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Summary 

The focus of this thesis is on the economic performance and technical efficiency of a 

Vietnamese fishing fleet by the use of data envelopment analysis (DEA). The double bootstrap 

method has been used to overcome some of the limitations of DEA. In addition, the dissertation 

evaluates fishers’ perceptions of negative events affecting the fishing activities.  

The first of three papers presents the investigated fleet and the economic performance in 2016 

under open access conditions. Fixed and variable costs, and revenue have been used for 

estimating the technical efficiency. By adopting double bootstrap DEA under the hypothesis of 

variable returns to scale, the average technical efficiency of the fleet is found to be relatively 

high. Nevertheless, the DEA calculations showed that the current catch level could be obtained 

by a fishing effort 24–35% lower than the actual vessel activity. Vessel size and fishing 

experience are all factors affecting the technical efficiency. 

The second paper measures and compares the technical efficiency using physical vs. economic 

measures. The study focuses on the same 52 Nha Trang purse seiners as in the first paper. 

Adopting the double bootstrap DEA method, the findings show that economic measures give a 

lower level of technical efficiency than that which is obtained by physical measures. However, 

there is significant difference in the technical efficiency between these two measures. The 

skipper’s experience and interest payment significantly affects the physically based technical 

efficiency at the 5% level. This study concludes that physical variables, which are often more 

accessible, are capable of capturing essential economic differences between vessels.  

The third paper studies the same purse seine fishers’ perceptions of how environmental and 

socio-economic factors influence their life and fishing activities. The findings are that 

storms/cyclones, severe floods, heavy rains, high temperature, big waves and bad weather 

reduce fish density, and the poor availability of capital, health conditions and crew access all 
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negatively affect fishing activities. The fishers’ perceptions of the increased temperature and 

declining fish stocks over time are in line with available data, whereas their perceptions of the 

frequencies of storms, floods and heavy rains differ from the observations. Despite increasing 

frequencies of storms and precipitation not actually observed, the fishers perceive such factors 

as creating problems for their current fishing activities.   

Almost all the fishers in the sample expected the frequency and severity of rainfalls and the 

average temperature to increase in the future, while fish stock availability will decline. 

However, climate change is not expected to be among the most important negative factors in 

the future.  Cost of fishing, health conditions, efficient fishing gear and boats, as well as the 

resource situation, represent important factors causing greater concern among fishers regarding 

future fishing activities. 
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PART 1. INTRODUCTION 

1. Research problems and objectives of the thesis 

Fishers are considered to be profit-seekers. With open access to enter fisheries this may have 

long-term negative impact on the utilized resources. The fishing industry will grow as long as 

profit extracted exceeds normal profit in an open access fishery (Gordon, 1954). Scott 

Gordon’s seminal paper (op. cit.) also shows that given his biological assumptions, in the long 

run only the most cost-efficient vessels will remain in an open-access fishery. Hence, the 

standard theory suggests the fleet in the long run will develop towards homogeneity. However, 

quasi rent and intra marginal rent may exist in most fisheries due to natural and market 

fluctuations not covered in the simple model. A more realistic model including natural and 

market fluctuations will lead to fleet diversity and varying degrees of abnormal profits, also 

in the open-access situation. This thesis presents a Vietnamese purse seine fleet operating in 

a de facto open-access situation, aiming to investigate efficiency variations as a function of 

physical and social differences.  

Fifty-two purse seiners from a port in Vietnam, in a country of more than one hundred 

thousand other fishing vessels, are the selected focus of the thesis. Most of the purse seiners 

are family businesses providing food and income to the family. The fishing operations are 

affected by natural fluctuations, and market dynamics affect the income. The fleet diversity 

reflects differences in culture and professionalism. The purse seine fleet has recently been 

transformed and is now dominated by larger vessels than before. Consequently, the average 

vessel engine size has tripled during the period from 2009 to 2016 (DECAFIREP, 2010, 2016). 

The recent development in fleet structure indicates an increased fishing capacity in spite of a 

slight (3%) decline in the number of vessels. The fleet has probably become less homogeneous 

after the recent changes, and these changes occurred due to governmental subsidies. The 

subsidies are motivated by the aim to increase fishing efficiency and also to protect national 

interests and sovereignty of territorial waters. 
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Increased fishing efficiency of the purse seine fleet may potentially impose higher pressure 

on the fish stocks. Advances in fishing technology (larger boats, modernized fish-finding 

equipment, etc.) also contribute to increasing the fishing capacity of the fleet as well as 

increasing the competition among the participants under open-access conditions (Pomeroy et 

al., 2009). 

Excess fishing capacity has become a major obstacle to sustainable fishing, causing stock 

decline and increasing the cost per unit of harvest. To balance between the fish resources and 

the harvesting capacity of the fleet, it is necessary to understand the harvesting efficiency of 

the fleet. Efficiency can be changed due to the introduction of new technology or changes in 

fishing practices or management by imposing restrictions on input use (for example, mesh 

size used). Furthermore, managers need to understand how existing management interventions 

are affecting this harvesting capacity. 

The effect of the various factors (vessel characteristics, such as hull length; socio-economic 

conditions of fishers, such as skippers’ experience; loans) on the harvesting capacity can be 

measured through the analysis of the technical efficiency in the fishery. The main aims of the 

dissertation are to investigate economic performance of the purse seine fleet, and determine 

the technical efficiency in this important fishery. 

     Data envelopment analysis (DEA) is often preferred over the stochastic production frontier 

(SPF) method for estimating the efficiency in fisheries (Castilla-Espino et al., 2006; Kirkley 

et al., 2002, 2004; Pascoe and Tingley, 2016).  DEA studies of fisheries usually assume 

output-oriented technical efficiency based on physical measures. Physical measures capture 

important input factors employed in fishing activities (such as boat size and engine power), 

whereas economic measures directly reflect the cost of inputs employed. To investigate 

whether economic measures are necessary for efficiency analysis or sufficiently well reflected 

in the use of physical measures, fishing vessel technical efficiencies have been estimated and 

compared using both physical and economic variables in this dissertation. The bootstrap 

technique has been applied to overcome some of the limitations related to the DEA method.  
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Fishing is an important livelihood activity for coastal communities and takes place within a 

shifting natural environment. Fishing is difficult or impossible during storm and cyclone 

periods, during flooding, heavy rain and big waves. Fishing activities are also affected by 

other natural events, such as seasonal variation, ecosystem perturbations and, of course, 

changes in fish distribution and abundancy. Social and economic factors, such as market 

changes and the living conditions in general, also affect fishing activities in different ways.  

       Vietnam is considered to be among the most vulnerable countries in relation to coastal 

disasters and climate change (Thao et al., 2014). In the period 1990–2018, the damage suffered 

by Vietnam due to storms, floods,  landslides and droughts was estimated to cost a total of 

almost 22 billion USD, and there were more than 12,000 deaths caused by these disasters 

(EM-DAT, 2019). By the end of this century, the number of storms hitting Vietnam is 

predicted to be unchanged. However, the number of strong storms is predicted to increase 

(MONRE, 2016). More intense precipitations of tropical cyclones are also predicted to occur 

in Southeast Asia (IPCC, 2013). This expected development is causing growing concern for 

the future of fisheries and other industries. In addition to investigating fishers’ perceptions of 

different environmental, economic and social factors, the dissertation also investigates how 

perceived challenges relate to climate change. 

       The main issues dealt with in this thesis are: 

1. What is the economic performance of the purse seine vessels? (Paper I) 

2. What is the income per month for crew members in the purse seine fishery? (Paper I) 

3. What is the input-oriented relative technical efficiency of the purse seine vessels? 

(papers I and II) 

4. Which determinants affect the technical efficiency? (papers I and II) 

5. Are larger vessels becoming more efficient than smaller vessels? (Paper I) 

6. Are there significant differences in the estimated results of technical efficiencies using 

economic versus physical measures? (Paper II) 
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7. How do fishers perceive the environmental, economic and social factors impacting 

their current and future fishing activities? (Paper III) 

8. Are there significant differences in the perceptions of changes in the selected factors 

between fishers of different vessel groups? (Paper III) 

9. Is fishers’ understanding in line with scientific knowledge, and is climate change the 

dominating challenge of the fishery? (Paper III) 

     The main goal of the dissertation is to focus on the measurement of key economic indicators 

and technical efficiency among 52 purse seiners, while also taking social and environmental 

dimensions into account. Regarding the environmental goal, the dissertation attempts to 

provide the fishers’ perceptions regarding fish abundancy (ecological dimension) and natural 

environmental factors affecting the fishing activity, as well as how possible changes of these 

factors affect coastal communities.  

     The aims of the paper fit within the remit of the sustainable development concept. Sustainable 

development is defined as “development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs” (WECD, 1987). The 

concept shows that three goals including economic, social and environmental optimization are 

linked (see Figure 1).   
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Figure 1: Sustainable development optimizes the goals across the biological and resource 

system (BS), the economic system (ES), and the social system (SS), as illustrated by the darker 

area (based on Barbier, 1987). 

     This dissertation adopts the three goals of a sustainable development framework for assessing 

the growth in fleet capacity due to governmental subsidies. In general, subsidies are known to 

be economically inefficient and to increase the probability of overfishing, and hence impact 

on the biological system (Sumaila et al., 2007). And yet, reducing excess fishing capacity is 

an important issue for resource sustainability, and subsidies often have a social goal.  

The following section presents Vietnamese fisheries and the Nha Trang purse seine fishery. 

Section 3 describes the data used in the papers. Performance and perceptions within the purse 

seine fleet are presented in Section 4. The conclusion is described in Section 5.  

2. Background 

2.1. Vietnamese fisheries 

2.1.1. Fleet, resources and catch 

       Vietnam encompasses  a coastline of about 3,260 km and the exclusive economic zone (EEZ) 

covers more than 1 million square kilometers (FAO, 2005). More than 3.4 million people 
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work in the fisheries sector. Vietnamese waters have about 11,000 marine species, of which 

approximately 130 species are of commercial interest and 30 species are regularly exploited 

in capture fisheries, such as tuna, round scad, mackerel, shrimp, squids, etc. The total biomass 

in Vietnamese ocean areas has declined by  approximately 14% over a period of 10 years, 

from 2007 to 2018  (RIMF, 2018; Thuy, 2018).  

Vietnam’s marine fisheries have a long history. Fisheries development first of all took place 

after the economic reforms of “Doi moi” in 1986. Income from fisheries has increased, new 

jobs have been created and the living standards of fishing communities depending on fisheries 

have been improved (FAO, 2005). Subsidies to fisheries have been used as a political tool in 

the development of the marine capture fisheries in Vietnam, especially the offshore activity. 

Since 2006, the fisheries sector, including aquaculture, has annually contributed 4% of GDP 

(FAO, 2005). The marine fisheries production  was almost five times higher in 2016 than in 

1990 and passed three million tons in 2016  (GSO, 2018).   

Vietnamese fisheries are multi-species fisheries.  Over the last 30 years, the national fishing 

fleet has increased substantially in terms of numbers and engine capacity. In 1991 the total 

fleet included 44,000 vessels with total engine capacity of 824,000 hp (Pomeroy et al., 2009). 

In 2016 the fleet included nearly 110,000 units while the total engine capacity increased by 

more than one thousand percent from 1991.  

There is a declining trend in catch per horsepower (hp) in Vietnam’s fisheries, from 0.89 tons 

in 1991 (Pomeroy et al., 2009)  to 0.31 tons in 2016 (GSO, 2018; Vasep, 2018). Probably this 

reflects a reduced resource base but also technical changes in the fishing fleet. 

       Almost 99% of all vessels are wooden boats and 70% of the fleet operates in coastal waters 

with small engines (less than 90 hp). Recent steel and composite vessels constitute only 1% 

of the fleet.  
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The diverse fishing fleet makes use of about 40 different types of fishing gears. The most 

common fishing gears in Vietnam are different types of gillnets (used by about 36% of the 

fishing fleet), trawl (19%), hook and lines (16%) and purse seine (5%).   

Vietnam is ranked as one of the top ten seafood exporters in the world with an export value of 

USD 8.3 billion in 2017. Vietnam’s seafood products are exported to 165 countries. The three 

main markets are the EU, the U.S. and Japan, accounting for more than 60% of the total export. 

The EU officially issued a yellow-card warning regarding illegal, unreported and unregulated 

(IUU) fisheries for Vietnam’s seafood export to the EU market in 2017. This market accounts 

for about 17% of the annual value of Vietnam’s seafood exports and the warning represents a 

major challenge for Vietnam’s seafood industry. In addition, a similar warning about IUU 

seafood when exporting to the U.S. market  came on January 1, 2018 (Vasep, 2018). Tuna is 

a major product sold to these two large markets. 

To combat IUU fishing, offshore fisheries, such as the tuna fisheries, are regulated  (IPOL, 

2018), whereas inshore fisheries are open access. The anchovy purse seine fishery studied 

here is an example of an inshore open-access fishery. 

Fish stocks in Vietnam have declined over time (Thuy, 2018). Meanwhile, the cost of a fishing 

trip for offshore vessels is very high, so that fishers struggle to cover all the operating costs. 

Therefore, the Vietnamese government supplies subsidy programs aimed at offshore fisheries 

to maintain the fishing industry, as well as at-sea presence and border security. The subsidy 

allocations have, however, largely been based on vessel horse power or hull length, and as 

such are therefore also received by inshore vessels that satisfy the requirements of the subsidy 

programs.  

According to the 1982 UN Convention on the Law of the Sea (UNCLOS), coastal states have 

ownership and control over resources within their exclusive economic zones (EEZ). The 

border between the EEZs of neighboring countries is sometimes difficult to define, creating 

particularly pressing issues in the South China Sea where no agreement on maritime 
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boundaries has been settled. The fish resources in the South China Sea are shared between ten 

nations. However, these nations do not agree on how to share the area. Therefore, Vietnam’s 

government encourages fishing vessels to utilize the disputed area. Hence, one motivation for 

the subsidies is to promote offshore vessels and by doing so increase the Vietnamese presence 

in disputed areas and protect the national sovereignty of Vietnam. However, the South China 

Sea resources are threatened, and overfishing has become a greater issue because of subsidies 

motivated by national goals (Long and Flaaten, 2011; Pham et al., 2021) 

2.1.2. Fisheries regulations 

Vessel owners have to register the technical characteristics of their fishing vessels at the 

Fisheries Department to obtain fishing vessel certifications. They also have to register fishing 

vocations, areas and the home port to get fishing licenses. 

According to the 2017 Fisheries Law, effective from January 1 2019, organizations and 

individuals using commercial fishing vessels with a maximum length of at least 6 meters for 

engaging in fishing, shall have commercial fishing licenses. Previously, Vietnamese fisheries 

were administered based on horse power, and vessels with engines larger than 90 hp were 

considered offshore vessels. However, since 2019 Vietnamese fisheries have been categorized 

on the basis of hull length. According to the recent regulations (2017 Fisheries Law), vessels 

with a hull length greater than 15 m are considered offshore vessels and must submit to a 

stricter governmental monitoring regime. These offshore vessels have to be equipped with 

satellite positioning equipment, and also record and submit reports and fishing logbooks 

according to instructions provided by the Ministry of Agriculture and Rural Development.  

Vessel subsidies are now based on hull length instead of horse power, regardless of whether 

they actually operate offshore or inshore.  

In order to combat the IUU fishing and because of the yellow card from the European 

Commission, monitoring, control and surveillance of fishing activities by the offshore fleet 

has now become more strict, and vessels will be fined heavily if fishing in foreign waters.  In 
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addition, marine protected areas (MPAs) are increasingly established to protect and conserve 

fish stocks. Vietnam has established MPAs in Hon Mun (in Khanh Hoa province), Van Phong 

Bay (in Ninh Hoa), Cu Lao Cham (in Quang Nam province), Phu Quoc (in Kien Giang) and 

Con Dao (in Ba Ria, Vung Tau) (Pomeroy et al., 2009). The monitoring, control and 

surveillance in relation to these area restrictions is regularly carried out by the patrol forces.  

All these factors are implemented with the goal to help Vietnam achieve responsible and 

sustainable fisheries in the future. 

2.1.3. Subsidies of Vietnamese fisheries  

In the Agreement on Subsidies and Countervailing Measures of the World Trade Organization 

(WTO), subsidies are defined as a financial support by a government that confers a benefit to 

firms or individuals. More specifically, subsidies are defined as direct or potentially direct 

transfers of funds from governments to firms or individuals (e.g., grants, loans, loan 

guarantees, equity infusions), government revenue foregone (e.g., tax waivers or deferrals), 

government support for prices and incomes, and government provision of goods and services, 

other than infrastructure, at less than market price (Schrank, 2003). Subsidies of public goods 

and services, such as education, enhance the supply of skilled labor.  Governments also 

provide financial support to industries in order to obtain environmental goals and to ensure 

that industries behave in an environmentally friendly manner (Schrank, 2003). Political aims 

also motivate subsidies, such as bolstering national sovereignty in disputed border areas (for 

example, subsidizing the offshore fleet in Vietnam). In general, governmental subsidies affect 

national and local labor markets. This means that the subsidized industries become more 

attractive in the labor market.  

A subsidy policy can be defined as an economic policy tool designed to change the prices 

faced by agents in the fisheries sector or to change the relative wealth of the participants. 

Implementation of a subsidy policy in fisheries will first influence the economic dimension. 

The economic effects will then lead to environmental and social effects. The impact level of 
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the economic dimension will depend on the types of management and the status of the fish 

stocks (OECD, 2006) 

According to Sumaila et al. (2010), there are three types of subsidies used in fisheries: 

capacity-enhancing, beneficial and ambiguous subsidies. Capacity-enhancing subsidies are 

defined as subsidy programs that lead to disinvestment in natural capital assets such that 

fishing capacity develops to a point where resource overexploitation makes it impossible to 

achieve maximum sustainable long-term benefits. The impact of these subsidies is the 

enhancement of overcapacity and overfishing, and results in the depletion of fish stocks. 

Capacity-enhancing subsidies are harmful subsidies. Fuel subsidies, and boat construction, 

renewal and modernization programs are classic examples of this type of subsidy. 

Beneficial subsidies are subsidies that lead to investment in natural capital assets. Subsidies 

for fisheries management programs and services, fishery research and development, and 

MPAs fall into this category. These subsidies potentially enhance the growth of fish stocks 

through the conservation and monitoring of catch rates through control and surveillance 

measures.  

Ambiguous subsidies are defined as programs whose impacts are undetermined. In this case, 

they may lead to either investment or disinvestment in the fish resource. These subsidy 

programs can lead to positive impacts, such as resource enhancement programs, or to negative 

impacts, such as resource overexploitation. Subsidies in this category include fisher assistance 

programs, vessel buyback programs and rural fisher community development programs. 

When government implements cost-reducing subsidies without any other regulations, the 

fishing effort will increase. Short-run subsidies may increase profits before the fishing effort 

is increased accordingly and a normal profit is obtained  (Flaaten and Wallis, 2000; OECD, 

2006). The long-term effects of cost-reducing subsidies are that  the fish stock will be affected 

negatively by increased fishing effort (Flaaten and Wallis, 2000; OECD, 2006).   
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Since the mid-1990s, the Vietnamese government has made strenuous efforts to develop its 

offshore fisheries. The development policy of 1997 included two broad objectives: First, to 

further expand marine fish production for domestic consumption and for export; and secondly 

to reduce the pressure on coastal fisheries resources, which had shown signs of full 

exploitation and even severe overfishing in some areas (FAO, 2005). 

