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Energy productivity and efficiency of the ‘Gher’ (prawn-fish-rice) farming system in 

Bangladesh 

ABSTRACT 

 ‘Gher’ farming is a unique system that incorporates the joint operation of three enterprises: 

freshwater prawn, fish and HYV rice, and is expanding rapidly in the coastal regions of 

Bangladesh because of its proven high income earning potential. In this paper, the 

sustainability of this system is evaluated by analysing its performance in terms of energy use 

by applying a stochastic distance function approach which revealed interesting and 

unexpected results. The prawn enterprise which is the key income earning component is 

found to be technically inefficient while the rice enterprise is found to be efficient. The net 

energy balance and the energy use efficiency of the ‘gher’ farming system is estimated at 

18,510 MJ ha
-1

 and 1.72 respectively. The ‘gher’ farmers are operating at a very high level 

of technical (energy) efficiency (92%). Diversification amongst enterprises is associated with 

technical (energy) inefficiency. However, larger operation size enhances efficiency. The key 

policy implication is that the ‘gher’ farming system can be sustained in the long run provided 

that productivity from the rice enterprise remains high. Also, policies to support the 

expansion of ‘gher’ farm sizes will improve efficiency.   

JEL classification: O33; Q18; C21 

Key Words: Energy productivity, energy efficiency, ‘gher’ farming system, Bangladesh 

 

1. Introduction 

Energy serves as the major player for development in Bangladesh as elsewhere in the world. It is 

also one of the most critical as well as deficient resources in Bangladesh affecting all spheres 

of life including agricultural development. For the past four decades, since the birth of 

Bangladesh, lopsided development efforts without proper concerns for the environment as well 
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as declining productivity levels of the resource bases have led to unprecedented crises in various 

sectors of the economy. The energy sector also faces a severe crisis in meeting the increasing 

demands for domestic, industrial, transportation, agricultural and other uses [1]. In the 

agricultural industry, efficient use of available energy resources is crucial to becoming 

competitive in the world market, increase productivity of the sector as well as aggregate 

production of crops [2]. Energy is one of the most important elements in agricultural production 

as it is used in various forms, e.g., farm machinery, human power, draft animal power, electricity 

and diesel, inorganic fertilizers and pesticides.  

 Systematic in-depth information on energy use in the agricultural sector of Bangladesh is 

highly limited. The World Resources Institute reveals that the share of commercial energy use in 

agriculture constituted only 3.2% (0.467 mmtoe) of total energy produced (14.793 mmtoe) in 

1999 [3]. Bain [4] noted that the energy intensity (i.e., commercial energy/GDP ratio) in 

Bangladesh agriculture has increased steadily from 0.36 in 1977 to 1.87 in 2000. However, 

Khosruzzaman et al. [5] noted that the energy intensity in the agricultural sector has increased 

from only 1.78 in 2000 to a high of 11.31 in 2008, revealing that the sector is becoming energy 

intensive, thereby, adding further a crisis to the existing problem of acute energy deficiency in 

the economy. The surge in the level of energy use in agriculture has increased manifold largely 

due to the widespread diffusion of the rice-based ‘Green Revolution’ technology which is highly 

energy intensive as the technology is characterized by the use of inorganic fertilizers, pesticides, 

supplementary irrigation (using diesel or electricity operated shallow and/or deep tube wells) 

and increased use of power tillers in recent years.   

Although the economy of Bangladesh is dominated by agriculture, aquaculture is 

gaining in importance in recent years. Bangladesh is considered as one of the most suitable 

countries in the world for freshwater prawn (Macrobrachium rosenbergii) farming, because 

of its favourable resources and agro-climatic conditions. A sub-tropical climate and a vast 
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area of shallow water bodies provide a unique opportunity for freshwater prawn production 

[6]. Within the overall agro-based economy in Bangladesh, M. rosenbergii farming is 

currently one of the most important sectors. During the last three decades, its development 

has attracted considerable attention due to its export potential. Almost all of the freshwater 

prawns produced are exported, particularly to the USA, Europe and Japan [7]. In 2007-08, 

Bangladesh exported 49,317 tons of prawns and shrimps1 valued at US$415 million, of which 

30% was contributed by prawns [8]. Prawn marketing potentially provides high economic 

returns and social benefits to thousands of rural poor and is seen as a major new vehicle to 

raise the standard of living of the farming population, particularly those residing in the 

coastal regions of Bangladesh. In fact, over the past three decades, the productivity of 

prawn/shrimp farming has improved significantly, currently estimated at 398 kg/ha/year and 

452 kg/ha/year in the Chittagong and Khulna regions, respectively [9]. These two regions 

cover approximately 750 km of coastline in Bangladesh and contribute 97% of the total 

prawn/shrimp production [9].  

