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Abstract

This paper investigates the technical efficiency of selected
manufacturing industries of Bangladesh wusing a stochastic frontier
production function approach suggested by Battese and Coelli (1992)
applied to panel data. A feasible Cobb-Douglas stochastic frontier
production function, which has time-varying technical inefficiency effects,
was estimated. Two alternative distributions were used to model the
random inefficiency term: a truncated normal distribution and a half-
normal distribution. The estimated average technical efficiency for four
groups of industries of Bangladesh over the reference period was 40.22% of
potential output for the truncated normal distribution, whereas it was
J53.37% of potential output for the half-normal distribution.

Keywords: Stochastic frontier, Production function, Technical efficiency
Introduction

One of the most important and fascinating aspects of economic
change in Bangladesh in the last three decades has been the growth of
manufacturing. There is great scope for the manufacturing sector of
Bangladesh to improve its technical efficiency; without improving its
technical efficiency, the sector cannot play the desired role in the process of
economic development of the country. The manufacturing process may play
a vital role in the development process by creating new jobs, increasing
exports, and displacing imports. But efficiency is the first condition that has
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to be achieved to be competitive internationally. In order to accelerate the
development process, industries have to be come technically efficient.

Following the seminal paper by Farrell (1957), frontier production
functions were introduced and have been widely applied by different
researchers. The stochastic frontier production function was independently
proposed by Aigner, Lovell and Schmidt (1977), Meeusen and van don
Broeck (1977) and Battese and Corra (1977), and there have been a vast
range of applications in the literature. (For literature surveys see Greene
(1993) and Rao and Coelli (1998)). The model was originally defined for the
analysis of cross-sectional data but various models to account for panel data
have been introduced by Pitt and Lee (1981), Cornwell, Schmidt and Sickles
(1990), Kumbhakar (1990), Kumbhakar, Ghosh and Mcgukin (1991).
Battese, Malik and Broca (1993) and Battese. Malik and Gill (1996) studied
the frontier production function, considering four years of panel data for
each of four districts of Pakistan and a modified Cobb-Douglas production
frontier in which the models for the technical inefficiency effects were
specified by Battese and Coelli (1992,1995). Battese and Coelli (1995)
proposed a stochastic frontier production frontier for panel data, which has
firm effects assumed to be distributed as truncated normal random variables,
which are also permitted to vary systematically with time and in which the
inefficiency effects are directly influenced by the number of variables. By
using the same model, Taymaz and Saatci (1997) estimated the stochastic
production frontier for Turkish textile, cement and motor vehicle industries.
A frontier production function studied by Ajibefun, Battese and Kada (1996)
applyied time-varying inefficiency model using eleven years of data on rice
production in prefectures in Japan. They suggested that the traditional
average response function, which does not account for the technical
inefficiency of production, is not an adequate representation of the data.
Tzouvelekas er. al. (1999) investigated the relative contribution of technical
efficiency, technological change and increased input use to the output
growth of the Greek olive-oil sector using a stochastic frontier production
function approach applied to panel data. Jafrullah (1996) studied the
technical efficiency of 19 four-digit manufacturing industries of Bangladesh
and concluded that the manufacturing industries of Bangladesh analyzed
were not highly technical but efficient.

In fact, few studies have been done to see the technical efficiency of
Bangladeshi manufacturing industries using panel data. Future, efficiency has
seldom been studied for manufacturing industries in Bangladesh using the
stochastic frontier production function []afrullah M, (1996)]. Since
estimation of the production function by standard panel analysis does not
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present information such as efficiency in the production function, we
analyze the stochastic frontier production function in this study.

The objective of this study is to apply the stochastic frontier
production function to investigate the technical efficiencies of four three-
digit level industries of Bangladesh for panel data. This study is important in
predicting the technical efficiencies for the selected group of manufacturing
industries, but also indicates the trend of efficiency over the period,
1981/82 - 1999/2000. At the same time, it is desirable to see whether
technical efficiency is time varying or time invariant. The paper proceeds as
follows: the next section reviews the stochastic frontier production function
approach to modeling inefficiency. This includes a discussion of the
determinants of inefficiency used here. The data is discussed in section 3,
while section 4 provides and discusses the results from estimating the
stochastic production frontier. Finally, the last section presents conclusions.

