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Abstract 

Terubok fish is an estuarine fish that is significant among local fishermen because of high 

commercial value and it also constitutes to source of income for Terubok fishermen during its 

catching season. Therefore, due to high commercial value, Terubok fish has been subject to 

overfished and the population has been declining throughout the years. This study is carried 

out to analyse the efficiency performance of Terubok fisheries in Malaysia. A sample of 

actively Terubok fishermen was selected through stratified random sampling and the field 

survey has conducted at three different places in Sarawak. Data Envelopment Analysis (DEA) 

and Tobit Analysis were employed to determine the technical efficiency level and factors 

influencing technical efficiency among Terubok fishermen. The results of the study show that, 

most fishing units exhibit a low level of technical efficiency. This implies that either fishing 

inputs were used inefficiently, or insufficient inputs were used in fishing operations. The 

mean technical efficiency of the sample was estimated to be 0.304 using CRS Model, 0.406 

using VRS Model and Scale Efficiency is 0.805. The determinant factors of efficiency among 

Terubok fishermen was among all, hours in a day, days spent in fishing per month, engine 

horsepower and fisherman association show positive sign towards efficiency contradictorily 

other determinant such as age, education, distance and length of vessels possess negative sign 

towards efficiency. These findings suggest that there’s urgent need to the efficiency level of 

the fishermen as this will indicate the impact of their living standard. With appropriate 

training and using more advanced technologies by the fishermen, the level of technical 

efficiency can be raised, segmented for inshore fisheries.  

Keywords: Technical efficiency, Terubok fisheries, Data Envelopment Analysis, Tobit 

Regression 

1. Introduction  

The importance of the fisheries sector and its contribution to the country’s economy is 

undeniable because the renewable aquatic resources are the infinite gift of nature; thus, the 

modern fisheries industry has greater potential to help raise the livelihoods of fish farmers 

and fishermen while reducing import dependence from other countries and increasing the 

export the fisheries production instead. The effort towards advancing the fisheries sector 

should increase the dynamic development to transform the sector as an advanced, modern and 

competitive commercial entity. Further, fishing activity also contributes to income generation, 

general sources of food to human population, employment opportunity and fisheries have 

been the primary sources of protein, which considered as one fifth from all animal protein 

took in the human consumption and diet (Teh, 2012). By the year of 2050, with estimated 9 

billion people in the world will questioning the challenge on how to maintain an aquatic food 

supply for growing demand as well as protecting sustainable food production. As for 

Malaysia, until 2016, Malaysia was a 15
th

 global producer for fisheries production that 

produced 1,458,126 metric tonnes in 2014, while China was the largest fisheries producer 

(14,811,390 metric tonnes) in the world. As the significant role to provide food security to the 

country, the production of global fisheries is not efficient in performance, where with the help 

of scientific analyses, the natural resources can be managed in a good quality as the use of 
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inputs by the fishermen will be practiced so that the level of efficiency in fisheries production 

will be increased and gives advantages to the people in this cycle.   

For the past decades, Malaysia has been a net importer and exporters in term of value and 

volume with support stand of National Agriculture Policy 3 (3NAP) to earn foreign exchange 

from large export earnings by Malaysia as a fisheries industry is competitive and dynamic to 

develop. Malaysia has exported seafood products from 249,954.53 metric tonnes in the year 

of 2014 to 259,762.57 metric tonnes in 2015 with a value of RM2,732.20 million (672,394.42 

USD) (Annual Fisheries Statistic, 2015). Moreover, the fisheries sector has contributed to 

0.9% of the Malaysia Gross Domestic Product in the year of 2015. In Malaysia, Sarawak is 

the largest state where located nearby the South China Sea, thus makes Sarawak the main 

producer for marine products in Malaysia which endowed with abundant of fisheries 

resources. On the other hand, the production of Sarawak in 2016 is 147,993 metric tonnes 

contributed to 9% of nation’s fisheries production. Sarawak fisheries production provided 

employment opportunities to 16,905 fishermen, that’s operated on 7,286 units of licensed 

fishing vessels during 2016 (Annual Fisheries Statistic, 2016).  

