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ABSTRACT 

 

       The rice production of Bangladesh has been investigated using a Cobb-Douglas stochastic production 
function which incorporates a model for the technical inefficiency effects. Farm level primary data 
collected by stratified random sampling technique are used for this study. The factors identified in the 
stochastic production frontiers which are responsible for the increase of production are extension 
service, farm size, bullock power, age and experience. Seed, fertilizer, human labour and irrigation cost 
were identified as important factors for the increase of production for only Boro rice and were not 
important factors for Aus and Aman rice crops. The models for the technical inefficiency effects in the 
Cobb-Douglas stochastic production frontiers include the farm-specific factors age, education, 
experience, extension contact and farm size. The factors which influence the technical inefficiency 
effects are identified by simultaneous estimations of stochastic production frontiers and technical 
inefficiency effect models for different rice crops. The study reveals that the impacts of age,, experience, 
extension contact and farm size on the technical inefficiency effects are significantly negative which 
means that technical inefficiency effects decrease significantly with the increase in the magnitudes of 
these factors. The study also indicates that there are significant technical inefficiency effects in the 
production of all rice crops and the random component of the inefficiency effects explains that a 
significant portion of the difference between the observed output and the maximum production 
frontier output is caused by differences in farmers' levels of technical efficiency. 
 

I. INTRODUCTION 
 

      Scarcity of resources has led production economists to think about the reallocation 
of existing resources to have more output with minimum input combinations or with 
the minimum cost without changing the production technology.  Producers wish to 
maximize profit within the constraint of given costs or limited resources under 
certain production technologies whereas consumers wish to maximize their total 
utility or satisfaction by allocating their limited budgets (income constraint) among 
different types of commodity bundles. Producers have to decide 
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what to produce, how much to produce, what method of production to use, where to sell and 
buy and when to sell and buy. All these decisions of producers are due to the fact of scarce or 
limited resources. In the farming sector, production theory aims at analysing how the farm 
operator combines various limited inputs to produce a maximum amount of output in an 
economically efficient manner under certain technology. 
 
       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. Efficiency 
measurement has received considerable attention from both theoretical and applied economists. 
From a theoretical point of view, there has been a spirited exchange about the relative 
importance of various components of firm efficiency (LEIBENSTEIN 1966,1977; COMANOR 
and LEIBENSTEIN 1969; STIGLER 1976). From an applied perspective, measuring efficiency is 
important because this is the first step in a process that might lead to substantial resource savings. 
These resource savings have important implications for both policy formulation and firm 
management (BRAVO-URETA and RIEGER 1991) 
 
       In the policy arena, there is a continuing controversy regarding the connection between 
farm size, efficiency and the structure of agricultural production. For individual farms, gains 
in efficiency are particularly important in periods of financial stress. Efficient farms are more 
likely to generate higher incomes and thus stand a better chance of surviving and prospering. 
 
       Technical efficiency refers to the ability of a firm to produce maximum possible output 
with a minimum quantity of inputs, under a given technology. A technically efficient firm 
will operate on its frontier production function. Given the relationship of inputs in a particular 
production function, the firm is technically efficient if it produces on its outer-bound 
production function to obtain the maximum possible output which is feasible under the current 
technology. Putting it differently a firm is considered to be technically efficient if it operates at 
a point on an isoquant rather than interior to the isoquant. 
 
       The homogeneity of inputs is a vital factor for achieving technically efficient output. No 
one would dispute that the output produced from given inputs is a genuine measure of efficiency, 
but there is room for doubt whether, in a particular application, the inputs of a given firm are 
really `the same' as those represented by the corresponding point on the efficient isoquant. 
But it is important to note that mere heterogeneity of factors will no matter, so long as it is 
spread evenly over firms. Only 
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when there are differences between firms in the average quality (or, more strictly, in the 
distribution of qualities) of a factor, that a firm's technical efficiency will reflect the quality of 
its inputs as well as the efficiency of its management. If these differences in quality are 
physically measurable, it may be possible to reduce this effect by defining a large number of 
relatively homogeneous factors of production, but in practice it will never be likely to eliminate 
it completely (Farrell 1957). 
 