In 2005, there were two new major development goals for Vietnamese offshore fisheries: (1) 

to ensure sustainable and efficient offshore fisheries, while maintaining both marine 

ecosystem functions and harmonious relationships with coastal fisheries and contributing to 

the protection of the sovereignty of the territorial waters and the national security of Vietnam 

and (2) to enhance income, create new occupations and improve the living standards of fishing 

communities that depend on offshore fisheries (FAO, 2005).  

In order to achieve the 1997 and 2005 development goals, programs to encourage the growth 

of underdeveloped offshore fisheries (such as infant fisheries) were supported. Already in 

1997 Vietnam introduced an investment program for offshore vessels, and this was followed 

up with the introduction of capacity-enhancing fuel cost compensation subsidies in 2008, 

along with other subsidy programs in 2010, 2014 and in 2018 (described in more detail below). 

These subsidies have contributed to fleet expansion, increased production, enhanced fishing 

skills needed to compete effectively with foreign vessels, and support to overcome short-term 

economic difficulties as well as protect the sovereignty of territorial waters. 

       In 1997 the government started subsidizing loans to develop the offshore fishery, offering half 

the interest rates of commercial banks. According to Sumaila et al. (2010), preferential loans 

are categorized as capacity-enhancing subsides. The cost of the program was estimated to be 

about 94 million 2001 USD. However, the effectiveness of the program was constrained by 

lack of suitable fishing technologies, high costs and insufficient information about the 

offshore resources. Therefore, about 31% of 1300 vessels under the program experienced 

negative profit (FAO, 2005) and only 10% of the funded vessels were able to meet their 
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obligations despite the interest rate having declined from 7% to 5.4% in 2003 (World Bank, 

2005). By the end of 2001 the 1997 subsidy program was abolished.  

Over the time period of 1996–2005, government subsidies for basic infrastructure in 

Vietnamese capture fisheries were estimated to be nearly 44 million 2005 USD (UNEP, 2009). 

       In 2008, Vietnam’s government started to subsidize fuel costs due to the increased fuel prices 

in 2007. This capacity-enhancing financial support was provided to all vessels on the basis of 

engine size, and a total of about 91 million USD was spent on such subsidies in 2008. By 2009 

the subsidies were removed after an oil price decrease.  

       Vietnam’s government also provided subsidies to support new offshore vessels in 2008 (4,232 

USD per year for vessels with engines larger than 90 hp), as well as support for renewing the 

engines of offshore fishing vessels to achieve higher fuel-efficiency (605 USD/year for vessels 

ranging from 40–90 hp, and 1,088 USD/year for vessels larger than 90 hp). This subsidy 

program ran for three years (2008–2010).  

       In 2010, the government of Vietnam introduced another subsidy program for the offshore 

fishing industry (Decision, 2010). This program included fuel cost support, insurance 

subsidies, loans at favorable interest rates and other subsidy schemes, and commenced 

operation in 2011. The fuel cost subsidies were based on the engine size of the vessels and all 

vessels could be supported to a maximum of four trips per year. This fuel support appeared as 

a quasi-lump sum subsidy per trip. Vessels with an engine size from 90 hp to 150 hp were 

supported with approximately 940 USD per trip, vessels with an engine size from 150 hp to 

250 hp received 1,304 USD per trip, vessels with an engine size from 250 hp to 400 hp 

received 2,348 USD per trip and vessels with an engine size of 400 hp or larger were supported 

with 3,130 USD per trip. Insurance subsidies covered 50% of the vessel insurance costs and 

100% of the accident insurance costs for fishers. Other subsidy schemes included support for 

the purchase of long-range acoustic devices integrated with GPS, and damage compensation. 

To receive the fuel and insurance subsidies, vessel owners must fit the following requirements: 

(1) Offshore vessels (with engine of 90 hp or more) have to have gone through registration 
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and are registered for regular operation in offshore areas; (2) vessel owners have to provide 

confirmation that they regularly operate in offshore waters approved by the specified 

authorities located in the offshore island areas, and  submit  logbooks for each fishing trip; 

and (3) the vessel owners need to submit a valid and complete dossier with the relevant 

documentation to the local fisheries management department (Circular, 2011). To get the 

subsidized loans, the owners had to provide the collateral for the banks. 

       The government also provided other support for developing Vietnamese fisheries. For 

example, from 2006 to 2010, the government supplied about 151 million USD for a fishing 

port and storm shelter center program. For fisheries information management, the Vietnamese 

government provided approximately 26.5 million USD in the time period of 2009–2012.  

From 2005 to 2015, financial support for fishing ports, landing sites, and fish markets were 

estimated to be nearly 169 million USD (UNEP, 2009).  

       In 2014, the Vietnamese government introduced a new subsidy program, which replaced the 

2010 subsidy program. Most of the insurance costs, including vessel and crew insurance costs, 

were covered by the government in 2016. In addition, preferential loans with low interest rates 

were issued to finance and improve the vessels, and subsidized loans were given to cover the 

expenditure of fishing (Decree, 2014). Most of the insurance costs were also covered by 

subsidies and by building new vessels with engines between 400 and 800 hp, loans up to 90% 

of the vessel value were provided at an average annual interest rate of 2%. Fishers also 

received fuel support covering a maximum of ten trips each year. After four years,  some 

subsidy programs were amended and replaced by a new program, which caused some 

reductions in the total subsidies (Decision, 2018). 

In general, Vietnamese fisheries receive both harmful and beneficial subsidies. Capacity-

enhancing subsidies (harmful) account for about 60% of total subsidies in Vietnamese 

fisheries (Harper and Sumaila, 2019). They include fuel subsidies and support for boat 

construction, renewal and modernization programs, tax exemptions, insurance cost, fishing 

ports, landing sites, fish markets, storm shelters, and basic infrastructure. Beneficial subsidies 
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make up about 40% of total subsidies in Vietnamese fisheries (Harper and Sumaila, 2019). 

Fisheries management, establishing and enforcing MPAs and research and development are 

considered beneficial subsidies promoting Vietnamese sustainable fisheries. 

Since the mid-1990s, purse seiners with engines larger than 90 hp located in Nha Trang have 

received subsidies aimed at developing the offshore fishery. Hence, in relation to our data set, 

the government in 2016 covered most of the insurance costs, including vessel and crew 

insurance costs. In addition, preferential loans with low interest rates were issued to finance 

new vessels (Decree, 2014). Most fishers have recently improved their vessels and invested 

in new and larger engines to enhance fishing efficiency. Consequently, since 2010 the engine 

capacity has increased by almost 170% despite the number of vessels having remained quite 

stable (130 vessels, decreased by 3.7%). Average horsepower (hp) and hull length of the Nha 

Trang purse seine fleet was 303 hp and 16.05 meters, respectively, in 2016. 

In this dissertation, we did not collect subsidy data for the 52 vessels operating in the Nha 

Trang purse seine fishery, only total revenue and total cost of each vessel. Total cost includes 

variable (fuel cost and other variable costs) and fixed cost (the sum of maintenance and repair 

costs, in addition to insurance, depreciation of the vessel and other equipment, annual 

repayment and interest on loans). The key economic indicators for this fishery are provided 

in the first paper. The economic data are used to measure the technical efficiency of the fishing 

fleet and the excess level of inputs used (Paper I). Along with the economic data, physical 

data were also collected. Therefore, the average physically and economically based technical 

efficiencies are measured and compared using the physical and economic measures (in Paper 

II). 

Moreover, the technical characteristics of vessels and the socio-economic characteristics of 

fishers are utilized to determine factors affecting different measures of technical efficiency 

(Papers I & II). 
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       In general, subsidies might lead to an economically inefficient industry and an increase in the 

probability of fish stocks being exploited beyond biological limits (Sumaila et al., 2007). 

However, some types of governmental support (such as training fishers, providing information 

on the state of fish stocks, weather forecasts, rescue and life-saving activities in high seas) 

may contribute to reducing fleet capacity and effort expansion, as compared to subsidies 

involving financial support.  

 

2.2. The Nha Trang purse seine fishery 

       Purse seine fishing commenced in the north of Vietnam in 1959 and in the south in 1975. 

Today purse seining dominates in 28 out of the 58 provinces of Vietnam, and the number of 

vessels counts more than 6,000 units, or about 5% of the total fleet. Purse seining has greatly 

contributed to economic development and brought jobs for thousands of coastal people in 

Vietnam. 

       Purse seine is a popular fishing gear used all over the world. The purse seine gear operates by 

setting up a wall of nets in the water, surrounding an area and then hauling to the vessel side. 

Today, most purse seiners in Vietnam are equipped with lights to attract fish, and echo-

sounders for finding fish. When schools of fish gather under light sources, the net is set to 

encircle them. 

       Khanh Hoa is a coastal province in the southern part of Vietnam, on the border to the South 

China Sea in the east, Dac Lac and Lam Dong provinces in the west, Ninh Thuan province in 

the south, and in the north Phu Yen province. Khanh Hoa encompasses nearly 5,200 km2 with 

a coastline of 520 km and more than 200 islands. The marine resources are diversified with 

more than 600 fish species, of which 50 species have a high economic value. About 31,500 

people work in the fishing sector in this province. Within the province, the city of Nha Trang 

has the largest number of vessels, with more than 2,500 units and total earnings of nearly 86 

million USD in 2015  (DECAFIREP, 2016). 
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       Nha Trang is one of the biggest cities in Khanh Hoa province. The fisheries of Nha Trang are 

multi-species fisheries. While offshore fisheries are largely regulated fisheries, the inshore 

fisheries are still open access. This creates a high pressure on coastal fish resources.  

 

Figure 2: Khanh Hoa province, Vietnam. 

 

            The Nha Trang purse seiners usually operate all year, while the main season is from January 

to September. The fishery primarily targets anchovy (Stolephorus commersonnii) and scads 

(Decapterus russelli, Decapterus macrosoma Bleeker, and Decapterus maruadsi), with some 

other species (sardine (Sardinella jussieu), mackerel (Scomberomorus guttatus) and skipjack 

tuna (Katsuwonus pelamis)) accounting for 2–3% of the total catch.  The average number of 

crew is 14 per vessel (including the skipper). The general educational level is low, with an 

average of six years in school. 

            Fishers working in this fishery often use purse seine nets with small mesh sizes of 0.5 cm to 

catch anchovies. Because such fish species usually inhabit coral reefs, purse seine fishing 
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operations could negatively impact marine ecosystems, including other fish species in these 

habitats. This may also lead to migration of other fish species if the coral reefs are damaged 

and destroyed. The Nha Trang bay is one of the main spawning and nursing areas of anchovy 

fish larva. Since 2002, parts of Nha Trang Bay have become a marine protected area in order 

to secure the recovery of ecosystems and potentially raise  the income of local fishers (Ngoc 

et al., 2009; Xuan and Armstrong, 2019). 

 

3. Data  

       This dissertation employs a data sample consisting of 52 Vietnamese purse seine vessel 

owners (accounting for 40% of the population of purse seine vessel owners in the area), in 

2016. We developed a questionnaire in two parts: The first part was based on a survey in Thuy 

et al. (2013) and collected various information regarding the purse seine fishery. The 

questionnaire included technical and operational characteristics of each vessel, costs and 

earnings data, catch and price of fish information, economic and sociodemographic factors of 

the fishers. 

The second part of the questionnaire was designed particularly for this study, covering a 

number of known challenges relating to how fishers perceive environmental, biological, social 

and technological factors affecting fishing activities, and how they evaluate changes in the 

studied factors, as well as climate change and adaptive strategies. The full survey was carried 

out from December 2016 to March 2017 at three different sites (Vinh Nguyen, Hon Ro and 

Vinh Truong). This was done through direct face-to-face interviews with vessel owners 

(and/or spouse). This dissertation also uses secondary data from a number of published papers 

and reports. Such data provide useful information for empirical discussion and comparison. 
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4. Performances and perceptions within the purse seine fleet 

4.1. Literature review 

Technical efficiency (TE) is developed by Farrell (1957) and measures the degree to which 

the vessel can produce the maximum output level at the given input level (output orientation) 

or use the smallest amount of inputs to produce the given output level (input orientation).  

There are two approaches to measuring technical efficiency: primal and dual approaches. The 

primal (physical) approach estimates the technical relationship between the inputs and 

outputs, while the dual approach estimates the economic relationship between inputs and 

outputs in the form of revenue, cost or profit functions. In the dual approach, the prices of 

input and output and the amounts of output and input are determined in order to maximize 

profit, maximize revenue or minimize costs (Andersen, 2005) 

Technical efficiency is often estimated based on production frontiers that compare observed 

production with maximal production. Two methods are commonly used to describe the 

efficient production frontiers and therefore measure the technical efficiency: Stochastic 

production frontier (SPF) and data envelopment analysis (DEA) (Charnes et al., 1978; Coelli 

et al., 2005). These two methods measure the distance between actual production and best-

practice production. Otherwise, they are different, with the traditional production function 

reflecting as average production function (Andersen, 2005). 

Both DEA and SPF methods have their advantages and disadvantages. The advantage of SPF 

is to include the inherent stochasticity because of data used when estimating technical 

efficiency. In addition, when using the SPF method, the results are also evaluated based on 

the statistical tests. Otherwise, SPF has to define specific functional forms for the production 

function and is only applied for the single output. DEA avoids the two disadvantages of SPF 

as it does not require the functional forms and can include the multi-outputs for the analysis. 

However, DEA does not deal with stochasticity, and all deviations from the production 

frontier are considered to be due to pure inefficiencies and not noise (Tingley et al., 2005).  
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DEA is a technique using mathematical programming to find the frontier that envelops the 

data observed and thus reflects the best practice. The relative efficiency of each observation 

is then measured relative to this frontier, as observations on the frontier are considered fully 

efficient. The technique has been used to analyze the technical efficiency in many different 

industries. Besides fisheries (Andersen, 2005; Castilla-Espino et al., 2006), examples include 

schools (Chakraborty et al., 2001; Waldo, 2007), banks (Favero and Papi, 1995; Le, 2018; 

Miller and Noulas, 1996; Sathye, 2005; Sherman and Gold, 1985) and farms (Long et al., 

2020; Thap et al., 2016) . 

The study of efficiency in fisheries, as in many other industries, has largely adopted an output-

oriented (or primal) approach, on the assumption that fishers aim to maximize their revenue 

each trip (Tingley et al., 2005). Meanwhile, the input orientation has not been preferred as the 

output approach, where the vessels being analyzed are restricted by catch limitations in the 

form of quotas as well as the biological circumstances (Andersen, 2005; Pascoe et al., 2001). 

There are numerous studies on TE in fisheries. Kirkley et al. (1995) were the first to employ 

modern frontier techniques in measuring TE in fisheries. They have been followed by Sharma 

and Leung (1998), Pascoe and Coglan (2002), Fousekis and Klonaris (2003),  García del Hoyo 

et al. (2004), Tingley et al. (2005),  Jeon et al. (2006), Esmaeili (2006),  Ngoc et al. (2009),  

Ceyhan and Gene (2014), Duy and Flaaten (2016), Digal et al. (2017). However, cost 

minimization has not been utilized as frequently in the fisheries literature. Examples are found 

in Trond Bjørndal and Gordon (2001) and Asche et al. (2008). 

 

4.2. Methodology 

       As in previous fleet performance studies (Duy et al., 2012; Duy et al., 2015; Flaaten et al., 

1995; Long et al., 2008; Pham et al., 2014; Whitmarsh et al., 2000),  this dissertation also 

employs key economic indicators (gross cash flow, profit, gross profit margin and profit 

margin) to measure the economic performance of the purse seiners in 2016. Gross cash flow 

is the main economic short-term indicator. Positive gross cash flow shows what the vessel 
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owners have earned from fishing operations after covering operating costs. Profit is the final 

net income after all the expenses are covered in one fishing year. If profit is negative but gross 

cash flow is positive, the vessels can still operate in the short run, but in the long run the 

vessels will exit if the situation lasts. The definition and the way of measuring economic 

performance used in this dissertation are in line with those applied in business economic 

analyses in general and in the profitability analyses of fishing vessels in Vietnam and 

European countries found in the articles mentioned above. 

There are two approaches to measuring technical efficiency using DEA, namely output or 

input orientations. Output-oriented technical efficiency is measured by the observed outputs 

at a given level of the inputs, while an input-oriented technical efficiency is defined by the 

minimum amount of the observed inputs to produce a given level of outputs (Tingley et al., 

2005). A major impetus to analyzing the input-oriented technical efficiency is that catches 

(outputs) in fisheries may be regulated at vessel level through non-transferable catch quotas 

(Andersen, 2005; Castilla-Espino et al., 2006). This approach gives exogenous catches 

(output). In contrast to this, the fishers want to maximize catch, revenue and profit at a given 

set of inputs when output orientation is selected.  In this dissertation, input-oriented technical 

efficiency has been applied. 

In this study, an input orientation is chosen to reduce the input as much as possible while 

sustaining the current catch levels. This is a reasonable assumption for the cost-minimizing 

behavior of fishers in developing countries, where (1) the running cost for a fishing trip is 

expensive but fishers’ financial resources are limited  since they often have difficulty 

accessing formal credit for operational cost because of an imperfect financial market; (2) 

fishers are considered as price-takers when each vessel’s small landing does not impact the 

price of fish in the competitive market (Duy et al., 2012; Long et al., 2008). This may be 

relevant to the fishers’ behavior which minimizes the operational cost in the fishing activities; 

(3) data for the analysis are based on a fishing year, not a fishing trip. When a fishing vessel 

goes to the fishing ground, inputs for a fishing trip are given, the catch maximizing behavior 
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of fishermen is plausible (this means that output orientation is sensible if the data for the 

analysis are on a trip basis) (Tingley et al., 2005). For the whole fishing year, the cost-

minimizing behavior of fishermen may be reasonable since they can easily change the number 

of fishing trips; (4) fisheries are traditionally characterized by a high degree of stochasticity 

in catches due to factors such as stock and price fluctuations, weather and luck; therefore, 

catch and revenue of a fishing vessel may fluctuate greatly and be uncontrollable (Andersen, 

2005). This can be relevant to minimize the cost level. 

       In this dissertation nonparametric DEA has been applied to estimate the technical efficiency 

of the 52 purse seiners. The double bootstrap DEA has been used to overcome the drawbacks 

of the DEA method. The double bootstrap DEA approach includes two stages: The first stage 

is to estimate technical efficiencies using the DEA technique, and the second is to examine 

the factors influencing technical efficiencies through the truncated regression models. Since 

values between zero and one are estimated by the input-oriented technical efficiency method, 

it creates a censoring problem where some censored values and some values close to zero or 

some values being less than one third (considered as outliers) are removed (Burgess and 

Wilson, 1998) when estimating the Tobit model or some ordinary least squares (OLS) 

regression models (McDonald, 2009). Burgess and Wilson (1998) also logged the efficiency 

measurement to get around issues of truncation. Therefore, performing a truncated regression 

with maximum likelihood avoids this boundary problem (Simar and Wilson, 2007). When 

estimating this truncated regression model, the dependent variable will be the inverse of the 

DEA efficiency estimates with the value ranging from one to infinity. Both of the above steps 

are estimated simultaneously with the bootstrap technique. 