A unique feature of the ‘gher’ farming system is use of a wide variety of inputs, 

particularly diverse feed ingredients, some of which are naturally sourced. Although there is 

no dispute about the financial superiority of this farming technology, there is no literature that 

has explored performance of this system with respect to energy use, more specifically energy 

productivity and efficiency. A system can be deemed sustainable over the long term if the 

level of energy output it produces surpasses its energy input levels.  

Based on the aforementioned background of the study, the long-term sustainability of 

this system is evaluated in terms of energy use. More specifically, the present study sets out 

to estimate: (a) the energy productivity of the ‘gher’ farming system; (b) technical (energy) 

efficiency of the system; and (c) the determinants of technical (energy) inefficiency.  

                                                 
1 The term ‘shrimp’ is used for species in the family penaeidae. 
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The paper proceeds as follows: section 2 briefly describes the ‘gher’ farming system; 

section 3 describes the analytical framework, study area and the data; section 4 presents the 

results; and section 5 concludes and draws policy implications. 

2. The ‘gher’ farming system  

The term ‘gher’ refers to the modification of a rice field to enable the operation of 

three enterprises: prawn (principal enterprise), fish, and High Yielding Variety (HYV) rice. 

The middle of the ‘gher’ is surrounded by high and wide dikes with canals dug at the inner 

periphery of the dikes. The whole area of the ‘gher’ is filled with rain-water during the 

monsoon season, specifically from June to December, and closely resembles a typical pond. 

The ‘gher’ becomes dry naturally from January to April except for the canals (see Figure 1). 

A typical ‘gher’ cycle begins in June when farmers release freshwater prawn (M. 

rosenbergii) postlarvae into the ‘gher’. Farmers use lime during ‘gher’ preparation to reduce 

soil acidity. During the growing period, farmers provide supplementary feed to the prawns. 

Traditionally, snail meat was used as prawn feed, but nowadays farmers use a wide range of 

homemade and commercially available supplementary feeds to increase production. The fish 

fingerlings are also released into the ‘gher’ during May-June and are cultured for nine 

months. Usually, no specific supplementary feed is provided for the fish. Fishes share the 

feed supplied to the prawns. Between January to April, farmers grow HYV Boro rice (dry 

winter season) on the land inside the ‘gher’, which is irrigated by water from the inside canals 

using either traditional methods (swing basket) and/or pumps.  

3.  Methodology 

3.1 Data and the study area  
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This study is based on farm-level cross sectional data for the crop year 2006 collected 

from Bilpabla2 located in southern Bangladesh. Bilpabla is one of the typical villages in the 

Dumuria sub-district of the Khulna District and is located 310 km south of the capital Dhaka.. 

The village is divided by a small river and the households are located on both sides of the 

river. The demographic characteristics of the village are very similar to other villages where 

‘gher’ farming is practiced. A total of 90 ‘gher’ farmers were randomly selected. The survey 

was conducted for a period of six months from November 2006 to April 2007. The survey 

questionnaire was pretested prior to the interviews with the ‘gher’ farmers.  

3.2 Analytical framework 

The analytical framework consists of two approaches: (a) an accounting approach that 

provides some basic measures of energy productivity, energy use efficiency, and net energy 

balance seen commonly in the energy literature [2, 10, 11, 12, 13, 14]; and (b) an 

econometric estimation of the productivity and technical (energy) efficiency of the system. 

The details are as follows. 

3.2.1 The energy accounting approach 

Standard energy input output analysis [10, 11, 12, 13] is used to estimate some basic 

measures of this unique system. These are: energy use efficiency, energy productivity, 

specific energy and net energy (i.e., energy balance). These are defined as [12]:  

Energy use efficiency = Energy output MJ ha-1/Energy input MJ ha-1 (1) 

Energy productivity = Output kg ha-1/Energy input MJ ha-1   (2) 

Specific energy = Energy input MJ ha-1/Output t ha-1   (3) 

Net energy = Energy output MJ ha-1 – Energy Input MJ ha-1   (4) 

                                                 
2 Bilpabla village was selected purposively because the farmers have long years of experience of the ‘gher’ 

farming system. 
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We have applied an ex-post analysis to the level of energy inputs and outputs derived 

from this farming system, as we have a detailed breakdown of all the quantities of inputs used 

and outputs produced. We have used the standard energy coefficients from the existing 

published literature [2, 10, 11, 12, 13, 14] for conversion. For some inputs and outputs whose 

energy equivalents are not available we have computed using our best possible judgement 

and in consultation with the academics of the Faculty of Agricultural Engineering, 

Bangladesh Agricultural University, Mymensingh.   