Stochastic Frontier Model with Technical Efficiency Effects

In this study we have considered the Stochastic Frontier Model to
measure the technical efficiency of selected manufacturing industries in
Bangladesh. The framework assumes the existence of a best practice frontier
corresponding to fully efficient operation in the industry under
investigation. This frontier defines the maximum level of output that can be
obtained from any vector of resource inputs in the absence of uncertainty.
The stochastic component of the frontier consists of two types of
disturbance or error terms. The first is a regular symmetric disturbance that
represents statistical noise in a typical regression. The second disturbance or
error term, which is firm specific, is a one-sided deviation from this
idealized frontier, and is referred to as technical inefficiency. The greater
the amount by which the realized production falls short of the stochastic
frontier, the greater the level of technical inefficiency.

The measurement of technical inefficiency has received renewed
attention since the late eighties from an increasing number of researchers,
as the frontier approaches to efficiency measurement have become more
popular. The introduction of the frontier approach has raised the level of
analysis and broadened the range of efficiency hypotheses that can be
formulated and tested. The production frontier approach to technical
inefficiency measurement makes it possible to distinguish between shifts in
technology from movements towards the best-practice frontier. By
estimating the best-practice production function (an unobservable function)
this approach calculates technical efficiency as the distance between the
frontier and the observed output. The advantage of frontier analysis is that
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it provides an overall, objectively determined, numerical efficiency value and
ranking of individual firms that is not otherwise available. The stochastic
frontier approach allows observations to depart from the frontier due to
both random error and inefficiency.

This paper adopts the model specification of Battese and Coelli
(1992) who proposed a stochastic frontier production function for
(unbalanced) panel data with firm effects that can vary systematically over
time and are assumed to be distributed as truncated normal random
variables. Thus the model is

Y,=X,f+WV,-U,) i=12,...N, t=12,....T (1)

where, Y, is the logarithm of the production of the #th industry in the #th
time period. X, is a vector of input quantities of the #th industry in the
t-th time period and f is a vector of unknown parameters. The error term

comprises two separate parts. V, are random variables assumed to be

it
identically and independently distributed (iid) ~(0,5,%)and independent
from U, . U, captures technical inefficiency in production. U, is defined
by Battese and Coelli (1992) as:

U, =U Aexpl-n -1} (2)

where U, i=12,....... N are assumed to be firm-specific non-negative
random variables independently distributed as non-negative truncations at

zero of the distribution N (,u,0'u2). 77 is an unknown parameter to be

estimated, which determines whether inefficiencies are time-varying or time
invariant.

In this model, the technical inefficiency effect for the th industry
in the #th time period, U, is defined to be the product of an

exponential function of time, exp[—i](t—T )], involving the unknown
parameter, 77, and the non-negative random variable U;, which is the

technical inefficiency effect for the 7th industry in 1999/2000, the last
year of our data set. If 7 is positive, then —n(t—=7)=n(T—t) is

positive for z<7 and so exp[—7(t—7)]>1, which implies that the

technical inefficiencies of industries decline over time. However, if 77 is
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negative, then —77(z—7")<0 and thus technical inefficiencies increase

over time.

The primary advantage of a stochastic frontier production is that it

enables one to estimate I/, and therefore to estimate industry specific

technical efficiencies. The measure of technical efficiency is equivalent to
the ratio of the production of the #th industry in the #th time period to
the corresponding production value if the industry effect U, is zero.

Given the specifications of the stochastic frontier production
function, defined by equation (1), the technical efficiency of the #th
industry in the #th time period is defined by:

1E, = (X, f -U, ) (X, p) (3)

where U,

it

and X, [ are defined by the specifications of the model in
equation (1).

