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Abstract

The technical inefficiency of Indian farmers is investigated using
stochastic frontier production functions. Farm~level panel data from the
Intsrnational Crops Research Institute for the Semi-Arid Tropics {ICRIBAT) are
used. Of particular interest to this study is the identification of those
factors which may cause farms to have large or small technical inefficiency
effects. Factors, such as farmer age, level of education and farm size are
investigated. A stochastic frontier production function is specified in which
these factors are permitited to have a systematic influence upon technical
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. This latter, two-stage method
is not considered because of certain statistical inconsistencies. The results
indicate that the above factors do have a significant influence upon the
technical inefficiency effects of farmers in two of the three villages
considered.



1. INTRODUCTION ,

The measurement of the'pruduativeveff1¢i¢ncy of a farm;ralative to other
farms or to the “"best practice” in an industry has long been of interest to
agxieultural economists. Much empirical work haé centred on imperfect, partial
measures of productivity, such as yield per hectare or output per unit of
labour. Farrell {1957) suggested a method of measuring the technical
efficlency of a firm in ap industry by estimating the production function of a
“fully-efficient firm". The technical efficiency of a firm is defined as the
ratio of its observed cutput to that output which could be produced by the
fully=efficient firm, given the same input quantities. Farrell did not
iliustrate his ideds with an application, but suggested that 1ineér
programming may be sn appropriate methed of estimating the preduction function
of the fully-efficient firm {now commenly referred to as a frontier production
funetion) from input and ouiput data on a sample of filrms.

Many subsequent papers have applied and extended Farrell's ideas. This
literature may be roughly divided into two groups according to the methed
chosen to estimate the frontler production function, namely, mathematical
programming versus econometrie estimation. Debate continues over which
approach is the most appropriate method to use. The answer of ten depends upon
the application censidered. The mathematical programming approach to {rontier
estimation is usually termed Data Envelopment Analysis (DEA}. Charnes, Cooper
and Rhodes (1978) were the first to present a DEA model. Seiford and Thrall
{1990) provide a thorough review of the DEA literature, much of which has
appeared in management science journdls.

The primary criticism of the DEA approach is that measurement errors
could have a large influence upen the shap. and positioning of the estimated
frontier. Algner, Lovell and Schmidt (1977) and Meeusen and van den Breeck
(1977) independently proposed the stochastic frontier production function te
address this problem. Stochastic frontiers have two error terms, cne to
account for technical inefficlency and the other to account for cther factors
such as measurement error in the output variable, luck, weather, etc. This
favourable property of stochastic frontiers comes with a price, namely, that
the functional form of the praduction function and the distributicnal
agsumptions of the twe error terms, must be explicitly specified. Bauer (1990}
presents a comprehensive review of the econometric estimation of frontiers.

In the agricultural econemics literature the stochastic frontier
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{econometric) approach has generally been preferred. This is probably due to a
nunber of factors. The assumption that all deviations from the frontisr are
due to inefficlency. as assumed in DEA, 1s difficult to acecept, given the
inherent wvariability of agricultural production, due to weather, fires, pests,
disease, ete. Furthermore, because many farms are small family-owned
pperations, the keeping of acgurate records is pot always a prisrity. Thus
much available data on producticn are alse iikely to be subject Lo measurment
arrors.

This paper does not attempt to review the many applleations of frontier
preduction functions to agricultural industries. Battese {1992) and Bravo-
Ureta and Pinheiro (1993} provide surveys of applications in agricultural
econemics, the latier giving particular attention io applications in
developing eountries. Brave-Ureia and Pinheireo {1993) alse refer to those
appiications which attempt to explain farm-lewel differences in predicted
technieal inefficiencies using explanatery variables, such as asge and level of
education of the farmer, farm size, access to credit and utilization of
extension servites. The vast majority of these applications use @ two-stage
approach. The first stage involves the estimation of a stochastie frontier
preduction function and the prediction of farm-level technical inefficlency
effects. In the sscend stage, these predicied technical efficiency eifecis are
related to farmer-specific factors using ordinary least squares regression.
This approath appears to have besn first used by Kalirajan (1981),

The identification of theose factors which influence the technical
inefficiencies of farms is, undoubtedly, @ valuable exercise. The information
provided may be of significant use to policy makers attempting to raise the
average level of farmer effliciency. However, the two-siage approach is not
satisfactory from a statistlcal viewpoint. There are inconsistencies in the
assunptlons regarding the distributien of hhe<t;chniaal inefficlency effects
in the twc-stage approach. In the first stage, the technical inefficiency
effects are usually assumed to be independently and identically distributed
random variables, However, in the second stage, the predicted technical
inefficiency effects are regressed upon a number of farm-specific factors. The
predicted technical inefficlency effects from this second equation are not
independent and even thelr corresponding true values would only be identically
distributed if the ceefflclents of the farm-spenific factors were zera.

