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The agricultural production of Indian farmers is investigated using a stochas-
tic frontier production function which incorporates a model for the technical
inefficiency effects. Farm-level data from the International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT) are used. Variables considered
in the model for the inefficiency effects include the age and level of education
of the farmers, farm size and the year of observation. The parameters of the
stochastic frontier production function are estimated simultaneously with
those involved in the model for the inefficiency effects. This approach differs
from the usual practice of predicting farm-level inefficiency effects and then
regressing these upon various factors in a second-stage of modelling. The
results indicate that the above factors do have a significant influence upon the
inefficiency effects of farmers in two of the three villages considered.

Introduction

The measurement of the productive efficiency of a farm relative to
other farms or to the “best practice” in an industry has long been of
interest to agricultural economists. Much empirical work has centred
on imperfect, partial measures of productivity, such as yield per hec-
tare or output per unit of labour. Farrell (1957) suggested a method of
measuring the technical efficiency of a firm in an industry by estimat-
ing the production function of firms which are “fully-efficient” (i.e., a
frontier production function).

Many subsequent papers have applied and extended Farrell’s ideas.
This literature may be roughly divided into two groups according to
the method chosen to estimate the frontier production function,
namely, mathematical programming versus econometric estimation.
Debate continues nver which approach is the most appropriate method
to use. The answer often depends upon the application considered. The
mathematical programming approach to frontier estimation is usually
termed Data Envelopment Analysis (DEA). Coelli (1995a) outlines
some of the literature on this approach.

The primary criticism of the DEA approach is that measurement
errors can have a large influence upon the shape and positioning of the
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estimated frontier. Aigner, Lovell and Schmidt (1977) and Meeusen
and van den Broeck (1977) independently proposed the stochastic
frontier production function to account for the presence of measure-
ment error in production in the specification and estimation of frontier
production functions. Stochastic frontier production functions have
two error terms, one to account for the existence of technical ineffi-
ciency of production and the other to account for factors such as
measurement error in the output variable, luck, weather, etc. and the
combined effects of unobserved inputs on production. This favourable
property of stochastic frontiers comes with a price, namely, that the
functional form of the production function and the distributional as-
sumptions of the two error terms must be explicitly specified. Bauer
(1990) and Greene (1993) present comprehensive reviews of the
econometric estimation of frontiers. Coelli (1995a) also outlines mod-
els and applications of stochastic frontier production functions.

In the agricultural economics literature the stochastic frontier
(econometric) approach has generally been preferred. This is probably
associated with a number of factors. The assumption that all deviations
from the frontier are associated with inefficiency, as assumed in DEA,
is difficult to accept, given the inherent variability of agricultural
production, due to weather, fires, pests, diseases, etc. Furthermore,
because many farms are small family-owned operations, the keeping
of accurate records is not always a priority. Thus much available data
on production are likely to be subject to measurement errors.

There have been many applications of frontier production functions
to agricultural industries over the years. Battese (1992) and Bravo-
Ureta and Pinheiro (1993) provide surveys of applications in agricul-
tural economics, the latter giving particular attention to applications
in developing countries. Bravo-Ureta and Pinheiro (1993) also draw
attention to those applications which attempt to investigate the rela-
tionship between technical efficiencies and various socio-economic
variables, such as age and level of education of the farmer, farm size,
access to credit and utilisation of extension services. The identification
of those factors which influence the level of technical efficiencies of
farmers is, undoubtedly, a valuable exercise. The information provided
may be of significant use to policy makers attempting to raise the
average level of farmer efficiency. Most of the applications which seek
to explain the differences in technical efficiencies of farmers use a
two-stage approach. The first stage involves the estimation of a sto-
chastic frontier production function and the prediction of farm-level
technical inefficiency effects (or technical efficiencies). In the second
stage, these predicted technical inefficiency effects (or technical effi-
ciencies) are related to farmer-specific factors using ordinary least-
squares regression. This approach appears to have been first used by
Kalirajan (1981) and has since been used by a large number of agri-
cultural economists, a recent example being Parikh and Shah (1994).
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Kumbhakar, Ghosh and McGuckin (1991), Reifschneider and
Stevenson (1991), Huang and Lui (1994) and Battese and Coelli (1995)
specify stochastic frontiers and models for the technical inefficiency
effects and simultaneously estimate all the parameters involved. This
one-stage approach is less objectionable from a statistically point of
view and is expected to lead to more efficient inference with respect
to the parameters involved. The Battese and Coelli (1995) stochastic
frontier is specified for panel data where the model for the technical
inefficiency effects involves farmer-specific variables and the year of
observation. Battese and Coelli (1995) apply their model in the analy-
sis of a small sample of fourteen paddy farmers observed over ten years
in the village of Aurepalle in India. In this paper, a variant of the
Battese and Coelli (1995) model is applied in the analysis of data for
34 farmers from this village and also in the analysis of data for farmers
from two other Indian villages.