       To test the relationships and compare the estimated technical efficiency when using 

deterministic versus double-bootstrap DEA, pair difference t-test, Wilcoxon signed rank test, 

and Spearman rank correlation are used (Bogetoft and Otto, 2010; Thap et al., 2016). The 

parametric test (t-test) is used to define whether there is any mean difference in efficiencies 

between nonparametric DEA and double DEA methods. The nonparametric test (Wilcoxon 
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signed rank test) is used to determine whether the efficiencies provided from the 

nonparametric DEA are greater than those found by double bootstrap DEA (Paper I).  

       For Paper I, economic indicators are defined for the 52 purse seiners based on costs and 

earnings in 2016. Revenue, variable cost, and total fixed cost are used to estimate the input-

oriented technical efficiency of each vessel. In Paper I, total fixed cost is assumed to reflect 

the total capital value (including vessel and fishing equipment) of one year, defined as the sum 

of all the fixed costs, such as maintenance and repair, insurance and fees, and depreciation.  

Fuel cost along with costs of lubricant, ice and food constitute the variable costs of the 

production process. Total revenue is the sum of revenues of the three catches: anchovy, scad 

and others.  

       In order to determine factors impacting technical efficiency amongst purse seiners in the case 

of single output (total revenue), vessel characteristics (for example, hull length) and socio-

economic factors of fishers, such as skippers’ experience, loans (financial stress) and family 

size, are also included in the truncated regression model. In this study, hull length is a proxy 

of engine size, as the two are highly correlated variables. Family size is considered a proxy 

for crew payment. 

       Paper II uses the physical and economic measures of inputs and outputs to estimate the 

technical efficiency of the 52 vessels through DEA technique. Input orientation is also applied 

in this paper. The two stages of double-bootstrap DEA procedure developed by Simar and 

Wilson (2007) are also applied in this case. Physical outputs are the catches of anchovy, scads 

and others; whereas horse power, hull length and quantity of fuel are used as the physical 

inputs. Correspondingly, the economic outputs are revenues of anchovy, scads and others; 

while total fixed cost, and variable cost are used as the economic inputs.  

The selection of physical and economic variables as described above was meant to purify each 

model, not including economic measures in the physical model and vice versa. However, there 

are, in addition, some variables the two models share. Man days at sea, skippers’ experience, 
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family size, loans and interest payment on loans are common variables, affecting both the 

physically and economically based technical efficiencies.  

R software with the rDEA package created by Simm and Besstremyannaya (2016) has been 

utilized in the study. The double-bootstrap DEA procedure was employed separately for each 

of the approaches. The median comparison test was used to consider whether there is a 

significant difference in the technical efficiencies between the physical and economic 

measures. 

In Paper III a graphical method has been used to visualize the fishers’ evaluation on how the 

different environmental, economic, technological, and social factors affect fishing activities, 

employing five levels of impact: severe problem; problem; no problem; advantage; and 

significant advantage. The fishers’ perceptions regarding possible changes in the selected 

factors and how severely communities may be affected, are presented. A t-test has been 

applied to test for linear trends over time. Also, to know whether there are differences in the 

perceptions of expected changes in the selected environmental, social and economic factors 

over time between or within the vessel groups, an ANOVA (analysis of variance) test was 

performed for comparison. 

 

4.3. Research results: a summary of the papers 

       Paper I investigates the economic performance and technical efficiency of 52 purse seiners in 

Nha Trang open-access fisheries. The findings show that an average purse seiner in 2016 made 

a positive profit because of low labor and fuel costs. The average monthly income per crew 

member working in this fishery is almost the same or higher than that of industry workers in 

Khanh Hoa province.  

       In addition, when total revenue was used as a single output, total fixed cost, and variable cost 

are used as the inputs, the mean technical efficiency of the Nha Trang purse seine fleet under 

the hypothesis of variable returns to scale is 70% (with 95% confidence interval from 0.65 to 
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0.76) using the double-bootstrap DEA. This implies that expected inputs could be reduced by 

24–35% and still sustain the current catch levels.  

Paper I also demonstrates that a physical factor (hull length), and skipper experience 

significantly affect vessel technical efficiency at the 5% and 10 % levels. The variation in the 

technical efficiency and the diversity of the Nha Trang purse seine fishing fleet are discussed 

in this paper. It is recognized that input-oriented technical efficiency is less used, while output-

oriented technical efficiency was identified as the preferred approach in fisheries when fishers 

want to maximize output (revenue) per trip. 

The findings of Paper II show that the average physically based technical efficiency is higher 

than the average economically based technical efficiency by using the double-bootstrap DEA 

method, and there is significant difference in technical efficiency between the physical and 

economic measures when performing the median comparison test. Truncated regression 

models present that factors such as skipper experience and interest payment significantly 

affect the physically based technical efficiency at the 5% level. This study concludes that 

physical variables are capable of capturing the essential economic differences between 

vessels. 

Regarding Paper III, findings show that heavy waves/bad weather, storms/tropical cyclones, 

high temperatures, heavy rains, fish resources, fishing costs, crew access, health and limited 

availability of capital are factors that affect the Vietnamese purse seine fleet. The fishers’ 

perceptions of increased temperature and declining fish stocks over time are in line with 

observed data. However, increasing frequencies of storms and precipitation are not observed 

in existing data, while the fishers claim such factors create problems for their current fishing 

activities.   

When comparing selected factors affecting fishing activities today with the situation five years 

ago, some factors appear to be evaluated differently amongst the vessel size groups studied. 

Specifically, an analysis of variance (ANOVA) shows significant differences between the 
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smallest and largest vessels (at a 5% significance level) in the perceptions of fish market 

development (prices), the suitability of boats and fishing gears, harbor conditions, security, 

and crew access. 

Almost all the surveyed fishers expect that the frequency and severity of environmental 

factors, such as rainfall and temperatures, will increase, while fish stocks will decline in the 

future. However, climate change is not expected to be among the most important negative 

factors in the future.  Other factors, such as cost of fishing, health conditions, fishing gears 

and boats, and the resource situation represent greater concerns among fishers with respect to 

the future of their fishing activity.  

Findings of Paper III are also compared with those found in the literature. Furthermore, we 

discuss: 1) why the fishers’ perceptions of changes in storms, floods and heavy rains are not 

the same as the observations; 2) why fishers with larger vessels and better equipment 

experience greater problems with storms and heavy rain; and 3) why almost half of the 

fishers in the sample do not find fish abundance represents a problem in the future. The 

adaptive strategies of fishers to reduce or cope with the impact of climate change are also 

presented.  

 

5. Conclusion 

       The dissertation shows that although the average profit of the studied purse seine fleet was 

positive in 2016, the range varies from negative to positive, possibly reflecting fleet diversity.  

The average technical efficiency of the Nha Trang purse seine fleet in 2016 is found to be 

relatively high in analyses performed while employing the double-bootstrap DEA technique. 

However, the differences in technical efficiency when applying physical versus economic 

measures are found to be significant. Skippers’ experience and interest payments were 

included in both cases and found to be important factors, significantly affecting the physically 

based technical efficiency.  
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The dissertation also investigates fishers’ perceptions of the negative effects of 

storms/cyclones, severe floods, heavy rains, high temperature, big waves and bad weather, 

reduced fish resources, health, crew access and limited capital availability. Moreover, this 

thesis shows that fishers’ perceptions of increased temperature and declining fish stocks are 

in line with observations of historical events. Fishers worry first of all about the suitability of 

future fishing gears and boats, fish stock development, the cost of fishing, health issues and 

crew access in the future.  

       The dissertation suggests that Vietnamese fishery managers should collect not only physical 

data but also economic data when such are available. Combined data will contribute in 

determining the general situation of Vietnamese fisheries, and help them develop appropriate 

management policies for sustainable fisheries in the future.  

Climate change is affecting Vietnam and it is expected to bring increased risk of natural 

disasters to the country in the future. Therefore, it is necessary to increase the knowledge and 

awareness of the fishers about the threats caused by natural disasters as well as about climate 

change impacts now and in the future. This may help them to prepare for a harsher climate or 

to have adaptive strategies to reduce or cope with the impacts of climate change in a timely 

fashion.  

Since the data of this study was collected over a short time period in 2016, it is not possible 

to evaluate whether the observed differences in vessel efficiency are temporary, due to 

changes in the distribution pattern of the stock or other random events. It is reasonable to 

expect that stock changes over time could affect different fleet segments in different ways.  In 

order to find how fleet dynamics affect technical efficiency and efficiency paths of vessels 

over time, more data points are needed. Hopefully, the current findings can be followed up by 

such studies in the future.  

Capacity-enhancing subsidies have been considered as a driving factor of the depletion of the 

fish stocks in the disputed sea area. There are indications of inefficiency in the subsidized 
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vessels, which suggests that unsustainable fisheries will occur in the long term if the fisheries 

remain open access and subsidy schemes are maintained (Duy et al., 2015; Pham et al., 2021). 

This issue may be important for future negotiations with neighboring countries on national 

EEZs and the sharing of straddling and highly migratory stocks in contested ocean areas 

(Pham et al., 2021). Armstrong (1994) and Long and Flaaten (2011) showed that cooperation 

is very profitable for all countries fishing on shared resources (Pham et al., 2021). In addition, 

IUU fishing needs to be monitored, controlled and surveilled. These management activities 

may also contribute in removing the yellow card Vietnam has received from the EU, 

converting the fisheries into responsible and sustainable fisheries in the future as well as 

avoiding conflicts between the countries in relation to shared fish stock in the South China 

Sea.   
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Abstract 

This study identifies differences in vessel efficiency amongst purse seiners in a Vietnamese 

fishery. Deterministic data envelopment analysis (DEA) was used to assess the relative 

technical efficiency of each vessel, and double bootstrap DEA was adopted to overcome some 

of the drawbacks of nonparametric DEA. The study was based on a survey of costs and earnings 

from 52 purse seiners in 2016, revealing an average vessel profit margin of 11 %. By adopting 

double bootstrap DEA while assuming variable returns to scale, mean technical efficiency was 

found to be 0.7 (with 95 % confidence interval from 0.65 to 0.76). This indicates that to sustain 

the current catch levels, expected inputs should be reduced by 24–35 %. The study shows that 

both vessel size and fishing experience are factors affecting the technical efficiency.  

Keywords: Economic performance, Technical efficiency, DEA, Double bootstrap DEA, purse seining. 
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1. Introduction 

It is well established that an open access fishery eventually leads to dissipation of natural 

resource rent and attracts fishing effort beyond any equilibrium level where such rent may be 

collected (Gordon, 1954). Scott Gordon’s seminal paper also shows that given his biological 

assumptions, only the most cost-efficient vessels, in the long run, will remain in the open-access 

fishery, all earning a normal profit. Hence, the standard theory suggests the fleet will, in the 

long term, develop towards homogeneity. However, quasi rent and intra marginal rent may exist 

in most fisheries due to natural and market fluctuations, leading to fleet diversity. This paper 

presents a study of a Vietnamese fishing fleet operating in a de facto open-access situation, to 

assess efficiency and diversity. The fleet has become more dominated by large units over recent 

years. This development is believed partly to be a consequence of governmental subsidies 

prioritising larger vessels and engines, despite it in principle being an open access fishery. The 

fishery primarily targets anchovy, Stolephorus commersonnii Lacepède, 1803, scads, 

Decapterus russelli (Rüppell, 1830), Decapterus macrosoma  Bleeker, 1851 and Decapterus 

maruadsi (Temminck and Schlegel, 1843), with some bycatch of other species (sardine, 

Sardinella jussieu (Lacepède, 1803), mackerel, Scomberomorus guttatus (Bloch and 

Schneider, 1801) and skipjack tuna, Katsuwonus pelamis (Linnaeus, 1758)) accounting for 2–

3 % of the total catch. The fleet sails out from the port of Nha Trang (in the southern part of 

Vietnam), a port including more than 2500 fishing vessels with total earnings of nearly 86 

million USD in 2015 (DEAGRUD, 2016). 

Vietnam is a major fishing nation with annual growth in landings of almost 6 % since the early 

1990s (GSO, 2018a). The fishing industry (including aquaculture) contributes about 4 % of 

national GDP each year (FAO, 2005). However, catch per horsepower (hp) shows a declining 

trend, from 0.89 ton.hp-1 in 1991 (Pomeroy et al., 2009) to 0.31 ton.hp-1 in 2016 (GSO, 2018a; 

Vasep, 2018). This reduction may reflect a decline in the resource base and technical changes 
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in the fleet. The average vessel has become larger, and the average engine size has increased 

by a factor of three from 2009 to 2016 according to DECAFIREP (2010 and 2016). Less is 

known about the changes in the resource base, as biological information is characteristically 

data poor in Vietnam. However, the general declining trend in catch per unit of horsepower also 

seems to be representative for the investigated fishery. 

The aim of this study, therefore, was to investigate the economic performance of the vessels 

participating in the Nha Trang purse seine fishery. A sample of 52 of a total of 130 vessels in 

the purse seine fleet was included in the study. Moreover, data envelopment analysis (DEA) 

was used to measure the technical efficiency (TE) of the purse seiners, and the bootstrap 

technique was applied to overcome some of the limitations related to the DEA method. The 

double bootstrap DEA method, developed by Simar and Wilson (2007), was employed to 

provide the bias-corrected DEA efficiency estimates, as well as statistical inference of the 

factors affecting TE. 

The aim was to further compare and analyse the findings based on known vessel differences, 

socio-economic differences and the findings of other similar studies. Can observed physical 

vessel differences explain possible variation in TE, or are socio-economic differences within 

the different crews more likely to provide an explanation? In addition, how do the findings 

compare with other studies from other fisheries? For example, are open-access fisheries more 

exposed to large differences in TE than regulated fisheries are?  

  



   

4 
 

2. Materials and methods 

Primary data were obtained from a survey including 52 purse seine owners selected from the 

130 purse seiners registered at Khanh Hoa Department of Capture Fisheries and Resources 

Protection in Nha Trang, in 2016 (DECAFIREP, 2016). The 52 vessels were selected based on 

hull length and horsepower, to ensure average values in the sample similar to the total 

population (Table 1). 

Table 1. Key measures used to qualify the sample as representative for the purse seiners 

in 2016. 

Variable 
Sample size = 52 Population size = 130 

t-test statistics 
Mean S.D. Mean S.D. 

Hull length  16.05   2.60  15.94   2.86 0.30 

Engine power 303.10 163.27 300.35 173.29 0.12 

S.D.: standard deviation 

Additional face-to-face interviews were conducted in 2016 with vessel owners (and/or their 

spouses) to collect information on technical and operational characteristics, costs and earnings 

of the purse seine fleet, and various economic and social factors regarding the fishers. The list 

of registered fishing vessels in Khanh Hoa in 2016 and other relevant information was also 

collected for this study.  

This study employs key economic indicators (gross cash flow, profit, gross profit margin and 

profit margin) to measure the economic performance of the purse seiners in 2016. Input-

oriented TE studies are rather rare, as fisheries studies focus primarily on measuring output-

oriented TE (Andersen, 2005; Castilla-Espino et al., 2006). In this study, an input orientation is 

chosen to reduce the input as much as possible while sustaining the current catch levels. This 

is a reasonable assumption for the cost-minimising behaviour of fishers in developing countries, 

for four reasons. (1) The running cost for a fishing trip is expensive but the financial resources 

of fishers are limited since they often have difficulty in gaining access to formal credit 
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mechanisms for operational costs because of an imperfect financial market. (2) Fishers are 

considered as price takers when each vessel’s small landing does not impact the price of fish in 

the competitive market (Long et al., 2008; Duy et al., 2012). This may be relevant to the fishers’ 

behaviour that minimises the operational cost in the fishing activities. (3) Data for the analysis 

are based on the fishing year, not a fishing trip. When a fishing vessel goes to the fishing ground, 

inputs for a fishing trip are given, and the catch-maximising behaviour of fishermen is plausible 

(it means that an output orientation is sensible if the data for the analysis are on a trip basis) 

(Tingley et al., 2005). For the whole fishing year, the cost-minimising behaviour of fishermen 

may be reasonable since they can easily change the number of fishing trips. (4) Fisheries are 

traditionally characterised by a high degree of stochasticity in catches due to factors such as 

stock and price fluctuations, weather and luck; therefore, catch and revenue of a fishing vessel 

may fluctuate wildly and be uncontrollable (Andersen, 2005). This can be relevant to minimise 

the cost level. 

An input-oriented TE assumes a given level of output produced by the minimum amount of 

input factors. We assume that first-hand fish prices and the prices of all inputs are the same for 

all vessels. Differences in cost efficiency between vessels reflect the differences in the input-

oriented TE (Pascoe et al., 2003), such as the skill of the crew and skipper (Squires and Kirkley, 

1999) or the technical characteristics of the vessel (Pascoe and Coglan, 2002).  

A TE analysis is based on the following scheme: 

Let xj be the quantity of an input factor in the production of harvest (uj) by vessel j. zj is the 

intensity variable that is used to define the linear combination of the peers of the jth vessel. j 

indicates the total number of vessels (52 in this study), and the DEA methodology is 

summarised by 
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𝑇𝐸𝑗(𝑢, 𝑥) = min 𝜃𝑗  
   

 

 subject to  

𝑢𝑗 ≤ ∑ 𝑧𝑗
𝐽
𝑗=1 𝑢𝑗

𝜃𝑗𝑥𝑗 ≥ ∑ 𝑧𝑗𝑥𝑗
𝐽
𝑗=1

  𝑧𝑗 ≥ 0, 𝑗 = 1,2, . . , 𝐽;  ∑ 𝑧𝑗
𝐽
𝑗=1 = 1.         

 (1) 

𝑇𝐸𝑗(𝑢, 𝑥) represents the TE as a function of output u and input x. 𝜃𝑗  is the input-oriented TE 

with a value between 0 and 1 (Castilla-Espino et al., 2006). The convex constraint, ∑ 𝑧𝑗
𝐽
𝑗=1 =

1, shows that the production technology exhibits variable returns to scale (VRS) (Coelli et al., 

2005). 

The difference in TE amongst purse seiners is described by:  

 𝛿�̂� = 𝛽𝑍𝑗 + 휀𝑗 ≥ 1. (2) 

In equation (2) the dependent variable is the TE score, 𝛿�̂� =
1

𝜃�̂�
. 𝑍𝑗 is a set of exogenous variables, 

while 𝛽𝑗 are parameters of the model to be estimated. In this equation, 휀𝑗 is a continuous, 

independent and identically distributed random variable. 

The DEA efficiency estimates found by the use of method (1) are sensitive to variation in 

sample size and number of variables used in the DEA model (Zhang and Bartels, 1998). 

Furthermore, the standard inference in the second-stage DEA method is statistically invalid due 

to the DEA TE estimates for being serially correlated (Simar and Wilson, 2007). In order to 

overcome the limitation of DEA, the bootstrap methodology has been applied in this study. 