       Economic development in Bangladesh mainly depends on the progresses to be made in the 
agricultural sector, but agricultural development is dependent on appropriate policies relating to 
augmenting productivity and efficiency of agricultural crops. Increase of productivity and 
efficiency are based on some socio-economic and demographic variables. Proper policies can be 
formulated only after the empirical measurement of the core variables. The accuracy of the 
identification of the impact of different variables depends on the functional form of the 
production technology (whether Cobb-Douglas or Translog or CES), the nature of the 
random error component (whether stochastic or deterministic), the distribution of the 
inefficiency component (whether it is half normal or truncated normal or gamma or beta), 
the nature of the production function (whether primal or dual) etc. 
 
       Economic relationships based on optimization behaviour define efficient frontiers of 
minimum (e.g. cost) or maximum (e.g. production) attainment. Traditional econometric methods 
for estimating stochastic economic relationships have implicitly assumed that all economic 
agents are successful in reaching the efficient frontier. If, however, the economic agents are not 
equally efficient, then the average relationships estimated by ordinary least squares methods 
might not reflect the frontier relationships (STEVENSON, 1980). Our purpose here is to 
develop a specification and estimation for a stochastic frontier model. 
 
       This paper has been organized in four sections. In section 2 data and specification of 
stochastic production frontier and technical inefficiency effect model are described. Section 3 
contains empirical results and discussions. Some conclusions are made in the final section 
 

II. DATA AND SPECIFICATION OF STOCHASTIC PRODUCTION  
FRONTIER AND TECHNICAL INEFFICIENCY EFFECT MODEL 

 

Data: 
 

       The three regions, that is, Brahmanbaria, Mymensingh and Dinajpur were selected 
purposively considering the relative importance of these regions in 
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producing rice. These three great regions (old district) produce about 16 percent of total rice in 
Bangladesh (BBS 1998). Considering their contribution to the total output, the selection of 
these regions was appropriate for a study on the efficiency of rice production. Moreover, soil 
texture of these regions represents the soil texture of the country. Farmers of these regions are 
familiar with new inputs of production such as HYV* seeds, artificial irrigation, chemical 
fertilizer etc. for several years and in these regions there are the requisite number of households 
with different farm sizes. The regions are also relatively easily accessible and well 
communicated. Since Dinajpur is the north-west district of the country, Mymensingh is the 
middle district and Brahmanbaria is the south-east district, the selection of these areas was 
uniform on the spatial context. 
 
       To collect the primary data from the farmers of Bangladesh probability sampling technique 
was adopted. At first a sampling frame of farmers was constructed with the help of village 
leaders and some other relevant persons. The villages were selected with simple random 
sampling technique but the farmers were selected with stratified random sampling with 
arbitrary allocation. The data were collected for the crop year July 1998 to June 1999. The 
sample composed of small (below 1.00 hectare), medium (1.00-3.00 hectare) and large 
(above 3.00 hectares) farms. Within sample, 50 percent are small, 30 percent are medium and 20 
percent are large farmers. Five hundred farmers in total were interviewed in this study. Of the 
five hundred samples, 300 farmers had direct contact with extension workers and were selected 
100 from each region to have an idea on importance of extension service in Bangladesh. 
Another 200 farmers, those who had no relation with the extension workers were selected 
100 from each region except Mymensingh region. For the region Mymensingh only a 
sample of 100 farmers with extension service was collected but no sample of non-extension 
farmers was collected because there is one agricultural university known as Bangladesh 
Agricultural University and from this university every year several extension programmes are 
carried out in this region side by side government extension programmes. Thus farmers of 
this region are more or less related with extension programmes. To have a comparison of 
the productivities between farmers with extension services and farmers without extension 
services, these two types of data are very much useful. 
 
Model Specification 
 
       In order to estimate the level of technical efficiency in a way consistent with the theory of 
production function we have specified a Cobb-Douglas type stochastic frontier production 
function. The Cobb-Douglas form of production function has 
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regions and among rice crops. There are no significant difference of seed/ha used by farmers 
among regions for Boro rice but for Aus rice farmers of Dinajpur region used significantly more 
seed than farmers of Brahmanbaria region. For Aman rice, farmers of Dinajpur and Mymensingh 
regions used about same level of seed but they used significantly less amount than the 
Brahmanbaria region. Uses of human labour, bullock power, fertilizer and manure per 
hectare show also significant difference among crops and also among regions. Farmers do 
not need to irrigate their lands to produce Aman and Aus rice. Average cost of irrigation for 
Figures in the parentheses indicate standard deviations. 
 
