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An application of Data Envelopment Analysis (DEA) to Evaluate Economic Efficiency of

Poultry Farmsin Bangladesh

Abstract: This study estimates the technical, allocativd aconomic efficiency obtained from
the Data Envelopment Analysis (DEA) approach usmm level survey data to a sample of 100
poultry farmers in Bangladesh for the year 2007 Tésults from the DEA approach show that
there is substantial technical, allocative and eoun inefficiency in poultry production in
Bangladesh. The results of the study reveal thdéuconstant return to scale (CRS) and variable
returns to scale (VRS) specification, on averabe,farms technical, allocative and economic
efficiencies were 88%, 70%, 62% and 89%, 73%, 66%pectively. Thus the results indicate
that efficiency scores vary substantially across shmpled farms. To explain some of these
variations, the efficiency scores were regressedhenfarm’s human capital variables such as
farmer’s age, education, main occupation, familynbers, experience, training received, total
farm size and poultry farm size, using a Tobit gsigl The results from the both CRS & VRS
approaches indicate that efficiency is significantifluenced by some of the farm’s socio-
economic factors. This research finding is valudbtepolicy makers since it may help to guide

policies towards increased efficiency.
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1. Introduction

The economy of Bangladesh is primary dependentgoicidture and about 84 percent of the
total population live in rural areas and are disectr indirectly engaged in a wide range of

agriculture activities. Agriculture contributes ah@2 percent to the country’s GDP and about 63



percent of the labor forces are employed in agucelsector (BBS, 2005). Thus the economic
growth and stability depends largely on agricultalevelopment. However, the scope of modern

agriculture has been widened significantly.

Under agricultural sector, the poultry sub-sectas, thowever, a great potential for wide range of
reasons. Poultry farming has considerable potétidr providing income opportunities,
reducing malnutrition, generating employment opyaityy and alleviating poverty especially for
small farmers in Bangladesh. Small farmers can ptaultry farm at their homestead area at low
cost compare to other livestock farming. Not oriyatt poultry farming may also provide

opportunities for other industries like feed milstcheries etc.

The present farming system of poultry in Banglademsh be broadly divided into two systems:
traditional rural backyard and commercial farmirygtem. Commercial poultry farming system
started in 1980 and government's poultry develognmplicy enhanced commercial poultry
production which resulted in a spectacular incremsdhe number of poultry farms. But

scavenging poultry farming still dominates the ltgieoduction, only 14% meat comes from
commercial farming system, whereas 86% meat conoes $cavenging farming system (BBS,
2005).Within the past few years, poultry meat poidun has increased significantly in

Bangladesh. The growth rates of poultry meat probdndor the study period, 1971 to 2005,
were also increased but not impressive, becauseaetingt of per capita meat requirement in the

country is still having (Table 1) swelling magnieud



Table 1: Total meat availability and deficiencyBangladesh

Items Meat (all)
Total yearly Requirement per capita 7.67 kglyear
Total Per capita availability* 3 kgl/year
Total Per capita deficit 4.67 kglyear
Percentage of Deficit 61%

Source: FAOStat (2008)

Under the above circumstances, the poultry seatodyetivity growth needs to be fostered,
through either technological development or anaase in production efficiency, in order to
stand the demand pressure and self sufficiencyeait production. To this end, measuring farms
efficiency is important as this could be the fimgical step in a process that leads to substantial
resources utilization. Therefore, the study aiméirating out better use of existing human &
capital resources in the poultry production procasd to support the policy maker and the
government to further take some suitable steps tategies for removing the farmer’s
inefficiency in poultry. Thus, the objectives ofiglresearch firstly to investigate the poultry
farm’s technical, allocative and economic effidgnand secondly, to assess the effects of
several explanatory variables, i.e. farmers’ agkication, family size, main occupation, total
land holdings, poultry farm size, experience, tragnon efficiency of poultry farm in
Bangladesh. To fulfill the objectives of the studythis paper, at first, data envelopment analysis
(DEA) is used to measures the efficiency level. mfhine Tobit models are estimated as a
function of various attributes of the farms withihre sample to figure out which aspects of the
farms’ investment of human and physical resourcéghtmbe change to improve efficiency

(Chavas et al., 2005; Binam et al., 2003).