In Sarawak, Terubok (Tenualosa) fish is an essential estuarine fish which it has high 

commercial value of its meats and eggs (Blabber et al., 2003), unfortunately, the population 

of Terubok fish is declining, thus the local fishermen struggling for this prized target fish 

during its season (June – October). This species usually caught using 75 mm – 100 mm 

driftnets by local fishermen. In fact, there a total of five clupeids of the genus Tenualosa 

globally such as Tenualosa Toli, Tenualosa Ilisha, Tenualosa Macrura, Tenualosa Thibaudan 

and Tenualosa Revesil (Blabber et al, 2003) but there are only two kinds of clupeids of the 

genus Tenualosa were found in Malaysian waters, and it is confined within coaster waters of 

Sarawak state which is Tenualosa Toli (big mouth shad/terubok sungai) and Tenualosa 

Macrura (long-tailed shad/terubok laut) according to Phillip Wong (2001). In addition to that, 

Terubok fish usually found in the adjacent coastal areas and the estuaries of Sarawak state 

which located at Batang Sadong, Batang Lupar, Batang Saribas and Batang Lassa (Rajali, 

1991; Milton et al., 1997; Phillip, 2001 and Blabber et al., 2003).  

Generally, the declining status of Terubok fish is due to overfishing, inefficiency of fishing 

activity, declining in fishing effort, water pollution and climate change. The issue of declining 

on Terubok landing catch since 1980s has urged the Sarawak state government to act on 

specific conservation towards overcome this problem but the results was unfavorable. The 

Sarawak Development Institute has done preliminary studies of social economics of Terubok 

fishermen in Sarawak and noticed that a further analysis needs to be done on identifying 

skills, capacities, interests, local resources and market available for potential income 

generating activities from Terubok fisheries and helping the small-scale fishermen that only 

depending on fishing activity. As an examination of the trend shows that the highest landings 

of Terubok were recorded in the year of 1975 to 1,447.97 metric tonnes. Since then, there has 

been downwards trends after that and it does not reach 1,000 metric tonnes each year and 

until year of 2015 total landings of Tenualosa Macrura (Sea Terubok) was 2,244 metric 

tonnes and Tenualosa Toli (River Terubok) was 411 metric tonnes (2015 Annual Fisheries 

Statistic). Besides that, similar decreasing trend show in each of core Terubok areas (Batang 
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Saribas, Batang Lassa and Batang Lupar) towards depletion in population of this species 

(Khairul Adha et al., 2014). The growing demand of Terubok fish is increasing as it’s had a 

good cultural importance in Sarawak, particularly, and this makes the Terubok fish with very 

high value (Blabber et al, 2003). In matter of fact, Terubok fish also is one of the unique 

attractions to make as souvenir (salted Terubok fish) and at the same time it would increase 

the tourism level for Sarawak state. 

Pascoe et al. (2002) emphasized that the analysis of efficiency in fisheries production is 

significant when the input variable can be controlled. Most of the fishermen have focused on 

reaching maximum output by increasing their fishing capacity. In recent years, measurement 

of efficiency has been interest issues among researchers and economists for future strategic 

planning due to enhance the dynamic development in the nation’s fisheries sector. Moreover, 

in renewable resource-based such as fisheries sector, it is important to distinguish the 

availability natural stocks, so the sustainable management of fish stocks and the efficient 

utilization of inputs usage that devoted to fishery are crucial to maximizing the social benefit 

of the fisheries industry. Further, if the availability of stocks is limited, scarce or there will be 

introducing for new technology, the efficiency analysis could present the likelihood to 

increase the productivity without pushing the resource ground or implementing the new 

technologies approaches (Aisyah et al., 2009). The technical efficiency of a fisherman can be 

efficient if it could produce a higher amount output while comparing to other fisherman 

where the use of inputs is on the same usage. Thus, the vessel will result on a maximum 

technical efficiency, if it presumes to be using its full input usage in the best efficient 

practices possible (Tingley et al., 2005).  

Technical efficiency is measured in this study in context of Terubok fisheries for a range of 

individual fishing activity in several places that recognized as a core area of Terubok in 

Sarawak using linear-based programming which is known as Data Envelopment Analysis 

(DEA). After estimating the score of technical efficiency, the results will be regressed using 

Tobit Regression on vessel and fishermen characteristic to determine on what factors may be 

contributing to the efficiency along Terubok fisheries in Sarawak. In the same way, it is 

important to explore the factors that are affecting the efficiency level among Terubok 

fishermen. Likewise, assuming inputs based are in practice, the relationship between key 

physical or flexible inputs is vital to discover the greater success in maximizing the possible 

outcome. Moreover, if there is an increasing in determining of factors that affecting the 

technical efficiency of the fishermen, it could improve for better efficiency (Pascoe et al., 

2005).  

