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ABSTRACT 

 

       This study examines the technical efficiency of shrimp farmers of south-eastern and south-western 
Bangladesh. Farm level data were collected from 155 farmers taking into account three farming methods viz 
extensive, improved extensive and semi-intensive. Stochastic production frontiers are estimated for shrimp in 
two regions of Bangladesh. Sources of yield variations, i.e., production input, technical efficiency and other 
factors in all the three methods are investigated in this study. Factors affecting technical inefficiency are also 
analyzed simultaneously with the production frontiers using maximum likelihood method by Frontier 4.1 
program. The study showed that 85%, 61% and 87% variation respectively in output among the farming methods in 
shrimp cultivation is due to differences in technical efficiency. Land, fry and feed have significant influence on 
the level of shrimp production. Varying from 0.56 to 1.00 the mean technical efficiency was found to 
be 0.82, 0.85 and 0.93 respectively in extensive, improved extensive and semi-intensive farming methods. 
 
 

I. INTRODUCTION 
 
      The measurement of efficiency (technical, allocative and economic) has remained 
an area of important research both in the developed and developing countries. Especially in 
developing agricultural economies where resources are meager and opportunities for 
developing and adopting better technologies are dwindling, efficiency measurement is very 
important because it is a factor for productivity growth (Tadesse and Krishnamoorthy 
1997). Such studies help benefit these economies by determining the extent to which it is 
possible to raise productivity by improving the neglected source, i.e., efficiency, with the 
existing resource base and the available technology. Hence, by doing so, they could help 
decide whether to improve efficiency first or develop a new technology in the short run. 
 
      Shrimp farming has had a significant impact on the economy of Bangladesh in terms 
of its contribution to export earnings and employment generation on and off-farm through 
a series of backward and forward linkages. However, this process has entailed high 
environmental costs, including destruction of mangrove forests, reduction in crop production 
(especially rice) and green vegetation. It has also set in motion socio-economic changes. All 
these changes may have serious implications for sustainability of shrimp farming. The 
shrimp industry is influenced by a range of government policies and institutional 
arrangements that 
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have been designed over time to achieve various individual socio-economic objectives. The 
measures used in the industry include inter alia subsidized credit to promote diffusion of 
intensive and semi-intensive technologies and leasing of government land for shrimp 
farming. These and other agreements are in place to achieve a range of objectives 
including raising production/productivity in shrimp farms, generating employment and 
earning foreign exchange. Expanding shrimp cultivation consistent with ecologically 
sustainable development is a priority area identified by the government (MOFL and FAO 
1992). 
 
       Although Bangladesh has a great potential for shrimp culture, its production level is 
low. The fisheries sub-sector, and especially shrimp culture contributes a lot to the 
country's gross domestic product (GDP) and export earnings. The present production level 
of about 240 kg/ha is quite low compared to other Asian shrimp producing countries. 
Taiwan, Thailand, India, Philippines and Indonesia are the major Asian shrimp producing 
countries having 3,571 kg, 2,583 kg, 750 kg, 625 kg and 400 kg per hectare yield, 
respectively. Moreover, Bangladesh ranks as the highest cost producer per kilogram (US 
$12.04), followed by India (US $5.96), Malaysia (US $5.50), Sri Lanka (US $4.56), 
Vietnam (US $3.34) and China (US $2.27) (Ling et al. 1999). 
 
      If one knows the existing efficiency level of farmers in using the inputs for shrimp 
production, then viable plans could be taken to increase shrimp production up to the 
maximum level. If the farmers are found to be technically inefficient, production can be 
increased to a large extent with the existing level of inputs and available technology by 
rearranging input combinations. On the other hand, if the farmers are found to be 
technically efficient, then the government can increase investment on information and 
education and can try to promote new technologies in order to increase production to earn 
more foreign exchange. The main objective of this study is to determine the level of 
efficiency of shrimp farmers and to compare it across the farming methods. This is 
because determining the efficiency status of farmers is very important for policy 
purposes. In an economy where resources are scarce and opportunities for new 
technologies are lacking, inefficiency studies will be able to show that it is possible to 
raise productivity by improving efficiency without changing the resource base or 
developing new technology. It also helps determine the under and over utilization of factor 
inputs. 
 