The technical efficiencies are predicted using the conditional
expectation of the function U, given the composed error term of the
stochastic frontier (c.f. Battese and Coelli (1995)). On the basis of panel
data, if the production frontier being estimated is Cobb-Douglas, like
equation (1), it can be expressed in the following form:

Yvit :ALitﬂL KitﬂKeVit e_Uit 4)

where V, follows N (0,5,?) and U, follows a half or truncated normat

distribution at zero. Taking natural log on both sides of equation (4), the
following equation is obtained:

mY,=mA+p, nL, +p, K, +V,-U,) (5)

the subscripts, 7 and ¢ represents #th industry (i = 1, 2, 3, 4) and #th year
of observation (r = 1, 2, 3, ... 16), respectively. The one-sided
distribution of U,, guarantees inefficiency to be positive only.

Given the specifications of the stochastic frontier production
function, defined by equation (1), the null hypothesis, that technical
inefficiency is not present in the model, is expressed by H,:y =0, where
y is the variance ratio, explaining the total variation in output from the
frontier level of output attributed to technical efficiencies and defined by
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2

y=—F——. This is done with the calculation of the maximum

o, +o,
likelihood estimates for the parameters of the stochastic frontier model by
using the computer program FRONTIER Version 4.1 (Coelli 1996). The
parameter ¥ must lie between 0 and 1. If the null hypothesis is accepted,

this would indicate that o, is zero and hence that the &/, term should be

removed from the model, leaving a specification with parameters that can be
consistently estimated using ordinary least squares.

Further, the null hypothesis that the technical inefficiency effects are
time invariant and that they have half-normal distribution are defined by
H,:n=0 and H,:u=0 respectively. These hypotheses are tested using

the generalized likelihood ratio test and the generalized likelihood ratio
statistic, Ais defined byﬂ:—2ln[L(H0 )/ L(H,)], where H, and H,

are the null and alternative hypotheses involved. If the null hypothesis, /4,

is true, then A is asymptotically distributed as a Chi-square (or mixed Chi-
square) random variable. If the null hypothesis involvesy=0, then A has
mixed Chi-square distribution (see Coelli, 1995, 1996) because y =0 is a

value on the boundary of the parameter space fory .
Data sources and variables construction
Data description

Data for the selected group of industries have been drawn from the
Census of Manufacturing Industries (CMI), conducted by the Bangladesh
Bureau of Statistics (BBS) every year. Our area study covers selected 3-digit
census factories, under the registered manufacturing sectors of Bangladesh
over the reference period 1981/1982 to 1999/2000. As data for three years,
viz., 1994/1995, 1996/1997, and 1998/1999 were not published, data for the
remaining 16 years have been considered for our present study. The
estimates at constant prices (1981/1982=100) are derived.

The study focuses on a selected group of industries of the
Bangladesh registered manufacturing sector. The selected group of industries
are food manufacturing industries, beverage industries and tobacco
industries under group one; textile manufacturing industries and apparel
under group two; leather and its products, footwear and rubber products
under group three; and non-metallic mineral products, fabricated metal
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products, electrical and non-electrical machinery under group four. The
industries are grouped based on their nature.

The food manufacturing sector, presented in group one, plays an
important role in the economy being necessary goods that are needed for
daily life. Group two consists of textile manufacturing industries and apparel
from which Bangladesh earns a major part of its foreign currency. About
75% of the total exports of Bangladesh came from this group. About 10
million people depend on the textile industries directly and indirectly for
earning their livelihood. Every year Bangladesh earns about 6,500 million
US dollars by exporting textile products. Leather and its products are
another important sector for earning foreign currency.

Variable construction

Value added (Y): Gross value added figures are used in this study to
represent value added and is equal to gross output minus industrial cost.
Industrial costs include the cost of raw materials, fuel and electricity. We
use value added instead of net value added to avoid the arbitrariness
involved in depreciation estimates. To obtain the gross value added series in
‘constant prices’, the yearly current values were deflated by the industry
price index of the relevant year.