Recent papers by XKumbhakar, Ghosh and MeGuckin {1991}, Reifschneider and
Stevenson (1991), Huang and Lui (1993) and Battese and Coelli (1993) specify
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stochastic frontiers and medels for the taahniCQl inefflclency effects and
simultaneously estimate all the parameters involved. m Battese and Coelli
(1993) model is specified for panei data and the medel for the téﬁhﬁi@ai
inefficiency effects involves :f-’amar»speciﬂa variables and vear of
observation, Battese and Coelli (1993) apply their medel in the analysis of
 an incomplete panel of ten years of data on fourteen paddy farmers from the
village of Aurepalle in India. In the preseni paper, we consider the analysis
Cof the full set of dats provided by the Internaticnal Crops Research Institute
for the Semi-Arid Trepics [ICRISAT) which involves data from three regions in
India. ‘
The remainder of this paper consists of four sectiens. In Section 2, we
hriefiy deseribe the data on farmers from the three indian villages involved.
In Section 3, the proposed stochastic frentier, inefficiency model is
discussed. In Seciion 4, the emplrical resulis are presented and several
hypetheses are tested. In the final secticn some conclusions are made.

2. PANEL DATA ON INDIAN AGRICULTURE

Puring the decade from 1975-78 and 1984-85, inclusive, the International
Crops Besearch Institute for the Semi~Arid Tropics {ICRISAT) collested farm-
level data on the agrieulturzl operaticns of a sample of farmers in three
different regions in India. These Village Level Studies {VLS) were designed to
obtain reliable data en the broad agro-~ciimatic sub-regions in the semi-arid
tropics of India, in order te better understand traditional agriculture in the
region, with a wiew te encouraging improved methods of agricultural
praduction.

We consider the analysis of the agricultural data cbtained from the three
villages of Aurepalle, Kanzara and Shirapur, which are located in the
districts of Mahbubnagar, Akola and Sholapur, respectively, and are located
approximately 70 km scuth, 550 km north and 336 km west of the Headguarters of
ICRISAT, near Hyderabad in the State of Andhra Pradesh. The three districts
were selected because they represented the major seil types, rainfall and
cropping patterns in the semi-arid troples of India. Within each of the
selected villages, fafmers werg stratified into small, medium and large
farming operations. Samples of size ten were then selected from each of the
three groupings in each of the three villages. The numbers of farmers involved
in the three villages ars 34, 133 and 35 for Aurepalle, Kanzara and Shirapur,
respectively. These numbers exceed 30 Because some farmers withdrew from the
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survey program and were replaced by other fhrmEFS‘frémathe.apgrbpriate size
pakegory. The total numbers of year;y‘gﬁser&atigns involved in our analyses
are 273, 289 and 268, for Aurepalle, Kanzara and Shirapur, respectively.

A very brief description of the agre-climatic conditions in the three
districts involved is presented below. Walker and Ryan {1990) present a
"detailed discussien of the regions and the VLS data. Aurepalle is
~ characterized by red soils of shallow-~to-medium depth which generally have low
 wak§rwratant1on capacities. Kanzara and Shirapur have black soils, which are
deeper and have higher water-reténtion gualiities than Aurepalle's red solls.
The soils in Shirapur are regarded as better than the soils in Kanzara. Mean
annwal rainfalls over the ten~year peried were 611 mm In Aurepalle, 629 mm in
“Shirapur and S50 mm in Kanzara, with yesar-te-~year variation betwesn 400 and
1200 mm. The majority of rain falls in the pericd from June to October. The
prédcminant crops in the three villages are castor, serghum and paddy in
Aurepalle; cotton, pigeon pea and sorghum in Kanzara; and sorghum, chickpea,
wheat and vegetables in Shirapur. Mors dektails on the varjous input variables,
and the age and education levels of the farmers, are presented in Table 1,
which is briefly discussed in Section 4.

3. THE STOCHASTIC FRONTIER INEFFICIENCY MODEL

The stochastic frontier production function which is specified for the
farming operations in each village is defined by

log{¥y,) = By + Byloglland;,) + B,{IL,,/land} + Bjlog(labour,,)

+ B,(HLy /Labour,, ) + BeloglBullock,,} + Bylog(Cost™ )

+ By(Yeary, ) + Vi - Uy (1)
where the subseripts i and t represent the i~th farmer and the t-th year of
nbservation; Y ig the total value of cutput {expressed in thousands of Rupees,
in 1975~76 values terms); Land is the total a‘re:a of land in hectares which
includes irrigated and dryland ¢rop production area; IL is the area of
irrigated land that is operated; Labour is the total guantity of family and
hired labour (in thousands of man hours)l; HL represents the quantity of hired
labour employed; Bullock is the total amount of bullock labour {expressed in
thousands of hours of bullock pairs) which ineludes hours of owned and hired
bullock labour; Cost® is the total cost of other inputs {expressed in
thousands of Rupees), which includes cosis of inorganic fertilizer, organic

