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Impact of endogenous and exogenous factors on catches: A case
study of Viet Nam’s offshore fisheries

Nguyen Ngoc Duy”

ABSTRACT

The performance of fishing vessels is influenced by both endogenous and exogenous factors. This
study aims to investigate the impact of these factors on the catch quantity of offshore gillnet ves-
selsin Khanh Hoa, Vietnam, by estimating the harvest function using survey data from three fishing
seasons (2008, 2013, and 2018). The study has revealed that endogenous factors, such as engine ca-
pacity, the number of nets, the number of fishing days, and variable costs, exhibit a positive impact
on catches at the 1% level of significance. Among these factors, the number of nets has the high-
est effect on catches. Nevertheless, the effect coefficients are generally smaller compared to those
observed in previous studies within the same area or on the same fishing grounds. Conversely, the
coefficient estimate for the age of the vessel owner is negative, though statistically insignificant. Ex-
ogenous factors manifest varying effects on the quantity of catches. The research result found no
discernible effect of fuel cost support, while the stock proxy exhibited a minor impact coefficient,
and climate change awareness had a noteworthy impact on catch quantities at the 1% level of
significance. The findings imply that offshore resources could be experiencing a growing scarcity.
Additionally, as fishermen's awareness of climate change increases, they might be more inclined
to adjust and manage its impacts. Moreover, it raises concerns about the long-term sustainability
of open-access fisheries that rely on subsidies. The study suggests that fishing policies should fo-
cus on regulating offshore vessels' input factors to prevent the overuse of offshore resources. In
addition, policies should support fishermen in adopting appropriate coping strategies when faced
with climate change. Furthermore, subsidy policies that do not harm offshore resources should be
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INTRODUCTION

Numerous studies have been conducted worldwide to
estimate fisheries production functions, which are re-
ferred to as the harvest or catch function in fisheries.
Schaefer’s ! study is considered the first to address the
harvest function and has been widely cited in sub-
sequent literature. Schaefer posited that the produc-
tion function in fishing depends on three primary fac-
tors: catchability coefficient, fishing effort, and fish
biomass!. The catchability coefficient is determined
by the characteristics of the fishing gear used to catch
fish, while the fishing effort is a set of input factors
that fishermen can control and influence. In contrast,
the fish is viewed as a variable that impacts the har-
vest function, but each fisherman cannot control and
manage it. As a result, the fishing effort comprises

endogenous variables >~

. It is optimized by adjust-
ing the input factors of the vessel>S. Tt differs from
input factors in that it is not a final product that is
consumed, but rather an intermediate product used
to generate the harvest quantity. Fishermen can ac-

tively manipulate the quantity of various input factors

based on the scale and nature of their operations?.

The fish stock is an important variable in the catch
function, but it is not actually a production input fac-
tor for the vessel. The fish stock can be considered
as an exogenous factor affecting catch output. How-
ever, if fishermen use excessive fishing effort, that may
cause fish stocks to decrease, leading to a decrease
in their catch output®’. Other exogenous factors,
such as fishery management policies, fishing incentive
mechanisms, climate change, etc., have potential im-
pact on the catch output of the vessel 813

An important question in fisheries economics is to
what extent fishing effort and other factors affect catch
quantity'*. Understanding the harvest function of
fisheries is crucial in revealing the important factors
that impact fishermen’s output, and the extent of their
impact, and the potential for fishers to alter their tar-
geting behavior 4!, Pascoe et al. !¢ studied Danish
gillnet vessels and estimated production functions us-
ing physical input factors, namely vessel weight, en-
gine power, fuel consumption, fishing days, and fish
stock index. They measured these factors in both
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monetary and physical values and used three differ-
ent harvest functions modeled as Cobb-Douglas func-
tions in translog form. The authors found that no vari-
able measurement was better than the others, and rec-
ommended researchers choose the appropriate form
of measurement depending on the research purpose.
Meanwhile, Squires et al.'” estimated a production
function for Malaysian trawl fisheries to assess the ef-
ficiency of input use. They used a translog function
with multiple variables in the model and found that
vessel weight, fishing gear, crew members, and fish-
ing trips per month were significant variables. The
study revealed that the degree of influence of these
factors varied across regions and the level of develop-
ment in each area. Fishing fleets on the less developed
east coast of Malaysia had more significant influenc-
ing variables than those on the west coast.

Tingley et al. '® estimated input efficiency for the UK
fishing industry using harvest function estimation
techniques. They incorporated various input factors
such as vessels, equipment, fishing gear, engine ca-
pacity, fishing technology, skipper skills, fishing time,
and crew members. Their findings indicated that ves-
sel characteristics and skipper skills significantly im-
pacted the production function and played a vital role
in input efficiency. Felthoven et al.' used a variant
production function model to estimate the produc-
tivity of Bering Sea and Aleutian Islands fisheries in
the US. The model included variables such as vessel
HP, length, crew size, days fished, stock index, and cli-
mate change. The study found that exogenous factors
like stock biomass and climate change significantly
impacted catch and productivity over time. Changes
in management policies and fishermen’s harvesting
strategies also played a significant role in production
outcomes.