There have been several studies that have anallgeeefficiency of agricultural production in
Bangladesh (Kamruzzaman et al, 2006, Wadud andé&/BR00), but they have focused on
major food crops like rice, wheat etc, and non¢heim have dealt with the poultry farming in
Bangladesh. The study also differs from the previmsearch in Bangladesh into the estimation
and explanation of economic efficiency by includiragiables that relate to both personal aspects

and aspects of the decision-making process ofatitmedr.

The remainder of the paper is organised as follolWge next section discusses the model
specification for DEA and in Sectidh2, sample size and data collection is describedai®éd
efficiency scores with the determinants of ine#fitty are presented and discussed in Section 3.1

and 3.2. Section grovides conclusions.
2.1. Model Specification

Efficiency is the most widely used concept in eqoits. Efficiency expressed as a combination
of technical and allocative efficiencies. Technieddiciency is the ability of the farmer to
produce maximum output from a given level of inpwtsle allocative efficiency measures the
ability of the farmer to use inputs in optimal poofons, given input prices. Two efficiency
measurement methods are widely used of a decisiakingn unit, one is the parametric
Stochastic Frontier Analysis (SFA) and the otherthoé is non-parametric method Data
Envelopment Analysis (DEA). The Comprehensive negi®f the two approaches are provided
by Lovell (1993), Ali and Seiford (1993), Coelli935), Bauer (1990), Friedt al. (1993),
Bravo-Ureta and Pinheiro (1993). In general, a damgumber of studies on efficiency
measurements argue that a researcher can safalgeclany of the methods since there are no

significant differences between the estimated teg@oelli, Sandura & Colin, 2002).



The framework for the non-parametric method thealEatvelopment Analysis (DEA) approach
was initiated by Farrell (1957) and reformulatedaaMathematical Programming problem by
Charnes, Cooper & Rhodes (1978). DEA is a systeppsoach widely used in management
science and economics, in which the relationshgis/éen all inputs and outputs are taken into
account simultaneously (Yusuf and Malomo, 2007k e@ia number of producing units, which
are Decision Management Units (DMUSs), the DEA pratuconstructs an efficiency frontier
from the sample of producing units. Producing uthigt are not on the frontier is said to be
inefficient. The method enables to find out theatigk efficiency of a farm and to examine its
position in relation to the optimal situation. Téteength of DEA is that it does not require any

assumptions about the functional form. The majcsikmess of DEA is that it is deterministic.

In this paper, we used the DEA method to investight economic efficiency of the sample
poultry farmers. There are a number of multipledingingle-output production units (the poultry
farms) to be evaluated, which are taken as DMUshHaMU consumes varying amounts of
inputs to produce different level of meat productitn this study input-oriented measures were
chosen to reflect local reality, where a decreasarce resources (input) use is relevant.

Let us suppose that there are k = 1, ..., K DMUs,cWwhin the context of our empirical
application are poultry farmers. Each DMU produges 1, . . . M outputs using inputs that are
both under and beyond a farmer control. Let uh&rrassume that there are data available on K
inputs and M outputs for each of N exploitationbeTK x N input matrix X and the M x N
output matrix Y represent the data for all the 8rrAn intuitive way to introduce the DEA is via
the ratio form. For each farm we would like to abta measure of the ratio of all outputs over
all inputs. According to Charnes et al. (1978), timal weights are obtained by solving

following mathematical programming problem (1):



Max v (U'yil V'X;)

st uyi/vxi<1 j=1,2...,N

u,v=0. Q)

Where, u is an M x1 vector of output weights angwa K x 1 vector of input weights. The
efficiency measure for the i-th DMU is maximizedpgect to the constraints that all efficiency
measures must be less than or equal to one. Obgpravith this particular ratio formulation is
that it has an infinite number of solutions. To iavthis, Charnes et al. (1978) proposed the use
of a CRS (constant return to scale) equivalent Duainear Program which is defined as the
following:

Min 4,6

Subjectto -y+ YA=O0

O — XA =0

L= 0. 2

Where0 is a scalar an#l is a vector of constantsi andyi, are column vectors with the input and
output data for the i-th farnX is a K by N matrix and is a M by N matrix with respectively all
input and output data for all N farms in the samplee valued is a score always lying between
zero and one, with a value of one indicating thatfarm lies on the frontier and is efficient. An
implicit assumption of the model described abovéha returns to scale are constant and thus
farms are operating at an optimal scale (FraseiGordina, 1999). A BCC (Banker et al. (1984)
DEA model computes however for a Variable Retum$Stale (VRS) by adding the convexity
constraint: N1A = 1, to the CCR model (2) above. Without this ety constraint, the DEA

model will describe a CRS situation.



However, based on the technical and allocativecieficy the economic efficiency can be
determined as FEAE*TE. Allocative efficiency itself is calculateih two steps. First a cost-
minimizing vector of input quantities given the utprices is determined using the model from
program 3:

Minygs . WX

Subjectto -y+YA=0

X —XA=0
N1'A=1
A= 0. (3)

wherewi is a vector of input prices for the i-th farm axitl (which is calculated by using linear
programming) is the cost-minimizing vector of ingutantities for the i-th farm, given the input
prices wi and the output levels. The other symbols are defined the same as in. ethé
economic efficiency (EE) of the i-th farm is calatdd as the ratio of the minimum cost to the
observed cost (eq. 3)

EE= w'i xi*/ w'i xi

2.2. Data and Field Survey

The analysis was based on the primary data colldbt®ugh a comprehensive field survey. A
sample of 100 farms was chosen. Secondary data asoecollected from the FAOSTAT
website and Bangladesh Bureau of Statistics (BB&g data were composed by Excel and

finally it was analysed by a DEA-Solver, e.g. Wird8P, and LIMDEP.

! Called also “cost efficiency” (Coelli, 1996)



The Gazipur district was selected as study areadormercial poultry farm because it has been
declared by government of Bangladesh as poultripnegnd has a high concentration of poultry
farms. A field survey was carried out on 100 conuiarpoultry farms that were selected
randomly from Kaliakoir and Sripur Thanas under Baz district. The period of investigation
of this study covered one year beginning from Jan2®07 to December 2007. Data were

collected from February 2008 to April 2008.
3.1. Efficiency Measurement

The main costs of poultry farms in Bangladesh agable costs, which consisted of day old
chick, feed, labor, vaccine and medicine, trangiom, litter, equipment, housing, land use cost,
etc. For the measurement of economic efficiencyinpets used were: (i) human labour (man-
days) and wage rate; (ii) Day Old Chicks (cumulatweight) and price of that, and (iii) Feed
(kilogram) and price of per kilogram feed, etc. VW&ed these three variables because under all
variable costs, these variables are major and ctvéw 80 percent of the total cost (Begum et al,
2005; Ukil and Poul, 1992; Bhuiyan, 2003; and U¢ddi®99). Besides, others variable data was
only found in value term, here for efficiency araa$ywe used physical term. Output data were
also recorded by the cumulative weight of sold birde frequency distribution of the efficiency
estimates obtained from the DEA frontier and tlseimmary statistics are presented in Table 2.
Given the large variability in the computed measuefficiency scores are clustered into six

groups such as 0.00-0.50, 0.51-0.60, 0.61-0.7@; 0.80, 0.81-0.90, and 0.91-1.00.