L1ICRISAT uses the conversion {acthrs thaﬁ ﬁne'hmur of female lazbour and one
hour of child labour are equivalent fo 9.75 and 0.5 man hours, respectively.
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matter applied as fertilizer, pesticides, anﬁrmaﬁbingry'cns%sza Year indicates
the year of gbservﬁxiﬁnrtexpre$$ed»in.tenmﬁ of 1,2,...,10); the Vy.'s are
‘assumed to be independent and identically distributed random errors, having
N{o o{i?r distribution; and the Uy's are non-negative random variables
a,ssemiaézed with the technical ipeffipiencles of production of the farmers
involved, such that they are Independently distributed and arise by truncation
{at zero) of the normal distribution with variance, ¢°, and mean, W, where
My is defined by ' :

By = 8y + 8;(Age;y) + 8y(Educy,) + &;(8kzey,) + 8,(Year;,) (2)
where Age is the age of the prinmecipal decision maker; Educ is the number of
years of formal education of the principal decision maker: Size is proxied by
the Land variable defined earlier; and Year is alsec as previously defined,

The stochastic frentier, inefficiency model, specified in equations (1)
and {2), is sstimated in Battese and Coelli {1993} in terms of the
parameterization

f=os ot (3)
and

¥ = o%s? \ (a)
where the parameter, 7, has value between zero and one. Maximum-1ikelihood
estimates of m§ and y and the B- and d~parameters are obbained using a
modification of the FRONTIER computer program (see Coelli, 1992).

The stochastic frontier production function, defined by equation (1), is
a modification of the Cobb-Douglas functional form. It permits the production
elasticity of land to differ between irrigated and unirrigated land and that
of labour to differ between hired and family labour. The inclusion of a time
trend permits Hicks-neutral technical change. The model, defined by equation
(2), specifies that the level of the technical inefficiency effects depend on
the age and education of the farmers involved, the size of their farming
operations and the year of observation. As stated in Battese and Coelli
{1993}, all the parameters of the frontier model, defined by sgquations (1) and
(2), are only identified if the technical inefficiency effects are stochastic,

which requires that the variance, o°, is positive {or eguivalently that the

2The star on the Cost variable is used because Cost® will take the value, one,
if the total ecost of other lnputs is zero. That is, if we define the dummy
variable, D, which has wvalue, one, if total cost of other inputs is positive
and has value, zero, otherwise, then Cost® = MaxiCost, 1~D}.
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parameter,. ¥, is positive). 1f hbe varianca, o - 1n fact, equal to zero,
‘then the intercept parameter, &y, and the coefficient of Year, B4y In the
 inaf*icienqy model are not identified. In this case the model reduces to a
“traditional average responSa model, in which the axplanahory variables would
be the input variables, land Iabbur* ete., and the intercept variables,
involving the constant and age, educaticn,and year.
~ The hypothesis that the technical inefficiency effects are deterministic,
givan the level of the inputs invelved, is specified by y = &5 = 04 =0,
Further, the hypothesls that the technical inefficiency efi,‘ects are not
related to age or education of farmers, the size of their farming operations
and the year of observation, is specified by 8y = 8y = 83 = 8, = 0. Tests of
these hypotheses are of ipterest in assessing the characteristics of ‘the
technical inefficiency effects for farmers in the three Indian villages
involved.
 As noted above, the ratio variables, IL/Land and HL/Labour, permit the
preduction elasticity of land to differ between irrigated and unirrigated
land, and that of labour to differ between hired and family labour. The model
is a linearized approximation of a Cobb=Douglas production fupction in which
the land and labour variables are linear combinations of irrigated and
unirrigated land and hired and family labour, respectively. For more on this
particular specification, refer to Battese, Coelll and Colby (1989) and
Battese and Coelli (1992), A test of the hypothesis that hired and family
labour are equally productive is obtained by testing the null hypothesis that
the coefficient, B,, of the labour-ratio variable, HL/Labour, is zero. This
hypothesis is of particular interest in Indian agriculture, cf. Bardham
{1973).

4, EMPIRICAL RESULTS

A summary of the sample data on the different variables in the stochastic
frontier 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
6,02 ha and 6.68 ha in Kanzara and Shirapur, respectively. The smaller
holdings in Aurepalle could be atiributed te the greater use of irrigation 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 plcking are labour-intensive
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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 differ from
43.7 years in Kanzara to 53.9 years In Aurepaile, while average education
lsvels are quite low, varying from 2.01 years in Aurepalle to 4.03 years in
Kanzara, , ‘

The maximum=1ikellihood estimates for the pa’mmezarﬁ in the stochastic
'frmtmm inefficlency moedel are presented in Table 2 for ‘the thres villages