      A number of studies have been undertaken on different economic aspects of shrimp 
culture in Bangladesh. The studies include review and appraisal of different public and 
private policies and schemes (Nuruzzaman 1991; Rahman 1993; Chowdhury 1993; 
Toufique 1997), costs, returns and profitability analyses (Hussain et al. 1986; Ahmed 
1986), socio-economic condition of shrimp farmers (DANIDA/DOF mission 1989), 
marketing of shrimps (Guimaraes 1989) and on environmental issues (Mazid 1995; 
Chicoine 1996; Awal 1996; ESCAP 1988). 
 
      However, no study on production efficiency in shrimp farming has yet been 
undertaken. The present study looks at the production behavior of the farms operating 
under the three 
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IV. THE   DATA 
 
        Two major shrimp producing regions of Bangladesh, viz, southwest (greater Khulna) and 
southeast (Cox's Bazaar) coastal regions were purposively selected for this study considering the 
importance of these regions in shrimp production. About cent percent of the brackish water 
shrimps are being produced in these regions. Considering the contribution of these two regions 
in total shrimp production in Bangladesh, selection of these regions was quite appropriate 
for a study on the efficiency of shrimp cultivation. Four districts of Bangladesh namely: Cox's 
Bazaar from southeast region and Bagerhat, Khulna and Satkhira from southwest region 
were chosen for collecting field data. It may be worth mentioning here that the most common and 
popular three shrimp farming technologies have been introduced in the above mentioned districts. 
 
        Primary data were collected from the farmers of these areas adopting probability 
sampling technique. A multistage sampling procedure was administered in selecting the sample 
shrimp farms. The first and the second stages of sampling procedure involved respectively 
the selection of districts and the shrimp farming Upazilas (sub-district) within districts where most 
of the technologies are practiced. This was done based on the Annual Shrimp Statistics of the 
Department of Fisheries Bangladesh which provides statistics on number of shrimp farms, acreage, 
production, export and a host of other related information by shrimp farming districts and Upazilas. 
List of shrimp farms along with names of farm owners were obtained from the relevant offices of 
the Department of Fisheries. Another list was collected from the office of the shrimp farmers' 
cooperative association and the Department of Fisheries within the selected Upazilas to know the 
actual number of farms operating in the area. The desired number of samples was chosen randomly 
from this list. 
 
        A sampling unit consists of a shrimp farmer owning a shrimp farm or gher (farming unit). The 
owner of the gher was interviewed by administering a pre-tested interview schedule. The total 
sample size covering the three different types of methods was 155. The total extensive sample of 
65 farming units comprises 20 units from Bagerhat district, 25 from Khulna district and the rest 
from Satkhira district. The improved extensive sample of 65, on the other hand, consists of 25 
units from Satkhira district and 20 from each Bagerhat and Khulna districts. The total number of 
semi-intensive shrimp farms operating in Bangladesh is about 30 of which 25 were surveyed and 
can be divided into 17 units from Cox's Bazaar district, 5 from Khulna district and 3 from 
Satkhira district. 
 

 
V. RESULTS AND DISCUSSION 

 
       A summary of the sample data on different variables in the stochastic frontier and 
inefficiency model, defined by equations 3 and 11, is presented in Table L It is evident from the 
table that there is a wide range of variation in farm sizes within the farming methods. Average farm 
sizes vary from 23.74 ha in extensive method to 0.72 ha in semi-intensive method. Labor use in 
semi-intensive method where shrimp farming requires intensive care 
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       The average yield of shrimp in semi-intensive method is the highest (5,602.00 kg/ha) 
followed by improved extensive (441.00 kg/ha) and extensive method (190.00 kg/ha). 
 
        The maximum likelihood (ML) estimates for the parameters in the stochastic frontier and 
technical inefficiency model for the three methods involved are presented in Table 2. The 
ordinary least square (OLS) estimates are also shown to compare the results. OLS estimates 
of the parameters show the average performance of the sample farms. The coefficients of the 
input variables in the production function are partial elasticities of mean output with 
respect to -the different inputs for the C-D model defined by equation (15). Table 2 reveals 
that the coefficients of land and feed are significant at 1% level and coefficient of fry is 
significant at 5% level. These results indicate that land, fry and feed are vitally important factor 
inputs for successful shrimp farming. The coefficients of labor and tools and equipment are 
insignificant. 
 