The bootstrap technique is considered as a way to simulate a true sampling distribution by a 

data generating process (DGP) from the original data set (Balcombe et al., 2008; Olson and Vu, 

2009). The DEA model applied here is re-estimated with the new data set or the pseudo replicate 
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data generated by the original data set, and this process is repeated many times to yield the 

empirical distributions of the estimators of the parameter of interest that give a Monte Carlo 

approximation of the sampling distribution and a feasible inference procedure. The DGP that 

provides the rationale for Simar and Wilson (2007) double bootstrap procedure is used to 

provide the biased corrected confidence intervals for the TE estimate in (1) and enable 

consistent inference within the truncated regression model explaining TE in (2). Therefore, the 

DEA double bootstrap technique proposed by Simar and Wilson (2007) is employed for the 

current study. 

Since the purse seine fishery in question is a multispecies fishery, revenue was chosen as the 

output variable in the estimation of TE. Total fixed cost, taken as the measure of the capital 

value (including vessel and fishing equipment) in one year, is defined by summing all the fixed 

costs such as maintenance and repair, insurance and fees, including depreciation (see Table 2). 

Fuel cost constitutes a major part of the variable cost in the purse seine fishery. Other variable 

costs are the costs of lubricant, ice and food. For Nha Trang fisheries, labour payment is a share 

of the revenue minus variable costs per fishing trip. Hence, in this study labour cost is 

represented by man days at sea (number of days multiplied by the number of crew members, 

including skipper). However, there is a high correlation (0.87) between the variable cost and 

man days at sea, and therefore, man days at sea is taken out of the DEA model. 

In order to explain differences in TE amongst purse seiners, the vessel characteristics and socio-

economic factors of fishers are also included in equation (2) and the truncated regression model 

(see Table 2). In this study, hull length is a proxy of engine size, as the two are highly correlated 

variables. Family size is considered as a proxy for crew payment. Regarding the financial stress, 

some people are unable to get a loan, and thus they might be under more stress than those who 

are able to do so. 
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Table 2 shows the means and standard deviations of some core variables in the data sample of 

the 52 purse seiners.  

 

Table 2. Basic statistics for variables in the sample of 52 purse seine vessels in 2016. 

Variables 
Measurement 

unit per vessel 
Mean S.D. Min Max 

Inputs and output employed in the DEA model 
Total fixed cost million VND 263.69 111.18 75.97 627.69 

Variable cost million VND 757.60 280.28 228.00 1438.50 

Revenue million VND 1755.44 790.14 450.00 3491.40 

Truncated regression model 
Hull length (Z1) meters 16.05 2.60 11.00 22.85 

Skippers’ experience (Z2) years 26.81 7.16 11.00 39.00 

Skippers’ experience ^2 (Z22) years2 769.00 364.83 121.00 1521.00 

Financial stress (Z3) yes/no 0.40 0.49 0.00 1.00 

Family size (Z4) persons 4.98 1.36 3.00 10.00 

S.D.: standard deviation 

The analysis is performed using the rDEA package created by Simm and Besstremyannaya 

(2016) in R. The double bootstrap DEA model with L1 = 100 interactions for the first loop and 

L2 = 2000 for the second loop of Algorithm 2 was applied, as developed by Simar and Wilson 

(2007). 

 

3. Results 

Table 3 shows the economic indicators of the purse seine fleet in Nha Trang in 2016. In that 

year an average purse seiner obtained a profit of 272.11 million VND with a corresponding 

profit margin of 11 %. 
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Table 3. Statistics for economic key indicators in the sample of 52 purse seine vessels in 

2016. 

Gross cash flow = gross revenue - operating cost - labour cost; Profit = gross cash flow - depreciation - 

interest payment on loans; Gross profit margin = gross cash flow/gross revenue; Profit margin = profit/gross 

revenue; S.D.: standard deviation. Note: all the economic indicators are measured in million VND (1 million 

VND = 44.014 USD), except for gross profit margin and profit margin.    

 

Table 4 presents the input-oriented DEA results of the purse seine fleet after employing 

equation (1) and using the input variables presented in Table 2. An estimated TE ranging from 

0.4 to 1 means that the lowest TE of this fleet is 40 %, with average TE being 0.7 based on the 

deterministic DEA technique under the constant returns to scale (CRS) hypothesis. The VRS 

figures come out somewhat above this, with an average TE of 0.78. Using the double bootstrap 

DEA method under the VRS hypothesis, the TE of an average vessel is 0.7. Hence, 30 % of the 

TE is not fully utilised, compared to the most efficient purse seiner.  

 

  

Criteria Mean         S.D.        Min    Max 

Gross revenue 1755.44 790.14 450.00 3491.40 

Variable cost 757.60 280.28 228.00 1438.50 

   Fuel costs 386.21 150.70 115.20 864.00 

   Other variable cost 371.39 157.99 83.70 743.40 

Fixed cost 129.98 85.91 2.64 354.11 

   Maintenance and repair 126.58 85.93 0.00 350.00 

   Insurance and fee 3.41 1.14 0.58 5.81 

Labour cost 426.92 231.28 103.49 856.56 

Gross cash flow 440.94 347.17 -135.92 1205.59 

Depreciation 133.71 64.15 53.29 310.46 

Interest payment on loans 35.12 53.82 0.00 220.00 

Profit 272.11 284.99 -230.76 868.32 

Gross profit margin 0.21 0.12 -0.19 0.39 

Profit margin 0.11 0.14 -0.31 0.34 

Income per crew member 28.86 12.41 7.11 50.35 
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Table 4. Calculated TE in the sample of 52 purse seiners, based on deterministic and double 

bootstrap DEA methods. TE_CRS refers to TE while assuming constant returns to scale, and 

TE_VRS assumes variable returns to scale. SD refers to standard deviation and CI to confidence 

interval.  

Criteria 

Deterministic DEA Double bootstrap 

Mean SD Min Mean SD Min Max 
Lower 95 % 

CI for mean 

Upper 95 %  

CI for mean 

TE_CRS 0.70 0.17 0.40 0.66 0.16 0.37 0.95 0.63 0.70 

TE_VRS 0.78 0.17 0.45 0.70 0.15 0.40 0.93 0.65 0.76 

 

Table 4 shows the 95 % confidence intervals for mean TE of the purse seine fleet in 2016. Using 

the double bootstrap method, the bias-corrected TE has a 95 % confidence interval between 

0.65 at the lower limit and 0.76 at the upper limit, with the width of the confidence interval 

equalling 0.11, under the VRS hypothesis.  

To test the relationships and compare the estimated TE when using deterministic versus double 

bootstrap DEA, we deployed the pair difference t-test, Wilcoxon signed rank test, and Spearman 

rank correlation (Bogetoft and Otto, 2010; Thap et al., 2016). The parametric test (t-test) is used 

to define whether there is any mean difference in efficiencies between nonparametric DEA and 

double DEA methods. The nonparametric test (Wilcoxon signed rank test) is used to determine 

whether the efficiencies provided from the nonparametric DEA are greater than those found by 

double bootstrap DEA. To test whether there is a correlation between these two efficiency 

estimates, the Spearman rank correlation is also applied. 

   The results in Table 5 show—based on the paired t-test and the Wilcoxon signed rank test—

that the TE obtained from the deterministic DEA method under both CRS and VRS are 

statistically significantly different and higher (levels of significance are displayed in Table 5) 

than those found when using the double bootstrap procedure.  
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Table 5. Mean comparison and correlations of TE in the sample, rankings based on Spearman 

and Wilcoxon signed rank test. TE_CRS refers to TE while assuming constant returns to scale, 

and TE_VRS assumes variable returns to scale.  

 t-ratio 
Spearman rank  

correlation 

Wilcoxon signed rank 

test (P-value) 

TE_CRS 13.88*** 0.99*** 0.000** 

TE_VRS 14.82*** 0.97*** 0.000** 
 *** significant at 1 % level    ** significant at 5 % level  

Table 6 shows the excess use of inputs in the Nha Trang purse seine fleet in the 2016 season. 

The findings show that vessel owners in this industry could reduce cost in their fishing activity. 

The cost savings described when applying the double bootstrap technique are even larger.  

 

Table 6. Excess use of inputs defined by differences between the actual inputs and the 

optimal inputs in the sample of 52 purse seiners. 

Criteria 

 
Actual input 

Deterministic DEA Double bootstrap DEA 

Optimal 

input 

Excess use 

of input 

Optimal 

input 

Excess use 

of input 

Total Fixed Costs 
Mean 263.69 203.28 60.41 184.19 79.5 

Sum 13711.89 - 3141.23 - 4143.08 

% excess  - - 22.91 - 30.15 

Variable Cost 
Mean 757.60 593.8 163.82 536.21 221.39 

Sum 39395.22 - 8518.84 - 11512.42 

% excess  - - 21.62 - 29.23 

 

 

Table 7 indicates that hull length is positively related to TE within the 95 % confidence interval 

in the double bootstrap method. This result shows that the larger the vessel, the higher the TE. 

In addition, the TE increases with the skippers’ experience, but at a decreasing rate, with these 

estimates being statistically significant at the 10 % level. Furthermore, there is a positive 
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relationship between financial stress and TE. However, this relationship is not statistically 

significant.  

 

Table 7. Determinants of TE score (the inverse of TE) estimated by the double bootstrap 

method. 

Variables Coefficient 
95 % confidence interval 90 % confidence interval 

Lower Upper Lower Upper 

Intercept  2.9903**  1.8377  6.0855  2.4372  5.7460 

Hull length (Z1) -0.0718** -0.1595 -0.0102 -0.1514 -0.0288 

Skippers’ experience (Z2) -0.0626*     -0.2094  0.0198 -0.1899 -0.0035 

Skippers’ experience ^2 (Z22)  0.0015**  0.0000  0.0043  0.0004  0.0039 

Financial stress (Z3)  -0.0402 -0.2772  0.3102 -0.2316  0.2631 

Family size (Z4) -0.0049 -0.1832  0.0227 -0.1747 0.0029 

** significant at 5 % level     * significant at 10 % level  

 

4. Discussion  

As pointed out in the introduction, the income of the studied purse seine fleet covered their 

operating costs and resulted in profits in 2016. These profits were due to the low cost of labour 

in Vietnam. The opportunity cost of labour is related to GDP per capita (Long et al., 2008; 

Pham et al., 2014). For example, in 2016, the GDP per capita in Vietnam was 2,173.27 USD, 

substantially lower than that of China (8,113.25 USD) and Malaysia (9,360.47 USD) (IMF, 

2019). Another reason for the positive profit was that the fuel price declined in 2016 by 30 % 

(0.53 US$.L-1) compared to 2011 (0.79 US$.L-1). Fuel costs constituted about 52 % of total 

variable costs in 2016.   

Moreover, the average monthly income per crew member working in this fishery in 2016 (3.59 

million VND) was higher than the overall average for Khanh Hoa, which was 2.89 million VND 
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per capita per month (GSO, 2018b). This shows that the crew members earned the opportunity 

cost of labour or above in this operating year (Duy et al., 2015). 

The findings show that hull length had a significant and positive relationship with vessel 

efficiency. Another factor that had a statistically insignificant and positive impact on the TE in 

this study was the family size, presumably impacting payment of the crew. Skippers’ fishing 

experience (a proxy for skipper skills) was positively correlated to TE, but at a decreasing rate. 

Some results are in contrast to the findings reported by Ngoc et al. (2009), where family size 

negatively affected the TE of the Nha Trang trawl fishery. In addition, those authors found that 

the skippers’ fishing experience had a positive effect on TE. This factor, however, were not 

statistically significant (Ngoc et al., 2009). Regarding financial stress, the results of the present 

study were found to be different from the findings of Thap et al. (2016), showing a negative 

relationship between access to financial resources and efficiency in the case of intensive white-

leg shrimp farming in Ninh Thuan (Vietnam). Also in the current study, this factor did not 

obtain statistical significance in the case of the Nha Trang purse seine fishery.  

The findings presented in Table 5 indicate the correlation between TE estimated by both the 

deterministic and double bootstrap DEA methods. Family size (Table 7), as a proxy for payment 

of crew, relates positively to TE. Fishing activities are fluctuating and may require seasonal 

workers from other parts of the country. Such employees often require higher wages than the 

local labour force since the use of family members could imply a lower cost of labour. 

Otherwise, we do not find a statistical relationship between family size and low payment for 

the crew. 

The TE of vessels varied due to differences in cost structures. Adopting the DEA double 

bootstrap method under VRS, the bias-corrected efficiency of an average vessel in the Nha 
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Trang purse seine fishery was 0.7. In addition, the single-year observations also revealed an 

excess use of inputs in the Nha Trang purse seine fleet.  

The TE levels identified by the use of the nonparametric method are higher than those found 

by the double bootstrap method. This result corresponds to the observations of Simar and 

Wilson (2000), who found that the deterministic DEA method positively exaggerated the level 

of efficiency in their specific sample. The double bootstrap method takes into account the 

sampling error and provides a bias-corrected efficiency estimate from which one may suggest 

broad policy implications. Other factors affecting the TE include the impact of subsidies, the 

political arguments for subsidies, variability in weather conditions, stock sizes and 

distributions, and possibly market variations. Such factors were not corrected for in this study.  

This study cannot confirm whether or not the purse seine fishery is characterised by 

overcapacity, as the crucial biological factors are unknown, and the data were collected over 

only one year. However, the results show that some vessels had low relative TE, even below 

0.5. It is not known if these vessels were more efficient in other years, due to factors such as 

changes in fish distribution patterns or weather conditions. Random noise in production 

potentially plays a significant role in fisheries, possibly reflected in fleet diversity. 

 

5. Conclusion 

This survey of 52 purse seiners in Vietnam revealed an average vessel profit margin of 11 % in 

2016. Three-quarters of the fleet experienced good earnings in spite of significant differences 

in TE levels measured in terms of inputs to harvest production.  

Excess capacity was identified in the purse seine fleet. Excess capacity represents an economic 

loss and may indicate a potential threat of overfishing. If the excess capacity is kept and fully 
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utilised, instead of producing the current fishing output with a smaller fleet (and full utilisation 

of the vessels), the overfishing issue could become more critical.  

The study revealed that physical factors (such as hull length) affect a vessel’s TE. The study 

also showed that TE increases at a decreasing rate based on the experience of the skipper. The 

purse seine fleet seems to be in a transition period, moving from one that is dominated by small 

vessels to one dominated by larger vessel sizes. This development is enhanced by subsidies, but 

it is not clear if the increased TE resulting from vessel size can be explained only by this factor. 

Since the study was done over a short period in 2016, it is not possible to explain the observed 

differences in vessel efficiency, which could be due to biological changes. However, it is 

equally reasonable to expect that stock changes over time could affect the different fleet 

segments in different ways. Stock changes may also explain the existing fleet diversity, even 

though this fleet seems to develop towards less diversity over time. To determine how fleet 

dynamics affect TE and efficiency paths of each vessel over time, more data points are needed. 

Hopefully, the current investigation can be followed up by such studies in the future.  

This study shows the fleet’s mean TE indicates that to sustain the current catch levels, expected 

inputs in this fishery could be reduced by 24–35 %. The role played by subsidies is not clear 

from this study, but in general it is known that subsidies might lead to an economically 

inefficient industry and an increase in the probability that fish stocks will be exploited beyond 

their biological limits (Sumaila et al., 2007). Instead of financial support, other types of 

governmental support (such as training fishermen, providing information on the state of fish 

stocks, weather forecasts, rescue and life-saving activities in high seas) could contribute to 

reducing fleet capacity and effort expansion. 
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Abstract 

Data Envelopment Analysis (DEA) studies of fisheries usually apply output-oriented efficiency 

based on physical measures. Although physical measures capture important input factors 

employed in fishing activities (such as boat size, engine power), economic measures directly 

reflect the cost of inputs employed. This case study investigates whether economic measures 

are vital or whether technical efficiency is sufficiently well reflected solely by the use of 

physical measures. The analysis makes use of a double bootstrap DEA technique and compares 

input-oriented technical efficiency based on physical versus economic measures. The double 

bootstrap technique was chosen as it allows statistical inference based on the estimated 

technical efficiency. The results show that economic measures give a lower technical efficiency 

than that obtained by physical measures. However, a significant difference in the technical 

efficiencies was found between the two measures. Truncated regression models indicated that 

factors such as skipper experience and interest payment significantly affect the physical 
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measure of technical efficiency at the 5% level. This study concludes that physical variables 

are capable of capturing the essential economic differences between vessels.  

 

Keywords: technical efficiency, double bootstrap DEA, economic variables, physical 

variables, purse seining 

 

1. Introduction 

While fishing is often recorded using physical indicators (e.g. vessel size, fishing time, number 

of fishers, and fuel consumption), economic indicators such as revenue, costs, and profit 

represent normal business indicators. Physical indicators are most frequently used in efficiency 

studies of fisheries employing Data Envelopment Analysis (DEA) (Kirkley et al., 2001), as 

such variables are easily available since they are often recorded and used in the management of 

fisheries (Pascoe et al., 2003). However, the use of physical versus economic variables may 

depend on the data available and the aims of the research. Although the latter types of data may 

be harder to obtain, they are often believed to be more comprehensive. 

Economic data are generally measured in monetary terms, while physical data are measured 

along different quantity scales, such as length, volume, weight, and so on (Pascoe et al., 2003). 

Physical measures describe some important inputs employed in fishing activity, while 

economic measures are assumed to capture the full range of inputs employed (Pascoe et al., 

2003; Pascoe and Robinson, 1998). Differences in materials applied for constructing vessels or 

on-board technology, for example, are presumably included in the amount of capital measured. 

While these types of inputs are neither readily available nor easy to include in the production 

function, the amount of capital can be measured either from the physical input (using engine 

power or boat size as a proxy for fixed capital) or in terms of value (the value of the vessel and 

fishing equipment). In addition, the composition of physical inputs is separable and clearly 
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identified. This contrasts with economic measures, where the composition of all the inputs in 

the aggregate value measure may not be apparent (Pascoe et al., 2003).  

When technical efficiency is measured by economic measures, it reflects the economically 

optimizing vessel behavior (economic optimization approach), maximizing profit or 

minimizing costs. Technical efficiency is then identified by the cost function (Atkinson and 

Cornwell, 1993) as the ratio between actual output and the corresponding frontier output. This 

is based on the dual relationship between cost and production functions. This is derived from 

an output-oriented approach. This approach is applied to estimate output-oriented technical 

efficiency when using stochastic production frontier functions with the corresponding 

behavioral objectives (catch maximization, revenue maximization) (Jamnia et al., 2015; 

Tingley et al., 2005). To employ this approach, economic data such as costs and outputs are 

required. 

DEA is a non-parametric method based on available economic and/or physical variables that 

reflects the activity of each unit (a fishing vessel in our case). Economic variables measure 

technical efficiency, providing a production frontier of each unit, representing the optimal 

(maximum) production at different levels of input combinations. The dual perspective looks at 

a given production level, optimizing (minimizing) the combined inputs necessary to obtain this 

production level.  

Physical measures (e.g. vessel size) are used as inputs in DEA in order to estimate technical 

efficiency, reflecting the technical relationship between the input and output of each vessel. 