~involved. The estimated d-cocefficients associated with the ewplanatory

variables In the model for the technical inefTiviency effects are worthy of
particular discussion. 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. However, they are also likely to be more conservative and
thus be less willing to sdopt new practices, thersby having greater
inefficiencies in agricultural production. From the results in Table 2, we
observe that age has a negative effect wpon the technical inefficiency effects
in Aurapélle and Kanzara. That is, the older farmers tend to have smaller
technical inefficiencies (l.e., are more technically efficient) than younger
farmers in Aurepalle and Kanzara, but the reverse is true in Shirspur. The
result for Aurepalle differs from that reported in Battese and Coelli (1993)
in the analysis of Aurepalle paddy farmers. However, the size of the farm is
not considered as a factor in the inefficiency medel in Battese and Coelli
{1993},

Education is expected to have a negative effect upon technical
inefficiency effects. The coefficient of the education variable is observed to
be negative in Aurepalle and Shirapur, but pos%}ive in Kanzara. That is, in
the villages of Aurepalle and Shirapur, farmers with greater years of formal
education tend to be more technically efficient in agricultural production.
The positive value obtained for Kanzara is unexpected, but could be due to the
generally small numbers of years of formal schooling observed throughout the
sample. We hypothesize that if a wider spread of education levels were
cuserved, the result may have been different.

The sign of the estimated coefficient of the size variable in each
village is negative, as one would expect. This indicates that farmers with
larger farms tend to have smaller technical inefficiency effects than farmers
with smaller opperations,



The Lmeffjclent of year of observation in the model far the teuhnioal
1neff1c;ency effects is also estimated to be negatlva in all three villages,
This Implies that the levels of the technical inefficiency effects of farmers
in the three villages tend to decrease over time, That is, farmers tend to
become more technically efficlent over time, This time-trend variable may be
picking up the influence of factors which are pot included in the inefficiency
moel. For example, it may reflect the pusitive influence of gevernment
agrlcultural ewtansion programs over the sample period,

Overall, the signs of the eshimahed a~¢ae£ficients conform quite closely
with our expectations. Only the coefficient of education in Kanzara has a sign
which is aantrary'tn our expectations. Note, however, that the ratioc of this
estimate to its estimated standard error {t-ratio) is only slightly larger
than one in value, indicating that this may not be a significant influence,3
Also note that this t-ratio is the smallest of all associated with &, to §; in
any of thé three villages.

The y parameter associated with the variances in the stochastic frontier
‘is estimated to be between 0.9 and the upper limit of 1 in all of the three
villages. Although this parameter cannot be interpreted as the proportion of
unexplained inefficiency variation relative to all random variation, it is
significantly different from zero in all three villages, indicating that
techniecal inefficiency does make a contribution in the analysis of
agricultural production in the Indian villages involved.

Formal tests of hypotheses associated with the technical inefficiency
effects are presented in Table 3. These tests of hypotheses involve the use of
the generalized likelihood-ratio statistic, which has approximately Chi-square
distribution with degrees of freedom equal to the number of restrictions in
the appropriate null hypothesis, The generalized likelihood-ratio test is
often preferred to the asymptotic t-test since £he estimated standard errors
can sometimes be unreliable when they are calculated as a by-product of the
iterative estimation procedure, Furthermore, the t-test can only be used when
the null hypothesis contains a single restriction,

The first null hypothesis considered in Table 3, Hy: 7=8,=...%8,=0,
specifies that all the coefficients of the explanatory variables in the

3Given normal asymptotic theory, if the ratio of an estimated crefficient to
its estimated standard error exeeeds 1.96 in absoluie value, then it indicates
that the coefficient is significantly different from zero at the five percent
level., All tests of hypotheses are conducted at the five percent level unless
otherwise stated.
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inefficiency model are zero, In addition to the variance, ¢°, associated with
the inefficiency effects. This hypothesis implies that the technical %
inefficiency effects areaabsent~f#bm‘%hE'model; which, in turn, implies that
the stochastic frontier model, defined by equation (1), is equivalent to the
‘traditional average response function. This null hypathesis is clearly
rejected by the data for all of the three villages involved, Thus the
traditibhalyaveragé rasporise funcbioﬁ is not an adequate representation for
the agricultural production in the three villages, given the specification of
the stochastic Trentler inefficiency model, deflned by eguatlons (1) and 12).

- The second null hypothesis in Table 3, Hy: ¥28,6,=0, specifies that the
variance of unexplained technical inefficiency offects is zero and so the
inefficiency effects are non-stochastic. The intercept parameter and the
coefficient of year of observation are simultaneously specified to be zero
because these coefficients are not identified in the model If the variance
parameter is zero, given that the frontier model, defined by equation {1},
contains an intercept parameter and accounts for technical change (i.e., year
of observation is included). This null hypothesls is also strongly rejected
for ail three villages.

The third null hypothesis in Table 3, Hp: 8p=...=84=0, specifles thai all
the technical inefficiency effects in the stochastiec frontier production
function have half-normal distribution. This hypothesis is also strongly
rejected for all three villages.