Specifically, the production energy for power tiller and shallow tube wells were 

calculated as follows [13]:  

)/()( TWGMM ppe =  (5) 

where Mpe is the energy of the machine per unit area, MJ ha-1; G is the mass of machine, kg; 

Mp is the production energy of machine, MJ kg-1; T is the economic life, h; and W is the 

effective field capacity, ha h-1. 

The diesel energy requirement was determined on the basis of fuel consumption, l h-1. 

The data were converted into energy units and expressed in MJ ha-1. The following equation 

was used in the calculation of fuel consumption [12] 

SFCRPFC m ..=  (6) 

where FC is the fuel consumption, l h-1; Pm is the machine power, kW; R is the loading ratio, 

decimal; and SFC is the specific fuel consumption (0.25 l kWh-1). 

Table 1 presents the energy coefficients used in this study including literature sources. 

3.2.2 The econometric approach: the stochastic input distance function model 

Since ‘gher’ farming is an integrated system, a multi-output, multi-input production 

technology specification is required as opposed to the commonly used single-output, multi-

input production technology. The use of a distance function approach (either output-

orientated or input-orientated) circumvents this problem and can be analyzed using either 
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parametric or non-parametric methods. Also, the main advantage of a distance function 

approach is that the production frontier can be estimated without assuming separability of 

inputs and outputs [15]. We have selected the use of an input-orientated stochastic distance 

function to address these research questions. This is because, in an economy like Bangladesh, 

on the one hand, inputs are highly scarce, and on the other hand, farmers are often 

constrained by cash/credit [16]. Therefore, it is logical to assume that economizing in the use 

of inputs is the prime concern.  

We begin by defining the production technology of ‘gher’ farm using the input set, 

L(y), which represents the set of all input vectors, KRx +∈ , which can produce the output 

vector MRy +∈ . That is, 

}:{)( yproducecanxRxyL K

+∈=  (7) 

The input-distance function is then defined on the input set, L(y), as 

)}()/(:max{),( yLxyxDI ∈= ρρ  (8) 

DI(x,y) is non-decreasing, positively linearly homogenous and concave in x, and increasing in 

y. The distance function, DI(x,y), takes a value which is greater than or equal to one if the 

input vector, x, is an element of the feasible input set, L(y) [DI(x,y) ≥ 1 if x ∈ L(y)]. 

Furthermore, the distance function is unity if x is located on the inner boundary of the input 

set. Thus, the input distance function can be interpreted as the multi-input input-requirement 

function allowing for deviations (distance) from the frontier, which are interpreted in terms of 

technical efficiency [17].  

3.2.3 The empirical model 

The empirical model is specified using a translog stochastic input distance function 

allowing for interactions. However, in order to preserve the degrees of freedom, we have 

allowed all input interactions and output interactions but did not allow interactions between 
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inputs and outputs3. All the variables were mean-corrected prior to estimation, so that the 

coefficients of the first-order terms can be directly interpreted as elasticities or marginal 

effects. The (partial) translog stochastic input distance function, dropping the jth subscript for 

individual farms, is specified as: 
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where Xs are inputs and Ys are outputs all presented in energy units. The four inputs used in 

the analyses are: X1 = energy from all machinery (i.e., power tiller for land preparation and 

shallow tube wells for irrigation), X2 = energy from male and female human labour input 

(family supplied + hired), X3 = energy from all feeds, seeds, and fingerlings, and X4 = energy 

from chemicals (fertilizers and pesticides). The three outputs are: Y1 = energy produced by 

prawn, Y2 = energy produced by fish, and Y3 = energy produced by HYV rice and straw.    

Following Coelli and Perelman [18], we set uvd −=− ln , and impose the restriction 
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where the vs are assumed to be independently and identically distributed with mean zero and 

variance, 2

uσ ; and the us are technical efficiency effects that are assumed to be identically 

                                                 
3 Coelli and Fleming [19] applied a more restrictive translog specification allowing for only output interactions 

(presumably to preserve degrees of freedom) and called it a (partial) translog model.  
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distributed such that u is defined by the truncation at zero of the normal distribution with 

unknown variance, 2

uσ , and unknown mean, µ, defined by: 

∑
=

+=
6

1

0

d

dd Zδδµ   (11) 

where Z1 = Ogive index of output concentration (number); Z2 = age of the farmer; Z3 = 

education of farmer (years of completed schooling), Z4 = amount of ‘gher’ area (ha), Z5 = 

dependency ratio (proportion); and Z6 = share of female labour input (proportion). 