The remainder of this paper consists of four sections. In Section 2,
the data on the farmers from the three Indian villages are briefly
described. The proposed stochastic frontier and inefficiency model is
discussed in Section 3. Section 4 contains the empirical results. Some
conclusions are made in the final section.

Panel Data on Indian Agriculture

During the decade from 1975-76 to 1984-85, the International Crops
Research Institute for the Semi-Arid Tropics (ICRISAT) collected
farm-level data on the agricultural operations of a sample of farmers
in three different regions in India. These Village Level Studies (VLS)
were designed to obtain reliable data on the broad agro-climatic sub-
regions in the semi-arid tropics of India, in order to better understand
traditional agriculture in the region, with a view to encouraging im-
proved methods of agricultural production.

The three villages of Aurepalle, Kanzara and Shirapur were selected
by ICRISAT for the in-depth study of the farming operations involved
because they were considered broadly representative of the semi-arid
tropics of India. These villages are located in the districts of Mahbub-
nagar, Akola and Sholapur, respectively, and are approximately 70 km
south, 550 km north and 336 km west of the Headquarters of ICRISAT
at Patancheru, near Hyderabad in the State of Andhra Pradesh. The
three districts were selected because they represented the major soil
types, rainfall and cropping patterns in the semi-arid tropics of India.
Within each of the selected villages, farmers were stratified into small,
medium and large farming operations. Samples of ten farmers were
then selected from each of the three groupings in each of the three
villages. The numbers of farmers involved in the three villages are 34,
33 and 35 for Aurepalle, Kanzara and Shirapur, respectively. These
numbers exceed 30 because some farmers withdrew from the survey
program and were replaced by other farmers from the appropriate size
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category. The total numbers of yearly observations involved in our
analyses are 273, 289 and 268, for Aurepalle, Kanzara and Shirapur,
respectively.

Walker and Ryan (1990) present a detailed discussion of the regions
and the VLS data. We present only a brief description of the agro-cli-
matic conditions in the three districts involved. Aurepalle is charac-
terised by red soils of shallow-to-medium depth which generally have
low water-retention capacities. Kanzara and Shirapur have black soils,
which are deeper and have higher water-retention qualities than Aure-
palle’s red soils. The soils in Shirapur are regarded as better than the
soils in Kanzara. Mean annual rainfalls over the ten-year period were
611 mm in Aurepalle, 629 mm in Shirapur and 850 mm in Kanzara,
with year-to-year variation between 400 and 1200 mm. The majority
of rain falls in the period from June to October. The predominant crops
in the three villages are castor, sorghum and paddy in Aurepalle;
cotton, pigeon pea and sorghum in Kanzara; and sorghum, chickpea,
wheat and vegetables in Shirapur.

