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Abstract

M

an have always had to confront the crisis of shortage in resources
in the history. Therefore civilizations and societies were searching
for ways through which they could gain the utomost output. One of the
determining factors in developing countries is the increase in efficiency
and productivity in various social and economical aspects. In this study
we try to investigate and measure the productivity changes in food
industry via data envelopment analyses (DEA) and Malmquist index.
We have used 27 provinces of Iran, during 1992 to 2001. The average
productivity in the period is as following: 1.41, 1.01, 1.25, 0.81, 1.43,
1.21, 1.1, 1.1, and 1.37. Therefore except one year, the productinsty’s
trend is up warding.
Keywords: Malmquist Productivity Index, Non-Parametric-Frontier,
Technical Change, Efficiency Change, Food Industry.
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1- Introduction
Productivity measurement has been accepted by the economists as a
standard tool for evaluating the economic performance within firms,
industries or whole economies. A comprehensive measurement of
productivity of great importance to both policy makers and businessmen.
International comparisons of productivity can indicate how competitive a
domestic industry is relative to its foreign counterparts and investors are
interested in the comparisons of productivity between different industries.
Productivity measurement has a long history, ranging from changes in
output per unit of labor input to more complex, but more complete measures
of total factor productivity (TFP).
Total productivity index is a ratio in which productivity is linked to all
inputs and outputs. It shows the overall characteristics of the firms and does
not define upgrading the productivity level only in terms of a specific input
(Hscu and shang, 2002). There are various indecies to calculate the total
productivity. These include elementary index, Solow index, Kenderiek
index, Divisia index, Tornovist index, Hines index, Crag and Harris index,
Carl Read index, Vito index, etc.
To calculate total productivity the aforementioned methods require the
price statistics for each one of inputs as well as outputs (Khaki, 1998). Since
this statistics is difficult and often impossible to calculate, the methods have
some limitations. An index called Malmquist index is presented for
calculation of productivity which is free from the drawbacks in the
aforementioned indexes, requiring no data regarding the prices and no
assumption for the type of function (Emami, 2000). In the present study,
Malmquist index and data envelopment analysis (DEA) method are used to
calculate productivity in food processing industries.
Malmquist index has made it easy to separate total productivity into its
two main components, namely technical changes and efficiency changes.
Malmquist index (1953) was first introduced in consumption theory. In 1982
came to limelight within the framework of production theory. In 1992,
Malmquist index using distance functions within DEA method was applied
to calculate productivity on the basis of minimizing production factors. The
distance functions allow us to describe a multi-input , multi-output
production technology without the need to specify the producer behavior
(such as cost minimization or profit maximization). Hines comprehensive
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data analysis, estimates the production function frontier based on linear (non
parametric) programming. Linear programming technique uses all the
statistical observations to determine the best performance hence the term
comprehensive. In DEA ,a producer or an economic firm is a decision maker
unit (DMU) with homogenous inputs and outputs. In this paradigm there is
no obligation to find the form of production function and only the efficiency
of the firm is measured in relation to other firms. It is of course supposed
that all of the firms lay somewhere on or below the production function
frontier. Therefore, the linear programming model (DEA) measure the
relative technical efficiency of all firms.
The significance of calculating productivity of the food industry in Iran
lays in the fact that approximately 30% of the total agricultural products are
wasted annually. According to experts this translates into a loss to the order
of 3-5 billion US Dollars which can provide food for 15 millions people per
year. Presently there are about 5500 factories in food processing industries in
the country where due to seasonal work period, money shortage, old
machinery and similar reasons, the productivity doesn’t exceed 50%.
Therefore the present paper deals with calculation of total productivity in
food processing industries so as to help upgrade it.
The article is organized as follows. We begin with a brief discussion of
the Malmquist productivity index the distance functions from which it is
constructed. The data description is given in section 3. then, the empirical
results are presented. The concluding section summarizes the main findings.