Output-oriented technical efficiency is obtained by the ratio between actual physical output and 

maximum physical output. Similarly, input-oriented technical efficiency is defined by the 

minimum level of inputs used to sustain the current catch.  
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It is well known that there is no difference between the economically based technical efficiency 

and the physically based technical efficiency when vessels face the same prices. In practice, 

however, prices vary across vessels and the estimates of the two efficiencies will give different 

results (Cross and Färe, 2008). 

The aim of this paper was to measure technical efficiency between fishing vessels in the case 

of using physical versus economic data sets and to investigate possible deviations in the 

estimation of efficiency. There are two approaches to measuring technical efficiency by DEA: 

by output or input orientation. Output-oriented technical efficiency is measured by the observed 

outputs at a given level of all inputs, while an input-oriented technical efficiency assumes a 

given level of outputs (Farrell, 1957). A major impetus for analyzing the input-oriented 

technical efficiency is that catches (outputs) in fisheries may be regulated at vessel level through 

non-transferable catch quotas (Andersen, 2005; Castilla-Espino et al., 2006). In contrast, the 

fishers want to maximize catch, revenue, and profit at a given set of inputs when output 

orientation is selected (Tingley et al., 2005). 

A few empirical studies assume input-oriented technical efficiency in fisheries (Andersen, 

2005; Castilla-Espino et al., 2006), while output orientation in general is more common 

(Tingley et al., 2005). In this study, an input orientation is chosen to reduce the input as much 

as possible while sustaining the current catch levels. This is a reasonable assumption for the 

cost-minimizing behavior of fishers in developing countries, where the following apply: (1) 

The running cost for a fishing trip is expensive but fishers’ financial resources are limited since 

they often have difficulty obtaining formal credit access for the operational cost because of an 

imperfect financial market. (2) Fishers are considered as price takers when each vessel’s small 

landing does not impact the price of fish in the competitive market (Duy et al., 2012; Long et 

al., 2008), which may be relevant for the behavior of the fishers that minimize the operational 

cost in their fishing activities. (3) Data for the analysis are based on a fishing year, not a fishing 



   

5 
 

trip. When a fishing vessel goes to the fishing ground, inputs for a fishing trip are given, so 

catch-maximizing behavior of fishermen is plausible (this means that output-orientation is 

sensible if the data for the analysis are on a trip basis) (Tingley et al., 2005). For the whole 

fishing year, the cost-minimizing behavior of fishermen may be reasonable since they can easily 

change the number of fishing trips. (4) Fisheries are traditionally characterized by a high degree 

of stochasticity in catches due to factors such as stock and price fluctuations, weather, and luck; 

therefore, the catch and revenue of a fishing vessel may fluctuate considerably and may be 

uncontrollable (Andersen, 2005). This can be relevant for minimization of the cost level. 

Our case study was a Vietnamese purse seine fishery, one of the most important inshore 

fisheries in Nha Trang, a city in the southern part of Vietnam. Like most Vietnamese fisheries, 

the purse seine fishery (accounting for 5% of the total fleet) is a multispecies and subsidized 

open access fishery. The seiners usually operate all year, while the main season is from January 

to September, mainly targeting anchovy and scads. Bycatches of other fish species (such as 

sardine, mackerel, and small tuna) account for less than 3% of the total catch landed. The 

average horsepower (hp) and hull length of the fleet were 303 hp and 16.05 meters, respectively, 

in 2016, and the average number of crew members was 14 per vessel (including the skipper). 

The educational level was low, with an average of six years in school. 

Physical measures such as engine size and vessel hull length are core indicators in Vietnamese 

fisheries. Since the mid-1990s, purse seiners with engines larger than 90 hp located in Nha 

Trang have received subsidies aiming to encourage the fishing industry to carry out high sea 

operations. Hence, in 2016 the government covered most of the insurance costs, including the 

vessel and crew insurance costs of such vessels. In addition, preferential loans with low interest 

rates were issued to finance new vessels (Decree, 2014). Both with and without subsidies, most 

surveyed fishers reported having recently improved their vessels and invested in new and larger 

engines to enhance efficiency. Consequently, the fishing effort capacity of the fleet has 
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increased considerably over recent years. In 2016, the Nha Trang purse seine fishing fleet 

included 130 vessels with a total engine capacity of about 40,000 hp. While the number of 

vessels has been quite stable since 2010 (a decrease of 3.7%), the engine capacity has increased 

by almost 170% (DECAFIREP, 2010, 2016).  

 

2. Data Collection 

A sample of 52 purse seiners was selected from a population of 130 purse seiners registered in 

2016 at Khanh Hoa Department of Capture Fisheries and Resources Protection, Nha Trang. 

Information about the performance of the 52 vessels was collected from December 2016 to 

March 2017 at three different sites (Vinh Nguyen, Hon Ro, and Vinh Truong). The vessels were 

selected in order to reflect the average fleet properties in terms of hull length and horsepower. 

Table 1 shows the means and standard deviations of hull length and horsepower in the whole 

fleet and in the sample of the fleet along with the corresponding t-test statistics. The t-tests 

confirmed the representativeness of the sample with regard to hull length and horsepower. The 

t-test statistic is defined as 
𝑀𝑠−𝑀𝑃

𝑆𝐷 √𝑛−1⁄
, where 𝑀𝑠 and 𝑀𝑃 represent the means of the sample and 

the population, respectively. SD is the standard deviation of the sample and n is the sample size. 

Table 1 shows that, in terms of hull length and engine size, our sample of 52 vessels did not 

differ significantly from the purse seine fleet because the t-test value is less than 2.008 at 

significance level 5%. This shows that the tested properties of the sample and the fleet were not 

found to differ. 
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Table 1. Sample and population averages and standard deviations of hull length and engine 

power and the t-tests of the sample. 

Variable 

Sample size = 52 Population size = 130 t-test statistics, at significance 

level 5% Mean SD Mean SD 

Hull length  16.05   2.60  15.94     2.86 0.30 

Engine power 303.10 163.27 300.35 173.29 0.12 

 

Face-to-face interviews with vessel owners (and/or spouses) were conducted to collect technical 

and operational information in addition to costs and earnings. Average prices and quantities of 

each harvested species and various other economic and social factors of the purse seine fleet 

were also collected, in addition to the list of registered fishing vessels in Khanh Hoa in 2016 

and other relevant information.  

Table 2 shows pairwise correlations between economic and physical variables obtained in the 

survey. Physical inputs (horsepower, hull length, and fuel consumption) and economic inputs 

(fixed cost and variable costs) are positively correlated with the respective outputs, catch 

quantity of anchovy, and the revenue retrieved from this catch. In addition, the pairwise 

correlations between the physical and economic variables and the different variables are also 

shown in Table 3.   
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Table 2. Pearson correlation between the physical and economic variables. Darker green cell 

color indicates a significant correlation at the 5% level; light green color indicates significance 

at the 10% level. 
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Revenue from scads  0.17  1.00            

Revenue from other 

fish species 
-0.60 -0.24  1.00           

 Anchovy  1.00  0.17 -0.60  1.00          

Scads  0.17  1.00 -0.24  0.17  1.00         

Others -0.60 -0.24  1.00 -0.60 -0.24  1.00        

 Hull length  0.55  0.43 -0.26  0.55  0.43 -0.26  1.00       

Horsepower  0.58  0.35 -0.46  0.58  0.35 -0.46  0.80  1.00      

Fixed cost  0.37  0.42 -0.28  0.37  0.42 -0.28  0.47  0.53  1.00     

Variable cost  0.70  0.64 -0.42  0.70  0.65 -0.42  0.56  0.60  0.48  1.00    

Fuel  0.63  0.56 -0.29  0.63  0.56 -0.29  0.57  0.60  0.59  0.90  1.00   

Loans  0.39  0.21 -0.26  0.39  0.21 -0.26  0.32  0.39  0.30  0.44  0.36  1.00  

Man days at sea  0.80  0.57 -0.51  0.80  0.57 -0.51  0.59  0.59  0.62  0.87  0.81  0.36  1.00 

Interest payment on 

loans 
 0.50  0.32 -0.20  0.50  0.32 -0.20  0.75  0.64  0.35  0.53  0.47  0.48  0.46 

 

Table 3. Pearson correlation between the physical and economic variables and the different 

variables. 

 Family size Skipper experience 

Revenue from anchovy  0.12 -0.13 

Revenue from scads -0.02 -0.17 

Revenue from other fish species  0.02  0.21 

Anchovy  0.12 -0.13 

Scads -0.02 -0.17 

Others -0.02  0.21 

Hull length -0.01 -0.19 

Horsepower -0.12 -0.21 

Fixed cost -0.05 -0.24 

 Variable cost  0.04 -0.04 

 Fuel  0.08 -0.04 

Man days at sea  0.02 -0.20 

Loans  0.13  0.04 

Family size  1.00  0.25 

Skipper experience  0.25  1.00 

Interest payment -0.12 -0.04 
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2.1 Selection of physical and economic variables  

Capital and capital utilization are key inputs often used in fishery efficiency studies (Pascoe et 

al., 2003; Pascoe and Tingley, 2016). Capital can be measured in either physical or monetary 

terms. We measured the annual fixed cost of capital invested in monetary units when estimating 

the technical efficiency of the Nha Trang purse seine fishery. As in several corresponding 

studies (as by Duy et al., 2015; Guyader et al., 2004; Hoff et al., 2013; Lleonart et al., 2003), 

repair and maintenance costs of boats and fishing gear were considered as fixed costs in this 

study. Other studies treat such costs as variable costs (Dichmont et al., 2008; Huppert and 

Squires, 1986), while Pascoe et al. (2015) argue that these costs should be distributed into both 

fixed and variable costs, for example depending on fishing gear.  

The fleet studied here was rather homogeneous, including the seasonal patterns of the fisheries. 

This suggests that it is reasonable to assume that repair and maintenance costs are fixed in this 

particular fishery, while in other fisheries they have to be treated as variable costs (for example, 

when seasonal length varies between vessels). In this study, total fixed cost was found by 

summing up the costs of insurance, fees, and depreciation of the vessel and fishing equipment 

in addition to the costs of maintenance and repair. Horsepower is a simple proxy for the fixed 

capital stock involving a single physical measure and was used by Pascoe et al. (2003) when 

estimating the technical efficiency of Norwegian trawlers. In this paper, horsepower and hull 

length were used as physical measures of the capital employed in fishing.  

Fuel consumption was measured in both liters and value, providing inputs to the physical and 

economic models, respectively. The cost of fuel constitutes a major part of the variable costs. 

Other variable costs are, for example, lubricants, ice, and provisions (Duy et al., 2015; Long et 

al., 2008). In this study, variable cost is a proxy for variable inputs, which is chosen as an 

economic measure of capital utilization in the economically based technical efficiency model.  
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Labor cost was indirectly represented by the number of man days at sea, while other running 

costs encompassed the remaining variable costs. Man days at sea was defined as the number of 

fishing days multiplied by the number of crew members including the skipper. However, man 

days at sea and variable cost are highly correlated (see Table 2). Therefore, man days at sea 

(used as a proxy for the crew payment) was excluded from the economically based technical 

efficiency model (Pascoe et al., 2003). For the physically based technical efficiency model, man 

days at sea (as being a proxy for variable inputs) is also taken out of this model when the choice 

of fuel consumption measured in liters is better than that of days at sea because bad fishing luck 

may lead to more days at sea (Pascoe et al., 2003)   

Physical outputs included the three catch quantities (anchovy, scads, and other fish species), 

while the economic outputs were the revenues obtained from the same catches (Table 4).  

The selection of the physical and economic variables as described in Table 4 was done to purify 

the two models; that is, economic measures were not included in the physical model and vice 

versa. However, there were still other common variables in the two models, with an unknown 

impact on the final result. Additionally, there were available variables that were not utilized.  
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Table 4. Statistics of vessel variables obtained in 2016 in the sample of 52 purse seiners. SD 

represents the standard deviation of each sample of variables; Min. represents the absolute 

minimum and Max. the absolute maximum value within each sample of variables. 

Variable Unit Mean SD Min. Max. 

Physical  

Input:  

Horsepower 

 

Hp 

 

303.1 

 

163.3 

 

50.0 

 

730.0 

Fuel Liters (dm3) 32,184.5 12,558.2 9,600.0 72,000.0 

Hull length Meters 

 

16.1 

 

2.6 

 

11.0 

 

22.9 

 

Output (catch): 

Anchovy 

 

Kg 

 

122,139.5 

 

63,063.7 

 

0.0 

 

255,000.0 

Scads Kg 34,922.3 47,416.7 0.0 240,000.0 

Other fish species Kg 3,624.1 11,394.1 0.0 47,600.0 

Economic  

Input:  

Total fixed cost 

 

million VND 

 

263.7 

 

111.2 

 

76.0 

  

627.7 

Variable cost million VND 757.6 280.3 228.0 1,438.5 

Output (revenue):  

Anchovy 

Scads 

Other fish species 

 

million VND 

million VND 

million VND 

 

1,421.7 

279.4 

54.4 

 

734.1 

379.3 

170.9 

 

0.0 

0.0 

0.0 

 

2,968.2 

1,920.0 

714.0 

Variables used in both physical and economic DEA calculations  

Man days at sea Days 2,660.0 897.4 600.0 4,500.0 

Skipper experience  Years 26.8 7.2 11.0 39.0 

Skipper experience squared Years2 769.0 364.8 121.0 1,521.0 

Family size Persons 5.0 1.4 3.0 10.0 

Loans (dummy) 

Interest payment 

Yes (1)/No (0) 

million VND 

0.4 

35.1 

0.5 

53.8 

0.0 

0.0 

1.0 

220.0 

 

The lower part of Table 4 displays the common variables used in both models. These were man 

days at sea, family size, and skipper experience. Skipper experience was included in two 

different variables, motivated by the assumption that the expected positive effect of increasing 

experience will decline at some point. Age was assumed to be a proxy for the skipper’s skills. 

The skills reflected the ability of the skipper to select the best fishing ground and to manage 

and supervise the crew in order to increase the catch quantities (output). The declining rate of 

increase in skill with age was obtained by a negative term for the skipper experience squared.  
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Family size was defined as the number of members in the skipper’s household. Livelihood 

conditions in the community depend on fishing, and an increase in the number of family 

members in a skipper’s household could cause an even greater dependency on fishing activities, 

in order to sustain the family. Furthermore, when many adult members in a fishing household 

take part in the family’s fishing activities, the labor force working on a fishing vessel tends to 

be more stable and labor costs can be expected to be lower, implying increasing technical 

efficiency. In this study, family size was considered as a proxy for crew payment.  

Regarding man days at sea, it is expected that this variable will negatively impact the technical 

efficiency in open access fisheries. This means that more days at sea will lead to a lower 

technical efficiency, implying that a vessel with a short season will hit the peak season, while 

others must extend their fishing into low season periods. In that case, the selected method could 

be criticized because only more intense fishing during peak season could enhance cost 

efficiency. 

Based on the data availability, loans are represented by a dummy variable which equals one in 

the case of the vessel owner having borrowed money and zero if not. Besides that, we expected 

that interest payment on loans may reduce technical efficiency by increasing total costs (Thap 

et al., 2016). 

 

3. Methodology 

A number of different approaches have been used to measure relative technical efficiency in 

fisheries. DEA (Castilla-Espino et al., 2014; Lindebo et al., 2007; Pascoe and Tingley, 2006; 

Pham et al., 2014), which is applied here, is often preferred over the stochastic production 

frontier (SPF) approach (Kirkley et al., 2002, 2004; Pascoe and Tingley, 2016), as it is a 

relatively simple technique based on a non-parametric approach and does not require a 
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specification of the production frontier as in the SPF approach. Furthermore, DEA can 

incorporate multiple outputs in the analysis.  

However, there are three main drawbacks that make the deterministic DEA problematic for 

statistical inference. Firstly, all estimates of technical efficiency are sample specific. Although 

the DEA method is deterministic, the efficiency is still computed relative to the estimated 

frontier rather than the true one. The efficiency scores obtained from a finite sample are subject 

to sampling variation of the estimated frontier (Simar and Wilson, 1998).  

Secondly, the estimated technical efficiency measures tend to be too optimistic, due to the fact 

that the DEA estimate of the production set is necessarily a weak subset of the true production 

set under standard assumptions underlying DEA (Simar and Wilson, 2000). Simar and Wilson 

(1998, 2000) proposed a procedure based on the smoothed bootstrap method to provide 

statistical inference regarding technical efficiency measures, including estimation of unbiased 

confidence intervals of technical efficiency and hypothesis testing, in non-parametric frontier 

models.  

The third drawback is related the problem of the conventional DEA two-step approach to 

explain the sources of firm-level efficiency, where efficiency is estimated in the first stage and 

then the estimated efficiencies are regressed on the environmental variables in the second stage. 

Simar and Wilson (2007) criticized the DEA technical efficiency estimates for being serially 

correlated. Therefore, standard inference approaches used in the conventional two-step DEA 

procedure are statistically invalid.  

Based on the advantages of the smoothed bootstrap procedure they developed in 1998 and 2000, 

Simar and Wilson (2007) proposed two Algorithms to analyze the effect of the contextual 

factors on technical efficiency. Alogrithm 1 only gives the consistent inference for factors 

explaining efficiency. This study employed a double bootstrap procedure (Algorithm 2), which 
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simultaneously provides not only unbiased confidence intervals for the technical efficiency 

estimate but also consistent inference for factors explaining efficiency.  

The bootstrap is considered as a way to simulate a true sampling distribution by a Data 

Generating Process (DGP) from the original data set (Balcombe et al., 2008; Coelli et al., 2005; 

Olson and Vu, 2009). The DEA model applied here is re-estimated with the new data set or the 

pseudo replicate data generated by the original data set and this process is repeated many times 

to yield the empirical distributions of the estimators of the parameter of interest that give a 

Monte Carlo approximation of the sampling distribution and a feasible inference procedure. 

The DGP that provides the rationale for Simar and Wilson (2007) double bootstrap is used to 

estimate technical efficiency and explain the factors affecting technical efficiency. 

The double bootstrap DEA procedure is performed by the following seven steps: 

The first step is to estimate the technical efficiency (TE) in terms of input orientation for the 52 

purse seiners (j = 1, ..., 52) in the sample, based on the DEA framework described by Equation 

(1) (see Andersen, 2005; Castilla-Espino et al., 2006).  

𝑇𝐸𝑗(𝑢, 𝑥) = min 𝜆𝑗  

subject to: 

𝑢𝑗 ≤ ∑ 𝛼𝑗

52

𝑗=1

𝑢𝑗;

𝜆𝑗𝑥𝑗 ≥ ∑ 𝛼𝑗𝑥𝑗;

52

𝑗=1        
𝛼𝑗 ≥ 0  ;

∑ 𝛼𝑗

52

𝑗=1

= 1; 

            (1) 
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The technical efficiency (𝑇𝐸𝑗) is a function of outputs (𝑢) and inputs (x). 𝜆𝑗 denotes the technical 

efficiency in terms of input orientation, with a value between zero and one, defining the smallest 

combination of inputs for a given level of outputs. If the value of 𝑇𝐸𝑗 equals one (𝜆𝑗 = 1), the 

vessel is technically efficient, while the vessel is not technically efficient if 0 ≤ 𝑇𝐸𝑗 < 1.  

xj is the amount of the fixed and variable inputs of vessel j employed to produce outputs, while 

𝛼j is the intensity variable that is used to define the linear combination of the peers of the jth 

vessel.  