Table 2: Frequency distribution of efficiency esabes from the DEA models

DEA frontier
Efficiency index (%) Number of farms
CRS \ VRS
TE AE EE TE AE EE
1-50 0 4 15 0 3 6
51-60 0 18 38 0 10 30
61-70 0 35 29 0 32 35
71-80 14 25 13 8 29 20
81-90 44 9 2 45 18 4
90-100 42 9 3 a7 8 5
Mean 0.88 0.70 0.62 0.89 0.73 0.66
Standard deviation 0.06 0.12 0.11 0.06 0.12 0.12
Maximum 1 1 1 1 1 1
Minimum 0.73 0.43 0.42 0.75 0.45 0.45

The estimated mean values of technical, allocaive economic efficiency are 88, 70, and 62
per cent for CRS DEA frontier and those are 89,an8, 66 per cent for VRS DEA frontier. Thus
the results of DEA analysis reveal substantialficeicies in poultry production. There is a
scope for reducing cost in production and henceaiioioig output gain through efficiency
improvement. In terms of scale economics, 68 faamescharacterized by increasing return to
scale, 19 farms have constant return to scale ardrfins are characterized by decreasing return
to scale (Table 3). If all farms are using the saewdnology, then we would expect returns to
scale to be increasing for farms with a relatiely output and decreasing return to scale farms
with a relatively high output. Constant return tale would be expected for farms with a output
level equal to mean output (Silberberg, 1990). Weman output of the super-optimal scale is
larger than the suboptimal as well as optimal st@le¢he sample poultry farms (Table 3). The
results indicate that the optimal output levelsrtagea great portion of the suboptimal and super

optimal output values.



Table 3: Optimal, suboptimal and super optimal atggor the poultry farm

Scale Number of farms Mean output Output range
Optimal 19 16395.26 7550-35520
Suboptimal 68 9633.65 5700-19535
Super-optimal 13 15612.15 12330-20390

3.2. ldentifying factor s of efficiency using Tobit Analysis

After efficiency measurement, the research idesdifthe factors that influence the farm
technical, allocative and scale efficiency usingabit analysis. The factors used in this study
consist mainly of farm’s human capital variablesintan capital variables include farmer’s age,
farmer’s educational background or schooling (rigzears) and total number of family members
(family size), farmers occupation that means whepmailtry farming is considered as main or

subsidiary occupation, total farm size, poultryniagize, experience, training received etc.

In this research, Tobit analysis has been usedubecthe dependent variable, efficiency, is a
censored variable with an upper limit of one (Losgtiet al, 1981). This Tobit model is
employed using DEA method to estimate the factesoaated with efficiency with the help of
LIMDEP statistical tool. The dependent variabletlis model is the initial IEcalculated by

DEA.

IEi = a0 +alAG +a2ED +a30cu +a4FS +a5FM + a6PFS +o7Tr + a8EXp +&
Where,

IE; is the technical, allocative and economic efficienf poultry farms,

AG is the age of the farmers in years,

ED is the education of the farmers (years)



Ocu is the main occupation of the farmer dummyaldés = 1 if poultry farming, = O otherwise,
FS is the farm size that is total land holdingd@cimal,

FM is the family members in number,

PFS is the poultry farm size in decimal

Tr is the training on poultry framing dummy varials 1 if farmer received, = 0 otherwise,

Exp is the experience of poultry farming (years)

¢ is the error term.

The results show that education is positively aigsiicantly related to farm’s technical and
scale efficiency. This is expected because the redigcated farmers are more likely to be
efficient as compared to their less educated copates, perhaps as a result of their better skills,

access to information and good farm planning.

The production efficiency may also be related te thtal farm size. Large farms are often
considered more allocative efficient than smalffaidue to economic advantages concerning the
organization and economic knowledge. Empirical emne, provided by several studies on the
relationship between efficiency and the farm shaes also been taken into account (Gagtial.,

1982; Byrnest al, 1987).

Another variable, which seems to be related tciefficy, is the size of poultry farm. In case of
VRS approach poultry farm size contribute negayivtel a higher level of efficiency either. A
possible explanation is that here poultry farm ss&zaccounted as land size (in decimal) rather

than bird size (humber of birds).

Training on poultry farming contributes significgnto a higher level of efficiency. The results

indicate that training had a positive and signiiicaffect on poultry farm’s technical efficiency.



The level of technical efficiency may increase mcepancy of resource use from the optimum

level may have a chance to reduce by improving gament efficiency through training.