The Stochastic Frontier and Inefficiency Model

The stochastic frontier production function model which we specify
for the farming operations in a given village is

(1) In(Y,) =B, + B,In(Land,) + B,(IL/Land.) + B,In(Labour,)
+ B,(HL /Labour,) + B n(Bullocks,) + Bn(Costs,)
+B,(Year) + V, - U,

where the subscripts i and t refer to the i-th farmer and the t-th
observation, respectively;

- In represents the natural logarithm (i.e., to base e);

Y represents the total value of output (in Rupees, in 1975-76 values)
from the crops which are grown;

Land represents the total area of irrigated and unirrigated land (in
hectares);

IL represents the area of irrigated land that is operated (in hectares);

Labour represents the total quantity of human labour for family
members and hired labourers (in man hours)’;

HL represents the amount of hired labour employed (in man hours);

1 Labour hours were converted to male equivalent units according to the rule that female
and child hours were considered equivalent to 0.75 and 0.50 male hours, respectively. These
ratios were obtained from ICRISAT.
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Bullocks represents the total amount of bullock labour for owned or
hired bullocks (in hours for pairs of bullocks);

Costs represents the total value of other input costs involved
(fertiliser, manure, pesticides, machinery, etc.)?;

Year represents the year of observation (expressed in terms of 1,2,...,
10);

the V_s are assumed to be independently and identically distributed
random errors, having N(0, ¢ ?)-distribution; and

the U s are non-negative random variables, called technical
inefficiency effects, associated with the technical inefficiency of
production of the farmers involved.?

It is assumed that the inefficiency effects are independently distrib-
uted and Uj, arises by truncation (at zero) of the normal distribution
with mean, i, and variance, 62, where LLi is defined by

(2) p,=90,+d(Age,) + 6,(Schooling,) + 8,(Land,) + 8,(Year,)

where Age and Schooling are the age and years of formal schooling of
the farmer who is the principal decision maker; and Land and Year are
as defined above.

The B- and &-coefficients are unknown parameters to be estimated,
together with the variance parameters which are expressed in terms of

(3) ol=072+0c%and
4) y=0%/04

where the y-parameter has value between zero and one. The parameters
of the stochastic frontier production function model are estimated by
the method of maximum likelihood, using the computer program,
FRONTIER Version 4.1 (see Coelli, 1992,1994).

The stochastic frontier production function, defined in equation (1),
is a linearised approximation of a Cobb-Douglas production function
in which the land and labour variables are linear combinations of
irrigated and unirrigated land and hired and family labour, respec-
tively. For more on this particular specification, see Battese, Coelli and
Colby (1989) and Battese and Coelli (1992). A test of the hypothesis

2 Forthe Costs of other inputs, zero values were obtained for some farmers. Hence the
Costs variable is actually defined as Costs = Maximum( Costs, 1-D), where the dummy
variable, D, is defined to have values 0 or 1 if Costs of other inputs were zero or positive,
respectively.

3 Because the output variable in the stochastic frontier production function is value of
total output, the measures of technical efficiencies obtained below will, in fact, be measures
of the total economic efficiencies of the farmers. Hence the Ujs are hereafter referred to as
“inefficiency effects” rather than technical inefficiency effects in this paper.
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that hired and family labour are equally productive is obtained by
testing the null hypothesis that the coefficient, Ba, of the labour-ratio
variable, HL/Labour, is zero. This hypothesis is of particular interest
in Indian agriculture, cf. Bardhan (1973). The Costs variable which is
included in the production function is a composite of the costs of other
inputs, such as fertiliser, pesticides, etc. It would be desirable to have
data on some these individual inputs because they obviously have
different influences on crop production. However, there would have
been significant proportions of the sample farmers having zero values
for these inputs.4 The inclusion of the year of observation in the
production function (1) assumes the possibility of Hicks-neutral tech-
nical change.

The expected signs on the 8-parameters in the inefficiency model,
defined by equation (2), are not clear in all cases. The Age of the
farmers could be expected to have a positive or a negative effect upon
the size of the inefficiency effects. The older farmers are likely to have
had more farming experience and hence have less inefficiency. How-
ever, they are also likely to be more conservative and thus be less
willing to adopt new practices, thereby perhaps having greater ineffi-
ciencies in agricultural production.

Schooling is expected to have a negative effect upon the inefficiency
effects. That is, we expect that greater levels of formal education will
be associated with smaller values for the inefficiency effects.

The sign of the coefficient of the Land variable in the model for the
inefficiency effects is expected to be negative. This expectation is
partially based upon the likelihood that the farmers with smaller
operations may have alternative income sources which are more im-
portant and hence put less effort into their farming operations com-
pared with the larger farmers. It is also possible that the modified
Cobb-Douglas form used in this analysis does not appropriately ac-
commodate a range of scale economies and hence that some scale
inefficiency may be included in the estimated inefficiencies of produc-
tien.