The DEA model above gives us the technical efficiency under the assumption of Variable 

Returns to Scale (VRS). If  ∑ 𝑧𝑗
𝐽
𝑗=1  < 1, the production technology exhibits decreasing returns 

to scale, which implies that if we increase the inputs by, for example, 10%, the outputs will 

increase by less than 10%.  The production technology exhibits increasing returns to scale 

(∑ 𝑧𝑗
𝐽
𝑗=1  > 1) if we increase the inputs by, for example, 10%, the outputs will increase by more 

than 10% (increasing returns to scale). Technical efficiency when assuming Constant Returns 

to Scale (CRS) can be estimated by relaxing the constraint ∑ 𝛼𝑗
52
𝑗=1 = 1 in Expression (1) 

(Banker et al., 1984), which implies that if we increase the inputs by, for example, 10%, the 

outputs will increase by 10%.  

The second step uses maximum likelihood theory to estimate �̂� of β and 𝜎�̂� 𝑜𝑓 𝜎 in the truncated 

regression of 𝛶�̂� on 𝐷𝑗  as described by: 

𝛶�̂� = 𝛽0 + 𝛽𝑗𝐷𝑗 + 휀𝑗 ≥ 1             (2)  

The left-hand side of Equation (2) is the inverse of the technical efficiency (the technical 

efficiency score), 𝛶�̂� = 1/𝜆�̂�, with a value ranging from one to infinity. 𝐷𝑗  is the vector of 

exogenous variables affecting the technical efficiency of the purse seiners. 𝛽0 is an intercept of 
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the model while 𝛽𝑗 is the corresponding vector of parameter values to be estimated by the 

truncated regression model. 휀𝑗 is a continuous independent and identically distributed random 

variable, normally distributed as N(0, 𝜎𝜀
2) with left truncation at (1 − 𝛽𝐷𝑗) for each vessel j. It 

is assumed that 휀𝑗 and 𝐷𝑗  are strictly independent. In this truncated regression model, 휀𝑗 

represents the other exogenous variables outside the model (the effect of the omitted variables) 

and the measurement errors of inputs and outputs, as well as other stochastic noise components 

affecting technical efficiency. In other words, 휀𝑗 reflects the fact that the model partly explains 

the efficiency levels. 

The third step of the bootstrap technique is to perform the procedure 100 times in a first loop 

to get a set of bootstrap efficiency estimates 𝐸𝑗 = {𝛶𝑗𝑏
∗̂ } 𝑏=1

100 . This is done by repeating the 

following four steps (i–iv) for each vessel: 

(i) For each j = 1, …, 52, 휀𝑗  is drawn from N(0, �̂�𝜀
2). 

(ii) For each j = 1, …, 52, compute 𝛶𝑗
∗ = �̂�0 + 𝐷𝑗𝛽�̂� + 휀𝑗 . 

(iii) Construct a pseudo data set (𝑋𝑗
∗, 𝑌𝑗

∗), where 𝑋𝑗
∗ = (𝛶�̂�/𝛶𝐽

∗)𝑋𝑗 and 𝑌𝑗
∗ = 𝑌. 

(iv) Using the pseudo data set and Expression (1), calculate pseudo efficiency estimates 

𝛶𝑗
∗̂ = 1/𝜆𝑗

∗̂ for all j = 1, …, 52. 

The next step is, for each j = 1, …, 52, to calculate the bias-corrected estimator 𝛶�̂�
̂ = 𝛶�̂� −

𝑏𝑖𝑎𝑠(𝛶�̂�), where the bias term is 𝑏𝑖𝑎𝑠(𝛶�̂�) = (1/𝐿1 ∑ 𝜆𝑗𝑏
∗̂𝐿1

𝑏=1 ) − 𝛶�̂�. In this case, 𝐿1 is the first 

loop repeated 100 times. 

The fifth step is to apply the truncated maximum likelihood to the data set, regressing 𝛶�̂�
̂  on 𝐷𝑗  

in order to calculate estimates �̂̂� and 𝜎�̂̂�. 
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Then, the bootstrap technique is applied on the truncated regression model by repeating the 

following three steps (i–iii) 2000 times in the second loop, to generate a set of bootstrap 

estimates 𝐹 = {(𝛽∗̂̂, 𝜎𝜀
∗̂̂)

𝑏
}

𝑏=1

2000

. 

(i) For each j = 1, …, 52, 휀𝑗is drawn from an N(0, 𝜎�̂̂�) distribution. 

(ii) For each j = 1, …, 52, compute 𝛶𝑗
∗∗ = �̂̂�0 + 𝐷𝑗 �̂̂�𝑗 + 휀𝑗. 

(iii) Adopting the truncated maximum likelihood, regress 𝛶𝑗
∗∗ on 𝐷𝑗  to calculate 

estimates 𝛽∗̂̂ and  𝜎𝜀
∗̂̂.  

The last step is to use the bootstrap estimates F and the estimates �̂̂� and 𝜎�̂̂� generated in the fifth 

step to construct confidence intervals for 𝛽0, 𝛽𝑗, and 𝜎𝜀. The (1 − 𝛼)% confidence interval of 

𝛽𝑗 is constructed as the probability statement below: 

 𝑃𝑟 (−𝑏𝛼 2⁄ ≤ 𝛽𝑗
∗̂̂ − 𝛽�̂�

̂ ≤ −𝑎𝛼 2⁄ ) ≈ 1 − 𝛼 such that the estimated confidence interval for 𝛽𝑗 

is [𝛽�̂�
̂ + 𝑎𝛼 2⁄

∗ , 𝛽�̂�
̂ + 𝑏𝛼 2⁄

∗  ]. Similarly, the estimated confidence interval for  𝛽0 is [𝛽0̂
̂ +

𝑎𝛼 2⁄
∗ , 𝛽0̂

̂ + 𝑏𝛼 2⁄
∗  ]. 

Two main points should be considered when applying the double bootstrap as described above. 

The first point is that steps three and four employ a parametric bootstrap in the first-stage 

problem to produce bias-corrected estimates of technical efficiency, 𝛿�̂�
̂ . The parametric 

structure assumed in Algorithm 2, 𝜑(𝑍𝑗 , 𝛽) = 𝑍𝑗𝛽, shows that the double bootstrap adjusts the 

estimates, based not only on the input and output information but also on sociological factors. 

This idea has a link to the parametric approach of technical analysis, the stochastic production 

function proposed by Battese and Coelli (1995).  
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The second point referred to above is that in order to explain the sources of vessel efficiency, 

the truncated regression analysis is conducted in the last steps (referred to above) to explain 

factors affecting the bias-corrected technical efficiency. Since the dependent variable in 

Equation (2) is the reciprocal of technical efficiency, a positive relationship between technical 

efficiency and the independent variable exists if the sign of the estimated coefficient is negative, 

and a negative relationship exists if this coefficient obtains a positive value (Balcombe et al., 

2008; Long et al., 2020).  

Since the estimated input-oriented technical efficiency obtains values between zero and one, it 

creates a censoring problem where these values are removed when estimating the Tobit model 

or some OLS regression models (Burgess and Wilson, 1998). Therefore, performing a truncated 

regression with a maximum likelihood method for Equation (2) avoids this boundary problem. 

Simar and Wilson (2007) advocated the use of a truncated regression model that explicitly takes 

into account the bounded domain of the DEA efficiency estimates. 

This study used R software with the rDEA package created by Simm and Besstremyannaya 

(2016). The double bootstrap DEA procedure was employed separately for each of the 

approaches. This method had two stages. The first stage, in the case of the physically based 

technical efficiency (physical model), estimated technical efficiency from physical inputs (hull 

length, horsepower, and fuel) and outputs (catch of anchovy, scads, and others), as presented in 

Table 4. The second stage employed the truncated regression model in which the different 

variables, such as man days at sea, fishing experience (with the two different variables), family 

size, loans, and interest payment (in the lower part in Table 4), were assumed to affect the level 

of technical efficiency. The variables of the initial physical model were estimated 

simultaneously along with those included in the bootstrapping. One hundred replications were 

used for the first loop to compute bias-corrected efficiency estimates and two thousand 

replications were used for the second loop, where the truncated regression model for the 
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physical measures was bootstrapped. Similarly, this procedure was also applied to the economic 

data, where the first stage estimates the economically based technical efficiency (economic 

model) by using the economic inputs (total fixed cost, and variable cost) and outputs (revenue 

from anchovy, revenue from scads, and revenue from other fish species), as reflected in Table 

4. The different variables in the lower part of Table 4 show the factors affecting the 

economically based technical efficiency via the truncated regression model in the second stage.  

This study also applied joint models, using economic inputs and physical outputs, and vice 

versa, as well as combinations of physical and economic inputs and outputs. Results from these 

joint models are assessed in the discussion section. 
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4. Results 

VRS was selected for both models in the estimation of technical efficiency in this paper. A 

number of possible factors not included in Equation (1) could potentially cause fishers not to 

operate optimally, such as environmental fluctuations, constraints on financing, and different 

socio-economic characteristics (Coelli et al., 2005). The VRS DEA model might indirectly 

accommodate some of these factors better than the CRS model.  

 

Figure 1. Physically and economically based technical efficiencies estimated using the double 

bootstrap DEA method for 52 vessels. The red color presents the vessels that are more 

technically efficient according to the economic measure, while the blue color indicates those 

that are more technically efficient according to the physical measure. The diagonal represents 

the perfect fit between the technical efficiencies of the two measures. The open circle represents 

the average values of the two methods, and the dashed lines show the corresponding 95% 

confidence intervals in both directions. 
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Table 5. Calculated technical efficiency (TE) in the sample of 52 purse seiners, based on the 

double bootstrap DEA method. TEP: physically based technical efficiency; TEE: economically 

based technical efficiency. SD refers to the standard deviation and CI to the 95% confidence 

interval. 

Criterion Median Average SD Min.  Max. Lower CI Upper CI 

TEP 0.900.899 0.877 0.077 0.594 0.958 0.834 0.941 

TEE 0.778 0.743 0.135 0.431 0.922 0.68 0.82 

 

Figure 1 shows the estimated technical efficiencies using the physical versus the economic 

model when applying the double bootstrap DEA method (see the black dots). Table 5 shows an 

average physically based technical efficiency of 0.877, while the average economically based 

technical efficiency was 0.743. In addition, the lower and upper boundaries of the 95% 

confidence interval for the physically based technical efficiency were 0.834 and 0.941, 

respectively, which suggests that the amount an “average” vessel could reduce its inputs by 

increasing its physically based technical efficiency ranged from about 6% to more than 16%. 

The lower and upper boundaries of the 95% confidence interval for the economically based 

technical efficiency were 0.68 and 0.82, respectively, which suggests that an “average” vessel 

could reduce the cost of its inputs by increasing its economically based technical efficiency 

from 18 to 32%. The median comparison test revealed a significant difference between the 

physical and the economic input-oriented technical efficiency at the 5% level.  
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Table 6. Determinants of the technical efficiency scores (the inverse of physically and 

economically based technical efficiencies) when using double bootstrap estimation. The first 

column presents the coefficients when using physical measures and the second, the 

corresponding figures when using economic measures. 

Variable Coefficient when using 

physical measures 

Coefficient when using 

economic measures 

Intercept  1.3721**  0.2084  

Man days at sea -0.0001 -0.0002 

Skipper experience -0.0253** 0.0746 

Skipper experience2  0.0005** -0.0007  

Family size -0.0172  -0.0094 

Loans 0.2744* 0.0422 

Interest payment 0.002** -0.002 

Standard deviation of errors in the 

truncated regression 

 0.1875 

 

0.3856 

 

**,*: Significant at the levels of 5 and 10%, respectively 

Table 6 shows that the physically based technical efficiency increased with the experience of 

the skippers, but at a decreasing rate. However, these results were statistically significant at the 

5% level for the physical model only, as presented in Table 6. A negative but not significant 

relationship was found between family size (used as a proxy for the payment of crews) and 

technical efficiency in both models. 

There is a negative relationship between the loans and the physically based technical efficiency 

at the 10% level. A similar relationship is observed between the interest payment and technical 

efficiency at the 5% level. Otherwise, this contrasts with the truncated model of the 

economically based technical efficiency for these two cases.   
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We observe from Table 6 that the sizes of the intercepts of these truncated regression models 

differ and the intercept of the physical model is about 1.2 greater than that of the economic 

model. This indicates different random noise impacts on the models. However, only the 

intercept of the physical model is statistically significant, at the 5% level. Moreover, the finding 

of the truncated regression model regarding the physically based technical efficiency score 

indicates that the standard deviation of the error of this model is smaller than that obtained by 

the economic method (see Table 6). 

The differences between the estimates of the two truncated regression models could be 

explained by measurement error and differences in the use of input measures when calculating 

physically and economically based technical efficiencies.  In addition, since output prices may 

lead to a bias in the estimate of the economically based technical efficiency, this may be an 

explanation for the insignificant results in the economic model. Moreover, other factors 

affecting technical efficiency include the impact of subsidies, the political arguments for 

subsidies, variability in weather conditions, stock sizes and distributions, and possible market 

variations. However, such variables were not addressed in this study.  
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5. Discussion and Conclusion 

The estimated average technical efficiency found by physical variables was higher than the 

average of economically based variables, and there was a significant difference between the 

two when doing the median comparison test. One reason for this may be that the economic 

inputs include a larger part of the factors involved in the production process than the physical 

variables do. Collection of economic data is often dependent on fishers’ self-reports regarding 

their costs, revenues, and profits, which may be less accurate than the physical data. On the 

other hand, physical data only indirectly reflect the economic realities but could substitute for 

missing economic measures. Hence, there are issues of uncertainty in the use of both methods, 

which may also be reflected in the differences in technical efficiencies found by the two 

methods in this study. 

Regarding the factors affecting technical efficiencies, Nga et al. (2020) showed that capacity 

utilization is an increasing function of skippers’ fishing experience, but at a decreasing rate. 

The estimated parameter values were statistically significant at the 10% level when assuming a 

single output (total revenue) in the Nha Trang purse seine fishery. This corresponds to the 

current study. Family size did not influence technical efficiency in this paper, whereas Ngoc et 

al. (2009) found that family size negatively affected the technical efficiency of a Nha Trang 

trawl fishery and that skippers’ fishing experience positively influenced the technical efficiency 

when assuming a linear relationship. However, the latter estimate was not found to be 

statistically significant. Thap et al. (2016) determined that there is a negative relationship 

between financial stress (loans) and technical efficiency at the 5% level. This result corresponds 

to the current paper.  This is the same as loans: the interest payment on loans also impacts the 
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technical efficiency negatively because total operating costs will increase since fishers receive 

credit with tight schedules for paying the loans off. 

The signs of the skipper experience variables (two variables) and loans in the physical and 

economics models are opposite to one another. This difference may be due to output prices and 

measurement errors.  

The physical and economic measures of the fixed inputs were correlated. Additionally, the 

variable inputs (fuel and variable cost) showed high correlation coefficients. The correlation 

matrix in Table 2 shows a larger variety in the correlations between input variables and output 

measures. When the coefficients of the skipper experience and interest payment variables in the 

lower part in Table 4 differ significantly from zero (at the 5% level) (Table 6), fixed costs, 

variable costs, revenue from anchovy, revenue from scads, and revenue from other species are 

economic variables used to build the economically based technical efficiency. Correspondingly, 

horsepower, hull length, fuel, anchovy, scads, and others are the only physical variables 

affecting the physically based technical efficiency. The results presented in Table 5 are 

consistent with the hypothesis that there were significant differences in technical efficiency 

when using physical and economic measures in the data set, in both average values and ranges. 

In addition, the average physically based technical efficiency was higher than the average 

economically based technical efficiency, while about 55% of all vessels showed quite similar 

efficiency levels using the two measures (see Figure 1). Moreover, the width of the 95% 

confidence interval for technical efficiency using physical measures was 0.11, while for 

technical efficiency using economic measures it was 0.14 (see Table 5). This indicates that there 

was lower statistical uncertainty in the technical efficiency estimate using physical measures. 

This may be due to physical data being more robust and more easily identifiable than economic 

data.  
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Furthermore, in this study sample, seven vessels in particular displayed a large difference in 

technical efficiency between the two methods. Seven of the 52 purse seiners had technical 

efficiency values between 43 and 59% when using economic measures, while the corresponding 

technical efficiency range was 81–93% for the physical variables. The difference in technical 

efficiency ranged from about 60% to more than 90% between the uses of physical versus 

economic variables for these seven vessels. These seven vessels had relatively high costs in 

common, which strongly impacted the technical efficiency measured by economic input 

variables. Some factors may explain this. The seven vessels were old ones with relatively high 

expenditures for repairs and maintenance. Old engines and time spent maintaining the vessels 

also affected fishing efficiency.  

If the seven vessels referred to above are treated as outliers and excluded from the dataset, the 

average physically based technical efficiency would be 0.90 and the corresponding average 

economically based technical efficiency 0.789 when using the double bootstrap DEA 

procedure. A median comparison test (non-parametric test) showed a significant difference 

between the two at a 5% significance level. Regarding the factors affecting the two methods of 

measuring technical efficiency, skipper experience (embedded in two different variables) 

significantly (at the 5% level) influenced the physically and economically based technical 

efficiency. Otherwise, loans and interest payment on the loans significantly affected the 

physically based technical efficiency.  

The findings above show that excess capacity existed in the purse seine fleet in the year studied. 

This represents an economic loss and may indicate a potential threat of overfishing. If the excess 

capacity is fully utilized, the overfishing issue could become more critical. However, this study 

cannot determine whether the purse seine fishery is characterized by overcapacity over time, as 

the crucial biological factors are unknown and the data were collected over one year only. 

However, the results show that two vessels had low relative technical efficiency using the 
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economic measures. It is not known if these vessels were more efficient in other years, due to 

factors such as changes in fish distribution patterns or weather conditions. Random noise in 

production potentially plays a significant role in fisheries, possibly reflected in fleet diversity 

(Nga et al., 2020). 

Fisheries are traditionally characterized by a high degree of stochasticity in catches due to 

factors such as stock and price fluctuations, weather, and luck, which also may affect efficiency 

(Fousekis and Klonaris, 2003; Jeon et al., 2006; Ngoc et al., 2009). Although these variables 

were not part of our survey, the intercept of the truncated regression model may include the 

impacts of these variables on technical efficiency, though this is only statistically significant at 

the 5% level for the physical model (see Table 6). This study suggests that the double bootstrap 

DEA method could be used more widely in fishery efficiency studies in which random noise 

significantly affects the production process. In this study, possible effects of stock changes over 

time were not included. Hence, a further study should preferably include panel data to measure 

the change in technical efficiency over several years. 

Most fishery managers worldwide apply physical data to manage fisheries while fishers largely 

consider economic data such as revenues and costs in order to determine the economic status 

of their fishing operations on an annual basis. The findings here indicate that there is a 

significant difference in estimated technical efficiency measures when using physical versus 

economic data in a Vietnamese purse seine fishery. Clearly, physical data for estimating 

technical efficiency provide useful information for policymakers regarding the situation in a 

fishery. Such estimations may be expanded in cases where economic data are easily obtained. 