2. Literature Review 

There is limited study regarding technical efficiency of Terubok fisheries in Malaysia. 

However, there are numerous studies has attempted to explain on an efficiency study of 

fisheries industries in Malaysia (Viswanathan et al., 2001; Dale Squires et al., 2003; Kirkley 

et al., 2003; Aisyah et al., 2012; Thean et al., 2013; Rahman et al., 2016). The study of 

technical efficiency was carried out by Viswanathan et al. (2001) to examined fishing skills 

and management of 378 trawl vessels in Kedah, Malaysia uses Stochastic Frontier Analysis. 
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The efficiency scores for Kedah fishing trawls was 0.49 and factors that affecting inefficiency 

that shows positive sign on estimated coefficient was years as a fisher, formal education, area 

of a port home and off-season variables. In addition, Dale Squires et al. (2003) investigated 

technical efficiency among gill net artisanal fishery in Malaysia. Using multi-stage sampling 

procedure, the author managed to collect 82 licensed gill net vessels from east and west coast 

of peninsular Malaysia that consisted of 6 states in the study. The results of efficiency level 

for this study using Stochastic Frontier Analysis were 0.84 for the east coast and 0.88 for the 

west coast of gill net artisanal fishery respectively. Furthermore, Kirkley et al. (2003) 

analyzed technical efficiency using Data Envelopment Analysis of Malaysia purse seine 

fishery that consisted of 55 licensed vessels from 3 states which Perak, Kedah and Perlis. The 

results of this study show that level of technical efficiency is increasing in terms of full 

capacity and output production but declining during the monsoon season.  

Moreover, a small-scale study of factors that affecting technical efficiency level of inshore 

fisheries in Terengganu, Malaysia was carried out by Aisyah et al. (2011). The results of 

technical efficiency were 0.55 during the peak season and 0.40 during non-peak season 

among 100 fishermen in 14 villages in Terengganu. Thus, the factors that give a positive 

impact to efficiency was management variables (planning, controlling and staffing) and 

demographic variables (engine size, number of households and formal education). 

Additionally, the relationship of echo sounder advanced technology towards the level of 

efficiency was identified by Thean et al. (2013) as an important element to maximizing the 

volume of total landings in Penang, Malaysia. The total number of 69 trawl vessels were 

interviewed for the measurement of technical efficiency level using Data Envelopment 

Analysis with output-orientation method. The mean score for technical efficiency of trawl 

vessels was 0.566 and the authors believed that there is room for improvement to increase 

efficiency levels for Penang’s commercial fishermen. Lastly, in a study which measured 

efficiency levels of the inshore fishery in Terengganu, Malaysia. Rahman et al. (2016) 

surveyed 100 fishermen from 10 sub-districts and estimated using Data Envelopment 

Analysis. The results show that the efficiency level was 0.902 during season 1 (April – 

September) and 0.667 during season 2 (October – March). 

3. Methodology 

3.1 Sampling Procedure 

As this study concerned, technical efficiency is a benchmark that calculated the capacity of a 

fisherman towards the process of maximize inputs usage to produce outputs or to maximize 

outputs by given inputs. Moreover, to measure out the technical efficiency score of Terubok 

fisheries production, interconnected data needed to be collected which are inputs and outputs 

data extracted from the fishermen. This study has been conducted at Sarawak, Malaysia. 

There are 3 out of 12 divisions in Sarawak were reasonably chosen under several reasons. 

First, these divisions hold the highest contribution of active Terubok fishermen at 3 core 

terubok area in Sarawak. Secondly, the local core area fishermen produced a high amount of 

Terubok landings during peak season. Thus, this survey covered 3 different places in 3 

different division, namely Lingga (Sri Aman), Daro (Mukah) and Ladong (Samarahan). 
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Furthermore, this study adapted stratified random sampling to explore expectation and 

technical efficiency levels where the number of respondents (fishermen) were accessible 

based on the year of 2007 data of Terubok fishermen population from the Sarawak Inland 

Fisheries Centre. The number of respondents also gathers the active fishermen located nearby 

the core area. Therefore, a total of 200 sample respondents (active Terubok fishermen) from 

the population of 398 fishermen based on the year of 2007 data.  