        It is evident from the table that in the cases of labor and tools and equipment, the standard 
errors are very high or the t-ratios are very low compared to the value of coefficients of these 
two factor inputs and the confidence intervals for these parameters are thus very wide. This 
situation indicates that the explanatory variables display little variation and/or high 
intercorrelations. In other words, we can say that there is multicollinearity in the data. It can also 
be said that the data we used in Cobb-Douglas production function cannot give us decisive 
answers to the questions we pose regarding labor and tools and equipment. 
 
       The estimates of the stochastic frontier which shows the best practice performance, i.e., 
efficient use of the available technology, is presented in Table 2. The empirical results in Table 2 
indicate that the elasticity of frontier (best practice) production with respect to land in extensive 
farming method was estimated to be - 0.008 and is significant at 1% level. This indicates that, if 
the area of shrimp farms under extensive method were increased by one percent, then the 
per hectare yield of shrimp is estimated to be decreased by 0.008 percent. The elasticities of 
output with respect to labor, tools and equipment, fry and feed are estimated to be positive 
values and which are 0.62, 0.007, 0.18 and 0.0027 respectively and are significant. 
 
       Thus, if labor were increased by one percent, then the mean yield of shrimp is estimated to be 
increased by 0.62 percent for best practice shrimp production. If the total cost of tools and 
equipment used were increased by one percent, then the mean shrimp yield is estimated to 
increase by 0.007 percent. The value of the elasticity of fry implies that, if the number of shrimp 
fry were increased by one percent, the shrimp yield is estimated to increase by 0.18 percent. The 
increase in the use of shrimp fry is expected to have a positive effect on shrimp production, unless 
the quality of fry is very poor or diseased. The value of elasticity of feed implies that if the use of 
feed were increased by one percent, the shrimp production would be increased by 0.0027 
percent. 
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      The coefficient of schooling is negative, which indicates that farmers with more years 
of formal schooling tend to be more technically efficient. The coefficient of Experience 
of performing shrimp farming in the model for the inefficiency effects is also estimated to 
be negative. This implies that the levels of the inefficiency effects of farmers 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 programs. 
 

      The estimated coefficient for farm size in the inefficiency model is positive, which 
indicates that the smaller farms are more technically efficient in shrimp production than the 
larger farms. This result supports the claim which is frequently made for developing 
country agriculture, that smaller farms tend to be more efficient in production than larger 
farms. 
 

       The estimate of λ (32.02) and δ (0.41) are large and significantly different from zero, 
indicating a good fit and the correctness of the specified distributional assumption. 
Moreover, the estimate of y, which is the ratio of the variances of farm-specific technical 
inefficiency to the total variance of output, is 0.85 and significant at 1% level. This 
suggests that the technical inefficiency effects are a significant component of the total 
variability of shrimp output for extensive farmers. Therefore, the traditional production 
function with no technical inefficiency effects is not an adequate representation of the data. 
 
      OLS estimates of the parameters of C-D production function in the improved extensive 
farming method are also presented in Table 2. The coefficient of land is significant at 
10% level and the coefficients of labor, tools and equipment and fry are significant at 1% 
level. This indicates that these inputs have greater contribution to the shrimp production 
process. 
 

      The elasticity of frontier production with respect to land is -0.0099 and significant at 
1% level. This indicates that if the area under shrimp production were to be increased by 
one percent, the average production of shrimp is estimated to decrease by 0.0099 percent. 
The value is obtained relative to the particular production function used, which involves 
only four other variables, labor, tools and equipment cost, fry and feed. Further, the 
elasticity of output with respect to labor, cost of tools and equipment are estimated to be the 
positive values, 1.23 and 0.0013, respectively. Thus the value of elasticity of labor implies 
that, if the number of labor is increased by one percent, the shrimp production is 
estimated to increase by 1.23 percent. If the total cost of tools and equipment used were 
to increase by one percent, per hectare production of shrimp is estimated to increase by 
0.00 13 percent. 
 
     The OLS estimates of the parameters of semi-intensive farming method are also 
presented in Table 2. It can be seen from the table that shrimp fry and feed have great 
impacts on production process as the coefficients of these two input factors are positive and 
significant at 1% level. Coefficient of tools and equipment is significant at 5% level and 
coefficient of land is significant at 10% level but labor input shows a very insignificant 
impact. 
 
      Maximum likelihood estimates of the stochastic frontier production function under 
semiintensive farming method are presented in Table 2. It is evident from the table that 
the 
 



 



 



 



 



 