Justification of including these Z variables to identify the significant determinants of 

technical (energy) efficiency of the ‘gher’ farming system is as follows. We have selected the 

Ogive (pointed arch) index, which provides a measure of concentration of output shares of 

the enterprises, to see whether diversification amongst enterprises has an effect on technical 

efficiency.  

The Ogive index is defined as: 

∑
=

−
=

N

n N

N
n

Y
Ogive

1 /1

2))/1((
  (12) 

where N is the total number of production enterprises under consideration and Y is the share 

of the nth enterprise to total energy output. An Ogive value of 1/N indicates perfect 

diversification of output among enterprises. 

In Bangladesh, land ownership serves as a surrogate for a number of factors as it is a 

major source of wealth and influences crop production [20]. The size-productivity relationship 

in Bangladesh varies across regions depending on the level of technological development and 

environmental opportunities. The relationship is positive in technologically advanced regions, 

whereas the classic inverse relationship still exists in backward areas [21]. We included the 

‘amount of ‘gher’ area operated’ to test whether size of operation in this farming system 
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influences technical efficiency. This is because Islam et al. [22] reported that ‘gher’ size has 

an influence on total production with smaller ‘ghers’ managing to yield higher production.  

Use of the education level of farmer as a technical efficiency shifter is fairly common 

[16, 23, 24]. The education variable is also used as a surrogate for a number of factors. At the 

technical level, access to information as well as capacity to understand the technical aspects 

related to production is expected to improve with education, thereby, influencing technical 

efficiency. Age of the farmer is used as the proxy for experience in farming which is also 

common in the literature [19, 25].   

According to the Chayanovian theory of the peasant economy, higher subsistence 

pressure increases the tendency to adopt new technology and this has been found to be the 

case in Bangladesh [20]. The subsistence pressure variable (defined as the dependency ratio = 

family size per household/number of working members) was incorporated to test whether it 

influences technical efficiency as well [24].  

A commonly held view on women's involvement in agricultural production in 

Bangladesh is that they are involved only in the post-harvest processing of crops, thereby, 

underestimating their contribution to national economy [26]. However, in the ‘gher’ farming 

system, female labour use is evident (see Table 2). An argument often used against women 

farmers is that they are less efficient as compared to their male counterparts [27]. Whether 

women are more or less efficient than men in farming is a hotly debated issue and results 

vary [28]. Rahman [26] found significant influence of female labour input share on technical 

efficiency in crop farming in Bangladesh. In this study, following Rahman [26] we have used 

the share of female labour input in total labour as the technical efficiency shifter.  

3.2.4 Performance measures from the input distance function 

A number of performance measures can be developed from an input distance function. The 

combined first-order input elasticities represent scale economies showing the extent to which 



 12 

productivity increases with input growth. The second-order elasticities reflect production 

complementarities that reflect economic impacts from output jointness [17]. Specifically, for 

the input distance function, the X-Y scale economy relationship is represented by the sum of 

individual input elasticities and reflects how much overall input use must increase to support 

a 1% increase in all outputs. Formally, the individual input elasticity summarizing the input 

expansion required for a 1% increase in Yk is YkkkYkD YXYD εε −=∂−∂=∂∂= ln/lnln/ln 1, . 

Such a measure can be thought of as an “input share” of Yk (relative to X1). In combination, 

these elasticties represent scale economies: 

.ln/lnln/ln 1, Y

y

Y

y

m

k

kYD m
YXYD εεε −=−=∂∂−=∂∂= ∑∑∑ The extent of scale economies 

(for proportional changes in all inputs) is implied by the short-fall of εY from [17]. 

The first-order elasticities YYk and εε can also be decomposed into second-order 

effects reflecting output compositions as scale expands. This information is implied by 

technological bias measures indicating how the Yk input elasticity or share ( Ykε ) reflects a 

change in another output. Such measures provide insights about the output jointness of the 

production system. Specifically, lYkYlYk Yln/, ∂∂= εε represents the increase in the Ym input 

share as Yl increases. If  0, >YlYkε , output jointness or complementarity is implied; that is, 

input use does not have to increase as much to expand Yk if the Yl level is greater. This 

elasticity is represented by the cross-output coefficient estimate YkYlklYlYkkl ,,: εβεβ == [17]. 