The experience dummy is significant and positivallocative and economic efficiency in CRS
approach, and technical and allocative efficientyRS approach. A possible explanation is
that experienced farmers have more knowledge oin tesource & practices, which enables
them to resource utilization more efficiently. Rostance, commercial poultry farming requires
highly technical knowledge to produce chicken &#tly. The highly technical knowledge
refers to knowledge of keeping temperatures forimgapoultry birds appropriately. Also, the

appropriate timing of feeding, lighting and vacdtioa are important. A broiler needs different
temperatures in different stages of its growth. &mmple, it needs QSC 32.? C, 29.9 C,

26.82 C and 23.9 C in the # 29 3¢ 4 and & week, respectively. Furthermore appropriate
lighting according to the age of the day-old chickslso important for its growth. Also, feed
amount of day-old chicks varies according to grawstage. A day-old chick requires feed
everyday by 10 gm, 20 gm, 30gm, and 40 gm, in the2¥, 3¢ and &' week, respectively.
Finally, a broiler requires 100 gm of feed everyiray 0" week. Timely vaccination of birds is
also important for the growth of chicks. So, if ttegm owner is experienced then could run

poultry business properly and efficiently.



Table 4: Tobit regression analysis of factors assed with inefficiency

Factors TE AE EE
DEA frontiers
Constant return to scale
Constant 0.8076" 0.4949” 0.3642"
Age 0.0006 -0.0015 -0.0007
Education .0058™ -0.0003 0.0041"
Occupation . 0190 -.0074 0.0081
Total farm Size (decimal) -.00003 0.0001" .0001
Family members .0019 -0.1046 0.0014
Poultry farm Size -.0015 -0.0006 0.0421
Training .0397" -0.0121 -0.0020
Experience -0.0027 0.0415" 0.0359"
Log likelihood 147.54 153.44 154.31
Variablereturn to scale
Constant 0.4315° 0.5479" 0.8379"
Age -0.0005 -0.0011 0.0006
Education 0.0039 -0.0002 0.0051"
Occupation -0.0004 -0.0110 0.0138
Total farm Size (decimal) 0.0001 0.0001" -0.00002
Family members 0.0046 0.0025 0.0024
Poultry farm Size -0.0088" -0.0059" -0.0037
Training 0.0044 -0.1189 0.0267
Experience 0.0368" 0.0395" -0.0006
Log likelihood 136.94 154.08 141.51

Note:  , *" indicates 1%, 5%, 10% level of significance

Other factors such as farmer’s age, number of famémbers, main occupation are insignificant

to both CRS and VRS technical efficiency in the eied



4. Conclusion

In this study technical, allocative and economigfficiency of poultry farms of Bangladesh has
been estimated by using the Data Envelopment Asa(J3EA) approach and the variation in
economic Inefficiency is explained using variougnfespecific human capital variables.
Assessment of efficiency implies considerable amafntechnical, allocative and economic
inefficiency among the sample farms. The resulewsd that under constant return to scale
(CRS) and variable returns to scale (VRS) spetiboa technical, allocative and economic
efficiencies were 88%, 70%, 62% and 89%, 73%, 66%pectively. That is, under the CRS &
VRS DEA approach the sampled farms were 12, 30p&&ent and 11, 27, 34 per cent
respectively, below what could be achieved. Thenfémouseholds appear to be dominantly
increasing returns to scale. The sampled farmensawerage, could increase their poultry
production if they could operate at full technicallocative and economic efficiency levels,
given the existing technology. Evaluating factossaxiated with inefficiency suggests that
farmer’'s educational background, experience, tnginfarm size, poultry farm size are most
statistically significant factors associated widttinical, allocative and economic inefficiency.
Inefficient farms used an excess amount of inpatpaultry farms in a rural area of Bangladesh.
By reducing the excess amount of inputs on one lamtlby raising output per farm on the
other, their efficiency level can be improved aadrfers can be benefited economically. Thus
the results of the study give information to poliogkers and extension services on how to better
aim efforts to improve poultry farm efficiency. Bhcould contribute to compensation of high
production cost, hence improve farm revenue, weléard generally help agricultural as well as

economic development.
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