The additional benefits of considering economic information may, on the margin, be important, 

particularly if fleet reduction schemes are to be implemented (Pascoe and Tingley, 2006). This 

study shows the importance of collecting not only physical but also economic data if that is 

possible. The combined data give a better understanding of the condition of the fishery and 
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could provide a better background for the development of management policies for sustainable 

fisheries in the future.  

We also applied joint models, using economic inputs and physical outputs and vice versa, as 

well as combinations of physical and economic inputs and outputs. Applying the double 

bootstrap DEA method, we obtained a technical efficiency indicator equal to 0.88 when using 

horsepower, fuel, and hull length as inputs and revenues from anchovy, scads, and other fish 

species as outputs. The indicator was 0.739 when using variable costs and fixed costs as inputs 

and catch quantities of anchovy, scads, and other fish species as outputs. The technical 

efficiency indicator equaled 0.76 when employing fuel and fixed costs as inputs and the catch 

quantities of anchovy, scads, and other fish species as outputs. The corresponding value was 

0.762 when using fuel and fixed costs as inputs and revenue from anchovy, scads, and other 

fish species as outputs. The indicator equaled 0.864 when applying horsepower, hull length, 

and variable costs as inputs and revenue from anchovy, revenue from scads, and revenue from 

other fish species as outputs. Finally, the technical efficiency indicator equaled 0.867 when 

applying horsepower, hull length, and variable costs as inputs and catch quantities of anchovy, 

scads, and other fish species as outputs. When using a 5% significance level, the first estimated 

technical efficiency indicator listed here (0.88) was significantly different from the TEE but not 

from the TEP. The three next cases (indicator values of 0.739, 0.76, and 0.762) had the opposite 

properties, being significantly different from the TEP but not from the TEE. The two last cases 

(indicator values of 0.864 and 0.867) were related to the TEE and TEP as in the first case. In 

general, the higher indicator values differed systematically and significantly from the TEE, 

while the relatively lower values differed from the TEP.  

Regarding the factors affecting technical efficiency when mixing physical and economic input 

and output measures as presented above (the joint models), we found that the factors in the first 

model including skipper experience and interest payment significantly affected the technical 
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efficiency at the level of 5%. In addition, only interest payment significantly affected the final 

model at the 5% level. 

The average physically and economically based technical efficiencies of the fleet were 0.877 

(estimated to be 0.834 at the lower limit and 0.941 at the upper limit of the 95% confidence 

interval) and 0.743 (estimated to be 0.68 at the lower limit and 0.82 at the upper limit of the 

95% confidence interval), respectively, when using the double bootstrap DEA. This indicates 

that to sustain the current catch levels, expected inputs should be reduced by 5.9–16.6% based 

on the physical measures and by 18–32% based on the economic measures. In the last decade, 

the development of the Nha Trang purse seine fleet has been enhanced by subsidies. In general, 

it is acknowledged that subsidies may lead to an economically inefficient industry and an 

increase in the probability that fish stocks will be exploited beyond their biological limits 

(Sumaila et al., 2007). Instead of financial support, other types of governmental support (such 

as training fishermen, providing information on the state of fish stocks, weather forecasts, 

rescue and life-saving activities in high seas) which avoid further effort expansion could be 

offered.  

Non-parametric DEA is based on the assumption that all the observed units belong to the 

attainable set. In such deterministic frontier models, statistical inference is now achievable by 

the use of bootstrap procedures. However, noise was not considered in the DGP of the bootstrap 

procedures proposed by Simar and Wilson (2008) (see Simar and Zelenyuk, 2011). In the 

presence of noise, envelopment estimators could behave dramatically since they may be very 

sensitive to extreme observations that might result only from noise. Due to the stochastic nature 

of fisheries, future studies could beneficially consider some procedures, for example those 

proposed by Simar (2007) and Simar and Zelenyuk (2011), who introduced noise in non-

parametric frontier models (see also Olesen and Petersen, 2016).  
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Abstract  

This paper focuses on fishermen’s perceptions of how environmental and social-economic 

factors influence their lives and activities. A sample of Vietnamese purse seine fishermen were 

asked about their perceptions of changes in heavy waves, bad weather, storms/tropical cyclones, 

high temperatures, heavy rains, fish abundance, costs of fishing, suitability of fishing gear and 

boats, health, crew access and the availability of capital. Uncertainties related to these factors 

sum up the fishermen’s major concerns. Most fishermen believe that the frequency and intensity 

of storms/tropical cyclones are increasing in Vietnam. Almost all of the surveyed fishermen 

expected the frequency and severity of rainfall and the average temperature to increase in the 

future and fish stock availabilities to decline. However, climate change is not expected to be 

among the most important negative factors in the future. Other factors, such as cost of fishing, 

health conditions, fishing gear and boats and the resource situation represent greater concerns 

among fishermen. Most of the worries fishermen currently have are confirmed by recent local 

observations when they are available. However, increasing frequencies of storms and 
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precipitation were not observed, while the fishermen claimed such factors create problems for 

their current fishing activities.   

Key words: fishermen’s perceptions, climate change, fish abundance, livelihood, purse seining.  

 

1. Introduction 

Fishing activities take place in a shifting natural environment and may be affected by a 

number of different environmental and social events. Natural events such as storms and 

cyclones, flooding, heavy rain and big waves make fishing difficult or impossible during 

periods. Other natural processes may have seasonal or long-term consequences, such as 

ecosystem perturbations and changes in fish distributions and abundancies. Social and 

economic factors, such as market changes and living conditions in general, also affect fishing 

activities in different ways. 

This study focuses on the perception of Vietnamese fishermen regarding some of these 

factors and their affect on fishing activities. A group of 52 purse seiners were included in a 

survey where fleet capacity utilisation was also evaluated (published by Nga et al., 2020; 

Cao et al., 2021). The same group was asked a number of questions on their perceptions of 

the importance and future expectations of different factors affecting fishing activities. The 

purse seiners mainly target anchovy, Stolephorus commersonnii Lacepède, 1803, but also 

scads, Decapterus russelli (Rüppell, 1830), Decapterus macrosoma Bleeker, 1851, and 

Decapterus maruadsi (Temminck and Schlegel, 1843), small tuna (mackerel, Scomberomorus 

guttatus (Bloch and Schneider, 1801) and skipjack tuna, Katsuwonus pelamis (Linnaeus, 1758)) 

along the coastal area close to the city of Nha Trang. The general declining trend in catch per 

unit of horsepower (hp) of Vietnamese fisheries, from 0.89 tonnes per hp in 1991 (Pomeroy et 

al., 2009) to 0.32 tonnes per hp in 2016 (GSO, 2018; Vasep, 2018) reflects declining fish 
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densities, probably due to overfishing by an increasing fishing capacity. Most fishermen in the 

purse seine fleet have low educational levels, with an average of six years in school, and there 

are few alternative livelihoods for this group. 

Over the last few years, with and without government subsidies, fishermen have invested in 

upgrading their vessels and equipped them with modern fishing gear in order to increase fishing 

efficiency.  

In 2016, nearly 8,500 vessels with an average engine size of 65 hp were present in the Khanh 

Hoa region. The Nha Trang purse seine fishing fleet went through significant changes during 

the period of 2009–2016. Average hull length modestly increased from 14 to almost 16 meters 

while the average engine size increased from about 100 hp to more than 300 hp (DECAFIREP, 

2010, 2016). About 12% of the 130 Nha Trang purse seiners still have engines smaller than 90 

hp, but almost one third of the fleet now have engines between 250 hp and 400 hp. Another 

third have engines larger than 400 hp (DECAFIREP, 2016). The fleet development is largely 

driven by subsidies from the Vietnamese government, motivated by increasing fishing 

efficiency but also the protection of national security and sovereignty of territorial waters. 

Currently the Khanh Hoa region has five fishing harbours, and two of them, Hon Ro and Vinh 

Truong, are found in Nha Trang. Hon Ro is the largest fishing harbour in the South Central 

region.   

Vietnam is considered by many to be among the most vulnerable countries regarding coastal 

disasters and climate change (Thao et al., 2014). In the period of 1990–2018, Vietnam was hit 

by 86 storms, nearly 80 floods and other disasters such as landslides and droughts causing 

12,522 deaths and total damage estimated at almost 22 billion US$ (EM-DAT, 2019). The most 

intense and destructive storm in recent history was the typhoon Linda, which caused the deaths 

of thousands of fishermen at sea in 1997. Roads, dykes and bridges were destroyed (Anh et al., 
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2017). The number of storms hitting Vietnam is predicted remain the same, while the number 

of the strong storms may increase by the end of this century (MONRE, 2016). More intense 

precipitation of tropical cyclones are also predicted to occur in the Southeast Asia (IPCC, 2013). 

This expected development creates a concern for the future of fisheries and other industries.  

Martins and Gasalla (2018) published a study from the Southern Brazilian Bight on fishermen’s 

perceptions of sea level changes, rainfall, wind, atmospheric temperature, coastal currents, 

wave action and extreme events such as large storms, drought and floods impacting marine 

resources and livelihoods of small-scale fishermen. From a Bangladeshi hilsa fishery, Jahan et 

al. (2017) made use of local knowledge to evaluate impacts of climate change, employing 

factors such as river erosion severity, salinity intrusion and cyclones and anthropogenic 

pressures (using factors such as overfishing, pirate attacks and sedimentation). These studies 

also compared fishermen’s perceptions with time series on water temperature, rainfall and 

salinity intrusion to evaluate perceived changes in the light of registered variation. Fishermen’s 

perceptions of social and economic problems, population density, disasters and climate change 

affecting coastal fishing communities in Bangladesh have also been investigated by Hasan and 

Nursey-Bray (2018).  

In addition to mapping fishermen’s perceptions of different environmental, economic and social 

factors, this study also aims to investigate possible differences between groups; for example 

between fishermen in different vessel groups to determine how perceived challenges are 

related to climate change. Does the perception of fishermen align with the scientific knowledge, 

and is climate change the biggest challenge of the fishery? 
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2. Data and methodology 

A questionnaire was designed for the study that covered a number of known challenges for the 

fishermen. The fishermen’s perceptions regarding environmental, biological and technological 

factors, as well as the socio-economic characteristics of the fishers, were evaluated according 

to five levels of impact: severe problem, problem, no problem, advantage and significant 

advantage. A clear distinction was also made between the fishermen’s perceptions of the 

current situation (challenges and problems of today) and their expectations about the challenges 

in the future.   

Climate change is a rather abstract idea and many are not able to differ between climate and 

weather. Therefore, we did not ask what the fishermen think about climate change. Instead, 

concrete problems like flooding, heavy rain, salinity intrusion into land areas, reduced fish 

prices, health risks, safety at sea and social issues were included. Socio-demographic 

information was also collected in the survey. Climate change perceptions and different adaptive 

strategies were also included in the questionnaire. A preliminary questionnaire was tested by 

eight experienced fishermen working in the Nha Trang purse seine fishery before the final 

questionnaire was completed. 

The survey included 52 purse seine owners (they were also skippers, and all of them were 

males) selected from a population of 130 purse seiners registered at Khanh Hoa Department of 

Capture Fisheries and Resources Protection in Nha Trang in 2016 (DECAFIREP, 2016). The 

representativeness of the sample in terms of vessel hull length and engine horsepower is 

presented in Table 1. Data collection took place from December 2016 to March 2017 in three 

wards of Nha Trang: Vinh Nguyen, Hon Ro and Vinh Truong.  

 



   

6 
 

Table 1. Sample and population averages and standard deviations of selected vessel 

properties. 

Variable 

Sample size = 52 Population size = 130 t-Test 

statistics Mean SD Mean SD 

Hull length  16.05   2.60  15.94   2.86  0.30 

Engine power 303.10 163.27 300.35 173.29 0.12 

SD: Standard Deviation 

Data on rainfall between 2006 and 2019 and temperatures from 1990 to 2019 in Nha Trang 

were collected by HYSTSOCER (2015) and the General Statistics Office in Vietnam (GSO, 

2020a, b). Statistics on natural disasters in Vietnam between 1990 and 2018 were obtained from 

the EM-DAT database in Belgium, while the capture production and engine capacity of the 

fishing fleet from 2009 to 2016 were reported by the General Statistics Office in Vietnam (GSO, 

2020a), the Department of Agriculture and Rural Development (DEAGRUD, 2016) and the 

Khanh Hoa Department of Capture Fisheries and Resources Protection in Nha Trang in 2016 

(DECAFIREP, 2016). The observed time series were analysed for linear trends using t-tests. 

Statistical analyses of variances (ANOVA) were performed to test whether there were 

differences in perceptions of changes in selected factors between or within the fishermen in 

different vessel groups. The fishermen’s perceptions when comparing today’s situation with 

the past (which is defined as five years back in time) are represented by three levels: 1 = worse, 

2 = unchanged and 3 = better. While a period of five years may be too short to indicate 

significant trends, a longer period of time will exclude many in the sample. Therefore, a five-

year perspective was chosen in spite of being a short timespan.  

According to the classification of the Khanh Hoa Department of Capture Fisheries and 

Resources Protection, the Khanh Hoa fishing fleet is separated into small-scale vessels (vessels 

with engines less than 90 hp) and large-scale vessels (vessels with engines larger than 90 hp) 
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(DEAGRUD (2016)). Similarly, in this study the purse seine fishing fleet was divided into four 

groups on the basis of engine size. The group with the smallest engines included vessels with 

less than 90 hp (11.5% of the fleet). The next group included vessels with engines between 90 

hp and 250 hp (26.9%), the third group included vessels with engines between 250 hp and 400 

hp (28.9%) and the last group included vessels with engines larger than 400 hp (32.7%). The 

null hypotheses was that there were no differences in the perceptions of expected changes in 

the selected environmental, social and economic factors over time between or within the vessel 

groups. 

In this study, when performing the ANOVA analysis, we used the Dunnett statistical test. With 

equal variance assumed, the null hypothesis was no the mean difference in the perceived 

changes in selected factors between or within the fishermen in different vessel groups. This null 

hypothesis will be rejected if the P-value of the mean group difference is less than the 

significance level of 5%. 

Storms in Vietnam have been monitored for many years and are registered by the EM-DAT 

database in Belgium (see Figure 1). On average, each year three storms and tropical cyclones 

hit Vietnam. During the period of 1990–2018 the maximum number of storms occurred in 2000 

when seven storms hit Vietnam while several years only included one storm. As shown in 

Figure 1 there is no trend in the registered number of storms and tropical cyclones in Vietnam 

during the monitored period.  
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Figure 1: Registered storms in Vietnam during 1990–2018. The dotted curve shows the 

moving average. Source: The EM-DAT database in Belgium. 

A slight upward sloping trend may be obtained for observed flooding since 1990. A linear 

model only explains 18.6% of the observed changes (Figure 2), and the changes may be due to 

random variations.  

  

Figure 2: The floods in Vietnam during 1990–2018. The dotted line is a trend line, the dotted 

curve is a moving average and the corresponding results are from a linear regression. Source: 

The EM-DAT database in Belgium 
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Vietnam’s annual rainfall is between 1,400 mm and 2,400 mm (MONRE, 2010). Nearly 80–

90% of the total rainfall occurred during the rainy season, causing floods and landslides 

(Chaudhy and Ruysschaert, 2007).  

As seen in Figure 3, the total amount of rain in Nha Trang shows no significant trend during 

the period of 2006–2019, with a minimum level of 819 mm in 2006 and a maximum level of 

2,658 mm in 2010.  

 

                  Figure 3: Rainfall in Nha Trang during 2006–2019. Source: (GSO, 2020c) 

With a tropical monsoon climate, Vietnam’s annual mean temperature varies from 18 0C to 29 

0C (MONRE, 2016). The period of 1990–2019 shows a significant increasing trend in mean 

temperature and the linear model explains more than 50% of the increase (Figure 4).   
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                    Figure 4: The temperature in Nha Trang during 1990–2019. A trend line is included 

(dotted line) and the results of the linear regression. Source: HYSTSOCER (2015) and GSO 

(2020b)  

Registered catches showed an increasing trend, from 74,356 tonnes in 2009 to 92,753 tonnes in 

2016 (Figure 5). A decline in the resource base may be reflected in a corresponding decline in 

the catch per hp, from 0.181 tonnes per hp to 0.168 tonnes per hp (see Figure 6).   

 

Figure 5: Marine production of Khanh Hoa fisheries during 2009–2016. Source: GSO (2020a). 
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Figure 6: Catch per hp of Khanh Hoa fisheries during 2009–2016. The decreasing trend of catch 

per hp is indicated by the dotted line. The linear model explained 84% of the decline. Source: 

DEAGRUD (2016); DECAFIREP (2016); GSO (2020a). 

 

3. Results 

The fishermen in the sample were asked about their perception of the current situation in the 

fishery. Their answers showed that fishermen in the Nha Trang purse seine fishery have several 

concerns that are summed up in Figure 7, which shows that 12 out of 22 different factors are 

believed to affect their fishing activities.   

Environmental factors, such as heavy waves, bad weather, storms/cyclones, severe floods, 

heavy rain and increasing temperature, are factors considered to have negative impacts on 

fishing activities. All fishermen expressed that storms have the most serious negative impact 

on their current production process because they may lead to boats capsizing, loss of fishing 

gear and even loss of lives (Figure 7). During the storm season, this fishing fleet stays in the 

harbour and there is no income. Some of the fishermen borrow money from the middle sellers 

in return for fish when their fishing operations commence again. 
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Figure 7. Fishermen’s perceptions of selected factors currently affecting fishing activities. 

When comparing today’s situation with the past, all fishermen stated that storms and cyclones 

today represent a bigger problem than in the past (see Figure 8). The fishermen’s perceptions 

of increased problems of storms and tropical cyclones in Vietnam are not supported by 

observations.  However, our observations do not include the strength of storms and precipitation 

intensity. When a typhoon passes, it brings high tide, large waves and heavy rain that may result 

in flooding. 

 

Figure 8: Fishermen’s evaluations of today’s problems compared with the past (five years ago). 
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As shown in Figure 7, nearly 65% of the fishermen claimed that floods and heavy rain are 

severe issues today. More than 95% of the fishermen are of the opinion that these problems 

have increased (see Figure 8). This is not supported by recent observations of floods and 

rainfall. 

About 65% of the fishermen expressed that high temperatures also affect current fishing 

activity. More than 95% of the fishermen stated that the temperatures today are higher than in 

the past. This result is supported by the data. 

The fishermen were divided when it came to stock abundance; 50% found it to represent a 

problem while almost 40% regarded it to be an advantage. Local differences in stock 

abundances could explain such differences, or it may reflect different expectations or 

interpretations of the same situation. However, compared with the situation five years ago, all 

of the fishermen agreed that the stock has decreased. According to their perceptions, the poor 

fish stocks may be a result of overfishing (possibly by the use of illegal fishing methods such 

as the use of explosives) and sea pollution.  

Regarding economic factors, only about 25% of the fishermen claimed that markets represent 

a problem today. About half of the fishermen have problems related to capital availability, debts 

and mortgages when investing in fishing activities (see Figure 7).  