Data that collected for this study was using well-structured questionnaire and face-to-face 

interviews. The language used in this questionnaire was the Malay language for better 

understanding of the local fishermen. The questionnaire was developed by taking into 

consideration of related literatures such as Dale Squire et al. (2003), Aisyah et al. (2011) and 

several others. To determine the technical efficiency level of Terubok fishermen in Malaysia, 

six parts that consists 35 questions were used in the questionnaire includes labor section, 

operation section, vessel information, perception by fishermen regarding fishing activity, 

catching and landings information and lastly is demographic information. 

3.2 Data Description  

Input and output variables that were used in this study shown in Table 1. The output variables 

that represent the total landing of fish produced. As this study using measurement of Data 

Envelopment Analysis that support more than one output calculation, this study used 2 output 

variables which are Terubok and rest of fish landings and measured in kilograms (Kg). The 

output variables are optimal measure where geometric mean of several species of fish 

quantity index that calculated on price per kilogram times by the weight of landings (Dale 

Squires et al., 2003).  

For the input variables such as labor, fuel costs per month, personal consumption per month 

and fisherman experienced were used in this study. The labor variable was calculated by the 

number of hours spent in fishing activity that includes each of everybody that involve on that 

vessel using man-day as a unit. Further, crew numbers are included in econometric models 

for fisheries production as presume that larger crews will be produced higher output amount 

(Pascoe et al., 2003). Fuel cost data are collected and measure in Ringgit Malaysia (RM) as 

the fuel usage is correlated with the size of the engine or size of vessel. On the contrary, by 

using given fuel consumption to produce output, Pascoe et al. (2003) believed that this could 

be accomplished by small vessel in the long period of fishing time nor large vessel in short 

period of fishing time.  

On personal expenses are included expenses for ice for fish stocks catched, meals for vessel 

crew, fish container and salary for workers per month and measure in Ringgit Malaysia (RM). 

Hence, most of the Terubok fishermen were using a small vessel to operate in fishing activity, 

thus this is different from larger vessel where meals, ice and fish container supplied by the 

vessel company or vessel owner (Amielda et al., 2000), but most of the Terubok fishermen 

with small vessel covers their own expenses and purchased for a daily fishing catch. The last 

input is fisherman experienced and it is measured by years. This input recognizes the skill 

that has been developed by the fishermen as a skipper skill. On the other hand, skipper skill is 

a skill that relates fisherman towards the capability to gather and utilization where include 
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knowledge to finding and catching fish, managing the vessel and crews, knows the 

abnormality of weather and tides change and several other reasons (Dale Squire et al., 1999). 

Likewise, Pascoe et al. (2002) stated that experienced fisherman will produce potential output 

and positive impact related to the efficiency level. The effectiveness with which the inputs are 

transformed into outputs does not only depend on inputs used, but also on the management 

practices that the farmer uses to combine these inputs. Managerial practices are influenced 

vessels and fisherman characteristics, which together with the inputs determine the quality 

and quantity of outputs produced. 

3.3 Model Specification 

To determined results of the study, Data Envelopment Analysis (DEA) was adopted and 

tested for measuring technical efficiency scores of samples Terubok fishermen. Hence, Tobit 

Regression was used to explore the factors that affecting technical efficiency of Terubok 

fisheries in Sarawak. 

3.3.1 Data Envelopment Analysis  

Data Envelopment Analysis is a non-parametric method for measure efficiency of 

Decision-Making Units (DMUs) using linear programming where multiple input variables 

that through a transformation process to produce output. The fisherman is the known as a 

Decision-Making unit (DMU) which it has the capability to control the production process in 

term of input and output. Furthermore, an efficiency score attributes for each of every DMU 

that is achieved as a maximum of weighted outputs to weighted input ratio. The efficiency 

score or ratio must be less than or equal to one to each DMU. The multiple combinations of 

multiple inputs and outputs can be linearly aggregated to a single virtual input and single 

output with the use of linear programming (LP). Efficiency score can be provided for each 

DMU unit by virtual output over virtual input ratio and with weighted to be determined. 