Squires and Vestergaard?’ added a technological
change variable to Schaefer’s (1957) harvest function
to show the impact of technological advancements
on the fisheries industry in the US and Canada. The
study suggested that technological change had a sig-
nificant effect on current and future catch and re-
source stocks, while fishing subsidies may have accel-
erated investment and technological advancements.
On the other hand, Reimer et al.?! recommended ac-
curately assessing the impact of policy interventions
and providing a comprehensive description of the
fishing process and regime when estimating the har-
vest function. Other studies constructed production
functions for different fisheries worldwide, includ-
ing Norwegian bottom trawl fisheries 1, Solomon Is-
lands’ handline fishery??, and pelagic fish stocks in
the Atlantic Ocean?*?*, Gordon?® provided insights
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into the endogeneity issues in estimating econometric
models for fisheries, including harvest functions.

In Vietnam, Tuan et al.2°, Tuan et al.?” used a pro-
duction function to examine the factors influencing
the revenue generated by gillnet vessels in Nha Trang,
Khanh Hoa.
models with independent variables including vessel

The study proposed two regression

length, vessel engine capacity, fishing gear, invest-
ment value of equipment, and vessel age. The primary
difference between the two models was that the fish-
ing gear variable was measured in terms of the num-
ber of nets and the value of the nets. The study de-
veloped a third-order polynomial multiple linear re-
gression equation to explain the variables. The find-
ings indicated that all the variables were statistically
significant. However, some third-order variable co-
efficients were not statistically significant, suggesting
that choosing an appropriate function form is one of
the limitations of this study. Some factors had a high
correlation, such as vessel length and engine capac-
ity, so including them in the same model could result
in multicollinearity, making the estimated outcomes
unreliable. Furthermore, using revenue as the depen-
dent variable in the study might lead to the biased es-
timates because revenue depends on prices. On the
other hand, Duy et al.?® applied a production func-
tion model to estimate fishing effort for the gillnet
fishery in Nha Trang in 2008. The study employed a
Cobb-Douglas model with the main factors, includ-
ing engine capacity, number of nets, and number of
fishing days at sea. The results indicated that all fac-
tors were statistically significant, and the output elas-
ticity coefficients with fixed factors were less than 1.
However, a limitation of this study is that the estima-
tion model used revenue as the output variable, which
is considered problematic since revenue from fishing
is dependent on fish prices. Although the study as-
sumed that the price of fish was the same across fish-
ermen, the use of revenue as the dependent variable
still might cause biased estimation.

Duy and Flaaten >’ employed random catch produc-
tion frontiers to estimate the efficiency of input use
for offshore gillnet vessels in Khanh Hoa province.
The results indicated that the factors in the three esti-
mated models were statistically significant. The study
suggested that catch per unit of effort (CPUE) could
serve as an appropriate indicator for stock biomass if
the fishery lacks information on fish stocks. However,
the limitation of the study is that it assumed fishing
technology remained constant over time. Truong et
al.?° used a random production frontier to estimate
the efficiency of input use in offshore gillnet fisheries
in Da Nang, Vietnam. The production frontier model
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included vessel engine power, variable costs of fish-
ing trips, number of crew members, and number of
nets. The study found that the influential variables
were statistically significant, but had almost no inter-
action effects. On the other hand, Pham et al.>! de-
veloped a production function of offshore fishing nets
in Da Nang that included two fixed variables (vessel
weight and capacity) and four variable inputs (num-
ber of days fishing at sea, number of nets, fuel costs,
and number of crew members). The results showed
that the offshore fishing industry in Da Nang was not
operating at full capacity, and that many vessel capa-
bilities were underutilized. Since the study used non-
parametric estimation techniques, the degree of influ-
ence of the input variables could not be quantified.
Several studies have estimated production functions
in various fishing industries in Vietnam. Long et
al.3? used the translog production function to esti-
mate factors affecting revenue and income in offshore
longline fisheries in Khanh Hoa. Other studies es-
timated production functions for trawl fisheries in
Khanh Hoa***, Ben Tre and Quang Ninh*>. How-
ever, these studies did not consider exogenous vari-
ables such as resource stocks, institutional frame-
works, fisheries management policies, and climate
change.

In this paper, the harvest function has been designed
and estimated. The empirical focus is an offshore
fishery in Khanh Hoa province, Vietnam. In recent
years, the offshore fishing industry in Khanh Hoa
province has faced a number of challenges, particu-
larly the offshore gillnet fishery. The fishing produc-
tivity of offshore gillnet vessels has fluctuated signif-
icantly and has shown an overall decreasing trend in
recent years??. The increase in the number of fish-
ing vessels has contributed to the decline in catch pro-
ductivity, which is likely due to changes in the off-
shore fishing incentive mechanism over the years. As
a result, vessel owners are increasingly investing in
modernization and intensifying fishing efforts, poten-
tially leading to a decline in offshore resources, which
could negatively impact catch productivity?®. Essen-
tial questions that need to be addressed for policy-
makers are: why has the catch productivity of the gill-
net fishery decreased? What motivates fishermen to
increase their fishing effort? And how do endogenous
and exogenous factors impact catch quantities? To
properly address these inquiries, it is crucial to under-
stand the intricate nature of the interactions among
the variables involved in fishing operations by esti-
mating the harvest function.

The following sections will provide the theoretical
background and methods, followed by the research

results. The discussion will then be presented, and
the main conclusions and policy implications will be

summarized.