The final hypothesis considered in Table 3, Hy: &;=...=8,50, specifies
that the explanatory variables in the inefficiency medel do not have any
influence on the level of the technical inefficlency effects and, also implies
that the technleal inefficlency effects have Lruncated-pormal distribution.
This pull hypothesis is rejected for the villages of Shirapur and Kanzara, but
accepted for Aurepalle. Thus fer Aurspalle, it could be concluded that the
technical 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 inefficiency model, defined by equations (1} and {2}, the
technigal inefficiency effects can be regarded as independent and ldentically
distributed random variables which arise from the truncation of a normal
dgistribution with non~zero mean.

The estimated coefficients of the producticn function, defined by
gquation (1), reported in Table 2, have sizes and sligns which generally
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conform with those obtalned in past analyses of these data. The estimated
coefflcients of land and labour are both positive in each of the three
villages. The goefficient of IL/Land is expected to be positive, reflecting
the higher productivity of Iirrigated land. If the productivity of hired labour
‘was lower than that for family labour, then the coefficient of HL/Labour would
be negative. Negative estimates are obtained in Aurepalle and Kanzara, but for
Shirapur the estimated coefflicient is positive, However, the ratio of the
estimated goefficient to the estimated standard error suggests that hired and
family labour in Xanzara and Shirapur are equally productive. The generalized
‘likelihood-ratio tests of the hypothesis that the coefficient of the hired-
labour ratio is zero are presented in Table 4. The null hypothesis, Hy: B4=0,
is rejected for farming operations in Aurepalle, bult accepted for Kapnzara and
Shirapur, The conclusion that hired and family labour are not eéqually
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 coefficient of bullock labour is negative in all three
villages. This is contrary to what one would expect, but conforms with earlier
analyses, reported by Saini (1979) and Battese and Coelli (1992). A number of
explanations have been suggested for this result, the most often quoted is,
that the bullocks are often used for weed contrel and repairs of irrigation
banks in poor seaseons when the land is less water-~logged. Thus the quantity of
bulleock labour may be acting as an inverse proxy for rainfall.

In our stochastic frontier production funetion, the cost of other inputs,
such as fertilizer, manure and pesticides, is included as an explanatory
variable. It has been suggested that this variable should not be used in a
frontier production function, because it is a composite variable which
contains the costs of various items which are llkely to influence production
in different ways. We maintain that the incluslion of this variable is
preferable to its exclusion, on the grounds that it should reduce the degree
of mis-specification. Also considered in Table 4 is a test of the null
hypothesis that the coefficlent of the cost of other inputs is zero, i.e., Hy:
Bg=0. For Aurepalle and Shirapur, the null hypothesis is accepted, while 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 lInsect pests. Thus, the regular use of pesticides is an important
part of cotton production.
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The final hypothesis considered in Table 4 relates to the question of
technical change. This involves a test of the null hypothesis that the
coefficlent of year of observation in the stochastic frontler ls equal to
zero, i.e., Hy: B,=0. The test statistles indicate that the null hypothesis is
rejected in Aurepalle and Kanzara, while the hypothesis of no technical change
is accepted for Shirapur, We note that the coefficient of year of observatioen
in the stochastic frontier, By, is positive for Aurepalle, but negative for
Kanzara. The latter result is surprising and merits further investigation.

Finally, it is interesting to note that the eonclusions of the Chi-square
tests listed in Table 4 are the same as those that would have been made if
asymptotic t-tests had been used. Thus, in this application, the standard
errors appear to be well estimated.

The technical efficiency of farmers are predicted for each year in which
they were observed, using the method proposed in Battese and Coelli (1993),
The predicted technical efficiencies of the farmers in Aurepalle, Kanzara and
Shirapur are presented in Tabies 5, 6 and 7, respectively. Alsc presented in
these tables are estimates for the mean technical efficlencies of each farmer
{over the ten-year period) and the mean technical efficiencies for farmers in
each of the years invelved. The predicted technical 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 technical efficiencies of the
farmers range from 0.353 for farmer 32 in Shirapur to 0,921 for farmer 28 in
Kanzara, The mean technical efficiencies of the farmers in the three villages
do not 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
technical efficiencies, frequency distributions of the technical efficiencies
are plotted for Aurepalle, Kanzara and Shirapug*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) for the
inefficiency effects, such as the general truncated-normal distribution used
in this study.

The annual mean technical efficiencies, which are presented in the bottom
row of each of Tables S, 6 and 7, are plotted in Figure 4. A general upward
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trend invbheJlevals of mean techh&aai efficiéncy issabsérved over -the sample
period in all three villages. The mean technical efficiencies in Shirapur tend
to follow a rathérksmobth upward trend, in comparison with the more volatile
results for Aurepalle and Kan?arau There is also a suggestion of a reduction
in the variability of the mean technical efficiencles in the three villages
towards the end of the ten year period, relative to the gréater 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
té the yeathawyéar changes in the agro-¢limatic environments in the regions
invelved,

5. CONCLUSIONS

Stochastic frontier inefficiency models are estimated for each of the
three villages from diverse agro-climati¢ regions of the semi-arid tropics of
India. The production functiens inveive the inputs of land, labeur, 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 expected signs, with the exception of the
coefficients of the ratio variables in the case of Shirapur and the
coefficient of year of observation in the case of Kanzara. The results for
Shirapur may be & consequence of there being no important labour-intensive
irrigated crop grown in that village.

