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Abstract: Abundant fishery resources in Malaysia can be discovered along The Strait of Malacca. 
Penang is located in the north of Peninsular Malaysia, or, in the upper part of the Strait of Malacca. 
However, in the past seventeen years, annual landings of Penang trawl fishery had declined almost 
23% and fishing effort had also dropped almost 70%. This research examined the score of technical 
efficiency and the factors causing inefficiency of sampled trawl vessels in Penang. The information of 
each vessel on landing per trip, number of workers, fishing effort, diesel consumption, vessels capacity 
and engine horsepower were collected through survey. Data envelopment analysis (DEA) was applied 
to examine trawl vessels efficiency. Results obtained based on sixty-nine selected vessels showed that 
the score of technical efficiency among vessels varied between 0.123 and 1. The average technical 
efficiency of the sampled vessels was estimated to be 56.6%. The tobit model used to identify factors 
causing inefficiency showed that echo sounder was the only factor showing significant positive effect 
on technical efficiency. Factors of skipper characteristics (family background, education, experience 
and age of captain) and age of vessels were insignificant. Factors like family background, education 
and experience of captains however, showed negative signs on technical inefficiency analysis. On the 
other hand, factors like age of vessels and age of captain showed positive signs on technical 
inefficiency analysis. This research concluded that echo sounder had become an important factor in 
increasing technical efficiency scores of fishing vessels, and so to maximize the fish landings. 
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INTRODUCTION 

 
Penang is located in the north of Peninsular Malaysia, or, in the upper part of the Strait of Malacca, and is 

endowed with abundant fishery resources. Penang state is geographically divided by the Strait of Malacca into 
two sections, Penang Island and Seberang Perai. Penang contributed 3.07% of the total marine landings in 
Peninsular Malaysia in 2009. The largest contribution to total fish landings of the state in 2009 was trawl 
fishery. In 2009, contribution by trawl fishery amounted 39.42%. 

Annual total landings of Penang trawl fishing and annual cumulative number of fishing days, however, 
showed a declining trend during the period between 1993 and 2009. Declining fish landings generally can be 
caused by several reasons such as overexploitation, change of weather, pollution, declining fish stock, declining 
fishing effort, inefficiency of vessels or other factors. Research on the inefficiency aspects of the fishery sector 
is getting more attention from researchers recently.  

Numerous research have been carried out to look into efficiency aspects of fisheries from all around the 
world (Do-Hoon, K., et al., 2011; Pascoe, S. et al., 2011; Chowdhury, N.K. et al., 2010; Hassanpour, B. et al., 
2010; Oliveira, M.M. et al., 2010; Onumah, E.E. et al., 2010; Pascoe, S. et al., 2010; Tomberlin, D and 
Holloway, G. 2010; Vazquez-Rowe, I et al., 2010; Vinuya, F.D., 2010; Haputhantri, S.S.K. et al., 2009; Kehar, 
S. et al., 2009; Lokina, R.B., 2008; Marravelias, C.D. and Tsitsika, E.V., 2008; Esmaeili, A. and Omrani, M., 
2007; Sesabo, J.K. and Tol, R.SJ, 2007; Den, D.T. et al., 2007; Esmaeili, A., 2006; Flores-Lagunes, A. et al., 
2006).  

However, only a few research have been done in Malaysia (Aisyah, N. 2009; Squires, D. et.al., 2002; 
Viswanathan, K.K. et al., 2000). Aisyah, N. (2009) estimated the technical efficiency and factors affecting the 
technical efficiency of the inshore fisheries in Kuala Terengganu by using Data envelopment analysis. Tobit 
analysis was employed to identify factors affecting inefficiency. The mean technical efficiency was estimated to 
be 55% for the peak season and 40% for non-peak season. In addition, Squires, D. et.al., (2002) measured 
technical efficiency in the Malaysian grill net artisanal fishery by using stochastic frontier analysis. The mean 
efficiency scores were 84% for east coast of Peninsular Malaysia and 88% for the west coast. Furthermore 
Viswanathan, K.K. et al., (2000) examined technical efficiency and fishing skill in Kedah trawl fishery by using 
stochastic frontier analysis. The mean technical efficiency score was distributed around 49%.  

As noted above, most of the research used stochastic frontier analysis (SFA) to examine score of technical 
efficiency. Data envelopment analysis (DEA) is a recently developed deterministic approach for measuring 
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efficiency in fisheries and was seldom been used (Aisyah, N. 2009; Felthoven, 2002; Pascoe and Herrero, 2004, 
Esmaeli, A and Omrani, M., 2007). 