There are two basic models in Data Envelopment Analysis (DEA) which is Constant Return 

to Scale (CRS) that developed by Charnes, Cooper and Rhodes (1978) and Variable Return to 

Scale (VRS) that developed by Banker, Charnes and Cooper (1984). The Constant Return to 

Scale (CRS) model is as follows:  

Max   

 

Subject to  

 

 

 

         (1) 

Where k = 1 to s, j = 1 to m, i = 1 to n,  is the measure of efficiency of DMU that being 

assessed,  and are the jth input of n and kth output of n DMU respectively. Hence, ( , 
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) are the output and input of producer that are being measured. Furthermore,  and  are 

the weights of input and output that computed from the linear programming (LP) in which 

retrieved value between 0 and 1.  

To Constant Return to Scale limitation, in only suitable in a condition or cases where all firms 

or DMU operates at optimal scale. In addition to that, in real world perspective, there are many 

limitation conditions that make the ideal condition no longer proper such as demographics, 

financial and economic matters. Moreover, in this condition, the use of Constant Return to 

Scale model (CRS) to calculate technical efficiency will not be precise due to the establishment 

of scale inefficiencies. Hence, by using variable return to scale model which is BCC model, it 

could compute the most productive scale size for every DMU and measure the technical 

efficiency. According to Ray (2004), there will be different points on the frontier which 

showing constant, decreasing or increasing to scale for every DMUs that have been observed. 

The Variable Return to Scale (VRS) model is as follows: 

 

Max  

 

Max   

 

Subject to  

 

        (2) 

The Variable Return to Scale model authorize the calculation of technical efficiency different 

form scale efficiency effects. The ratio of average output of a DMU operating at point contrast 

to the average output at the point of operating with technical efficiency. Thus, Figure 1 will 

represent the scale efficiency acquired from results of technical efficiency of Constant Return 

to Scale and Variable Return to Scale. 

 

Figure 1. Scale Economies in DEA 

Source: Coelli et al. (1998) 
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Presume that the fisherman produced one output by using one input, thus the point P is the 

distance PPc for the expectation Constant Return to Scale technical inefficiency while 

technical inefficiency for Variable Return to Scale assumption is PPv. Hence the scale 

inefficiency is represented by distance of Pc and Pv. It shows that the relationship of technical 

efficiency of both models as follows: 

Technical Efficiency CRS = APc / AP (3) 

Technical Efficiency VRS = APv / AP (4) 

Scale Efficiency = APc / APv (5) 

3.3.2 Tobit Regression 

Tobit regression analysis was used in determining the factors that affect technical efficiency 

among Terubok fishermen in Sarawak. The level of technical efficiency that measured from 

Data Envelopment Analysis (DEA) are not continuous and it is ranged from 0 to 1, and the 

used of Tobit Regression for analyzed regression coefficient could avoid parameter 

estimation from unbiased and unevenly if it is examined by Ordinary Least Square (OLS). 

The censored regression model was developed by Tobin (1958) and it was based on the 

maximum likelihood method. Tobit model discovered the value of latent dependent variable 

(Y) that only greater than value 0, but if the value is 0 or lower than 0, the latent variable will 

not be distinguished or on the other hand it will be censored. Hence, the general model of 

Tobit regression is as follows: 

 

  (6) 

Based on McDonald and Moffit (1980) stated that  is the latent dependent variable of jth 

vessel,  is the independent or explanatory variable, parameter representing by β and  is 

the normal distribution error term variable that explored random impact on factors affecting 

technical efficiency. Thus, the adapted Tobit model for this study is as follows: 

) (7) 

Where  is the latent dependent variable of ith vessel, A is Age of the fisherman, B is 

education of the fisherman (B=1 if has formal education, otherwise 0), C is distance travelled 

by fisherman, D is hours of fisherman spent for fishing activity in a day, E is days spent by 

fisherman for fishing activity in a month, F is engine horsepower that used by the fisherman, G 

is length of vessel used by the fisherman, H is the involvement in fisherman association (I=1 if 

involved, otherwise 0) and normal distributed error term to explored the random effects is 

representing by . 
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4. Results and Discussion 