 We follow Battese and Corra [29] in replacing the variance parameters, 2

vσ  and 2

uσ , 

with 
)( 22
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=  and 222

uvs σσσ +=  in the estimating model. The input distances are 

predicted as [18]: ]|)[exp( euEd = , where uve −= . The inverse of these input distances (d) 

are the technical efficiency scores of each individual farm, which have a feasible range from 

zero to unity, with unity being fully efficient [19]. Estimates of the parameters of the model 
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were obtained using maximum likelihood procedures, detailed by Coelli and Perelman [18]. 

STATA Software Version 8 was used for the analyses [30]. 

4. Results 

4.1 Energy equivalents of inputs and outputs of the ‘gher’ farming system 

 Table 2 presents the energy equivalents of inputs used and outputs produced per 

hectare of the ‘gher’ farming system. It is clear from Table 2 that the prawn enterprise is the 

most energy intensive enterprise of the system. The highest level of energy use is due to the 

use of a large variety of feed ingredients. Also, it is a highly labour intensive enterprise as 

compared to the rice enterprise (see lower panel of Table 2). The energy produced from the 

prawn and fish outputs is very low as compared to the level of energy used as inputs, which is 

an unexpected but interesting result. Energy use level in the rice enterprise is dominated by 

the use of irrigation and fertilizers, as expected. However, the energy output produced from 

the rice enterprise is substantially higher than the energy consumed as inputs.  

Table 3 presents the results of the accounting approach used to determine the energy 

performance of the individual enterprises as well as the overall ‘gher’ farming system. It is 

clear from Table 3 that the prawn-fish enterprise uses a substantially high level of energy as 

inputs and produces very little energy as outputs, which has a serious negative implication for 

its sustainability in the long run. Specific energy use is substantially high, estimated at 49.86 

MJ kg-1. On the other hand, the rice enterprise performs very well in this system with a large 

positive energy balance (80,819.54 MJ ha-1) and very low specific energy use (1.78 MJ kg-1). 

This is because the inputs used for HYV Boro rice farming within a ‘gher’ system are 

significantly lower than the conventional HYV Boro rice production. This is because the 

unused feed supplied to the ‘gher’ for the prawns and fishes serves as fertilizers; and 

irrigation is provided from the water retained in the canals which is a substantial saving. 

Barmon et al. [31] noted that the costs of labour, fertilizer and irrigation for conventional 
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HYV Boro rice production system are respectively 35%, 319% and 218% higher than the 

HYV Boro rice produced within the ‘gher’ farming system. In fact, the specific energy use of 

HYV Boro rice in ‘gher’ system is far lower than those reported for other cereals, such as 

maize and wheat [11, 14, 32].  

When the overall ‘gher’ farming as a system is considered, the evaluation passes the 

test of sustainability. The net energy balance is estimated at 18,510 MJ ha-1 and the energy 

use efficiency is estimated at 1.72. This was made possible because of high energy savings in 

the rice enterprise which has completely offset the negative energy balance of the financially 

rewarding prawn-fish enterprise.  

4.2 Energy productivity of the ‘gher’ farming system 

The results of the maximum likelihood estimation (MLE) of the stochastic input 

distance function model are presented in Table 4. Two sets of hypotheses were tested using 

Likelihood Ratio tests. First, we tested for the presence of inefficiencies in the model. The 

parameter γ is the ratio of error variances from Eq. (10). Thus, γ is defined as being between 

zero and one, where if γ = 0, technical inefficiency is not present, and where γ = 1, there is no 

random noise. The test of significance of the inefficiencies in the model (H0: γ = µ = 0) was 

rejected at the 5% level of significance, indicating that the MLE is a significant improvement 

over an Ordinary Least Squares (OLS) specification and inefficiencies are present in the 

model. The calculated value of the test statistic is 10.63, which is greater than the critical 

value obtained from Table 1 of Kodde and Palm [33] with three restrictions. Second, we 

tested the joint significance of all the variables and the null hypothesis (H0: δm = 0 for all m) 

was rejected at the 10% level of significance. The calculated value of the test statistic is 

11.18, which is greater than the critical value of χ2 with 6 restrictions, implying that the 

inclusion of these variables to explain inefficiency is justified.  
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Fifty percent of the estimated coefficients are significantly different from zero at the 

10% level at least. The signs of the coefficients on the first order terms of the input and 

output variables are consistent with theory. For example, a positive coefficient on any input 

variable implies substitutability of that input with machinery. On the other hand, a negative 

coefficient on any output variable implies that a reduction in machinery is positively 

associated with a reduction in that output. The coefficients on a number of interaction 

variables (second order terms) are also significantly different from zero, thereby, confirming 

non-linearities in the production process, and hence, justify the use of flexible translog 

specification. It should be noted that in a flexible translog function model with a large 

number of inputs and outputs, violation of the regularity condition in some inputs and outputs 

is unavoidable. Table 4 shows that the energy output from rice enterprise violates the 

expected regularity conditions but is not significantly different from zero and may not be a 

true relationship. Another point to note is that the results presented in Table 4 are true at the 

point of approximation of the translog function.  