THEORY AND METHODS

Theory of production function in fisheries

The Schaefer harvest function, proposed by Schae-
fer!, is commonly used in bioeconomic studies. It as-
sumes a linear relationship between fishing effort (E)
and stock biomass (S), with the resulting catch quan-
tity (H) given by the formula:

H =qES (1)

where q is the catchability coefficient, which is a gear
and stock specific constant.

The function (1) is expanded and represented as a
Cobb-Douglas production function as follows:

H, = H (E;,S;) = qE®SP )

where H; is the catch of the vessel in year t, E; is
the fishing effort of the vessel in year t, S; is the fish
stock biomass in year t, ¢ is the elasticity coefficient
of the catch with respect to effort, and f3 is the elastic-
ity coefficient of the catch with respect to stock. This
function (2) has been widely applied to fisheries eco-
nomics 25143637

As mentioned, fishing effort E; is formed by a vector
set of input production factors (X;) such as capital, la-
bor, and other factors, E; = E(X;). Therefore, the func-
tion (2) can be rewritten as:

H, =H(E(X),S) = gX*sP 3)

where X; is the vector of input factors of the vessel in
year t and « is the vector of elasticity coefficients of
the catch with respect to input factors.

Fishing vessels may be influenced by external factors.
In this case, the harvest function can be rewritten as:

H =H(E(X,),S) = gX*SP % ()

where Z; is the vector of factors related to fishing pol-
icy mechanisms (such as subsidies) or climate vari-
ability (such as climate change, weather), or other ex-
ternal factors (such as demographic characteristics of
fishing households).

Model specification

The selection of variables for the production function
in fisheries varies across fishing gears. Several stud-
ies, including Felthoven et al. 19 Grafton et al. 3¢, Her-
rero>?, Khanh Ngoc et al. 33 Kompas et al. 40 Ppag-
coe and Coglan*!, Pascoe et al.*?, Squires et al.!”,
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and Tingley et al.'® have employed fixed input fac-
tors, such as vessel size (e.g., weight, length, and
width) and/or engine power, as variables to represent
the level of capital invested in fishing. Pascoe and
Coglan*! found that about one-third of the variation
in catch output of the trawl fishery can be explained
by the technical characteristics of the vessel. In addi-
tion, variable input factors, including the number of
fishing days, the number of fishing trips per year, and
the number of crew members, have often been con-
sidered to affect catch output in a year*>. Sharma and
Leung?* estimated the harvest function for the long-
line fishery in Hawaii using only variable factors such
as the number of crew members, number of fishing
days/trips, and variable costs. Similarly, Kirkley et
al.?%, Kirkley et al.>* employed the number of crew
members, number of fishing days, and size of gear in
the harvest function of the dredge fishery in the At-
lantic Ocean. In contrast, Pascoe and Coglan41 com-
bined vessel size variables, engine power, and num-
ber of fishing hours in the production function of the
trawl vessel in the English Channel. Long et al. *? used
the vessel length, the total number of months of op-
eration in a year, the number of crew members, and
the number of fishing trips in the production function
of the offshore longline fishery in Khanh Hoa. Some
other studies have indicated that the experience and
fishing skills of the skipper affect catch output when
estimating the production function, such as Squires
and Kirkley*.

In gillnet fisheries, Pascoe et al. '° incorporated mea-
surements of fixed inputs, such as vessel weight and
engine power, along with the amount of fuel used and
the number of fishing days, into the production func-
tion of gillnet vessels in Denmark. Similarly, Squires

etal.l”

identified vessel weight, number of nets, num-
ber of crew members, and number of trips as statisti-
cally significant variables in the production function
of gillnet fisheries in Malaysia. Truong et al.>* found
vessel engine power, variable cost, number of crew
members, and number of nets to be significant fac-
tors in the production function of offshore gillnetters

in Da Nang. Pham et al.?!

included vessel weight, en-
gine power, number of fishing days, number of nets,
fuel cost, and crew size in the production function of
offshore fisheries in Da Nang. In a similar vein, Duy et
al.?8 and Duy and Flaaten 29 utilized three variables,
namely engine power, number of nets, and number
of fishing days, in the production function of gillnet
vessels in Nha Trang, Khanh Hoa.

In this study, the engine power of the vessel was se-
lected as a fixed input factor to measure the fishing ef-
fort of the vessel. The engine power had been widely
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used in previous studies ®28-31

. The variable input
factors were determined as the average number of gill-
nets used, number of fishing days, and variable fishing
cost, which have been identified as significant vari-

17.28-31 ' These variables are

ables in previous studies
considered endogenous variables to the vessel.

The stock of resources is an essential variable in har-
vest functions. However, due to the lack of informa-
tion on the stock of resources for the fishing industry
in Vietnam, this study uses CPUE as a proxy for the
stock variable. CPUE is a commonly used proxy for
resource stock in the production functions of various
fisheries worldwide, such as Comitini and Huang46,
Greenville et al. %7, Kirkley et al. 23 Kirkley et al. 2446
Eggert*3, and Pascoe and Coglan*!. In Vietnam, a re-
cent study by Duy and Flaaten > on the gillnet fishery
found that CPUE could be a suitable proxy measure
for the variation of fish stock in information-limited
fisheries.

