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Abstract

Technical efficiency analysis has a vital role in fishing management and decommissioning programs. In this
context, ignoring the variation across the regions in the field of natural endowment and technology may lead to
biased estimates of efficiency scores. Therefore, efficiency analysis in the southern coastal provinces of Iran,
which is the aim of this study, was investigated by a metafrontier production function that was the same for all
studied provinces. The required data was obtained from a random sample of 520 fishery vessels. The results of
the estimating metafrontier showed that mean technical efficiency for selected provinces varies between 0.408
and 0.542, while ranging between 0.650 and 0.728 when assessed according to the regional frontier. The highest
mean technical efficiency based on metafrontier is devoted to Sistan-va-Baluchestan, while Bushehr has the
lowest mean technical efficiency. The results also indicated that the main explanations, beyond the fact that
Sistan-va-Baluchestan has the highest technical operation in comparison with other provinces are access to more
suitable vessels and especially, access to the deeper water in the Oman Sea and Indian Ocean to fish the big
pelagic species.
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1. Introduction

Iran is the largest fishing nation in the region with a coastline of 2700 km, of which 1800 km is in the Persian
Gulf and the Oman Sea. Despite these potentials and a diversified climate suitable for various types of
aquaculture systems in the land area, the fisheries sub sector contributed only 0.19 % of the GDP in 2006 and
catch from wild natural resources is limited due to resource misallocation, low efficiency, overexploitation of
fish resources (especially shrimp, silver pomfret and demersal species) and illegal fishing (FAO, 2005). In order
to improve matters and balance between fish landed and living marine resources, the major remedial measures
suggested are: fish conservation and enhancement, deep sea fisheries development, improved aquaculture
efficiency, the promotion of fishing management and a buy-back scheme for reducing fleets to an appropriate
size given the available fishing opportunities (FAO, 2005). In this context, knowledge of the technical efficiency
at fleet level and its determinant factors would be valuable information not only to attain the maximum output
from a set of inputs or to produce an output using the lowest possible amount of inputs, but also for a
decommissioning program (Idda et al., 2009; Lindebo et al., 2007; Maravelias & Tsitsika, 2008). Actually, the
success of a decommission program depends on the variation and the level of efficiency within the fishing fleets.
The diminution in fleet capacity will be less than anticipated if fleets with lower than average efficiency levels
are decommissioned. Furthermore, if the residual fleets get better their technical efficiency it may even further
counterbalance the effects of the decommissioning program (Eggert, 2001; Lindebo et al., 2007). Due to the key
role of technical efficiency and its determinant factors in fishing management and a decommissioning program,
there is a growing interest in the measurement of technical efficiency and the factors determining it at fishing
fleet level (Esmaecili, 2006; Garcia del Hoyo et al., 2004; Hjalmarsson et al., 1996; Huang & Wang, 2002; Idda et
al., 2009; Kirkley & Squires, 1999; Kirkley et al., 2002; Lindebo et al., 2007; Maravelias & Tsitsika, 2008;
Pascoe et al., 2001; Reid et al., 2003; Reinhard et al., 2000; Squires et al., 2003; Tingley et al., 2005;
Vestergaard et al., 2003).
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The fishery manager may decrease technical efficiency by restricting the use of certain inputs or alternatively,
they may improve it by increasing these inputs or by taking measures that correctly define the property rights of
the fisheries (Esmaeili, 2006; Hoyo et al., 2004; Maravelias & Tsitsika, 2008). All of the aforementioned studies
measure the technical efficiency of fleets inside the region according to the regional frontier production function.
The regions differ from each other in geography, natural endowment and technology, therefore ignoring the
variation across the regions may lead to biased estimates of efficiency scores, and hence misleading policy
implications(Battese et al., 2004). However, for making efficiency comparisons across regions, which is the aim
of this study, frontier for different regions must be the same. In this study, we perform this by measuring
technical efficiency relative to a recently developed metafrontier production function(See: Battese et al., 2004).
A metafrontier methodology is an overarching function that encompasses the frontier production functions
operating under different technologies involved. Comparable efficiencies and technology gaps under different
technologies relative to the potential technology available to the economy can be estimated by this model
(Battese et al., 2004). The studied provinces or regions then may be ranked founded on their technical operation
by technology gaps ratio (Battese et al., 2004).