The individual output contribution underlying the scale elasticity is also presented in 

Table 4. These elasticities with respect to output in a distance function also represent the cost 

elasticity of that particular output [34]. Table 4 shows that output elasticities of prawn and 

fish enterprises are significantly different from zero, implying that increasing the production 

of any of these outputs will increase energy use substantially (as seen in Tables 2 and 3). The 

estimate also shows that the energy elasticity of prawn output is 0.22. This means that a 1% 

increase in prawn output will increase energy use by 0.22%. 

Similarly, the elasticities of the distance function with respect to input quantities are 

equal to the input energy shares and, therefore, reflect the relative importance of inputs in the 

production process. Table 4 reveals that all the three input elasticities are positive, as 

expected, and significantly different from zero. The elasticity with respect to human labour is 
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the largest with a value of 0.59, implying that the energy from human labour represents 59% 

of total energy use at the sample mean for the overall ‘gher’ farming system.  

To further evaluate the implications of our estimates of output complementarities and 

their contribution to scale economies, we focus on the (second order) cross-effects. These 

estimates are represented by the cross-parameters of the estimated functions (βkl), reproduced 

in the mid-panel of Table 4. We see that the prawn and rice enterprise combination is positive 

and is significantly different from zero at the 5% level, implying complementarities and/or 

output jointness in the ‘gher’ farming system [17]. The prawn and fish enterprises also show 

positive jointness but the coefficient is not significantly different from zero. Overall, these 

results suggest that significant scope economies exist in Bangladeshi ‘gher’ farming, which 

perhaps explains its rapid expansion in coastal areas. 

4.5 Technical (energy) efficiencies 

The technical (energy) efficiency scores range from 67% to 99%, with a mean score 

of a high 92% (Table 5). The implication is that ‘gher’ farmers are already operating at a very 

high level of technical (energy) efficiency and only 9% of the potential output can be 

recovered by eliminating technical inefficiency. Since there is no comparable literature on 

energy efficiency of the ‘gher’ farming system, we are unable to provide any comparisons. 

However, our estimate of technical (energy) efficiency is similar to technical (energy) 

efficiency of rice production in India [14] and canola production in Iran [35]. The distribution 

of the efficiency score is skewed towards the higher level of efficiency spectrum (Figure 2). 

About 71% of the farmers are producing at an efficiency level of 90% or higher which is 

encouraging.  

The lower panel of Table 4 provides the results of the inefficiency effects model. The 

negative coefficient on the Ogive index indicates that technical inefficiency is negatively 

associated with specialization, which implies that specialization, therefore, significantly 
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improves technical efficiency. This result is at contrast with Rahman et al. [9] but not 

surprising. This is because we are evaluating the ‘gher’ farming system in terms of its energy 

use and not on technical/financial merit as was done in Rahman et al. [9]. As seen from 

Tables 2 and 3, the prawn enterprise is seriously energy inefficient whereas the rice enterprise 

is highly energy efficient. Therefore, the implication is that a specialization in rice production 

will be more efficient when energy use is the evaluation criteria. However, it is encouraging 

to see that an increase in ‘gher’ area improves technical (energy) efficiency, implying that 

larger operation size will improve efficiency which is at contrast with Islam et al. [22]. This is 

again because we are evaluating the energy use performance of the system.  

5. Conclusions and policy implications 

The principal aim of this study was to examine whether the ‘gher’ farming system in 

Bangladesh, that has experienced remarkable growth over the past two decades, can be 

sustained in the future. In this study, the ‘gher’ farming technology is evaluated in terms of 

energy use and it is found that the prawn-fish enterprise is highly inefficient in energy use 

while the HYV rice enterprise is highly energy efficient. Overall, the net energy balance of 

the ‘gher’ farming system is estimated at 18,510 MJ ha-1 and energy use efficiency at 1.72, 

implying that the system can be sustained in the long run provided that the energy 

productivity of the HYV rice enterprise remains high. The ‘gher’ farmers are operating at a 

very high level of technical (energy) efficiency estimated at 92%, implying that there is little 

scope to increase output energy substantially by eliminating technical inefficiency in input 

use. Diversification economy exists between the prawn and rice enterprises as expected, 

although the diversification of enterprises is negatively associated with technical efficiency. 