The coefficient of the Year variable in the model for the inefficiency
effects (2) is expected to be negative. This implies that the levels of
the inefficiency effects of the farmers in the three villages tend to
decrease over time. That is, the farmers are expected to become more
efficient over time. This time-trend variable is expected to pick up the
influence of factors which are not included in the inefficiency model
which vary systematically through time. For example, it may reflect

4  If the dummy variable, D, defined above, is included as an explanatory variable in
the stochastic frontier (1), then different intercepts are permitted for farmers with positive
and zero values of Costs of other inputs. Further, the estimate for the elasticity of Costs from
such a model would be equivalent to that obtained if only data with positive costs are used
(see Battese, 1996).
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the influence of government agricultural extension programs over the
sample period.

Variables such as contact with extension advisers, credit availabil-
ity, etc., would be useful in modelling the inefficiency effects, but data
on these variables are not available. The inefficiency effects could be
modelled in terms of quadratic time effects or different intercepts
could be specified for different time periods.

It is important to note that the above model for the inefficiency
effects can only be estimated if the inefficiency effects are stochastic
and have a particular distributional specification. Hence there is inter-
est to test the null hypotheses that the inefficiency effects are not
present, Ho: ¥ = 80 = ... = 84 = 0; the inefficiency effects are not
stochastic, Ho: ¥ = 0; and the coefficients of the variables in the model
for the inefficiency effects are zero, Ho: 61 = ... = 84 = 0. These and
other null hypotheses of interest are tested using the generalised
likelihood-ratio statistic, A, defined by

(5) A=-2In[L(H,)/L(H,)]

where L(Hp) and L.{(H,) are the values of the likelihood function under
the specifications of the null and alternative hypotheses, Hy and H,,
respectively. If the given null hypothesis is true then A has approxi-
mately a Chi-square (or a mixed Chi-square) distribution. If the null
hypothesis involves y = 0, then the asymptotic distribution involves a
mixed Chi-square distribution (see Coelli, 1995b).

The technical efficiency of a farmer at a given period of time is
defined as the ratio of the observed output to the frontier output which
could be produced by a fully-efficient firm, in which the inefficiency
effect is zero. Given the specifications of the stochastic frontier model
(1)-(2), the technical efficiency of the i-th farmer in the t-th year of
observation, can be shown to be equal to

(6) TE,=exp(-U,).

Thus the technical efficiency of a farmer is between zero and one
and is inversely related to the inefficiency effect. The efficiencies are
predicted using the predictor that is based on the conditional expecta-
tion of exp(-Uj;), presented in Battese and Coellt (1993), which is
programmed in FRONTIER Version 4.1.

Results and Discussion

A summary of the sample data on the different variables in the
stochastic frontier and inefficiency model, defined by equations (1)
and (2), is presented in Table 1. The sizes of the holdings are small
relative to those seen in modern western agriculture. The average farm
sizes vary from 4.29 ha in Aurepalle to 6.68 ha in Shirapur. The smaller
holdings in Aurepalle could be attributed to the greater use of irrigation
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TABLE 1

Summary Statistics for Variables in the Stochastic Frontier
Production Functions for Farmers in Three Indian Villages

Sample Standard Minimum Maximum

Variable Mean Deviation Value Value
Value of Output (Rupees)

Aurepalle 3679.6 4559.2 10.15 18094

Kanzara 5231.3 7226.5 121.58 39168

Shirapur 3270.7 3482.7 22.00 26423
Land (hectares)

Aurepalle 4.29 3.87 0.20 20.97

Kanzara 6.02 7.40 0.40 36.34

Shirapur 6.68 5.49 0.61 24.19
Irrigated Land (hectares)

Aurepalie 0.95 1.41 0; 7.09

Kanzara 0.51 1.22 0 9.79

Shirapur 0.64 1.07 0] 4.96
Labour (hours})

