response from in in in in in in
Variables Basic | Interest Selling Fertilizer On-farm Buying Non-Farm
(Policy goals) Simulation| Rate Price Price Wage  Price Income

of Rice Raie of Rice
On-farm 122.86 12243 0.12 0.36 10.12 281 238 207
Family Labour
Supply FLKR |
Hired Labour 96.44 96.71 0.44 4.81 -5.74 2.81 1.50 2.86
Demand HLKR |
Total On-farm  219.30  219.14 0.26 232 3.00 033 068 0.11
Labour Demand
TLD,
Off-farm 309.19 307.84 0.38 -6.51 -3.83 -0.86 1.29 -1.14
Labour Supply
OFLS |
Total Family 43205  430.27 0.31 -0.56 0.11 -141 025 -1.40
Labour Supply
TLS |
Farm Rice Output 28.90 28.87 0.13 1.24 6.15 098 059 097
TRO,
Cash Input Use 1672.05 1668.71 1.31 0.91 1.24 0.46 1.38 1.31
CCER ,
Non-food 285223  2854.73 | 0.57 142 243 0.23 393 248
Consumption
TNFC,
Per Cent of 34.74 34.76 0.03 1.38 3.20 0.16 3.56 0.17
Adoption
PMVRA
Marketed Supply 8.16 8.01 0.76 -0.84 9.24 638 641 <132
of Rice TMRS |
Home 20.74 20.86 048 2.03 4.96 .10  -164 1.47
Consumption
HRC ,
1. ManDays 2. Qt(Quintals) 3. Rs(Rupees)
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TABLE A9:Percentage Change in Farm Household Response to Structural/Institutional Poli-
cies in Orissa, India

Infrastructural/Institutional Policies
Farm Houschold’s  Ratio of 20 % 20 % Increase 5 Years 20 %
Response Variables Actual to in Increase
(Policy Goals) Predicted | Increase Increase  Experience in Decrease
Values in in by 2 Education in
Farm Size  Irrigation Years Dependants
Area
On-farm ’ 1.004 14.09 3.81 -291 -0.95 3.19
Family Labour
Supply FLKR |
Hired Labour 0.997 17.33 -2.02 -0.46 -0.16 -1.80
Demand HLKR ,
Total On-farm 1.001 15.97 1.24 -1.83 -0.60 0.99
Labour Demand
TLD,
Off-farm 1.004 -0.01 -4.11 -1.17 -0.36 1.71
Labour Supply
OFLS |
Total Family 1.004 3.08 -1.87 -1.67 -0.53 2.13
Labour Supply
TLS |
Farm Rice Output 1.001 6.75 7.48 297 0.99 1.40
TRO,
Cash Input Use 1.002 6.57 043 1.70 0.57 -0.38
CCER ,
Non-food 0.999 4.17 3.14 2.51 0.83 0.64
Consumption
TNFC ,
Per cent of 0.999 -4.34 3.99 8.81 292 -0.27
Adoption PMVRA
Marketed Supply 1.019 19.60 13.08 6.72 2.29 -2.62
of Rice TMRS |
Home 0.994 1.77 5.33 1.53 049 295
Consumption
HRC ,
1. Man Days 2. Qt (Quintals) 3. Rs (Rupees)
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Pradhan and Quilkey: Modelling the Adoption of HYV Technology in Developing Economies: Theory and Empirics

TABLE A10: Joint and Interaction Effects of 20 Per Cent Increase in Selling Price of Rice and
20 Per cent Decrease in Fertiliser Price

Percentage Changes

Farm Household’s Basic Policy Combined Sum of Interaction
Response Variables  Simulation Simulation orJoint  Individual Effects =
(Policy Goals) Values Values Policy Policy I(a)! - i(b)I