2. Method
2.1 Methodological Framework

The essential approach for measuring fishery vessel level efficiency is to estimate a frontier production function
that surrounds all the input-output data, any vessel that lies below the frontier curve is considered to be
inefficient; this vessel could either decrease its input use at the same time as maintaining output or it could use
the same amount of input and raise output. Those vessels lying on the frontier curve being explained as
technically efficient. Differences in available stocks of physical, human and financial capital, technologies, and
resource endowments have led efficiency investigators to estimate production frontiers for different regions and
different groups of firms. After estimating a frontier production function for a region, it is simple to measure the
technical efficiency of vessel inside the region (e.g., Hormozgan fishery vessels) according to the regional
frontier production function. But, for making efficiency comparisons across regions (e.g., comparing efficiency
levels of Hormozgan fishery vessels with efficiency levels of Sistan-va-Baluchestan fishery vessels), the frontier
for different regions must be the same (O‘Donnell et al., 2007). In this study, this is performed by measuring
efficiency relative to a metafrontier production. Metafrontier production function can be estimated using data
envelopment analysis (DEA) or stochastic frontier analysis (SFA) (Battese et al., 2004). There are several
reasons for using DEA analysis to estimate technical efficiency. The main reasons are that DEA does not need a
parametric specification of a function form to estimate the frontier production function, and it can also provide
accommodation multiple outputs into analysis (Sharma & Leung, 1998; Tingley et al., 2005). Apart from
measuring efficiency, applications using DEA have been recommended by FAO (1998) to also measure fishing
capacity (Garcia del Hoyo et al., 2004; Kirkley & Squires, 1999; Kirkley et al., 2002; Pascoe et al., 2001; Reid et
al., 2003; Vestergaard et al., 2003). A disadvantage of the DEA, however, is that it does not account for random
variation in the output, and as a result attributes any visible deficit in output to technical efficiency (Tingley et al.,
2005).

2.2 Data Envelopment Analysis

If region k consists of data qn. %ﬁ(vessels, a metafrontier production function can be estimated by the DEA to the
inputs and outputs of all  * “fishery vessels in all studied regions. The formation of metafrontier linear
programming is as follows (O‘Donnell et al., 2007):

max, , @,
s.t. éy Y2 <0,
11 4
XA —x. <0,
1
jA =1
1
.20,

Where
yi is the catch amount of i-th vessel;
xi is the N x 1 vector of input amounts for i-th vessel;

Y is the L x 1 vector of catch amounts for all L vessels;
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X is the N x L matrix of input amounts for all L vessels;

jis an Lx1 vector of ones;

Ais an L x 1 vector of weights; and 1< g <o is a scalar and 4 _; is the proportional increase in output that
1

could be attained by i-th fleet, with input use held constant. Thus, ; which takes values between 0 and 1 is an
#

estimate of the technical efficiency measure. To gain a set of N technical efficiency scores, the problem requires
to be solved N times, one for each fleet. Actually, the tiresome work of solving a different linear programming
(LP) for every fleet is usually undertaken using loop command in software packages such as GAMS (Brooke et
al., 1998). The above model can be applied to form a convex province- k frontier by using the DEA model to the
observed inputs and output of vessels in a province. Finally, having estimated the technical efficiencies of
fishery fleets according to the metafrontier and province frontier, the technology gap ratio (TGR) for province-k
fleets is computed as (Battese et al., 2004):

k TE
TGR ™ = —x
TE

Where, TE and TE® are the technical efficiency according to the metafrontier and province-k frontier,
respectively. This ratio illustrates the maximum catch that could be obtained by a vessel from province k as a
percent of the catch that is possible by the metatechnology. This ratio shows the technical operation and the
studied provinces can be ranked founded on their technical operation by this ratio. Due to the flexibility that
GAMS offers, the DEA model was written in this software. Modification GAMS code to account for changes to
the standard DEA is easy and can use greater control over output formats. These features are imperative in
fishery studies where efficiency analysis often differs from that available with the standard DEA model (Walden
and Kirkley, 2000).