      Boro rice varies Taka 4250.55 in Brahmanbaria region to Taka 5680.74 in 
Mymensingh region. Average ages of farm operators for Brahmanbaria, Dinajpur and 
Mymensingh are respectively 50.03, 42.87 and 47.79 years. Since more younger farmers 
are engaged in farming practices in Dinajpur regions, their experiences of farming are also less 
than those of other regions. Education levels of farm operators also vary among regions. 
 
      The maximum likelihood estimates for parameters of the Cobb-Douglas stochastic 
production frontiers for Boro, Aus and Aman rice among all regions are presented in Table 2. 
For comparison purposes OLS estimates are also shown. For Boro rice most of the 
parameters are statistically significant and all parameters have expected signs except 
parameter of education (EDU) variable in both models. The sign of the parameter for the 
education variable is negative and significant (at the 1% level) which is unexpected but not 
surprising. Negatively significant parameter of education means that the rate of output 
decreases with the increase in education of farm operators. One of the reasons may be that most 
of the educated farmers were found to have alternative income sources (service, business etc.) 
and they are not very much attentive with the farming practices and in that case they rely 
mostly on the fixed labourers those who have minimum education or no education at all. 
Another reason to include is that most of the educated farmers are village leaders and they were 
found to be busy with the problems of villagers and many of them were found to be engaged in 
local or national politics. For that reason they have little time for their farming practices. 
Indeed, there have been many empirical tests of the effect of education on farm 
productivity. These generally have employed Cobb-Douglas production functions. 
LOCKHEED et al. (1980) have surveyed many of these studies. Although they conclude that 
the effect of education on productivity is positive, a significant number of studies (40%) 
found either a negative effect or no impact on 
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productivity. Slope parameters across equations are similar, which suggests that the frontier 
function represents a neutral upward shift of the OLS model. The function coefficient in 
both the frontier and the OLS model is 1.04. Coefficient of extension service is positive and 
significant which means that government extension service has positive impact on the increase 
of production. We can also say that extension farmers are more productive than non-extension 
farmers. Area, human labour, seed, fertilizer. bullock power, age and experience have 
significantly positive contribution on the increase of production since their coefficients were 
found to be significantly positive. The coefficients of manure and irrigation cost are positive 
but not significant. The coefficient of multiple determination for Boro rice is 0.86 which means 
that 86% of total production is explained or contributed by the explanatory variables used in 
the model. The model (OLS) is well fitted to the data since F-test used to test the 
goodness of fit was found to be highly significant (significant at 1% level). The farmspecific 
technical efficiency coefficients for Boro rice derived from the above stochastic frontier vary 
from 54% to 96% and their mean technical efficiency is 86% (Table 4). An important result is 
that the variance ratio parameter y is comparatively large (0.819), given the interval within 
which it lies and is statistically significant at the 1% level. This means that about 82 percent 
of the difference between the obseryed output and the maximum production frontier output is 
caused by differences in farmers' levels of technical efficiency as opposed to the 
conventional random variability. 
 
       For Aus and Aman rice, most of the farmers do not use fertilizer and manure and we have 
deleted these variables from the model. Since Aus rice is produced in the rainy season, 
farmers do not need to irrigate their lands and accordingly irrigation cost is excluded from the 
model of Aus rice. Farmers do not need to irrigate Aman land also. For Aus and Aman rice 
also the frontier functions represent a neutral upward shift of the OLS models since slope 
parameters across equations are similar. The coefficients of education variable for Aus and 
Aman rice are negative and significant which means that the rate of output for these crops 
decreases with the increase in education of farmers. The coefficients of extension variable for 
Aus and Aman rice are positive but for Aus rice the coefficient is insignificant while it is 
significant for Aman rice. Area variable is found to have a significantly positive 
contribution on the increase of both Aus and Aman output. Human labour has positive but not 
significant impact on the increase of both Aus and Aman rice. The coefficient of seed is 
positive and significant for Aus rice but it is negative and insignificant for Aman rice. 
Bullock power is important factor which is found to have a significantly 
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positive impart on both the Aus and Aman rice outputs. Age of the farmers has a positive 
and significant effect on both Aus and Aman rice production while the coefficient of 
experience is found to be positive but not significant for both these rice crops. Both the models 
are well fitted to the data. Adjusted R2shows that about 77% of Aus rice production is explained 
by the explanatory variables included in the model while for Aman rice 85% of production is 
explained by the above variables. Farmspecific technical efficiencies for Aus and Aman ice 
vary from 92% to 95% and 39% to 93% with average technical efficiency 93% and 80%, 
respectively. Variance ratio parameter y is statistically significant at the 1% level for both Aus 
and Aman rice. This means that about 50% (for Aus rice) and 36% (for Aman rice) of the 
difference between the observed output and the maximum production frontier output is caused 
by differences in farmers' levels of technical efficiency as opposed to the conventional 
random variability. 
 