@ (b)
On-farm 122.43 132.490 8.22 10.48 -2.26
Family Labour
Supply FLKR ,
Hired Labour 96.71 96.919 0.22 093 -0.71
Demand HLKR |
Total On-farm 219.14 229.409 4.67 5.32 -0.65
Labour Demand
TLD,
Off-farm 307.84 2717.238 -9.94 -10.34 -0.40
Labour Supply
OFLS |
Total Family 430.27 409.728 -4.77 045 4.32
Labour Supply
TLS |
Farm Rice Output 28.87 30.744 6.49 7.39 -0.90
TRO ,
Cash Input Use 1668.71 1701.551 1.96 2.15 -0.19
CCER,
Non-food 2854.73 2959.328 3.66 3.85 -0.19
Consumption
TNFC ,
Per Cent of 34.76 39.530 4.77 4.58 0.19
Adoption
PMVRA
Marketed Supply 8.01 8.528 6.47 8.44 -197
of Rice TMRS |
Home 20.86 22216 6.50 6.99 -0.49
Consumption
HRC |
1. Man Days 2. Qt (Quintals) 3. Rs (Rupees)
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TABLE All: Joint and Interaction Effects of 20 Per Cent Increase in Irrigated Land and
2 Years Increase in Experience in HYV Rice
Percentage Changes

Farm Household’s Basic Policy Combined Sum of Interaction
Response Variables  Simulation Simulation orJoint  Individual Effects =
(Policy Goals) Values Values Policy Policy i(a)l - I(b)l

@ (b)
On-farm 122.43 124.200 1.45 0.90 0.55
Family Labour
Supply FLKR |
Hired Labour 96.71 94.409 -2.38 -248 -0.10
Demand HLKR |
Total On-farm 219.14 218.609 -0.24 -0.59 -0.35
Labour Demand
TLD |
Off-farm 307.84 292.205 -5.08 -5.28 -0.20
Labour Supply
OFLS |
Total Family 430.27 416.405 -3.22 -3.54 -0.32
Labour Supply
TLS |
Farm Rice Output 28.87 31.727 9.90 10.45 -0.50
TRO ,
Cash Input Use 1668.71 1698.585 1.79 213 -0.34
CCER ,
Non-food 2854.73 3002.363 5.17 5.65 -048
Consumption
TNFC |
Per Cent of 34.76 45.870 11.11 12.80 -1.69
Adoption
PMVRA
Marketed Supply 8.01 9.488 18.45 19.80 -1.35
of Rice TMRS
Home 20.86 22.239 6.61 6.86 -0.25
Consumption
HRC ,
1. Man Days 2. Qt (Quintals) 3. Rs (Rupees)
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TABLE A12: Joint and Interaction Effects of 20 Per Cent Increase in Irrigated Rice Land
and 20 Per Cent Decrease in Fertiliser Price
Percentage Changes

Farm Household’s Basic Policy Combined  Sum of Interaction
Response Variables  Simulation Simulation orJoint  Individual Effects =
(Policy Goals) Values Values Policy Policy I(a)! - I(b)l

(@ (b)
On-farm 122.43 140.533 14.79 13.93 0.86
Family Labour
Supply FLKR |
Hired Labour 96.71 89.353 -7.69 -7.76 -0.07
Demand HLKR |
Total On-farm 219.14 229.886 490 424 0.66
Labour Demand
TLD |
Off-farm 307.84 284.371 -7.62 -7.94 -0.32
Labour Supply
OFLS |
Total Family 430.27 424.904 -1.25 -1.76 -0.51
Labour Supply
TLS |
Farm Rice Output 28.87 32.554 12.67 13.63 -0.96
TRO ,
Cash Input Use 1668.71 1687.925 1.15 1.67 -0.52
CCER ,
Non-food 2854.73 2992.552 4.83 5.57 -0.74
Consumption
TNFC |
Per Cent of 34.76 39.31 4.55 7.19 -2.64
Adoption
PMVRA
Marketed Supply 8.01 9.631 20.24 22.32 -2.08
of Rice TMRS |
Home 20.86 22923 9.89 10.29 -0.40
Consumption
HRC ,
1. Man Days 2. Qt (Quintals) 3. Rs (Rupees)
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