4.1 Descriptive Statistics 

According to the data acquired from Terubok fishermen, descriptive statistics were analyzed 

as shown in Table 1. The average landings of each of the fisherman were separated in two 

groups which are rest of fish with 501.40 Kg and Terubok with 93.85 Kg respectively. The 

average amount of labor which the backbone of the vessel was 1.9 persons with higher 

numbers of labor was 5 persons on a vessel. Further, the fuel consumption was paid by the 

fisherman on average was RM464.31 in a month. For personal expenses such as meals, ice 

and container for stocks and salary payment per month was RM638.04 spent by the 

fisherman. The average experience years for fisherman was 23.74 years. For Tobit regression 

shown in Table 2, the average age was 50.57 years because young people had low interest to 

become a fisherman, rather than getting good opportunity of working in the urban area. For 

education variable, is separated into 2 categories which is no formal education (0) while 

having formal education (1). Furthermore, for distance, hours in a day and days in a month, 

on average the fisherman travelled 33.32 km, spent 6.28 hours in a day and fishing for 20.44 

days in a month. Also, for engine horsepower and length of the vessel on average was 22.47 

horsepower with the vessel length of 25.01 feet. In addition to this, the fisherman association 

variable is same with education where involvement in fisherman association (1), on the other 

hand if no involvement (0). 

Table 1. Descriptive Statistic of the Variables for DEA 

Variable Total Minimum Maximum Mean 
Standard 

Deviation 

Rest of Fish Landings (Kg) 200 20 7700 501.40 861.03 

Terubok Landings (Kg) 200 1.82 1500 93.85 158.33 

Labour (Person) 200 1 5 1.89 1.09 

Fuel Consumption (RM) 200 84 2500 464.31 311.65 

Personal Expenses (RM)  200 48 3225 638.04 691.27 

Experienced (Years) 200 2 62 23.74 12.18 
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Table 2. Descriptive Statistic of the Variable for Tobit Regression 

Variable Minimum Maximum Mean 
Standard 

Deviation 

Age (years) 21 79 50.57 11.59 

Education (Dummy = 1 if has formal 

education, otherwise 0) 
0 1 0.72 0.45 

Distance (km) 1 240 33.32 54.92 

Hours in a day 3 15 6.28 2.58 

Days in month 7 28 20.44 4.83 

Engine (Hp) 4 75 22.47 18.34 

Vessel Length (feet) 4.9 80 25.01 9.76 

Fisherman Association (Dummy = 1 if 

involved, otherwise 0) 
0 1 0.94 0.25 

4.2 Technical Efficiency Scores 

There are 200 Terubok fishermen (DMU) inputs and outputs data has been calculated for 

technical efficiency scores which is the ratio of actual towards potential output production are 

shown in the Table 3. The results of technical efficiency were calculated by using the DEAP 

Software that created by Coelli (1996). The mean score of technical efficiency under 

Constant Return to Scale (CRS) model is 0.304, while under Variable Return to Scale (VRS) 

model is 0.400. In the same way, the Terubok fishermen are capable of producing 30.4% 

(CRS) and 40% (VRS) of the output production within decision making in best operational 

towards the use of inputs. However, to increase efficiency level, the fishermen need to 

enhance around 69.6% (CRS) and 60% (VRS) in input utilization on the similar production 

level.  

Table 3. Efficiency Scores of Terubok Fishermen from Data Envelopment Analysis 

Efficiency Index TE CRS TE VRS Scale Efficiency 

0.000 - 0.099 38 34 2 
0.100 - 0.199 57 31 5 
0.200 - 0.299 41 40 4 
0.300 - 0.399 14 19 3 
0.400 - 0.499 10 17 1 
0.500 - 0.599 11 11 18 
0.600 - 0.699 8 6 11 
0.700 - 0.799 1 3 25 
0.800 - 0.899 2 2 45 
0.900 - 0.999 5 4 70 
1 13 33 16 
    
Min 0.015 0.018 0.054 
Max 1 1 1 
Mean 0.304 0.406 0.805 
Standard Deviation 0.273 0.329 0.218 
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Hence, technical efficiency levels under the CRS model are ranged from 0.015 to 1, while 

under VRS model are ranged from 0.018 to 1. There are 13 and 33 Terubok fishermen that 

technically efficient under CRS model and VRS model respectively. In other words, the 

number of fishermen is more technically efficient under VRS model compared to CRS model 

because VRS model is more adaptable where it can envelop the production data through 

Increasing Returns to Scale, Constant Returns to Scale and Decreasing Returns to Scale, 

while CRS model restricted to the change of inputs will produce similar amount of outputs. 