The model for the technical inefficiency effects includes the age of the
farmer, education of the farmer, size of the farm and the year of observation
as explanatory variables. A number of hypothesis tests are conducted to assess
the relative influence of these factors and atﬁér random effects. The results
indicate a significant random compopnent in the technical Inefficiency effects
in all three villages and that the above four factors have a significant
influence upon the size of farm-level technical inefficiencies 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 ineffieiency in
all villages. In two of the three viilages, the effects of age and education
of the farmers are found to be negatively related to the level of technical
inefficiency effects.

The technical efficiencies of each farm, in sach year that the farm was
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surveyed, are predicted and ta’bujka‘bed, Technical efficiencies are observed to
range from below 0.1 to above 0.9. The mean technical efficiencies for the
three villages are estimated to be 0.747, 0.738 and 0,711, for Aurepalle,
Kanzara and Shirapur, respectively. The mean level of technical efficiency
follows an upward trend over the ten-year period in all three Swiiiages. The
lowest annual mean technical eff.icienéy was 0,434 in Shirapur during 1975/76
and the highest was 0.880 in Aurepalle during 1982/83,

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 reglons from which data were obtained in the
ICRISAT Vv‘il’lage Level Studies. Although our empirical study does not include
discussion of various variables which might be important in medelling cutput
and inefficiency effects, e.g., rainfall data, use of agricultural extension
services and access to credit, our work indicates the potential for more
refined analysis, 1f such data were readily avallable. 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 frentiers and models for technical inefficiency
effects which are consistent with such policy orientatjions.
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e Stochastic Frontier Inefficiency

Variable :  icample iSample |Minimum|Maximum
jmean jstdey |

Value of output {R.a in 1975-7?5 values) \ 5 ‘
Aurepalle , 3u79.6 45592.2 | 10,15 (18094
Kanzara 5231.3 17226.5 [121.58 {39168
Shirapur ' J270.7 (3482.7 | 22.00 (26423

Land {hectares) ‘ N ' ‘
Aurepalle 4,29 3.87
Kahzara 6,02 (7.40
Shirapur 16.68 5.49
Irrigated Land (hectares)
Aurepalle 05:95 1.41
Kanzara 10,51 1.22
Sh1 rapur 0.64 1.07

{2097
36.34

7.09
9,79
4,96

o s B
~bo

.

Aurepalle 2206.2 [2744.1
Kanzara 2578.5 13145.7
Shirapur [1674.8 15?5 g
Hired Labour (hours) ; ,
Aurepalle. 11468.3 2349 =
Xanzara 1841.2 28%2.3
Shirapur 719.1 | 768.4
Bullock labour (hours of pairsd bullocks) ‘
Aurepalle 528.2 1604.6
Kanzara 570.6  [765.1
Shirapur 342.3 1282.2
Cost of other inputs (Rs)
Aurepalle 651.02 | 981.06}0 6205.0
Kanzara 628.96 | 978.49;0 5344.3
Shirapur 464.4% 11038.0010 6746.0
Age of farmer (years)
Aurepalle 53.9 12.6 26 a0
Kanzara ‘ 43.7 9.6 23 67
Shirapur §48.2 10.2 24 72
Education of farmer (years) -
Aurepalle 2.01 12,87 0 10
Kanzara 4.03 4,10 0 12
Shirapur 2.94 3.38 o 15

12916
11146

= ‘u‘i N oo G600

Q-0

11662
14130
4823

foo

4316
3913
1240

ey

* Sample sizes are 273, 289 and 268 for Aurepalle, Kanzara and Shirapur,
respectively.
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Maximum Likelihood Estimates fo
= Ineff

vgriabxe

| TABLE 2

~Earametgr

lciency dodel

=1 1 '

Aarepalle  [Kanzars

of the Stochastic Frontier

 Sh£rapﬁfA

Stochastic Frontier
tbnﬁﬁann
tand
IL/Land

- ‘Labour
HL/Labour
Bullock
Costs

Near

‘Inefficiency Model
Constant

Age

Educ

Size

Year

¥Yariance Parameters

ﬁ@
{Ba

By

ig,

Bs
Bg
By

“5 * ’62.