Capital (K): Capital is one of the essential inputs in measuring
productivity. Gross fixed assets are used in this study as capital inputs and
these are the book values of land, buildings, machinery, tools, transport
and office equipment, etc. The gross values of fixed assets have been
weighted by the base year rates of return to get the measure of capital
input. The rate of return is the ratio of non-wage value added to fixed
assets as used here. The weighted capital input was then deflated by the
capital goods price index that stands as a proxy of the whole machinery
price index.

Labor (L): The number of employees directly or indirectly in production is
used in this study as a labor input. It covers all workers including
administrative, technical, clerical, sales and purchase staff. Thus all
production and non-production workers except temporary daily casuals and
unpaid workers are included in the analysis. In brief, they include
production workers, salaried employees, and working proprietors. The best
measure of labor input is the number of hours worked. As no such data are
available for any industry, employment figures were taken as the second
measure and were weighted by the base year wage rates to obtain measures
of labor input.
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Empirical Results
Estimation

The maximum-likelihood estimates of the parameters in the Cobb-
Douglas stochastic frontier production function were obtained by using the
FRONTIER 4.1 program (Coelli, 1996). Tables 1 and 2 show the estimation
results of the Cobb-Douglas production function on the basis of the
stochastic frontier model by the method of maximum-likelihood estimation.
The ordinary least square estimates of the parameters are used as initial
values (to estimate) for the maximum-likelihood estimates of the parameters.
The adjusted R-squared for the ordinary least square estimates is 0.78,
which indicates that 78 percent total variation of the output is explained by
the input variables.

The maximum-likelihood estimate of the parameter with time-varying
inefficiency effects for labor input is 0.0006 and -0.0268 for the truncated
normal distribution and half-normal distribution respectively presented in
Table-1, which indicates that they are insignificant. Bangladesh is one of the
most densely populated countries and it has a labor surplus economy and so
labor has a low output elasticity (see Coelli et. al., 2003). The parameter
estimate for capital input is significantly different from zero at the 1 percent
level of significance for both the distributions. Again the elasticities of labor
() and capital (S ) respectively, indicate the values of 0.0006 and 0.2865.
Like the previous results in panel analysis, the stochastic frontier production
function also shows greater elasticity for capital than for labor. However,
economies of scale show variable returns to scale as 0.2871 in the stochastic
frontier production function. Here it is not important to show increasing
returns to scale or decreasing returns to scale, because we do not have an
inference on the estimation of efficiency in the production function by the
stochastic frontier model. In addition, inefficiency of the production function
is calculated by the error term. In the truncated and half-normal distributions,
the ratio of industry specific variability to total variability, y, is positive and
significant at the 1 percent level, implying that industry specific technical
efficiency is important in explaining the total variability of output produced.
However, the p -estimate associated with the variance of the technical
inefficiency effects is relatively small. The estimates for the parameters for the
time-varying inefficiency model (1), presented in Table-1, indicate that the
technical efficiency effects tend to decline over time since the estimate for the
1 parameter is positive (i.e. 7=0.0255). Also the parameter u is positive
indicating that the distribution of the inefficiency effects is not more
concentrated about zero than that of the half-normal distribution.
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On the other hand, in Table-2, the maximum-likelihood estimates
of the parameter (with time-invarying inefficiency effects) for the labor
input, are negative and insignificant for both the truncated and the half-
normal distributions, while the coefficient of capital input values are
positive and highly significant. In the case of both the truncated and half-
normal distributions, the values of y are positive and are highly
significant demonstration that technical inefficiency exists in the selected
manufacturing industries of Bangladesh. However, the y-estimate
associated with the variance of the technical inefficiency effects is
relatively small. The 77 parameter is restricted to zero in the model with