Annual total landings of trawl fishery in Penang showed a decline from 19,912 MT in 1993 to 16,868 MT 
in 2009 (see Figure 1) at a rate of 15.3%. Annual cumulative number of fishing days during the seventeen-year 
period also declined from 24,838 days (1993) to 15,868 days (2009) (see Figure 2) at a rate of 36.1%. This study 
attempts to examine the efficiency scores of vessels and factors causing inefficiency in Penang trawl fishery.  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

    Source: Penang Annual Fisheries Statistics 
 
Fig. 1: Annual landings of Penang trawl fishery, 1993-2009. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

   Source: Penang Annual Fisheries Statistics 
 
Fig. 2: Annual cumulative of fishing days of Penang trawl fishery, 1993-2009. 
 

MATERIALS AND METHODS 
 
The data of this research was obtained from completed questionnaires of a randomly selected sample of 

sixty-nine units of Penang trawl vessels during November 2009 – February 2010. Respondents were the captains 
of trawl vessels and the sample size accounts for about 86% of the trawl vessels population.     

This research applied output-oriented technical efficiency which measures the ability of vessels to 
maximize output by using a given set of inputs. The model used in this research was based on constant returns to 
scale as proposed by Charnes et. al., (1978) and variable returns to scale as proposed by Banker et.al., (1984). 
Data envelopment analysis was used to measure the technical efficiency level.   

In DEA, all deviations from the frontier are assumed to be inefficiency (Coelli, T. et. al., 1998). Coelli, T. 
et. al., (1998) stated that technical efficiency measure under the assumption of constant returns to scale (CRS), 
can be formulated as follows: 
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Maxθ,λ θ, 
subject to  -θyi + Yλ ≥ 0 

xi –Xλ ≥ 0 
λ ≥ 0 

 
where θ denotes i th vessel’s score of technical efficiency compared to other vessels in the sample.  yi denotes 
quantity output of i th vessel, xi is quantity input x used by i th vessel, Y is output data for all N vessels, λ is N x 
1 vector of constants, X is input data for all N vessels and N is number of vessels. Yλ and Xλ are the efficient 
estimations on the frontier. If θ = 0.7, it means that the particular vessel is 70% technical efficient, i.e. that the 
particular vessel would be able to increase output up to 30% without increasing input. Coelli, T. et.al., (1998) 
stated that the assumption of CRS is only correct if all the vessels are operating at an optimal scale. Otherwise 
the technical efficiency measure can be estimated under the assumption of variable returns to scale (VRS) only 
by adding a convexity to the CRS model as follows (Coelli, T. et al., 1998): 

 
Maxθ,λ θ, 

subject to  -θyi + Yλ ≥ 0 
xi –Xλ ≥ 0 
N1’ λ = 1 
λ ≥ 0 

 
where the new constraint is N1’ λ = 1, N1 denotes N x 1 vector of ones. This constraint makes comparison only 
of vessels of similar size, by forming a convex hull of intersecting planes, so the data is enveloped more tightly 
(Esmaeili, A. and Omrani, M., 2007). The data envelopment analysis is measured by the software DEAP version 
2.1, which is developed by Coelli (1996). Output was measured in term of landing per trip of each vessel, while 
the inputs were measured in term of number of workers, fishing effort (fishing days per trip), diesel 
consumption per trip (liter), vessels capacity (GRT) and engine horsepower (hp) of each vessel. 

The determinants of inefficiency were measured by tobit regression model (Tobin, J., 1958). A general tobit 
model can be given by: 
 
yj

* = βxi + ui, ui ~ N (0,σ2) 
 
According to McDonald and Moffit (1980) where yi

* is an non-negative and unobservable dependent 
variable for jth vessel, xi is independent variable and β is a parameter and ui is a normally distributed error term 
that capture random influences on this relationship. McDonald and Moffit (1980) stated that the observable 
variable yi is defined to be equal to the unobservable variable whenever the unobservable variable is above zero 
and zero otherwise. 

 
yj   =  yj

* if  yj
*  > 0 

  0 if  yj
*  ≤  0 

 
 
There are six variables identified in the technical inefficiency model, in order to investigate the differences 

in technical efficiency level among the selected vessels. The technical inefficiency model is: 
 
yj = β0 + β 1A + β 2B

 + β 3C
 + β 4D + β 5E + β 6F + ui, ui ~ N (0,σ2) 

 
where yj is the inefficiency of the i(th) vessel, A is family background of captain (A=1 if captain from fishing 
family, otherwise 0), B is years of education of captain, C is years of experience as a captain, D is age of captain 
(D=1 if age of captain younger than 55 years, otherwise 0), E is age of vessel, F is possession of echo sounder 
(F=1 if the vessel with echo sounder, otherwise 0), ui represents normal distributed error term to capture random 
influences. 