2- Malmquist index
In this paper, we adopt the efficient frontier approach using the
Malmquist productivity index, based on DEA. The Malmquist productivity
index allows changes in productivity to be broken down in to changes in
efficiency and technical change. The Malmquist index does not require or
share data to aggregate inputs and outputs (Isik and Hassan, 2003).
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Fig1-Efficiency and productivity concepts

With a simple case of single-input (x) and single-output (y). Fig. 1
illustrates efficiency and productivity concepts based on the DEA. Assuming
that all firms are operating at an optimal scale (i.e., one corresponding to the
flat portion of the long run average cost curve), we obtain a constant returns
to scale (CRS) frontier (CRSt: 0ATFR or CRSt+1: 0GP). However, firms in
practice might face either economies or diseconomies of scale because of
imperfect competition, constraints on finance, etc. Relaxing the CRS
assumption and introducing convexity restriction, proposed a variable
returns to scale (VRS) frontier (VRSt: LKBTES). The VRSt technology
indicates increasing returns to scale (IRS) to the left of point T, decreasing
returns to scale (DRS) to the right of T and CRS at point T.
The frontiers constructed are, however, not static but subject to change
over time due to innovation (technological progress), shocks (financial
crises), changes in market structure (higher concentration due to M&As) and
regulatory policies (financial deregulation).
'
Assume the following: The technology is one of CRS, and has not
changed from year t to year t+1 and a firm was observed at point C in year

Rahbar, F. & R. Memarian. /55
t,(X3, y1) and at point D in year t+1, (X3, Y2). Both observations, C and D
represent feasible but technically inefficient production points because they
are interior to the CRSt frontier. In Farrell (1957), output-oriented technical
inefficiency (TlEo) is represented by the distance CF at time t (DF at time t +
1). Thus, the TlEo at point C is simply the amount by which output could be
proportionally increased (from Y1 to Y4) without a rise in input (X3).
Alternatively, input-oriented TIEi, at point C can be represented by the
distance AC. Efficiency scores are generally stated in percentage terms. For
instance, the TIEi of the firm is AC/YiC, which reflects the percentage by
which input usage could be reduced (from X3 to X1) without reducing the
level of output (Y1), Following the input orientation, the technical efficiency
(TE) at , point C is given by: TE = 1 – TIEi = 1 - (AC/Y1C) = Y1A/Y1C.
Adopting VRS assumption, we can calculate the pure technical efficiency
(PTE) at point C: Y1B/Y1C.
The firm becomes technically efficient by moving to point B, because
given the VRS frontier this is the point where input usage is minimized to
produce Y1. However, the point B is not scale efficient, i.e., this is an
incorrect scale for cost minimization. The firm can reduce its input usage
further (from X2 to X1) if it can attain the CRS. Thus, the firm's scale
efficiency (SE) is Y1A/Y1B, that is, the firm can produce its current level of
output (Y1) with fewer inputs if it operates at the 'right' size. If TE = PTE,
then SE= 1 (fully scale efficient), because overall technical efficiency,
TE=PTE * SE.
Using Farrell's (1957) distance functions and Fare et al.'s (1994)
definition of productivity, we specify the Malmquist total factor productivity
change (TFPCH) index, M, simply as the product of efficiency change