time-invarying inefficiency effects.
Tests

The results of formal tests of various null hypotheses were
obtained using the likelihood ratio (L-R) statistic and are presented in
Table-3. These are obtained by using the values of log-likelihood
functions for the selected manufacturing industries and the stochastic
frontier production function. The first null hypothesisH  :y=0, which

specifies that there are no technical inefficiency effects in the model, is
rejected by the data. So the average response function is not an adequate
representation of the data. This implies that the technical inefficiency
effects associated with manufacturing industries in Bangladesh are
significant. The technical inefficiency effects having a half-normal
distribution, is tested by the null hypotheses H,:1/=0. In our study this

hypothesis is accepted which indicates that the half normal distribution is
preferable to the truncated normal (at zero) distribution for the technical
inefficiency effect. The hypothesis H,:7=0 is rejected, indicating that

the technical inefficiency effect varies significantly over time.
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Table-3: Generalized Likelihood-Ratio Tests of Hypotheses for
Parameters of the Stochastic Frontier Production Function for the
selected Manufacturing Industries in Bangladesh

Null Log-Likelihood Test Statistic  Critical Decision
Hypothesis Function A Value
H,:y=0 - 380.1052 13.8300 7.05 Reject H,
H, :n=u=0 -376.0553 5.7302 5.99 Accept H,
H, :u=0 -374.1612 1.942 3.84 Accept H,
H, :n=0 -375.5045 4.6286 3.84 Reject H,
Technical Efficiency

The estimates of technical efficiency for the different groups of
industries, obtained by using the FRONTIER 4.1 program (Coelli, 1996),
are presented in Table-4. The mean efficiency for the truncated normal
distribution is found to be 0.4022 and the range is 0.0033 to 0.6979
whereas for the half-normal distribution, mean efficiency is 0.5557
ranging from 0.0173 to 0.8951. This implies that 40.22% and 55.57% of
potential output is being realized in the selected manufacturing industries
of Bangladesh according to the truncated (at zero) normal distribution and
half-normal distribution respectively. There is a wide variation in the
technical efficiencies of selected manufacturing industries. The mean
technical efficiency of both distributional forms implies that the selected
manufacturing industries are not achieving 100 percent of potential
output. The hypothesis test confirmed the existence of inefficiency. The
estimated industry-specific technical efficiency measures for each year are
presented in Table-4 while Figure 1 shows the relevant probability
histogram. The mean efficiency for the truncated normal distribution
indicates the range of values between 0.2812 and 0.5096 while for the
half-normal distribution the mean efficiency varies from 0.3898 to 0.6901.
The technical efficiency measures increased in both distributions in each
group of industries. In other words, the overall average levels of efficiency
have increased over the period 1981/82 - 1999/2000. Nevertheless,
individual technical efficiency estimates exhibit considerable variation. The
half-normal distribution gives higher technical efficiency estimates than
the truncated normal distribution. Group one was the most efficient
group relatively whereas group three is the least efficient. Although the
growth rate of technical efficiency for group three is found to be the
greatest, its technical efficiency remains the lowest.
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Conclusion

In this study, we have analyzed the stochastic frontier production
function using panel data in selected manufacturing industries in
Bangladesh. We have observed that the estimated values of the time-varying
inefficiency parameter, 1, are positive for both the truncated and the half
normal distribution. These indicate that technical inefficiency has declined
over the reference period. Tests for different null hypotheses involved in the
stochastic frontier production function showed that the technical
inefficiency effects for the selected manufacturing industries in Bangladesh
are significant. It has been found that the mean efficiencies according to the
truncated and the half normal distributions are 0.4022 and 0.5557
respectively. Here it should be noted that although the growth in technical
efficiency was statistically significant over time as tested by the null
hypothesis, the rate of increase in technical efficiency has been very slow
over time in Bangladesh.
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Technical Efficiency

Figure 1: Trend of technical efficiency by group of
manufacturing industries (Truncated Normal)
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Technical Efficiency

Figure 2: Trend of technical efficiency by group of

manufacturing industry (Half Normal)
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Figure 3: Average Technical Efficiency by Distribution
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