Both models have larger distribution efficiency scores and higher percentage under 0.60 

levels, it shows that Terubok fishermen still have great potential to increase their efficiency 

level as well as utilize the usage of inputs to the with proper decision making without waste 

the resources. The results of technical efficiency among Terubok fishermen in Sarawak are 

likewise to Aisyah et al. (2011) and Thean et al. (2011).  

Furthermore, the scale efficiency mean score is 0.805 and it is ranged from 0.054 to 1. There 

are 16 fishermen that are scale efficient, and this shows that there are many fishermen still not 

reaching the efficiency level because of inefficient usage in input are relatively high. 

Meanwhile, Table 4 shows the Return to Scale (RTS) from sample of Terubok fishermen in 

Sarawak. The fishermen were categorized into several groups which are super-optimal, 

optimal and sub-optimal. Through these, sub-optimal has the majority where 128 fishermen 

show increasing returns to scale, optimal with 24 fishermen and super-optimal with 48 

respectively. This is because, the IRS is occurring when the output produced is higher than 

the input, thus it needs to increase the efficiency of inputs used to increase the production. On 

the other hand, DRS occurs when the output produced is less than the input, thus it needs to 

reduce the input use to increase the output production. Hence, the yield of optimal and 

super-optimal fishermen is larger than sub-optimal fishermen.  

Table 4. Characteristics of Fishermen with Respect of Return to Scale 

Characteristic 
Number of 

Fishermen 

Yield 

(Kg) 

Percentage 

(%) 

Sub-Optimal (Increasing Return to Scale) 128 93427.87 64 

Optimal (Constant Return to Scale) 24 114458.6 12 

Super-Optimal (Decreasing Return to Scale) 48 109190.9 24 

4.3 Tobit Regression Analysis 

Table 5. Determinants of Technical Efficiency 

Explanatory Variable Coefficient Standard Error 
Probability 

Value 
Constant 0.442435 0.212265 0.0371 
Age -0.004286 0.001959 0.0287** 
Education -0.081108 0.058914 0.1686 
Distance -0.019593 0.013488 0.1463 
Hours in a day 0.013314 0.005290 0.0118** 
Days in a month 0.000163 0.000698 0.8150 
Engine  0.001732 0.002155 0.4215 
Length of vessel -0.001112 0.001304 0.3936 
Fisherman Association 0.116959 0.093285 0.2099 
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** represents significant at 5%. 

The factors that affect the technical efficiency of Terubok fishermen in Malaysia are shown in 

Table 5. Fisherman’s age and hours in a day variable are significant to technical efficiency 

under 5% level, but the coefficient shows the negative sign for fisherman’s age and a positive 

sign for hours in a day. In the same way, older fisherman tends to be inefficient compared to 

the young fisherman, and thus similar to Tingley et al. (2005), where older fisherman will 

find it very hard to change their way or pattern for fishing because of old habits and this is 

willingly by young a fisherman to their various ways of fishing. For hours in a day variable 

shows positive relationship where the long hours took by the fisherman for fishing activity 

will increase the efficiency level. By more hours utilize by fishermen, this also showing 

fishing effort for the fishermen to increase their production and has been proved by 

Pitchaikani and Lipton (2017). For education variable, it shows negative sign and does not 

significant to efficiency level and similar to Thean et al. (2011), in counterpart, better 

education or formal education will increase the efficiency level among fishermen. The 

distance variable does not significant to efficiency and shows negative sign, as far as the 

fisherman could travelled for fishing, it is decreasing the efficiency level for 0.019593 for 

every km travelled. Then, for days in a month variable shows positive sign, but not 

significant towards technical efficiency, as it will increase 0.000163 for one more day for 

fishing activity in a month. This similar to Larry et al. (2017) where increase one day for 

fishing activity will might increase the volume for month trip, but not volume of catching per 

month.  