1(0.33)
0.264
{0.070)
0.093
(0.058)
i L 2‘12
(0.076)
{-0.00047
{0.00012)
~0.430
{0.0586)
0.009
(0.014)
0.0279
(0.0088)

-1.75
{1.46)
-0, 0150
110.0092)
-0). 064
£0.9046)
-0.29
{0.14)
'0»36

2.19
(0,92}

0.9826
{0.0069]

=4, 90
t0.37)
0.066
{0.066)
0,083
0.785
{0.079)
~D.00RG1S
{0.000091)
~0. 006
{0.C50)
0.098
{o.011)
-0.0182
{0.0081;

0.80
{0.35}
-0, 015
10.010)

0.039
{0.033)
-0. 083
{0.056)
=0, 077

-1 {0.046)

; 0.39

(0,20}
0.915
(0,040)

ilo.32)
- p.oz

(0,061}

1-0.076

(0.030)

| 0.905

{p.060}
0.00020

1(0.00040)

~0.086

{0.080)
0.002

{0.010)

1 0016

{0.012)

1.37
10.50)
0.0133
(0.00929)
-0 217
{0.088)
~0.208
{0.082)
=0, 39
(0.12)

0.96

1(0.33)

0.944
(0.023)

Lag~1ik§iihacé

~99.51

sttt

-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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Statistics for

‘Null Hypothesis (Hy)

 |Log=11ket1hood]
tunder Bp) |

¥2-yaluesc

feats

5P£§F&clﬂb:tru¢}

Hot 9285, . .58,=0
Aurepalle
Kanzara
Shirapur

5@ i
Aurepalle
Kanzara
Shirapur

Hot 85=...=8,=0
Aurepalle
Kanzara
Shirapur

Ho: 8y=...=84=0
Aurepalle
Kanzara
Shirapur

1~138,02

~137,56
~100. 18
~177.54

-113.12
~161.58

-101.92
! -91.13

1-151.98

TABLE 4

77,02
51.48

1109.74

76,70

39.78
97.46

27.22
25.96
65.54

21.68

| 46.34

<0, 005

<0, 005

L <0.005

<0.005
<0. 008

£0,005

<0.005
%0, 005
<0.005

- 0.306
1<0.005

<0, 005

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

Null Hypothesis (Hg)

Log~1ikelihood
(under H,)

x?~valuesc

P(x®>clHy true)

Ho: B4=0
Aurepalle
Kanzara
Shirapur

Hoﬁ 86=O
Aurepalle
Kanzara
Shirapur

HQ: B‘?:‘-ﬂ
Aurepalie
Kanzara
Shipapur

-104.90
-80.31
~128,97

-99.69
~111.28
1-128.81

-103. 32
~83.04
-129.80
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10.78
0.04
0.32

0.36
61.98
0.00

0. 005
0.841
0.572

0.549
<0.005
1.000

0.006
0.01¢9
0.159



TABLE §

Prediciéd Iechnical Ef‘ficienci&s forf Farmers in
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Anrepalie
‘~£arwgr ?5/76 Hﬁf?? 7?f7$ 73/79 79/30 89!81 81/82 83/83 83184 84/35 ‘K?%n
1 - o = - o *Sﬁé- 593 nﬂﬁg‘ .754 »36?‘ ‘7»7
Fooe e L e, 323 .eme - ‘601
5 .75&% .772 .928 .587 .818 7{39 B42 918 700 . 55!) ST37
) 5 ‘ #* ?45 » 8{34 * :908 ® 606 e BES ¥ 674 o 551 » ‘3213 » 7{32 707 5 75“1‘:
T.8%4 857 543,664,850 .388 .873 .B26 .BBS  .749
8 .s41 .i54 303 800 618 .5B2 .B1S .846 .785 .B47 689
9 767 .B25 .472 - 880 -~ .BBd 938 709 .B75  .766
10 .919 ,749 ,836 .887 .828 = .B07 ,8%6 905 .94 g3
11 454 (599 702 .795 813 = L4785 929 BBl .758  ,6B9
iz .939 = Bl 779 680 .486 304 .B42 .045 .538 403
13,715 .778 .834 .834  .375 = .B04 932 863 (850 .72
14 648 = 809 799 .€35 .Be60 - - - - T80
15 411 372 .83% .750 .834 .758 = = - - BTG
16 .708 229 . 3.?;6 . 346 908 .647 - - - = BEZ
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23 399 478 .800 . 803 LT07T 465 .849 - = 685
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28 .864 .765 .BS3 .800 .888 .826 .747 .829 .877 .887 .834
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| TABLE &
Predicted Technical Efficiencies for Farmers in Kanzara

Farmer ‘75!76 76/77 71/78 T8/79 ?9/30 30/81 81/82 82/8‘:3 83/84 84/85 Mean

- T 526 558 .683 .378 .493 714 - - .. c3

1

2 = = - .= B9 . ;353 737 670,690 609
3 - - - .ssa .sa1 5% - - .sa .790 723
4 832 ,794 598 .40 .72@‘ +506  .881 .819 .8% ,883 . 768
7904 &460 841 .ﬁﬂa 652 .488 825 .817 .889 ,852 L 730
9 740 ,523 .343 ;559 679 915 883 675 mQOQ 759