This is because of the overriding influence of a very high level of energy use inefficiency of 

the prawn-fish enterprise. However, it is encouraging to note that larger operation size 

significantly improves technical (energy) efficiency.  
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A key policy implication that emerges from the results of this study is that the ‘gher’ 

farming system is a sustainable system when evaluated in terms of energy use. Although the 

prawn-fish enterprise, which is the most financially rewarding component of the system, 

happens to be highly energy inefficient, the HYV rice enterprise offsets this by being a very 

high energy efficient component. However, the system will suffer if the physical productivity 

of the HYV rice enterprise falls or its input use levels increase. Therefore, serious attention 

must be paid to keep HYV rice productivity high. This can be accomplished by using new 

strains of HYV rice seed released from the research stations (i.e., Bangladesh Rice Research 

Institute) which are highly productive as well as disease and weather resistant. Also, attention 

must be paid to alter the feeding pattern of the prawns since energy used up from the feed 

ingredients (which are renewable energy sources) constitutes 70% of the total energy used. In 

addition, measures to enhance ‘gher’ operation size will significantly improve technical 

(energy) efficiency. Hopefully, the effective implementation of these measures will enable 

Bangladeshi freshwater prawn industry to be sustained in the long run and raise the welfare 

of the farming population as well. 
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Appendix 

Nomenclature 

Boro rice = rice grown in dry winter season (Nov–March) with supplementary irrigation 

Dikes = raised boundaries of the ‘gher’ farm (see Figure 1) 

‘Gher’ farming = refers to integrated rice-fish-prawn culture. 

HYV = high yielding variety 

Ogive index = an measure of output concentration from various enterprises 

Output jointness = joint production of two or more outputs using same set of inputs 

Scale economy = the reduction in cost as plant/operation size expands 

Translog function = Transcendental Logarithmic function 
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Table 1. Energy coefficients for inputs and outputs of the ‘gher’ farming system 

Particulars Unit Energy equivalent 
(MJ unit-1) 

References 

Inputs    

A. Prawn and fish 

enterprise 

   

Prawn fingerling kg 4.40 [36] + calculated  

Fish fingerling kg 4.52 [37] 

Egg kg 6.20 [37] 

Vermicelli kg 5.59 [37] 

Fish meal kg 12.14 [37] + calculated 

Meat of snail kg 3.37 [36]  

Oilcake kg 14.40 [37] + calculated 

Broken rice kg 15.28 [37]  

Wheat bran kg 9.02 [13] + calculated 

Flattened rice kg 14.40 [37]  

Pulses kg 14.11 [37]  

Male labour hour 1.96 [13]  

Female labour hour 1.57 [13]  

Output    

Prawn kg 4.40 [36]  

Fish kg 4.61 [37]  

B. HYV rice enterprise:    

Inputs    

Rice seed kg 15.28 [37]  

Power tiller (land 
preparation) 

litre 62.20 Calculated 

Irrigation (diesel) litre 56.31 [12]  

Pesticides litre 120.00 [12]  

Nitrogen (N) kg 66.14 [12]  

P2O5 kg 12.44 [12]  

K2O kg 11.15 [12]  

Sulphur (S) kg 1.12 [12]  

Output    

Rice kg 15.28 [37]  

Rice Bran kg 13.23 [37]  

Straw kg 2.25 [37] + computed 

Note: IFPRI refers to standard conversion used by the Food Consumption and Nutrition Division of IFPRI to 

compute calorific and dietary requirements for Bangladesh (personal communication). 
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Table 2. Energy equivalences of inputs and outputs 

Energy source Mean (MJ ha-1) Standard Deviation 

Prawn and Fish enterprise:   

Inputs   

Prawn fingerling 0.90 0.78 

Fish fingerling 169.67 266.90 

Egg 10.81 23.67 

Vermicelli 91.15 94.53 

Fish meal 26353.93 43043.37 

Meat of snail 5761.79 15238.48 

Oilcake 1584.25 4889.02 

Broken rice 7930.04 15913.42 

Wheat bran 4887.8 6894.20 

Flattened rice 1617.45 2660.82 

Pulses 7248.91 12667.39 

Male labour 12144.57 6226.39 

Female labour 1060.3 1099.83 

Output   

Prawn 5252.7 4754.34 

Fish 1298.83 1045.02 

HYV rice enterprise:   