Aurepalle 2206.2 2744.1 26 12916

Kanzara 2578.5 3145.7 58 15814

Shirapur 1674.8 1576.9 40 11146
Hired Labour (hours)

Aurepalle 1468.3 2349.6 0 11662

Kanzara 1841.2 2852.3 6 14130

Shirapur 719.1 768.4 24 4823
Bullock Labour (hours)

Aurepalle 528.2 604.6 8 4316

Kanzara 570.6 765.1 12 3913

Shirapur 3423 2822 14 1240
Cost of Other Inputs (Rupees)

Aurepalle 651.02 981.06 0 6205.0

Kanzara 628.96 978.49 0 53443

Shirapur 464.49 1038.00 0 6746.0
Age of Farmer (years)

Aurepalle 539 12.6 26 90

Kanzara 437 9.6 23 67

Shirapur 48.2 10.2 24 72
Schooling of Farmer (years)

Aurepalle 2.01 2.87 0 10

Kanzara 4.03 4.10 0 12

Shirapur 2.94 335 0 16

* Sample sizes are 273, 289 and 268 for Aurepalle, Kanzara and Shirapur, respectively.
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in Aurepalle (an average of 0.95 ha per farm in Aurepalle versus
approximately 0.5 ha per farm in the other two villages). Labour use
is higher in Aurepalle and Kanzara where paddy planting and cotton
picking are labour-intensive activities. The use of bullock labour and
costs of other inputs in Aurepalle and Kanzara are higher than in
Shirapur. Much of this is due to the high input use required with the
above two crops. The average age of farmers vary from 43.7 years in
Kanzara to 53.9 years in Aurepalle, while average education levels are
quite low, varying from about two years in Aurepalle to about four
years in Kanzara.

The maximum-likelihood estimates for the parameters in the sto-
chastic frontier and inefficiency model for the three villages involved
are presented in Table 2. The estimated B-coefficients of the stochastic
frontier have signs and sizes which generally conform with our expec-
tations. The estimated coefficients of Land and Labour are positive for
all of the three villages. The coefficient of IL/Land is estimated to be
positive for Aurepalle and Kanzara, reflecting the higher productivity
of irrigated land. However, for Shirapur the coefficient of the propor-
tion of irrigated land is estimated to be negative and significantly
different from zero. This is a surprising result which requires further
investigation to satisfactorily explain,

The coefficient of the ratio of hired labour to total labour, HL/La-
bour, is estimated to be negative for Aurepalle and Kanzara, indicating
that hired labour is less productive than family labour. Generalised
likelihood-ratio tests of the null hypothesis that the coefficient of the
hired-labour ratio is zero are presented in Table 3 for the three villages.
The null hypothesis, Ho: B4 = 0, is rejected for farming operations in
Aurepalle, but accepted for Kanzara and Shirapur. The conclusion that
hired and family labour are not equally productive in Aurepalle may
be associated with the labour-intensive operations required in paddy
production and the nature of the well-developed labour market in that
region.

The estimated coefficients of bullock labour are negative for all
three villages, but only the estimate for Aurepalle is significantly
different from zero. This negative influence is contrary to what one
would expect, but conforms with earlier analyses, reported by Saini
(1979) and Battese and Coelli (1992, 1995). A possible explanation for
this result is that the bullocks are often used for weed control and
repairs of irrigation banks in poor seasons when the land is less
water-logged. Thus the quantity of bullock labour may be acting as an
inverse proxy for rainfall.

The coefficient of the cost of other inputs is estimated to be positive
for all three villages. In Table 3, the null hypothesis, Ho: B¢ =0, is
accepted for Aurepalle and Shirapur, but for Kanzara it is strongly
rejected. This result may be due in part to the importance of cotton
production in Kanzara. The cotton plant is susceptible to a number of
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TABLE 2

Maximum-Likelihood Estimates for Parameters of the
Stochastic Frontier and Inefficiency Models for