10 908 .844 .757 602 80D 540 0,809 T3 - ~ L192
11 919 708 .735 .654 .843 .466 .58B5 .837 .947 ,77TT 747
12 .695 365 629* 587 773,754 .704 .Be0 .886 879¢ L 723
23 * 847 R - - - had » 853 * 85;3
14,372 ,880 ,470 ,iaz .782 .817 = . .533 .897 .638 L B03
15 (873 .809 ,791 .565 .699 .625 .B6D .86 .914 ,B2D L1R2
16,739 .792 415 .337 (804 .461 .606 -~ 878 .908  .680
17 .T102 - - - ~. 765 .597 .810 .826 .785 = .748
18 .844 .793  .91D .819 .837 .639 .820 .924 .910 .851 .845
19,867 .863 .605 .427 .249 692 .534 .762 .860 ,B6E  .652
20 .585 .908 .727 .80 .88 .551 .746 793 .B76 .77 .167
21 . 768 .84 431 .593 706 .329 .783 579 896 796 .6T74
22 LA35  .654  ,631 686 845 .464 712 ,759 . .84% ,847  .686
23,863 .720 .479 .393 .70% .408 .740 756 .721 .853 .664
24 ,942 ,848 .838 .89% .850 .635 .794 .811 .835 .851i ,830
25 .854 .923 .B55 .B6D .823 .792 .887 .901 932 838  .8k4
26 .625 .553 .387 .452 - = - - - 504
27  ,805 631 .606 .545 783 .44% 733 657 ,812 L7998 .682
28 .947 ,934 .BYS 867 .930 .90%1 .933 .844 .942 ,918 .921
29 .754 ,908 .808 .722 .780 .562 .®42 .883 .883 .874 .802
30 .836 .777 .B81 .402 .794 .458 .818 .773 .824 .850 721
31 .903 .827 .653 .837 .756 .680 ,902 .870 .881 .876 .817
32 ,792 .815 .659 .626 .4854 .855 .808 ,925 .870 .862 .777
33 .856 ,908 872 .868 .898 .747 .902 .925 .939 .936 .B8S

Mean .795 .757 .682 .598 .730 .573 .764 .802 .855 .838 .738
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TABLE T
‘Predicted Technical Efficirncxes for Farmers in Shirapur

Farmer 75f76 76/?7 77178 ?8/79 79/80 80f81 81%82 82/83 83f84a84f35‘ Mean

613 .629 .679 .71 sea 800 890 910 874,775

1 w

2 - .375 .70 .328 .181 - - - . 389
3 - 749 .882 727 916 ~8ﬁ? <803 ?12 «633  .3%2  .754
4 - - w0 = 07 . 761 LBO2 L6110 .821 740
5 .568 .192 .340 .404 ,608 ,827 .721 .696 .599 = 551
6 .352 ,833 .81%1 .85 .885 .917 770 .742 .463 .549 717
7 L276 739 (606 .781 575 = = " L ~ 595
8 100 ,298 .33% ,764 ,762 .R37 888 .%00 .818 .BY7 .638
10 ,361 L7089 0,523,778 629 .628 ~  .806 .482 .450 @ ,596
11 . ..3%0 727 496 .T7BT B72 .836 .897 .919 .89 .554 .735

12 .865 .B59 .552 - - - = - - - L7588
13 .479 .737 .801 .789 .819 ,B39 .798 .367 .82 .8BO 757
14 .345 806 .454 -.721 .721  .BBG .722 .855 760 - 687
i5 .180 .01 .885 .636 .936 .922 .%03 .926 765 L8885 761
16,297 .445 511 346 .6%0 700 .868 .800 - 595
17 .316 ,528 .743 .503 .685 .g884 - - “ - 610
18 400 .6B8 .668 .5B6 .S588 .847 .871 .892 .765 .B77 .718
19 178 .588 .745 .695 .843 .5% .864 .887 .893 .712 .70
20 .471 .B82 .773 .B45 .943 ,910 918 - - - 820
21 .224 - - .464 - 360 .778 .B26 .Bed .876 . .528
22  .e47 756 .854 .787 .829 .859 .558 .8%1 .641 .812 774
23 152 - = - LJAlG - - - - “ 284
24 .341 .718 .81B .780 .855 .848 .872 .876 .852 .859 .82
25 . .700 .623 .828 .781 .928 .861 .905 .8B6 .804 .80 .Bi2
26 416 700 565 731 .8OR .77 .804 .838 .79 .867 724
27 776 .865 .926 .BB9 - .599 ,897 .905 .905 .46C .BO2
28 .735 .808 .855 .660 .769 710 .901 .911 .893 .8%90 813
29 .376 .B13 .791 .849 .808 .833 .799 .B91 .845 834 .784
30 .8%2 .904 .812 .873 .888 - - - - 874
31 .932 .BS52 .827 - - - - - - - . 870
32,353 - - - - - = - - - . 353
33 - .185 .501 .523 .689 .768 - - - - .535
34 = 713 .651 .530 .851 - - B30 .900 .867 .763
35 - .892 .853 553 910 .883 888 933 .889 .B93 .889

Mean .434 .674 590 .687 .743 .760 .814 .833 .771 .753 .71l
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Figure 1

Predicted Technical Effici
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