Inputs   

Seed rice 707.06 106.32 

Power tiller (land preparation) 900.98 304.32 

Irrigation (diesel) 2851.59 1070.78 

Pesticides 325.97 52.98 

Nitrogen (N) 2509.00 1677.21 

P2O5 349.64 308.80 

K2O 24.30 73.95 

Sulphur (S) 0.48 1.98 

Male labour 707.33 204.42 

Female labour 114.73 124.60 

Output   

HYV rice 59751.51 3726.99 

Rice bran 17556.83 1095.82 

Straw 12812.75 7062.35 
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Table 3. Energy input-output ratios in prawn, fish, and HYV rice production 

Enterprises Unit Mean 

Prawn and fish enterprise:   

Energy input MJ ha-1 68861.56 

Energy output MJ ha-1 6551.54 

Yield kg ha-1 1476.86 

Specific energy MJ kg-1 49.86 

Energy use efficiency - 0.11 

Energy productivity kg MJ-1 0.23 

Net energy MJ ha-1 -62310.03 

HYV rice enterprise:   

Energy input MJ ha-1 9301.55 

Energy output MJ ha-1 90121.09 

Yield kg ha-1 5236.57 

Specific energy MJ kg-1 1.78 

Energy use efficiency - 10.19 

Energy productivity kg MJ-1 0.59 

Net energy MJ ha-1 80819.54 

‘Gher’ system as a whole   

Energy input MJ ha-1 78163.11 

Energy output MJ ha-1 96672.62 

Yield kg ha-1 6713.43 

Specific energy MJ kg-1 10.88 

Energy use efficiency - 1.72 

Energy productivity kg MJ-1 0.18 

Net energy MJ ha-1 18509.91 
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Table 4. Parameter estimates of the stochastic input distance function including inefficiency 

effects. 

Variables Parameters Coefficients t-ratio 

Production Variables    
Constant α0 -8.2471 -210.98*** 
ln(Prawn) β1 -0.2253 -5.08*** 
ln(Fish) β2 -0.0812 -2.89*** 
ln(Rice) β3 0.4891 1.04 
½ ln(Prawn)2

 β11 -0.2794 -2.89*** 
½ ln(Fish)2

 β22 0.0215 0.33 
½ ln(Rice)2

 β33 -1.9674 -1.00 
ln(Prawn) x ln(Fish) β12 0.0333 0.55 
ln(Prawn) x ln(Rice) β13 1.4198 2.09** 
ln(Fish) x ln(Rice) β23 -0.4560 -0.96 
ln(Inputs/Machineries) α2 0.0459 1.70* 
ln(Labour/ Machineries) α3 0.5891 12.19*** 
ln(Chemicals/ Machineries) α4 0.0822 3.61*** 
½ ln(Inputs/ Machineries)2 α22 0.0548 0.97 
½ ln(Labour/ Machineries)2  α33 0.4391 1.73* 
½ ln(Chemicals/ Machineries)2  α44 0.0223 0.49 
Ln(Inputs/ Machineries) x ln(Labour/ Machineries) α23 0.0155 0.41 
ln(Inputs/ Machineries) x ln(Chemicals/Machineries) α24 -0.1829 -2.01** 
ln(Labour/Machineries) x ln(Chemicals/Machineries) α34 0.0413 0.47 

Model diagnostics    
Gamma γ 0.583**  
Sigma-squared σs

2 0.018**  
Log likelihood  73.99  
χ2

(18,0.99)  554.37***  

Inefficiency effects function     
Constant δ0 5.1728 1.72* 
Ogive index of output concentration δ1 -2.5628 -1.65* 
Age of the farmer δ2 -0.0016 -0.60 
Education of the farmer δ3 -0.0271 -1.50 
‘gher’ area δ4 -1.1040 -1.66* 
Dependency ratio δ5 0.0907 0.74 
Female labour ratio δ6 -0.7099 -1.06 
Note: *** = significant at 1% level (p<0.01) 

** = significant at 5% level (p<0.05) 

* = significant at 10% level (p<0.10) 
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Table 5. Technical (energy) efficiency scores 

Variables Estimates 

Efficiency levels  
 upto 70 % 2.2 
 71 – 80 % 3.3 
 81 – 90 % 23.3 
 90 and above 71.2 
Mean efficiency level 0.92 
Standard deviation  0.07 
Minimum 0.67 
Maximum 0.99 

Number of observations 90 
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a) ‘gher’ farming in rainy season  b) ‘gher’ farming in winter season  

Figure 1.  The  ‘gher’ farming system 

Source: Adopted  from  Barmon et al. [31] 
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Figure 2. Distribution of technical (energy) efficiency scores of ‘gher’ farmers. 