Three Indian Villages*
Variable Parameter Aurepalle Kanzara Shirapur
Stochastic Frontier
Constant Bo -5.62 -4.90 —4.69
(0.33) (0.37) (0.32)
Land B1 0.264 0.066 0.012
(0.070) (0.066) (0.061)
IL/Land B2 0.093 0.083 -0.076
(0.058) (0.038) (0.030)
L.abour B3 1.212 0.785 0.905
(0.076) (0.079) (0.060)
HL/Labour B4 ~0.00047 -0.000019 0.00020
(0.00012) (0.000091) (0.00040)
Bullocks Bs -0.430 -0.006 —0.086
(0.056) (0.060) (0.060)
Costs Be 0.009 0.098 0.002
(0.014) (0.011) (0.010)
Year B2 0.0279 -0.0182 0.016
(0.0088) (0.0081) 0.012)
Inefficiency Model
Constant S0 -1.8 0.80 1.37
(1.5) (0.35) 0.50)
Age o1 -0.0150 -0.015 0.0133
(0.0092) (0.010) (0.0099)
Schooling 62 ~0.064 0.039 -0.217
(0.046) (0.033) (0.088)
Size &3 -0.29 —-0.083 —-0.208
0.14) (0.056) (0.082)
Year 84 -0.36 ~0.077 -0.39
0.15) (0.046) (0.12)
Variance Parameters
s> 2.19 0.39 0.96
0.92) 0.20) 0.35)
Y 0.9826 0.915 0.944
(0.0069) (0.040) (0.023)
Log-likelihood Function -99.51 -80.29 -128.81

* Estimated standard errors are given below the parameter estimates, correct to at least two
significant digits. The parameter estimates are given correct to the corresponding number of digits
behind the decimal places.
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TABLE 3

Statistics for Tests of Hypotheses Involving Some Coefficients
of the Stochastic Frontier Production Functions
for Three Indian Villages

Log-
Likelihood Test Critical
Null Hypothesis Function StatisticA.  Value Decision
Hp: Ba=0
Aurepalle —104.90 10.78 3.84 Reject Ho
Kanzara -80.31 0.04 3.84 Accept Hy
Shirapur —128.97 032 3.84 Accept Ho
Ho: Be=0
Aurepalle —99.69 0.36 3.84 Accept Hy
Kanzara —111.28 61.98 3.84 Reject Ho
Shirapur —128.81 0.00 3.84 Accept Ho
Ho: f7=0
Aurepalle —103.32 7.62 3.84 Reject Ho
Kanzara -83.04 5.50 3.84 Reject Ho
Shirapur -129.8C 1.98 3.84 Accept Ho

insect pests and so the regular use of pesticides in cotton production
appears to be a highly significant factor in the agricultural production
in Kanzara.

The coefficient of year of observation in the stochastic frontier, B,
is estimated to be positive for Aurepalle and Shirapur, which indicates
technical progress in these villages. However, for Kanzara, a negative
estimate is obtained, which indicates technical regress. The null hy-
pothesis of no technical change, Ho: 37 =0, is the last considered in
Table 3. The test statistics indicate that the null hypothesis of no
technical change is rejected in Aurepalle and Kanzara, but is accepted
for Shirapur. One possible reason for technical regress is the situation
where intensive cropping practices reduce the nutrient content of the
soil at a faster rate than it is replenished by fertiliser applications. A
closer inspection of the farming practices in Kanzara is required before
any firm conclusions can be made.

It is interesting to note that the conclusions of the generalised
likelihood-ratio tests listed in Table 3 are the same as those that would
have been made if asymptotic t-tests had been used. Thus, in this
application, the standard errors of the maximum-likelihood estimators
appear to be well estimated using the Davidon-Fletcher-Powell algorithm
which is used in the FRONTIER program.

The estimated d-coefficients in Table 2 associated with the explana-
tory variables in the model for the inefficiency effects are worthy of
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particular discussion. We observe that age of the farmers has a negative
effect upon the inefficiency effects in Aurepalle and Kanzara. That 1s,
the older farmers tend to have smaller inefficiencies (i.e., are more
efficient) than younger farmers in Aurepalle and Kanzara, but the
reverse is true in Shirapur. This mixture of signs is not unexpected,
given the various effects that farmer age may have upon efficiency, as
discussed in Section 3.