   
RESULTS AND DISCUSSION 

 
Summary statistics of Penang trawl fishery was presented in Table 1. The average landing of each Penang 

trawl vessel was 1,696.4 kg. The average number of workers was 3.6 persons. On average, each trawl vessel 
goes for fishing, 14.7 trips per month and each trip with an average of 1.9 days. Each trawl vessel on average 
consumed 1,322.2 liter of diesel. The average size of vessel was 36.8 GRT and the engine horsepower was 
363.3. This research showed that Penang trawl fishery still has the potential to increase the productivity, to fully 
utilize the inputs, as the average technical efficiency for the vessels was estimated at 56.6% with the majority 
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(23.19%) of trawl vessels were in the range of 40 – 49.9% (see figure 3). Estimates of the coefficients of tobit 
model are presented in Table 2. 

In the tobit model, the estimated coefficients revealed that family background, education and experience of 
captain and also echo sounder have negative signs on technical inefficiency analysis. Knowledge and experience 
accumulating from generation to generation within a fisherman family is likely to be an important asset to the 
captain, a discovery similar to Fousekis (2003) and Tingley, D. et.al., (2005). Better schooling can improve 
literacy and cognitive skills which may reduce technical inefficiency by increasing the ability of captains to 
adopt technical innovations, a discovery similar to Sharma and Leung (1999), Tingley, D. et.al., (2005) and 
Esmaeili, A. (2007). Experience of a captain plays an important role in efficiency because an experienced 
captain is able to allocate inputs used optimally, to determine location of fish stock more accurately compared 
with an inexperienced captain, a discovery similar to Sharma and Leung (1999) and Esmaeili, A. (2007). 
Possession of echo sounder is important in increasing the fishing efficiency. This variable has not yet been 
proved in any technical efficiency fishery research. Besides, the estimated coefficients also showed that the 
variables of age of captain and age of vessel have positive signs on technical inefficiency analysis. There is 
negative relationship between age of captain less or equal to 55 years and inefficiency, due to physical 
superiority and more family burden may increase efficiency. However, this research showed that variable age of 
captain had unanticipated effects respect to the theory. Furthermore, higher age of vessel will also lead to 
negative effect on fishing efficiency, a discovery similar to Fousekis and Konaris (2003). Age of vessel was 
taken into this study as one of the variable effecting technical efficiency, due to the fact that older vessel have 
higher maintenance cost and more time needed for repairs thus affecting the technical efficiency compared to 
newer vessel.  

 
Table 1: Descriptive statistics of the variables. 

Variables Description Mean Standard deviation 
Output Continuous (kg per trip) 1696.4 1326.9 
    
Inputs    
Workers Continuous (number of person) 3.6 0.5 
Days/trip Continuous (days per trip) 1.9 1.3 
Diesel/trip Continuous (liter per trip) 1322.2 1176.7 
Vessel capacity Continuous (GRT) 36.8 2.9 
Engine horsepower Continuous (Hp) 363.3 56.1 

 
Table 2: Parameter Estimates of Technical Inefficiency Analysis (Tobit Model). 

Variable Coefficient Standard error P-value 
Tobit model    
Constant 0.471 0.183 0.010 
Family background -0.199 0.079 0.129 
Education -0.007 0.013 0.592 
Experience  -0.001 0.004 0.816 
Age ≤55 0.128 0.095 0.177 
Age of vessel 0.001 0.005 0.815 
Echo sounder -0.292 0.111 0.009* 

 * Statistical significant at 0.01 level. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Distribution of technical efficiency level. 



Aust. J. Basic & Appl. Sci., 5(12): 1518-1523, 2011 

1522 

Conclusion: 
Penang trawl fishery with the average technical efficiency 56.6% still has the large potential to be 

improved. The general result of this study indicates that, demographic, social factors and management skills do 
not have significant effects on the technical efficiency of trawl fishery in Penang. Possession of echo sounder is 
the only factor having statistically significant influence on technical efficiency of vessels. Technical efficiency 
will be enhanced if the vessels are equipped with echo sounder. It seems that, the possession of echo sounder as 
application of modern technology has become an important factor in maximizing fish landing. It may be the 
case that this factor has dominated the effects of ordinary factors such as family background, education, 
experience and age of fishermen and even age of vessel that have been frequently shown to be significant in 
efficiency and inefficiency. Besides, it would be interesting to examine the effects on purse-seine fishery with 
the possession of echo sounder because both trawl fishery and purse-seine fishery are known as commercial 
fishing activities in Malaysia.   
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