In this study, the production function included sev-
eral variables, such as the age of vessel owners, fuel
cost subsidies, and climate change, in addition to the
traditional inputs of gillnet fishing. The age of vessel
owners is considered an important variable, as it re-
flects the experience of the owners and may impact
the catch yield. Several studies have supported this
relationship, including Kirkley et al. 24, Squires and
Kirkley?®, and Nguyen et al. *°.

Fuel cost subsidies, which have been implemented in
Vietnam since 2008, represent a policy mechanism
variable that can impact the behavior of fishermen
and their fishing outcomes. The effectiveness of these
subsidies has been studied by several researchers, in-
cluding OECD 8 Sumaila?, Duy etal. 49 and Duyand
Flaaten >,

Finally, climate change is an important variable in the
production function of fisheries, as it can impact stock
and fishing productivity. A number of authors, in-
cluding Daw et al. !, Grafton!'!, Sumaila et al. 12, and
Cheung et al.'®, have demonstrated the relationship
between climate change and fisheries. While data on
climate change is often difficult to measure, it can be
approximated by the perceptions of fishermen regard-
ing changes in climate, weather, ocean currents, and
sea temperature, as demonstrated by Schwarz et al.>!
and Hasan and Nursey-Bray 2.

Duy et al.?®

utilized a Cobb-Douglas production
function to estimate fishing effort in the offshore gill-
net fishery of Nha Trang city, Khanh Hoa province.
Duy and Flaaten?’ also confirmed the suitability of
the Cobb-Douglas form for estimating the random
frontier production function of the gillnet fishery in
Khanh Hoa. 1.30

Truong et al.>” employed a translog
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model for the gillnet fishery in Da Nang, but the coef-
ficients of the interaction terms among variables were
statistically insignificant. Therefore, this study uses a
Cobb-Douglas production function with the follow-
ing form:

InY; = Bo + B1InHP; + B2InGEAR; + B3InDAY;
+ B4InCPUE; + BsInVAR_COST; + BcAGE; +
ﬁ7SUBSIDY5t + ﬁgPER_CC,‘,« + BQYEAR2018 + Ejt
(5)

where the variables defined in Table 1 and &;; repre-
sent the error term for vessel i in year t.

The perception of vessel owners (or captains) on
climate change compared to five years ago (the
PER_CCj; variable) is measured in this study
through a survey that evaluates the frequency of
climate/weather events affecting fishing activities.
Four climate/weather events are evaluated: (i) storms
and floods, (ii) increasing temperatures at sea, (iii)
rising sea levels, and (iv) changes in ocean currents.
Vessel owners or captains were asked about their
perception regarding each climate/weather event
based on five-point scales: 1 = not occurring, 2
= occurring less than before, 3 = occurring at an
average level, similar to five years ago, 4 = occurring
slightly more, and 5 = occurring much more.

Data

The empirical analysis focuses on the offshore gillnet
fishery in Khanh Hoa province, Vietnam. Khanh Hoa
is a coastal province n the south-central Coast of Viet-
nam. As of 2019, the province had over 9,500 ves-
sels, with nearly 800 vessels having an engine capac-
ity of over 90 HP, accounting for 8.4% of all vessels,

53 These vessels

mainly operating in offshore areas
are typically over 15 meters long. The offshore fish-
ing fleet consists primarily of gillnet, trawl, handline,
and purse seine vessels. Gillnet vessels make up ap-
proximately 25% of the offshore fleet in the province,
with an average capacity of over 300 HP per vessel.
The number of offshore gillnetters with a capacity of
over 400 HP increased during the period from 2009
to 2019, while vessels with a capacity of 90 to under
400 HP decreased.

The offshore fishing season extends throughout the
year, from October to September of the following
year, and is divided into two seasons: the northeast
monsoon (from October to March) and the south-
west monsoon (from April to September). During
August to September or September to October, off-
shore gillnet vessels usually remain onshore for main-
tenance and repairs. The primary target species of
gillnetters are migratory pelagic species, such as tuna.

Striped tuna (Sarda orientalis), skipjack tuna (Katsu-
wonus pelamis), and mackerel species like the Indo-
Pacific king mackerel (Scomberomorus guttatus), wa-
hoo (Acanthocybium solandri), and narrow-barred
Spanish mackerel (Scomberomorus commerson) are
the main target species. Additionally, other species
are occasionally caught as incidental bycatch. Gillnets
are comprised of numerous individual net walls that
are linked together to form a large net wall that hangs
vertically in the water. Floats are attached to the top
of the net, while weights are attached to the bottom.
When fish swim into the net, they may become gilled,
entangled, or enmeshed by their gills.

The study collected representative random sam-
ples from three fishing year-seasons: 2008/2009,
2013/2014, and 2018/2019, which are denoted as the
2008, 2013, and 2018 seasons, respectively. The sam-
ples comprised 58, 57, and 49 vessels, respectively, ac-
counting for 25.8%, 22.1%, and 23.3% of the gillnet
population in each season. Identical questionnaires
were used to collect data covering various aspects of
the gillnet fishery, such as technical and operational
characteristics of vessels, costs and earnings data,
catch information, demographic data, and crewmem-
bers’ income. The data was collected through direct
face-to-face interviews with either the vessel owner or
captain.