      Table 3 shows the simultaneous estimation of the maximum likelihood estimates for 
parameters of Cobb-Douglas stochastic production frontiers and technical inefficiency effect 
model for Boro Aus and Aman rice. If we estimate the technical efficiency effects frontier by 
FRONTIER 4.1 package, we can simultaneously estimate the stochastic frontier and technical 
inefficiency effect model. The stochastic frontier estimated simultaneously is a little bit 
different in respect of some significant coefficients from the earlier one presented in Table 2 
since the earlier frontiers were estimated with a single estimation procedure. Although the 
second estimation procedure has simultaneous-equation bias, it is also important to identify 
the factors which influence the technical inefficiency of farmers. KUMBHAKAR, GHOSH and 
MCGUCKIN (1991), REIFSCHNEIDER and STEVENSION (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 statistical point of view and is expected to lead to 
more efficient inference with respect to the parameters involved. But most of the researchers 
used two-stage approach to explain the differences in technical efficiencies of farmers. The 
first stage involves the estimation of a stochastic 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 efficiencies) are related to farmer-specific 
factors using Ordinary Least Squares (OLS) regression (KALIRAJAN 1981; PARIKH and 
SHAH 1994). This two-stage approach is more objectionable from a statistical point of 
view. Table 3 reveals that for Boro rice extension, human labour, seed, 
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fertilizer, age and experience variables have positive and significant coefficients and the 
coefficient of education is also significant but it is negative. For Aus rice, area and bullock 
power have significant coefficients but education has significantly negative impact on 
production. For Aman rice, extension, area and bullock power are found to have positive and 
significant coefficients but education and age have significantly negative coefficients. 
 
      The estimated 8-coefficients in Table 3 associated with the explanatory variables in the 
model for the inefficiency effects are worthy of deeper discussion. We observe that age of the 
farmers has a significantly negative effect upon the inefficiency effects for all rice crops. That 
is, the older farmers tend to have smaller inefficiencies than younger farmers. In other 
words, we can also say that the older farmers are technically more efficient than the younger 
farmers. COELLI and BATTESE (1996) found the same finding while studying technical 
efficiency of Indian farmers. 
 
       Education is found to have no effect upon the technical inefficiency effects for all rice crops 
since its coefficient is insignificant for these crops. KALIRAJAN and FLINN (1983) and 
other researchers did not find any impact of formal education on the technical inefficiency 
effects. 
 
       Experience of farm operators has negative and significant effect upon the inefficiency 
effects for Boro and Aman rice. This means that the inefficiency effects decrease with the 
increase of the experiences of farm operators for Boro and Aman rice. That is, technical 
efficiency increases with the increase of experiences of the farmers for Boro and Aman rice. 
Experienced farmers can manage and allocate inputs more efficiently than less experienced 
farmers. For Aus rice, the effect of experience upon the inefficiency effect is also negative but 
not significant. These findings are in conformity with findings of HERDT and MANTAC 
(1981) and KALIRAJAN (1984). They found that technical efficiency increases with the 
increase in experiences of farmers. 
 
      Extension contact has significantly negative effect upon the inefficiency effects for Boro, 
Aus and Aman rice. That is, farmers with more extension contacts with the extension agents are 
more technically efficient than farmers with less extension contacts or with no contact at all. 
In other words, we can say that the technical inefficiency effect decreases with the increase 
in the number of extension contact of extension agents with the farmers. The same result was 
found by KALIRAJAN (1984), HERDT and MANTAC (1981). KALIRAJAN (1984) studied 
technical efficiency of rice 
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farmers in Philippines. He found that technical efficiency increases with the increase in the 
number of extension contacts. He also showed that there existed a wide variation in the 
level of technical efficiencies among the sample farmers and an extension service had been 
identified as an important factor causing such variations. HERDT and MANTAC (1981) 
concluded in their study that the lack of effective extension service was responsible for lower 
output in the Philippines. 
 