The coefficient of Schooling is estimated to be negative in Aurepalle
and Shirapur, but positive in Kanzara. That is, in the villages of
Aurepalle and Shirapur, farmers with greater years of formal education
tend to be more efficient in agricultural production. The positive value
obtained for Kanzara is unexpected, but it is not significantly different
from zero.

The coefficient of the Land variable in the model for the inefficiency
effects is estimated to be negative in all villages, as expected. This
indicates that farmers with larger farms tend to have smaller inefficiency
effects than farmers with smaller operations. This contradicts the claim
which is frequently made for developing country agriculture, that smaller
farmers tend to be more efficient in production than larger farms.

The coefficient of Year of observation in the model for the ineffi-
ciency effects is also estimated to be negative in all three villages. This
implies that the levels of the inefficiency effects of farmers in the three
villages tend to decrease over time. That is, farmers tend to become
more efficient over time. This time-trend variable may be picking up
the influence of factors which are not included in the inefficiency
model, such as government extension programmes.

The y-parameter associated with the variances in the stochastic
frontier is estimated to be greater than 0.9 in all of the three villages.
Although this parameter cannot be interpreted as the proportion of the
variance of the inefficiency effects relative to the sum of the variances
of the inefficiency effects and the random variation, it indicates that
the random component of the inefficiency effects does make a signifi-
cant contribution in the analysis of agricultural production in the
Indian villages involved.

Formal tests of hypotheses associated with the inefficiency effects
are presented in Table 4. The first three null hypotheses are strongly
rejected by the data for all of the three villages involved.5 Thus the
traditional average response function is not an adequate representation
for the agricultural production in the three villages, given the specifi-
cation of the stochastic frontier and inefficiency model, defined by
equations (1) and (2).

5 The critical values for the two null hypotheses involving 3 = 0 are less than the 95-th
percentiles for the Chi-square distributions with six and three degrees of freedom for the first
and second null hypotheses, respectively. The correct critical values are obtained from Table
1 of Kodde and Palm (1986, p.1246) for degrees of freedom 6 and 3, respectively.
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TABLE 4

Tests of Hypotheses for Coefficients of the Explanatory Variables
for the Technical Inefficiency Effects in the Stochastic Frontier
Production Functions for Three Indian Villages

Log-
likelihood  Test Critical
Null Hypothesis Value StatisticA.  Value Decision
Hp:y=80=...=84=0
Aurepalle -138.02 77.02 11.91 Reject Ho
Kanzara -106.03 51.48 11.91 Reject Ho
Shirapur -183.68 109.74 11.91 Reject Ho
Ho:y=0
Aurepalle —~137.86 76.70 7.05 Reject Ho
Kanzara -100.18 39.78 7.05 Reject Ho
Shirapur -177.54 97.46 7.05 Reject Ho
Ho: % =..=84=0
Aurepalle -113.12 27.22 11.07 Reject Ho
Kanzara -93.27 25.96 11.07 Reject Ho
Shirapur —161.58 65.54 11.07 Reject Ho
Hp:b1=...=04=0
Aurepalle -101.92 4.82 9.49 Accept Ho
Kanzara -91.13 21.68 9.49 Reject Ho
Shirapur -151.98 46.34 9.49 Reject Ho
The last null hypothesis considered in Table 4, Ho: 81 = ... = 84 =0,

specifies that all the coefficients of the explanatory variables in the
inefficiency model are equal to zero (and hence that the technical
inefficiency effects have the same truncated-normal distribution). This
null hypothesis is rejected for the villages of Shirapur and Kanzara,
but it is accepted for Aurepalle. Thus for Aurepalle, it could be
concluded that the inefficiency effects are not significantly influenced
by the age and education of the farmers, the size of the farming
operation, and that they are not time-varying. Hence it appears that,
given the specifications of the stochastic frontier and inefficiency
model, defined by equations (1) and (2), the inefficiency effects for
Aurepalle farmers can be regarded as independent and identically
distributed random variables which arise from the truncation of a
normal distribution with non-zero mean.