The data comprises a combination of cross-sectional
and time-series data, which cannot be considered a
panel. Specifically, the data pertains to individual ves-
sels from a population over a period of three years, but
there are differences in the vessels included in each
year. Consequently, data from different individuals is
pooled or aggregated without accounting for poten-
tial individual differences that could affect the esti-
mated coeflicients. The study employs the ordinary
least squares (OLS) method to estimate the model, fol-
lowed by testing the assumptions of the multiple re-
1.5%. If het-
eroscedasticity is detected, the study will employ the

gression model, as outlined by Hill et a

generalized least squares (GLS) and heteroscedastic-
consistent covariance matrix estimators proposed by
White°. Furthermore, to ensure accuracy, the values
of variable costs and fuel cost subsidies in 2008 and
2013 are adjusted for inflation using the price index
to reflect 2018 during the model estimation process.
Table 2 presents descriptive statistics for the variables
in the research model. Overall, the values of the vari-
ables increased over the three years, except for the
DAY and PER_CC variables, which decreased in 2018
compared to 2013. The dataset exhibits a wide range
of variability in the variables, for example, the average
engine capacity is 320.1 HP, but the standard devia-
tion is 135.9 HP.
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Table 1: The definition of variables used in the model

Variables Definitions

Y Catch quantity of vessel i in year t (tons)

HP;, Engine capacity (HP) of vessel i in year t

GEARj Number of nets used in each trip of vessel i in year t (nets)

DAY Number of fishing days of vessel i in year t (days)

VAR_COST; Variable costs of vessel i in year t (million VND)

CPUE, Proxy for fish stock in year t (kg/day)

AGE; Age of owner of vessel i in year t (years)

SUBSIDY;, Level of fuel cost subsidy for vessel i in year t (million VND)

PER_CC; Perception of owner (or captain) of vessel i on climate change compared to 5 years ago

(5-point Likert scale)

YEAR2018 Dummy variable: YEAR2018 = 1 if the fishing season is 2018/2019; otherwise, YEAR2018
=0.

Table 2: Descriptive statistics of the variables in the model

Variables Unit 2008 2013 2018 Total

(N=58) (N=57) (N=49) (N=164)

Mean  S.D. Mean S.D. Mean  S.D. Mean  S.D.
Catch quantity (Y) Ton 74.6 244 98.2 28.0 98.5 27.5 89.9 28.8
Engine power (HP) HP 2496 1493 311.9 117.7 413.2 71.3 320.1 135.9
Number of nets Net 267.7 63.6 278.1 52.9 319.7 37.5 286.9 57.2
(GEAR)
Number of fishing Day 2312 286 237.9 355 233.7 30.3 234.3 31.6
days (DAY)
Variable costs  Million 6044 1745 1148.2 350.2 1446.3  405.6 1045.0 471.6
(VAR_COST) VND
CPUE index Kg/day 306.5 0 399.9 0 405.1 0 368.4 46.0
Age of vessel owner  Year 45.7 10.6 50.9 11.3 55.6 11.7 50.5 11.8
(AGE)
Fuel cost subsidy Million 29.2 1.6 123.1 93.4 282.0 33.7 137.4 117.7
(SUBSIDY) VND
Perception of fish- 5-pointLik- 2.7 0.8 3.7 0.5 34 0.7 3.3 0.8

ermen on climate ertscale
change (PER_CC)

Notes: N shows the number of surveyed vessels; S.D. means standard d eviation; all parameters are per vessel. Source: own data and calculations.
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RESULT

Table 3 shows the estimation results and test statis-
tics for the harvest function model. The adjusted R-
squared value of 0.855 suggests that the model ex-
plains 85.5% of the variation in catch quantity. The
F-statistic of 107.6 is statistically significant at the 1%
level, indicating that the estimated relationship is sig-
nificant. The model specification is tested using Pregi-
bon’s test, which regresses the dependent variable LnY
on its prediction and the prediction squared. The
result shows that the prediction squared has no ex-
planatory power, as its coefficient is not statistically
significant (p-value of 0.699). This suggests that the
Cobb-Douglas function is the appropriate form for
the model.

Assumptions of multiple linear regression were tested.
First, the linearity assumption was examined us-
ing scatterplots, which suggested a linear relation-
ship between the independent and dependent vari-
ables. Second, the normality assumption was eval-
uated by testing whether the residuals of the regres-
sion were normally distributed. The p-values for the
skewness and kurtosis tests were 0.597 (>0.05) and
0.008 (<0.05), respectively (Table 3), indicating that
the residuals of the model were normally distributed.
The standardized residual frequency histogram also
showed that the mean value of the residuals was ap-
proximately equal to 0, with a standard deviation of
0.972 (approximately equal to 1). This result suggests
that the assumption of normally distributed residu-
als was not violated. Third, a Durbin-Watson (DW)
statistic value of 1.866 indicated that there was no sig-
nificant autocorrelation in the residuals, as it was close
to the ideal value of 2. Fourth, the VIF (variance in-
flation factor) values ranged from 1.16 to 4.49, with
a mean of 2.76, indicating moderate multicollinear-
ity among the independent variables. Among vari-
ables HP, GEAR, and VAR_COST, correlation coefhi-
cients ranging from 0.7 to 0.8 may be the cause of the

b However, none of

multicollinearity phenomenon.
the VIF values exceeded the commonly used thresh-
old of 5, indicating that there was no significant mul-

15, Moreover, as most of

ticollinearity in the mode
the t-statistic values were greater than 2 and the esti-
mated coefficients had the expected signs, collinearity
was not problematic (*’, p.196).