      The coefficient of the farm size variable in the model for the inefficiency effect is estimated 
to be significantly negative for Boro rice. This indicates that farmers with larger farms tend to 
have smaller inefficiency effects than farmers with smaller operations. The same 
phenomenon was observed by COELLI and BATTESE (1996) while studying technical 
efficiency of Indian farmers. 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 farm size for Aus rice is also negative in the inefficiency 
effect model but it is not found to be significant while the corresponding coefficient for 
Aman rice is positive and insignificant. 
 
      The γ-parameter associated with the variances in the stochastic frontier is significant for all 
rice crops. It indicates that there are inefficiency effects in the production of rice crops and 
the random component of the inefficiency effects does make a significant contribution in the 
analysis of agricultural production. 
 
       Table 4 shows frequency distribution of farm-specific technical efficiency estimates for 
Boro, Aus and Aman rice from Cobb-Douglas stochastic frontiers. A careful examination of the 
results reveals that only about 5% of sample farmers were obtaining outputs which were very 
close to the maximum output estimated through frontier (efficiency is 90% to100%) and 
there are about 92% of sample farmers whose technical efficiency levels range from 80% to 
90% for Boro rice. The average technical efficiency computed for Boro rice is 86%. 
 
       Table 4 reveals that for Aus rice all of the farmers were found to produce outputs which 
were very close to the maximum frontier outputs (efficiency levels vary from 90%. to 100%) 
The average technical efficiency computed for Aus rice is 93%. 
 
      An examination of farm-specific technical efficiency for Aman rice reveals that only about 
2% of sample farmers were obtaining outputs which were very close to the frontier maximum 
outputs (efficiency 90% or more), and the rest were far below the frontier. The average 
technical efficiency computed for Aman rice is 80%. 
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IV. CONCLUSIONS 
 

      Cobb-Douglas stochastic production frontiers were estimated for Boro, Aus and Aman 
rice crops for this study to estimate technical efficiencies for rice crops of Bangladesh. To 
identify factors responsible for inefficiency effects in production, simultaneous estimation 
of Cobb-Douglas stochastic producton frontiers and technical inefficiency effect models 
were performed. 
 
      The stochastic production frontiers involve land, human labour, seed, fertilizer, manure, 
bullock power, irrigation cost, age of farm operator, experience of farm operator and 
extension service (dummy). All parameters in the crop-specific CobbDouglas stochastic 
production frontiers for all regions are significant except parameter of manure, and all of 
them have expected signs, with the exception of the parameter of education. The sign of the 
parameter of education variable is negative and significant which means that the rate of output 
decreases with the increase in education of farm operators. In other words, we can also say 
that less educated farmers are more productive than more educated farmers. Several 
reasons were identified to be responsible for the iaegative coefficient of education. Most of 
the educated farmers were found to have alternative income sources (service, business etc.) 
and they are not very much attentive with the farming practices and in that case they rely 
mostly on the fixed labourers those who have minimum education or no education at all. 
Another reason to include is that most of the educated farmers are village leaders and they 
were found to be busy with the problems of villagers and many of them were found to be 
engaged in local or national politics. The identified vital factors which are responsible for 
the increase of production are extension service, farm size, bullock power, age and 
experience. Seed, fertilizer and human labour and irrigation cost were identified as 
important factors for the increase of production for only Boro rice but they were not important 
factors fQr Aus and Aman rice crops. Slope parameters across equations are similar, which 
suggest that the frontier function represents a neutral upward shift of the OLS model (Table 
2). The farm-specific technical efficiencies for Boro rice vary from 54% to 96% with mean 
technical efficiency 86%. Similarly, farm-specific technical efficiencies for Aus and Aman rice 
vary from 92% to 95% and 39% to 93% with average technical efficiency 93% and 80%, 
respectively. 
 
      The models for the technical inefficiency effects in the Cobb-Douglas stochastic 
production frontiers include age, education, experience, extension contact and farm size. 
Older farmers tend to have smaller inefficiencies than younger farmers. That is, technical 
efficiency increases with the increase in age of farmer. Education has no 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 



 