For engine horsepower that used by fishermen, it does not significant to technical efficiency, 

but it shows positive sign as it will increase 0.001732 for every increasing in the horsepower 

of the vessel engine. Moreover, for the length of the vessel is not significant and negative 

sign to efficiency level, thus the larger the length of the vessel will decrease the efficiency 

level for fisherman, thus Dale Squires et al. (2003) stated that smaller vessel will be more 

efficient compared to a larger vessel. Lastly, for fisherman association, it shows positive sign 

but does not significant to technical efficiency. This result similar to Idris et al. (2013), where 

the involvement in the association will increase the efficiency level as fisherman can learn 

other information on fishing related from another skipper.  

5. Conclusion 

The initial analysis using Data Envelopment Analysis (DEA) of Terubok fishermen in 

Malaysia is technically inefficiency due to mean efficiency level is very low. High percentage 

of inefficient Terubok fishermen examined by CRS model, VRS model and Scale model 

where 93.5%, 83.5% and 92% respectively. Hence, fishermen are not capable to minimize the 

input cost and maximize the output, as inefficient inputs usage will not be producing total 

landings of fish resources at maximum or optimal level. The results of technical efficiency 

suggested that the efficiency measurement is reliable for the input usage towards production 

process, which given different amount of inputs could affect unalike efficiency measurement. 

As for technical efficiency of 200 Terubok fishermen, they need to enhance their input 

utilization about 69.6% in CRS, 60% in VRS and 19.5% in Scale in order to reach an 
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efficient level of fisheries production. Further, this study also suggested that the fishermen 

manage to increase efficiency level, if lower the input usage, but maintain the output 

production in input orientation or making the most effective use of resource distribution but 

keep the similar expenditure in output orientation.  

In terms of factors that affecting technical efficiency among Terubok fishermen in Sarawak, 

fisherman’s age and days spent in fishing activity is the significant variable towards reaching 

optimum production. Other than that, negative sign of estimated coefficient such age, 

education, distance and length show that technical efficiency of a fisherman needs to improve 

for better production process. For example, even though there are fisherman with no formal 

education in the sample, does not mean that they could not reach optimum production if there 

are training or courses for fishing related, because education is related towards efficiency as it 

will help the fisherman to process the information and skills (Tingley et al., 2005). On the 

other hand, variables such hours in a day, days spent in a month, engine horsepower and 

fisherman association revealed positive sign towards efficiency level. Additional hours in a 

day and additional days in a month could give a positive impact to fisheries production as 

well as increase the efficiency level. The number of effective days measured by each of the 

vessels went for a trip for a day will always back with some catch (Oliveira et al., 2010) and 

level of effort will decrease if the vessel fished for insufficient days (Cehyan et al., 2014). 

Moreover, engine and vessel length also show positive impact where bigger horsepower and 

smaller length will increase the production. Then, the fisherman association also shows 

positive impact of technical efficiency, with fisherman association will assist in any problem 

discussion and make some recommendation (Janmia et al., 2015). 

Therefore, with improvement in fisheries efficiency, this will enhance on economic benefits 

and at the same time it will increase sustainable growth and production in fisheries industries. 

Towards policy implication from this study suggests that more training and program for 

fishermen focusing on management and technical aspect, such as monitoring, planning, 

organizing and controlling the usage of input allocation will lead to maximum production of 

output and improve the economic efficiency among the fishermen. Furthermore, to overcome 

the solution to overfishing problem in Malaysia’s Terubok population is to regulate fishing 

season based on the maturity of the species and spawning period. As for Terubok, it takes 2 

years for reach maturity period, the enforcement could limit or hold catches in several years 

(i.e. 3 years) for Terubok to reach the sustainable yield target catch. Viswanathan et al. (2000) 

stated that by limiting the catches during the off season could increase the efficiency of the 

species. In addition, introduction to technology on fishing gears for fishermen will helps in 

increasing the volume of total landings. This is because with technology would improve the 

productivity of fishermen even though lacked in fishing skilled. In a conclusion, there many 

factors that affecting and contributing to efficiency of Terubok fisheries in Malaysia, with 

proper strategic planning and better policy implementation, dynamic development in this 

industry will lead to enhanced productivity and profitability that benefit the fishermen in a 

good way.   
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