The last assumption of the regression model is ho-
moscedasticity, which means that the variance of the

error terms should be constant across all levels of the

2Scatterplots will be made available on request.
bThe correlation matrix between the variables is available upon
request.

independent variables. The Breusch-Pagan test re-
ports a Chi-squared (y?) value of 1.47 and a p-value
0f 0.2261 (>0.05), indicating that there is no evidence
of heteroskedasticity in the regression model. On the
other hand, the White test reports a 2 value of 86.67
with a significant level of 5%, concluding that het-
eroscedasticity is present in the data. Breusch-Pagan
test also reports that the explanatory variables, includ-
ing LnCPUEd, SUBSIDY, and PER_CC, exhibit vari-
ance heterogeneity at a 5% level of significance. This
implies that the assumption of homoscedasticity is
not entirely met, and further investigation is required
to determine the source of heteroscedasticity and ad-
dress it appropriately.

When heteroscedasticity is present, the standard er-
rors of OLS shown in Table 3 become unreliable,
and the least squares estimators are no longer opti-
mal. Two methods can be used to address this issue.
The first method involves using robust standard er-
rors to obtain a more accurate measure of the true
standard errors of the regression coefficients. In this
study, White’s > heteroscedasticity-consistent covari-
ance matrix estimators are used to re-calculate the test
values for robust standard errors. The second method
involves using weighted regression by applying the
generalized least squares (GLS) method. After esti-
mating the model using these two methods, the AIC
(Akaike’s information criterion) and BIC (Bayesian
information criterion) are calculated. The model es-
timated using robust covariance matrix estimation is
selected as it has better AIC and BIC criteria.© There-
fore, the regression model with White robust standard
errors and t-statistic values, as presented in Table 3,
still has the best linear unbiased estimators.

The results presented in Table 3 reveal that the esti-
mated coefficients of endogenous variables, includ-
ing LnHP, LnGEAR, LnDAY, and LnVAR_COST, are
all positive and statistically significant at the 1% level
of significance, suggesting that these variables have a
positive impact on catch quantity. On the other hand,
the coeflicient estimate for AGE is negative, but statis-
tically insignificant.

Regarding exogenous variables, the coefficient esti-
mate for SUBSIDY is statistically insignificant, while
the CPUEd variable has a positive and statistically sig-
nificant effect on catch quantity at the 1% level of
significance. Moreover, the coefficient estimate for
PER_CC is positive and statistically significant at the
1% level of significance, indicating that a more posi-
tive perception of climate change is associated with a
higher catch quantity.

“Results of AIC and BIC information criterion will be made avail-
able on request.
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Table 3: Parameter estimate and test statistics of the model

Coefficient OLS
S.E. t-statistic
Constant -5.9397 1.010 -5.879*
LnHP 0.1268 0.034 3.733*
LnGEAR 0.4631 0.103 4.514*
LnDAY 0.3640 0.095 3.833*
LnVAR_COST 0.3856 0.057 6.711*
LnCPUEd 0.3867 0.137 2.831*
AGE -0.0006 0.001 -0.565
SUBSIDY -0.0001 0.000 -0.492
PER_CC 0.0352 0.017 2.131**
YEAR2018 -0.0997 0.036 -2.760*

White test VIF
S.E. t-statistic

1.092 -5.440*

0.032 4.010% 3.794
0.100 4.640% 4.485
0.129 2.810% 1.663
0.063 6.120% 3.793
0.135 2.870* 2.718
0.001 -0.590 1.157
0.000 -0.430 3.469
0.013 2.810% 1.448
0.041 -2.430%* 2.352

R? = 0.863; Adjusted R? = 0.855; F-statistic = 107.6 (p-value = 0.000).

DW-statistic = 1.866; Average VIF = 2.760.

Skewness/Kurtosis tests for Normality: P-value (Skewness) =0.597; P-value (Kurtosis)= 0.008.

Note: Dependent variable: LnY; number of observations = 164; S.E. means standard errors;

* kx

, ** are statistically significant at the level of 1% and 5%, respectively.

Furthermore, the coefficient estimate for YEAR2018
is negative and statistically significant at the 5% level
of significance. This suggests that, after controlling for
the effects of other variables, fishing in the 2018 sea-
son is associated with lower catch quantitiescompared
to the 2013 and 2008 seasons.

Overall, the results suggest that vessel characteristics,
such as engine capacity, number of nets used, and
variable costs, as well as the number of fishing days
and fish stock proxy, are significant determinants of
Ad-
ditionally, owner or captain perceptions of climate

the catch quantity of offshore gillnet vessels.

change have a positive association with catch quantity,
while subsidies and vessel owner age do not have a sig-
nificant effect on catch quantity. Finally, the negative
coefficient of YEAR2018 indicates a decrease in catch
quantity during the 2018 season compared to previ-
ous seasons after the effects of the remaining variables
are taken into account.