2.3 Data

Four coastal provinces of Iran have important fisheries on their side of the Persian Gulf and the Oman Sea. Total
fish landing of these provinces have been, for the most part, stable in the period 1992-2001, but have increased
since 2001 with exception of year 2006 (Figure 1). As shown in Table 1, Hormozgan is the largest province and
about 37 % of the total landed in 2006 on the Iranian southern fishery came from this province. But,
Sistan-va-Baluchestan has the highest fish landing per fisherman. In this study a random sample of 520 wooden
fishery vessels was selected using stratified random sampling method from Bushehr, Hormozgan and
Sistan-va-Baluchestan. These provinces are the major fishery provinces and account for roughly 86 percent of
total fish landed in 2006 on the Iranian side of the Persian Gulf and the Oman sea. Because the application of
DEA needs vessels to keep their number of input and output variables at a reasonable level, five important input
variables are considered as follows: x1, the number of labor (the number of crew) employed in the i-th vessel; x2,
number of fishing days by the i-th vessel in the studied year; x3, the engine horsepower of the i-th vessel; and x4,
the number of nets (gear) used by the i-th vessel, and dependent variable or output variable is the catch quantity
of i-th vessel.

3. Results

Estimated technical efficiencies according to the regional frontier production function and the metafrontier
production function, together with estimated TGRs, are shown in Table 2. Based on Table 2, the average
technical efficiency score for Hormozgan province is 0.728; demonstrating fish landed is raised by about 73% of
the potential, given its regional frontier. In other words, the mean gap between the best fisherman and other
fishermen is about 27% in this province. However, the mean technical efficiency of Hormozgan is 0.479 when
evaluated according to the metafrontier production function. Thus, the technology gap ratio for Hormozgan is
0.665 (0.479/0.728). This denotes that, given the input vector, the potential fish landed for this province is about
67% of that represented by the metatechnology. As designated in Table 2, mean technical efficiency estimate
according to the regional frontier for Sistan-va-Baluchestan province is very close to the score reported for
Hormozgan, while based on this frontier; Bushehr has the lowest mean technical efficiency. Average technical
efficiency for the studied provinces ranges between 0.408 and 0.542 when assessed based on the metafrontier
production function. The highest mean technical efficiency according to metafrontier is assigned to
Sistan-va-Baluchestan, while Bushehr has the lowest mean technical efficiency. The value of the technology gap
ratio for Sistan-va-Baluchestan and Bushehr is 0.763 and 0.641 respectively. Thus, DEA scores from
metafrontier and technology gap ratio demonstrate that Sistan-va-Baluchestan has a higher technical operation
among the selected provinces. Also, the results obtained from regional frontiers illustrate that the gap between
the best fisherman and other fishermen is at its maximum in Bushehr while it is at the minimum in Hormozgan
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and Sistan-va-Baluchestan. The distribution pattern of technical efficiency estimates of fishing vessels from the
metafrontier for the studied provinces is illustrated in Figure 2.

4. Discussion

Technical efficiency, its measurement and determining factors are of vital importance in production economic
and decommissioning program. While technical efficiencies of fleets obtained according to a given frontier are
comparable, this is not usually a valid case amongst fleets that operate under different technologies. Such
problem occurs when the comparison of fleets from different provinces or regions of a country are involved
(Battese et al., 2004). In fact, apart from the regional frontier analysis, the metafrontier analysis separates the
technical efficiency into two groups: one due to the inefficiency relative to the subgroup, and one because of the
technology gap between the subgroup and full sample. The empirical outcomes provide more policy suggestions
(Battese et al., 2004). This study used the concept of the metafrontier production function to examine provincial
differences in fish landed technologies of Iran.

4.1 Inefficiency Relative to Subgroup

Results of estimating regional frontier production function illustrated that mean technical efficiency for selected
provinces ranges between 0.650 and 0.728. This denotes that, there are opportunities for either rising total fish
landing using the same inputs or lessening input for the current level of fish landing, or a combination of both by
restricting the gap between the best fisherman and other fishermen. This opportunity is higher in Bushehr, while
it is lower in Hormozgan and Sistan-va-Baluchestan. It is useful to compare the results found by this study for
Hormozgan province with the results reported by Esmaeili (2006). However, this assessment should be made
carefully because his technical efficiency scores were obtained using stochastic frontier analysis (SFA), while
the results of this study were estimated using DEA. Esmaeili (2006) found the mean value of technical efficiency
of a wooden vessel for Hormozgan province to be 0.85, which is based on an expectation higher than the score
obtained by this study. The studies in both fisheries and other sectors have usually found that DEA efficiency
scores are correlated with, but lower than, those estimated using SFA. Technology gap values between
Hormozgan fishery vessels and metatechnology were not reported in Esmaeili’s study (2006) because he used
only regional frontier analysis.