About 65% of the fishermen stated that the cost of fishing has increased over the last five years 

(Figure 8). Although the price of fuel was reduced by 30% in 2016 compared with 2012, the 

prices of other inputs used in the production process, such as ice and other consumables, have 

increased over time.  

Forty percent of the fishermen expressed that their debts now are higher than before since they 

recently borrowed substantial sums of money to invest in large vessels and new fishing gear. 

On the other hand, more than one-tenth of the surveyed fishers stated that because of a lack of 
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mortgages they cannot open formal loans in commercial banks. However, nearly 50% said that 

it is an advantage. Some reasons for this explanation include that they do not want to borrow 

money from the bank because they feel that their current capital is fine for their production 

operation; they possess the collaterals so that they can get formal loans from commercial banks; 

and finally, their fishing activities earned positive profits in the studied year so that they have 

repaid the loans to the banks. 

Figure 7 shows that almost 70% of the fishermen had modern and suitable boats and gear, while 

30% worried about their fishing performance and safety at sea due to the old and small vessels. 

More than 60% of the fishermen claim to have better vessels today than five years ago (Figure 8).  

When it comes to social factors, 36% of the fishermen found that factors related to their family 

situation, such as children and number of dependents (elders and the disabled), caused 

difficulties for their fishing activity. More than half of the sample complained of health 

problems due to climate change (warmer climate) and because fishing often takes all the night, 

starting at 4 pm and finishing at 8–9 am the following day. In addition, 40% of the fishermen 

claimed to have difficulties in getting crews for fishing trips. Most of the fishermen have low 

educational levels, with an average of six years in school, while about 80% of households 

depend on fishing. 

When comparing selected factors affecting fishing activities today with the situation five years 

ago, some factors appear to be evaluated differently in the four vessel groups. An analysis of 

variance (ANOVA) showed significant differences (at a 5% significance level) in the 

perceptions of fish market development (prices), the suitability of boats and fishing gear, 

harbour conditions, security and crew access between vessel groups. The perception of the fish 

prices differs particularly between the smallest and largest vessel groups, reflecting a reduction 

in prices obtained by the small vessels, while the large vessels experienced increased fish prices 
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over the past five years. These two groups also differ when it comes to the perception of boat 

suitability and the suitability of fishing gear. All fishermen in the smallest vessel group (less 

than 90 hp) stated that their vessels were older and smaller than other purse seiners in the region. 

The smallest vessel group also experienced more difficulties than others in getting crews (see 

the appendix), and they experienced difficult harbour conditions such as thefts when anchoring 

the vessels in the Hon Ro and Vinh Truong harbours. 

Regarding the statement of climate change (see Figure 9), more than half of the fishermen 

perceived that climate change is occurring and impacts their fishing operations as well as 

influences their family lives. More than 65% of the fishermen disagreed that climate change is 

the local authorities' concerns, not theirs, and they also disagreed that it perhaps does not 

represent any major challenge for authorities and fishermen. In this sample, about 40% of the 

fishermen agreed that the government has prompt solutions to post-disasters, and 50% of the 

fishermen had no answers for this statement. 

 

Figure 9: The 52 fishermen’s responses to the climate change statement. 

The fishermen were also questioned about expected future impacts of selected factors affecting 

fishing activities (see Figure 10). The findings tend to be very similar to the answers obtained 

when comparing the current situation with the past. About 60% of the fishermen stated that 
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they expect a further decline in fish abundance and more than 90% of the fishermen expected 

fishing costs to increase. Meanwhile, fishermen expected fish prices to increase in the future. 

 

 

Figure 10: The sample’s (all groups) evaluation of the impact selected factors have on future 

fishing activities.  

The difference between the mean values of the current and future situations was calculated and 

is shown in Table 2. The findings show that climate change is not expected to be among the 

negative factors in the future. Future changes are expected in factors such as market cost, health, 

suitability of boats and/or fishing gear, crew access and fish abundance. These factors seem to 

worry the fishermen the most with respect of fishing activities in the future.  
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Table 2: Investigated factors believed to affect future fishing activities. The numbers give the 

differences between the mean values of the current and future situations after operationalising 

the answers by numbers (1 = severe problem, 2 = problem, 3 = no problem, 4 = advantage and 

5 = large advantage). Factors that are expected to develop negatively are indicated by red colour 

and positive developments are indicated by green colour. No changes are expected for the blue 

factors. 

Investigated factors Mean values 

Factor market cost -0.9615 

Health -0.6731 

Suitability of boats and/or fishing gear -0.5192 

Crew access -0.4808 

Fish market (price) 0.3654 

Fish abundance -0.3269 

Security and legal conditions for fishing -0.2115 

Bycatch  -0.1731 

Harbour conditions 0.1538 

Competition among fishermen -0.0962 

Distance to fishing grounds -0.0769 

Capital availability, debts and mortgage -0.0769 

Severe floods -0.0577 

Safety at sea -0.0577 

High temperature -0.0385 

Heavy rain -0.0385 

Family problems affecting fishing activities 0.0192 

Confidence in cooperating partners (crew/buyers/etc.) 0.0000 

Salinity intrusion to land areas 0.0000 

Sea level rise 0.0000 

Storms/cyclones 0.0000 

Heavy waves, bad weather 0.0000 

 

4. Discussion 

The purse seine fishermen perceived heavy waves, bad weather, storms/cyclones, severe 

floods, heavy rain and increasing temperatures to be factors negatively affecting fishing 
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activities. Storms and tropical cyclones may cause boats to capsize, loss of fishing gear and 

even loss of lives.  

Floods and heavy rains disrupt fishing activities. However, the fishermen’s perceptions of 

increased storms do not match the data. It could be due to differences between regions not 

covered by national statistics, or it may reflect misperceptions. Also, in the case of flooding, 

the fishermen’s perceptions of increased problems are not in line with the data, but may be 

explained by local variations. Alternatively, the natural level of flooding could appear as more 

problematic due to changes in fishing methods, fishing areas or fishing seasons. 

The fishermen’s perceptions of increased rainfall also does not match observations. There 

may be more heavy rain than before, but the quantity of rain has not changed. Unfortunately 

there are no statistics to verify this. For example, 57 fishing vessels were reported to have 

sunk or become damaged in 2016 close to the river mouth because of flooding caused by heavy 

rain in the Nha Trang area (BNEWS, 2017).  

The findings presented here correspond with other studies of fishermen’s perceptions of 

increased atmospheric temperature in the South Brazilian Bight and coastal Bangladesh (Jahan 

et al., 2017; Martins and Gasalla, 2018). Fishermen working in the South Brazilian Bight fishery 

perceived that the increased temperature benefitted their livelihoods because it improved the 

catches as well as the production of mussels, oysters and seaweed. However, if the water 

becomes too warm, the impact will be negative, as it can hinder production (Martins and 

Gasalla, 2018). For rainfall, a study by Hasan and Nursey-Bray (2018) showed that fishermen 

were more concerned about the increased rainfall on coastal Bangladesh, which is in contrast 

to fishermen’s perceptions in the South Brazilian Bight fishery (Martins and Gasalla, 2018) 

where they perceived that the rainfall has decreased significantly over time and negatively 

impacted their livelihoods due to a shortage of fresh water, catch reductions and crop losses.  
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The poor fish stocks may be due to overfishing or changing environmental conditions. 

Compared with some fisheries in Bangladesh, respondents from the studies of Jahan et al. 

(2017) and Hasan and Nursey-Bray (2018) were also very concerned about the increased 

intensity of fishing and overfishing because coastal small-scale fishermen are highly dependent 

on the fisheries. They also claimed that overfishing, increased disasters and sea pollution are 

some of the causes of the decline in fish stocks.  

However, almost half of the fishermen in our sample did not find fish abundance to be a 

potential problem in the future; all of them claimed it is worse than before. There may be 

different reasons for this: 1) Although the fish stocks have declined, many fishermen have 

invested in large vessels and modern fishing equipment in order to access fishing grounds 

further out where fish are more abundant. 2) The fishermen expect new fish species to be 

available for exploitation and that increasing fish prices will substitute possible declines in 

catches.  

Recently, the fishermen purchased larger vessels and better equipment but they experienced 

bigger problems from storms and heavy rain. There may be some reasons to explain this.  

The main engines of the vessels were broken before travelling to safe places to avoid the 

storms. They are fishing in more exposed areas although they receive information on the 

direction of storms from the authorities. Also, at that time they had to spend longer times at 

sea because of the approaching waves and winds. In addition, heavy rain and storms create 

problems of performing fishing operations. Finally, fishermen dock their vessels close to the 

river mouth, causing vessel damages or losses in instances of severe floods. Fishermen also 

have to work harder when going to the fishing grounds further out, such as in Quang Ngai, 

Phan Thiet, Binh Thuan and Ca Na provinces, due to the decline in local stocks. The fishing 

period has been also extended and fishing now takes place in seasons not previously utilized.  
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Fishing boats have become larger in the last five years but fishermen in the sample are worried 

about the suitability of their boats and fishing gear for future fishing activity. This may be due 

to fear of overexploitation of coastal fish resources. They need to have larger vessels to go to 

the further fishing grounds where fish are more abundant, but they must face the difficult 

weather conditions there. There is a great need for the capital to invest in building new and 

large vessels. However, they cannot access formal loans because of a lack of collateral. In 

addition, fishermen are afraid of the complicated administrative processes when they borrow 

large amounts of money from banks. Moreover, they are also afraid that they will not be 

capable of repaying the loans to the banks when the landings may be lower in the future 

(because of the decline in the fish stocks). Therefore, they are worried about the suitability 

of boats in the future if they still use their current vessels to continue fishing  

Regarding the family issues, many fishermen in the sample moved to the mainland from 

islands to live. They believe that their lives are better there because their children can access 

better schools and medical care services. Moreover, in most Vietnamese families, men earn 

the main income while women take care of the children and take care of the household. 

Therefore, fishermen are not worried about family issues and only focus on their fishing 

activities. However, according to Vietnamese culture, fishing experience is passed down 

from generation to generation. Therefore, they hope that their sons will follow in their fishing 

career if they cannot continue to go to the school. However, fishing takes all night with 

warmer climate, so they are concerned about their physical health as they age.  

More than 50% of the fishermen in the sample were concerned about crew access in the 

future. This can be explained by several factors. Fishing activities are fluctuating and may 

require seasonal labour to be attracted from other parts of the country. This labour often requires 

higher wages than the local labour. In addition, fishing requires a large number of labourers 

to work on the boats. A fishing trip cannot be performed if there are not enough labourers 
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working on the purse seine vessels. If vessels become economically inefficient, this can 

cause them to become worried much more about getting a crew.  

Almost all fishermen working the large vessels perceived that climate change is happening and 

impacts their fishing activity and influences their families’ lives. They also found that the 

governmental disaster warning system is working well. In the future, tropical cyclone and 

typhoon occurrences in Vietnam are expected to change under climate change scenarios, as they 

may become more intense or change patterns of storm tracks (MONRE, 2016). To reduce the 

risks to their operation, all fishermen in the sample followed weather forecasts/warnings (on 

television and radio) before going out to fish. In addition, they equipped their boats with modern 

communication equipment to contact their neighbours’ vessels, the authorities and the rescue 

team when their vessels encounter problems at sea (e.g., broken machines, accidents). 

Moreover, fishermen attended the insurance system to mitigate shocks from natural disasters. 

They will have the initial capital to buy nets, boats and other fishing materials after natural 

disasters. However, they have many difficulties with the administrative procedures when doing 

refunds with their insurance. Along with these adaptive strategies, to develop fisheries 

sustainably and help fishermen have the sustainable livelihoods, we suggest that the fishermen 

start other activities for sources of income. The fishermen also hope that the government will 

solve all problems after disasters. This study suggests that the public should accommodate other 

business opportunities to promote sustainable livelihoods. 

The fishermen in general are more concerned about changes in market and prices, health, 

harbours, suitability of boats and gear, crew access, etc., than storms and bad weather, flooding, 

heavy waves and other environmental risks. The fishermen seem to emphasize factors that they 

may control to a certain degree (cost of fishing, suitability of boats and gear, crew access, 

health) and place less emphasis on factors beyond their control. No fishing takes place in 

periods of heavy rain and storms. During the storm season (the last three months of the year) 
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fishing vessels stay at shore. Fishing activities are expected to be affected by climate change. 

An increase in cyclonic activities in the fishing area may cause interrupted fishing trips leading 

to significant income and investment losses.  

This study considers events and possible changes that could severely affect these communities. 

What are the fishermen’s perceptions of different events and how are they able to cope with 

expected changes? The fishermen’s answers may reflect that the survey represents a chance 

to complain and to deliver messages that are difficult to express through other channels. 

Their answers may also hide hopes of future governmental support and wishes of having 

some impact on future management decisions.  

 

5. Conclusion 

This paper studied fishermen’s perceptions of how environmental events and social-economic 

factors influence fishermen and their activities. This empirical study focused on 52 fishermen 

working in the Vietnamese purse seine fishery. The findings showed that heavy waves, bad 

weather, storms/tropical cyclones, high temperatures, heavy rains, varying fish abundancy, high 

costs of fishing, the poor availability of capital, health and crew access are the factors that 

negatively affect fishing activities. Uncertainties related to these factors are the main problems 

and concerns for their current fishing activities. This paper also showed that fishermen’s 

perceptions of increased temperature and declined fish stocks are correlated with the availability 

of the data. Otherwise, fishermen’s perceptions of increased problems from storms/tropical 

cyclones, floods and heavy rain do not march the observations. This may be due to 

misperception or differences between regions not covered by national statistics or random 

variation (e.g., local variation). Almost all of the surveyed fishermen expect that climate change 

will not be among the negative factors in the future. Meanwhile, fishermen are worried about 
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the future suitability of fishing gear and boats, fish stock development, the cost of fishing, health 

problems and crew access. These are the factors that fishermen are concerned about when 

reflecting upon their fisheries in the future. 

Climate change is affecting Vietnam and it disrupts fishing activities and influenced 

fishermen’s lives and livelihoods today. With weather conditions set to become both more 

extreme and unpredictable, the problem will become even more pronounced in the future. 

Climate change is expected to bring increased disaster risk to this tropical country, including 

changes in precipitation, typhoons, floods and temperature. Therefore, it is necessary to increase 

the fishermen’s knowledge and awareness about the threats caused by the natural disasters as 

well climate change’s impacts now and in the future. This can help them with adaptive strategies 

to reduce or cope with these impacts on time. However, fishermen are usually and by nature 

rather adaptive, and adaptive on a different time scale than the time scale climate change 

operates on. 

There may be local differences regarding the issues studied in this paper. The sample data for 

this study is not biased when compared to the market-based data. The fishermen’s answers 

may also reflect complaints and messages that are difficult to express through other channels. 

The expressed answers may also hide hopes of future governmental support and will possibly 

have some impact on future management decisions. 

Appendix: Testing the differences in perceptions of the changes in the selected factors between 

the four vessel groups, 1–4: Group 1 includes vessels with less than 90 hp (n1 = 6); Group 2, 

vessels with engines between 90 hp and 250 hp (n2 = 14); Group 3, vessels with engines between 

250 hp and 400 hp (n3 = 15); and Group 4, vessels with engines larger than 400 hp (n4 = 17). 
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Dependent Variable 

Cross-

reference 

Group 4  vs 

Group 

Mean 

group 

Difference  

Std. 

Error 

Sig. 

95% Confidence Interval 

Lower 

Bound 

Upper 

Bound 

Heavy rain, bad weather 1  0.000 0.066 1.000 -0.16  0.16 

2  0.000 0.050 1.000 -0.12  0.12 

3  0.067 0.049 0.419 -0.05  0.19 

Severe floods 1  0.000 0.066 1.000 -0.16  0.16 

2  0.000 0.050 1.000 -0.12  0.12 

3  0.067 0.049 0.419 -0.05  0.19 

Heavy rain 1  0.000 0.066 1.000 -0.16  0.16 

2  0.000 0.050 1.000 -0.12  0.12 

3  0.067 0.049 0.419 -0.05  0.19 

High temperatures 1 -0.059 0.115 0.928 -0.34  0.22 

2  0.013 0.087 0.998 -0.20  0.23 

3  0.008 0.086 1.000 -0.20  0.22 

Sea level rise 1  0.118 0.140 0.756 -0.22  0.46 

2  0.118 0.106 0.577 -0.14  0.38 

3 -0.082 0.104 0.789 -0.34  0.17 

Salinity intrusion to land 

areas 

1  0.059 0.094 0.879 -0.17  0.29 

2  0.059 0.071 0.767 -0.12  0.23 

3 -0.008 0.070 0.999 -0.18  0.16 

Fish price 1 -1.029* 0.378 0.025 -1.95 -0.11 

2 -0.387 0.287 0.421 -1.09  0.32 

3 -0.596 0.282 0.105 -1.29  0.09 
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Fishing cost 1 -0.480 0.349 0.402 -1.33  0.37 

2 -0.218 0.265 0.767 -0.87  0.43 

3 -0.180 0.260 0.844 -0.82  0.46 

Capital availability, debts 

and mortgage 

1  0.510 0.462 0.579 -0.62  1.64 

2 -0.181 0.351 0.927 -1.04  0.68 

3 -0.024 0.345 1.000 -0.87  0.82 

Suitability of boats and/or 

fishing gear 

1 -1.765* 0.383 0.000 -2.70 -0.83 

2 -0.479 0.291 0.261 -1.19  0.23 

3 -0.431 0.286 0.328 -1.13  0.27 

Family problems 1 -0.618 0.266 0.066 -1.27  0.03 

2 -0.403 0.202 0.135 -0.90  0.09 

3 -0.184 0.198 0.698 -0.67  0.30 

Health 1 -0.598 0.355 0.244 -1.47  0.27 

2 -0.122 0.270 0.949 -0.78  0.54 

3 -0.231 0.265 0.735 -0.88  0.42 

Crew access 1 -1.118* 0.397 0.020 -2.09 -0.15 

2 -0.689 0.302 0.073 -1.43  0.05 

3 -0.318 0.296 0.601 -1.04  0.41 

Harbour conditions 1 -1.020* 0.305 0.005 -1.77 -0.27 

2 -0.067 0.232 0.985 -0.63  0.50 

3  0.114 0.228 0.933 -0.44  0.67 

Distance to fishing 

grounds 

1  0.176 0.287 0.884 -0.52  0.88 

2 -0.252 0.218 0.543 -0.78  0.28 

3 -0.224 0.214 0.620 -0.75  0.30 

1 -0.441 0.438 0.646 -1.51  0.63 
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Confidence in cooperating 

partners (crew/buyers/etc.) 

2 -0.227 0.333 0.851 -1.04  0.59 

3  0.659 0.327 0.129 -0.14  1.46 

Security and legal 

conditions for fishing 

1 -0.657* 0.208 0.008 -1.17 -0.15 

2 -0.324 0.158 0.121 -0.71  0.06 

3 -0.024 0.155 0.998 -0.40  0.36 

Safe at sea 1 -0.529 0.365 0.361 -1.42  0.36 

2 -0.172 0.278 0.882 -0.85  0.51 

3 -0.263 0.272 0.675 -0.93  0.40 
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