DISCUSSION

The research findings suggest that a 1% increase in the
power capacity leads to a 0.1268% increase in the an-
nual catch of offshore gillnet vessels in Khanh Hoa
province, holding other factors constant. This im-
pact is lower than the results reported by Duy and
Flaaten %, ranging from 0.269% to 0.280%, and Duy et
al.?8, which reported a variation of 0.251%. However,
this is due to several reasons. Firstly, offshore fishing
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activities rely increasingly on fishing equipment, fish
detection technology, and other support devices. Sec-
ondly, when the percentage increase in vessel power
is much higher than the percentage increase in catch
in the three seasons, it may suggest that offshore re-
sources are becoming scarcer. Moreover, countries in
the East Sea are increasingly tightening their control
over their own sea areas, so fishermen are reluctant to
move to offshore areas that overlap with other coun-
tries. Thirdly, gillnets are a type of static gear, so vessel
power may not be the most important factor affect-
ing catch production compared to active gear such as
trawl 1730,

The regression results suggest that a 1% increase in the
number of fishing nets results in an average increase
0f0.4631% in catch output, holding other factors con-
stant. Although this impact is lower than the findings
of Duy and Flaaten’s%® study, it is similar to the results
of Duy et al. 8. These results highlight the importance
of the number of nets used in the production func-
tion of offshore gillnetters in Khanh Hoa province.

1.17 also demonstrated that

The study by Squires et a
fishing gear was a key factor in the production func-
tion of gillnet fisheries in Malaysia. This finding could
explain the observed increase in the average number
of nets used in the 2018 season by 15% compared to
the 2013 season and nearly 20% compared to the 2008

season (see Table 2).
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The number of fishing days is considered an impor-
tant endogenous factor that reflects fishing effort and
has a significant statistical effect. The elasticity coef-
ficient of the DAY variable is 0.3640, while the theory
of the fishery production function expects this coef-
ficient to be equal to one. However, from a practical
perspective, a smaller elasticity coefficient of the catch
with respect to the number of fishing days may be rea-
sonable because this variable includes not only the ac-
tual days fished at sea but also the time spent trav-
eling from the port to the fishing grounds and back.
A smaller coefficient may be due to the actual fishing
days at sea being fewer, as it may take more time to
travel to the fishing grounds or the fishery resources
may be increasingly scarce, requiring more time for
fishermen to search for the target species. This obser-
vation is further supported by the fact that the coef-
ficient of InDAY is slightly smaller than the estimated
results of Duy et al. ¥ and Duy and Flaaten .

The variable cost has a positive impact on catch quan-
tity, as expected. Variable costs include the costs of
fuel, lubricants, ice, and food used for fishing trips at
sea, and they are considered a proxy variable for other
input factors, such as the number of crew members.
A vessel with more crew members is likely to have
higher food costs. If a vessel with high variable costs
also has more crew members, operates for longer days,
has a larger engine capacity, and carries more fish-
ing nets, multicollinearity may occur due to the cor-
relation among variables, as discussed earlier. How-
ever, the test results show that multicollinearity is not
a significant issue, and the model built with the cur-
rent variables is appropriate. The elasticity of output
to variable costs in this study is only half of the re-
sults of Truong et al. > for gillnet fishing in Da Nang
(0.720). This difference may be due to the measure-
ment of the output variable as revenue in Truong et
al. >0, while production function theory measures the
output variable as catch quantity 14,

The test results do not reject the null hypothesis that
the total elasticities of the HP, GEAR, and DAY vari-
ables are equal to one, as well as the hypothesis that the
total elasticities of the HP, GEAR, and VAR_COST
variables are equal to one. However, the total elastic-
ities of the endogenous factors, including HP, GEAR,
DAY, and VAR_COST, are significantly greater than
one at the 5% level. This suggests that offshore gillnet
vessels in Khanh Hoa operate with increasing returns
to scale. In practice, a low degree of scale efficiency
may be more significant than a high degree. Many
previous studies, such as Fousekis and Klonaris°®,
Greenville et al.*’, Kirkley et al.?*, Kirkley et al. %,
Pascoe et al. 2, Sharma and Leung *, and Squires and

Kirkley*°, have also found scale efficiency in fisheries
worldwide.

Economic theory suggests that the productivity of all
inputs is maximized when efficiency does not change
with scale. Firms operating with a variable return to
scale will create scale inefficiencies, resulting in lower
levels of productivity®. However, an increasing re-
turn to scale does not necessarily imply that offshore
vessels in Khanh Hoa increase productivity when in-
creasing fishing capacity (i.e., input factors). This is
because the fish stocks in offshore waters of Vietnam
are considered to have been overfished®, and sea-
sonal variations in harvesting productivity and costs,
including risks to vessels, fishing gear, and crew mem-
bers during rainy and stormy seasons may hinder pro-
ductivity growth.

Duy and Flaaten?® have suggested that the CPUE in-
dex can be a good representative measure of stock
variability when fish stock information is limited.
Theoretically, this coefficient should have unitary
elasticity, but in practice, it is often less than one in
many fisheries around the world #4447 This is par-
ticularly relevant in open-access fisheries like those
found in Vietnam, where a large number of vessels
engage in diverse and competitive offshore fishing ac-
tivities within the region. Furthermore, as mentioned
above, the number of fishing days is not only the ac-
tual number of days fished at sea, so an elasticity for
the CPUE variable less than 1 is not contrary to the-
ory. However, the CPUE coeflicient of 0.3867 is sig-
nificantly low compared to 1, which may imply that
the stock is becoming increasingly scarce.