(EFFCH), which is how much closer a firm gets to the efficient frontier
(catching-up effect or falling behind), and technological change (TECHCH),
which is how much the benchmark production frontier shifts at each firm's
observed input mix (technical innovation or shock):
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TFPCH (M) index can attain a value greater than, equal to, or less than
unity depending on whether the firm experiences productivity growth,
stagnation or productivity decline, respectively, between periods t and t + 1.
EFFCH index takes a value greater than 1 for an efficiency increase, 0 for no
efficiency change, or less than 1 for an efficiency decrease. Similarly,
TECCH attains a value greater than 1 for technical progress, 0 for technical
stagnation, or less than 1 for technical regress. Fare et al. (1994) also
decomposed the (CRS) TE change into SE and PTE changes components
(EFFCH = PEFFCH x SCH). This requires the calculation of distance
functions under VRS (rather than CRS) technology. To understand this
decomposition, reconsider the example in Fig. 1, in which the firm located at
point C moves to point D from year t to year t+ 1, but the estimated CRSt
and VRSt frontiers remain the same. From Eq.(l), EFFCH =
(X3D/X3F)/(X3C/X3F)>1 and TECCH = [((X3D/X3F)/(X3D/X3F))*
((X3C/X3F)/(X3C/X3F))]1/2 = 1, thus, TFPCH > 1, indicating productivity
growth. In moving from point C to point D, not only does the firm become
more efficient but also more productive.
In the new location, using the same level of input (X3), the firm
increases its output from Y1 to Y2. The cause of the productivity growth is
the catching-up effort (EFFCH) of the firm rather than an innovation in
technology (TECCH). It seems that the efficiency increase (EFFCH > 1) is
driven by increases both in PTE (PEFCH =(X3D/X3E)/(X3C/X3E)>1) and SE
(SECH= ((X3D/X3F) / (X3D/X3E))/((X3C/X3F)/(X3C/X3E)) > 1).
Efficiency by itself can bias the measurement of a production unit's
performance, especially of those operating in an industry facing
technological and regulatory changes. Hence, efficiency studies based on
cross-sectional data may not contribute to explaining productivity growth. A
technological advance adopted by a few firms, but not the average firm,
could expand the estimated production frontier. A firm that fails to take
advantage of technological advances will be increasingly inefficient relative
to firms adopting the new technology. Thus, productivity growth does not
always imply an efficiency increases.
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3- Data
In this study, the statistics from food processing industries in 27
provinces in Iran1 were used to calculate the total productivity. It should be
mentioned that the food processing industries productivities of provinces
such as Golestan, Qom, Qazvin and Ardebil that acquired the states of
independent provinces in 1996, were calculated after their independence.
Annual statistics were used, covering the period from 1992-2001.
To calculate productivity , two inputs , namely number of employees
and capital stock, and an output, namely added value were used. The data
required and information were collected from statistics available in large
workplaces with more than 10 staff based on the ISIC3 classification codes.
It should be mentioned at the outset that due to the problems in collecting,
recording, classifying and processing the statistics and information in Iran
the research community suffers statistical poverty. This may lead to some
incongruity in the present study.