The (technical) efficiencies of farmers, defined by equation (6), are
predicted for each year in which they were observed. These predictions
are derived from the estimated models presented in Table 2. The
predicted efficiencies of the farmers in Aurepalle, Kanzara and Shi-
rapur are presented in Tables 5, 6 and 7, respectively. Also presented
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in these tables are estimates for the mean efficiencies of each farmer
(over the ten-year period) and the mean efficiencies for farmers in each
of the years involved. The predicted efficiencies differ substantially
within each village. They range from quite small values of less than
0.1 to values in excess of 0.9. The mean efficiencies of the farmers in
the three villages do not appear to differ substantially. They are 0.747
for Aurepalle, 0.738 for Kanzara and 0.711 for Shirapur.

To give a better indication of the distribution of the individual
efficiencies, frequency distributions of the efficiencies are plotted for
Aurepalle, Kanzara and Shirapur in Figures 1, 2 and 3, respectively.
The plots are quite similar, with a thin tail in the left of the distribution,
gradually rising to a maximum in the 0.8 to 0.9 interval, and then
dropping sharply in the 0.9 to 1.0 interval. The fact that the mode of
the distribution is not in this final interval offers support for the use of
more general distributions (than the often considered half-normal
distribution) for the inefficiency effects, such as the general truncated-
normal distribution used in this study.

The annual mean efficiencies, which are presented in the bottom
row of each of Tables 5, 6 and 7, are plotted in Figure 4. A general
upward trend in the levels of mean efficiency is observed over the
sample period in all three villages. The mean efficiencies in Shirapur
tend to follow a rather smooth upward trend, in comparison with the
more volatile results for Aurepalle and Kanzara. There is also a sug-
gestion of a reduction in the variability of the mean efficiencies in the
three villages towards the end of the ten-year period, relative to the
greater divergence in the values in the earlier part of the sample period.
This could reflect an improvement in the ability of the farmers to adjust
their production methods to the year-to-year changes in the agro-cli-
matic environments in the regions involved.

Conclusions

Stochastic frontier production functions are estimated for each of
three villages from diverse agro-climatic regions of the semi-arid
tropics of India. The production frontiers involve the inputs of land,
labour, bullock labour and cost of other inputs. The ratios of irrigated
land to total land and hired labour to total labour are included in the
functions to permit the productivities of irrigated versus unirrigated
land and hired versus family labour to differ. A time trend is used to
proxy the influence of technical change. All estimates have the ex-
pected signs, with the exception of the coefficients of the ratio vari-
ables in the case of Shirapur and the coefficient of year of observation
in the case of Kanzara. The results for Shirapur may be a consequence
of there being no important labour-intensive irrigated crop grown in
that village.

The model for the inefficiency effects in the production frontier
includes the age and years of formal schooling of the farmer, size of
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the farm and the year of observation as explanatory variables. A
number of tests of hypotheses are conducted to assess the relative
influence of these factors and other random effects. The results indi-
cate a significant random component in the inefficiency effects in all
three villages and that the above four factors have a significant influ-
ence upon the size of the inefficiencies of farmers in Kanzara and
Shirapur, but not in Aurepalle. Farm size and year of observation are
estimated to be inversely related to the level of technical inefficiency
in all villages. In two of the three villages, the effects of age and
education of the farmers are found to be negatively related to the level
of the inefficiency effects.

An important feature of our frontier model is that it is possible to
separately estimate technical change and changes in the inefficiency
effects over time. For the village of Aurepalle, significant technical
progress was evident, but the inefficiency effects were time-invariant.
However, in Kanzara, there was evidence of technical regress, but also
of decreasing inefficiency effects over time.

The analyses reported in this paper indicate that there are significant
differences in the behaviour of value of output and inefficiencies of
production in the different regions from which data were obtained in
ICRISAT’s Village Level Studies. Although this empirical study does
not include some variables which might be important in modelling
output and inefficiency effects, such as rainfall data, use of agricultural
extension services and access to credit, it indicates the potential for
more refined analysis, if such data were readily available. It is evident
that, in order to be able to draw conclusions of significance for policy
purposes, future studies need to be devised to obtain extensive data sets
on relevant variables for production frontiers and models for the
inefficiency effects which are consistent with such policy orientations.
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