4.2 Inefficiency Due to Technology Gap

The value of technology gap ratio for the studied provinces varies between 0.624 and 0.763. This ratio shows the
maximum fish landing by a vessel from province k as a percent of the fish landing that is possible by
metatechnology. Therefore, total fish landing can be increased significantly if fleets utilize the metatechnology
or access to better natural endowment. The rank of studied provinces according to their technical operation is as
follows: Sistan-va-Baluchestan, Hormozgan and Bushehr. The main explanations, beyond the fact that
Sistan-va-Baluchestan has the highest technical operation in comparison with other provinces are access to more
suitable vessels and especially, access to the deeper water in the Oman Sea and Indian Ocean to fish the big
pelagic species, e.g. tuna. The combination of capture fisheries in selected provinces in 2006 is presented in
Table 3. As shown in Table 3, more than 78 percent of total fish landing in Sistan-va-Baluchestan pertain to big
pelagic species especially tuna fish (about 59%), while the share of tuna fish species in the total fish landing of
Hormozgan and Bushehr in this year is 19.08% and 13.27% respectively. Furthermore, about 55 % of big pelagic
species (about 70% of tuna fish) captured in 2006 on the Iranian southern fishery came from the
Sistan-va-Baluchestan. Also, the share of demersal species which is under overexploitation in the total fish
landing of Bushehr, Hormozgan and Sistan-va-Baluchestan is 49.57, 36.3 and 21.43% respectively. Therefore, it
seems Sistan-va-Baluchestan and to some extent Hormozgan, are where policy makers must execute their deep
sea fisheries development policy and a buy-back scheme for reducing fleets to an appropriate size given the
available fishing opportunities must be executed in Bushehr province. In this context, the findings of this study
can help policy makers to determine the optimal reduction or increase fleet capacity.
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Table 1. Number of fishermen and fishing vessels and amount of fish landed and fish landed per fisherman in
southern coastal provinces of Iran

Fishing vessels Fish landed per
Province Fishermen Boats Launch Ship Fish landed (Mt)  fisherman (Kg/person)
Bushehr 13209 1731 635 22 48113 3642.44
Hormozgan 27319 3075 873 35 120499 4410.81
Khozestan 37503 1552 722 0 45707 1218.76
Sistan-va-Baluchestan 23500 1707 1108 1 115353 4908.64
Total 101531 8065 3338 58 329571 3246.01

Source: Iranian Fisheries Company

Table 2. Mean (xSD) of technical efficiency based on regional frontier and metafrontier and technology gap ratio
estimates for southern coastal provinces of Iran

Province Regional frontier Metafrontier Technology gap ratio
Bushehr 0.650 £ 0.156 0.408 £ 0.077 0.641 £0.104
Hormozgan 0.728 £0.110 0.479 £ 0.069 0.665 + 0.089
Sistan-va-Baluchestan 0.727 £0.119 0.542 + 0.064 0.763 £0.108

Table 3. Amount (Mt) and percent of type of captured fish in 2007 in selected southern coastal provinces of Iran

Fish type Bushehr Hormozgan Sistan-va-Baluchestan Total
Big pelagic 23419 (48.67) 52445 (43.52) 90524 (78.54) 166388 (58.62)
Tuna fish 6384 (13.27) 22997 (19.08) 68204 (59.18) 97585 (34.38)
Others 17035 (35.41) 29448 (24.44) 22320 (19.37) 68803 (24.38)
Small pelagic 843 (1.75) 24634 (20.44) 24 (0.00) 25501 (8.98)
Demersal 23581 (49.57) 43420 (36.03) 24704 (21.43) 91705 (32.31)
Total 48113 (100) 120499 (100) 116252 (100) 283864 (100)

Source: Iranian Fisheries Company
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Figure 1. Total fish landed in southern Iran (1000 tons)

Source: Iranian Fisheries Company
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Figure 2. Distribution pattern of technical efficiency estimates of fishing vessels in southern coastal provinces of
Iran; Hormozgan (—e—), Sistan-va-Baluchestan (—m—), and Bushehr (—A-)
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