4- Empirical results
Table 1 displays the calculated productivity changes in food processing
industries of all provinces of Iran over the period 1992-2001, as represented
by the Malmquist output-based productivity. We also show the average
productivity change for each province and period. As noted earlier, a greaterthan- one Malmquist index denotes improvement in the relevant
performance.
Over the last decade, there were eight periods (1992-93,1993-94, 199495, 1996-97, 1997-98, 1998-99, 1999-2000, 2000-2001) showing
productivity gains. Period 1996-97 recorded the highest growth, 43.1% ,
across the food industry in provinces of Iran. In the same period, eight
provinces' productivity decreased, (Yazd's by 6%, Khoozestan's by 28%,
Sistan's by 16%, Isfahan's by 5%, Kerman's by 26%, Markazi's by 7%,

1- The provinces include : Fars, west Azarbaijan, Booshehr, Mazandaran, Kermanshah,
Zanjan, Gilan, Khorasan, Yazd, Khoozestan, Sistan va Baloochestan, Chaharmahal va
Bakhtiary, Isfahan, Hamedan, Lorestan, East Azarbaijan, Kerman, Tehran, Markazi, Semnan,
Kordestan, Ardebil, Hormozgan, Kohgiloye va Booyer Ahmad, Qom, Qazvin and Golestan.
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Kordestan's by 47%, Ardebil's by 5%). Between 1995-96, showing regress in
productivity (-19%) in all provinces except Fars, Zanjan, Sistan, Kerman,
and Ardebil.
Generally speaking , the food processing industries in provinces of Iran
had productivity growth. Table 2, shows the annual efficiency change. And
industry which has been efficient at time t and t+1, will naturally show no
change in relative efficiency, i.e. efficiency scores in table 2 would be equal
to 1. we found Ardebil to be efficient in all time periodes. The Kohgiloye's
efficiency declined by 66% during 1995-96 and by 65% during 1999-2000
periods only. For the rest of the provinces of Iran, we found periods with
decline in efficiency as well as periods with improvement. For the sampled
periods as a whole , the average efficiency change ranged from -65% to 41%
while for the provinces as a whole the average efficiency ranged from -3.7%
(Qom) to 66% (Kerman). Only one province, Qom showed deterioration in
efficiency.
Table 3 presents annual technical progress or regress. We found six
periods with technical progress and three with technical regress. Period
1993-94 had the strongest technical progress 167%. All or almost all the
provinces showed technical progress in 1994-95, 1996-97, 1997-98 periods.
Between 1995-96, only two provinces, Ardebil and Hormozgan achieved
technical progress.
Average technical change for the period 1995-96 was -72%, the worst
technical regress over the whole period. Focusing on the technical change in
each province, we found that Chaharmahal had the highest technical
progress, 52.5% over the whole period, Followed by Markazi's 40.8% and
Kordestans's 40.2%.
The multiplication of efficiency change and technical change leads to
the productivity growth. Therefore, we can tell from table 2 and table 3 that
whether the productivity growth came from efficiency improvement or
technical progress or both. For example, the Kordestan's efficiency declined
by 41.8% (ECS 0.582, table 2) and technical progress of 98.3% (TC=1.983,
table3), between 2000 and 2001. this led to the productivity increase of
approximately 15.4% (TFPC=1.154, table 1).
Generally, the productivity change was due to technical change rather
than improvement in efficiency. Allowing variable-return- to – scale
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technology, we further decomposed the efficiency change into pure
efficiency change and scale, respectively, as shown in table 4 and table 5.
We found in table 4 that average pure efficiency change moved up and
down over the observed periods. For example, in Fars, pure efficiency
declined by 34.1% between 1997 and 1998. this was followed by 44.7%
improvement. However, the overall average in pure efficiency for Fars was
12.4 again. According to table 5, one province, only Ardebil achieved scale
efficiency during the sampled periods. Kordestan showed a 3.7%
deterioration in the scale efficiency between 1992 and 2001.

5- Summary and Conclusion
In this study, a Malmquist non-parametric approach was used to
measure total factor productivity for the food processing industries in 27
provinces of Iran over the 1992-2001 period.
The Malmquist index was constructed from output-based distance
functions without assuming specific technology and producer behavior.
Furthermore only quantity data were needed to solve the linear programming
problems. The Malmquist productivity index can be fully decomposed into
technical change, efficiency and scale change, so that we could have insight
into the factor, which had contributed to the productivity growth.
Therefore, this approach could provide an improvement complementary
information to traditional methods.
The results showed that in last decade, the productivity change of food
industry in 27 provinces of Iran ranged from Khorasan's -1.6% to
Chaharmahal's 198.9%. we found that the average productivity in the 199697 period had the highest gain, 43.1% during the sampled periods.
Generally, the food industry had productivity growth. The
decomposition of Malmquist index into efficiency change and technical
change showed that, usually, the productivity change was due to technical
change rather than improvement in efficiency. Productivity gains of Ardebil
and Qazvin all come from the technical progress. For these provinces whose
production is right on the frontier (i.e. efficiency scores equal to 1).
Scale efficiency change also accounted for productivity growth, but
slightly. For the provinces whose scale efficiency fluctuated during the
sampled periods, scale adjustment by industrial vertical or horizontal
integration might also be a good was to raise productivity.
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Because of some problems in data system in Iran, maybe there is some
incongruity in the result of this study, too.
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