Among the exogenous variables, the PER_CC vari-
able has a statistically significant impact on catch vol-
ume in the year. Survey results indicate that fisher-
men believe that extreme weather events are becom-
ing more frequent and are affecting their fishing activ-
ities. A positive coefficient for the PER_CC variable is
not surprising. If fishermen have a better understand-
ing of climate change, they are more likely to adopt
appropriate adaptation and coping strategies. When
there are extreme weather events such as storms or
floods, vessel owners adapt by either avoiding fishing
or moving to fishing grounds with favorable weather
conditions. Most offshore vessels are equipped with
long- and short-range communication devices, com-
passes, and radio systems to receive natural disaster
warnings. Thanks to vessel owners’ awareness and
proactive risk management, many vessels have min-
imized losses of human lives, vessels, and property on
board, as well as other expenses, resulting in higher
productivity for the year. Recent studies also empha-
size that when fishing communities are aware of the
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impact of risk events or incidents caused by climate
change, they can develop successful adaptation and
coping strategies themselves ! »°1-01,

Kirkley et al.?, Squires and Kirkley*®, and Nguyen
et al.% have argued that the age of vessel owners
may reflect their fishing experience and therefore may
have an impact on catch quantity. However, the AGE
variable did not have a statistically significant impact
on catch quantity, which may be due to the increas-
ing role of scientific and technological factors in the
offshore gillnet industry in Khanh Hoa. Vessels are
now equipped with modern GPS receivers, radars,
and monitoring systems, which help to observe fish-
ing grounds. This is particularly important for target
fish species caught in offshore fishing, such as tuna>°.
Furthermore, some vessel owners do not participate
in fishing activities themselves, and instead, their chil-
dren or relatives are hired as captains. This character-
istic is quite common in the fishing industry in Khanh
Hoa 28,3262

Surprisingly, the variable of fuel subsidy (SUBSIDY)
did not have a statistically significant effect on the
catch output. Theoretically, government subsidies
would encourage increased fishing effort in open
access conditions, potentially leading to increased
catch. However, long-term increased catch would
decrease the resource stock, and excessive depletion
of the stock would negatively affect the catch of ves-
sels 94950 Over the 3-year survey period, govern-
ment fuel subsidy policies may have increased fish-
ing effort, such as vessel engine capacity, number of
nets, and variable costs, resulting in increased catch
quantity on average (Table 2). The regression results
showed that the average catch quantity in the 2018
season was lower than that of the two previous sea-
sons, after the effects of other remaining variables
were taken into account. Therefore, the non-effect of
fuel subsidies on output may be due to the long-term
impact of subsidies through economic benefits*’. It
is possible that the 2018 season catch was largely af-
fected by the fuel subsidy policies of previous years.

CONCLUDING REMARKS

The study has shown that endogenous variables such
as engine capacity, number of nets, number of fish-
ing days, and variable costs have a statistically signif-
icant positive impact on catches. Notably, the coef-
ficient of elasticity of catch to the number of nets is
the largest. However, the regression coefficients are
generally smaller than those in previous studies in the
same area or on the same fishing grounds, indicating
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that offshore resources may be becoming increasingly
scarce.

Regarding exogenous variables, the study found that
the small coefficient of the stock proxy variable sug-
gests that offshore resources are becoming scarcer.
The government’s fuel cost support was found to have
no effect on catches, while fishermen’s perceptions
of climate change had a statistically significant ef-
fect. The results imply that as fishermen become more
aware of climate change, they may be more likely to
adapt and cope with its effects, and that open-access
fisheries with subsidies may not be sustainable in the
long run.

The study emphasizes the importance of implement-
ing measures to protect, regenerate, and develop oft-
shore resources to prevent their depletion. Endoge-
nous factors such as the number of nets, variable costs,
and number of fishing days have the most significant
impact on catches. Therefore, policymakers and fish-
ery managers should develop policies to manage the
use of offshore vessels’ input factors. To prevent the
overuse of offshore resources, policymakers should
also consider setting a maximum limit for vessel en-
gine power or vessel length, in addition to the cur-
rent minimum requirements. Furthermore, the study
suggests that policymakers may consider reducing to-
tal fishing efforts to lessen fishing pressure on oft-
shore fisheries resources. To this end, providing al-
ternative livelihoods for fishermen such as, aquacul-
ture or coastal tourism, could be feasible solutions. As
the study found that fishermen’s awareness of climate
change affects fishing catches, the government should
implement action plans, awareness campaigns, and
education programs to improve their understanding
of the threats posed by climate change. Additionally,
the government should support fishermen in adopt-
ing appropriate coping strategies when faced with ex-
treme weather events. The study found that fuel cost
subsidies did not significantly influence catch rates.
While subsidies increased the economic indicators
of offshore gillnet vessels, they negatively impacted
the sustainable development of offshore fisheries>’.
Therefore, policymakers should review and evaluate
the current subsidy program to determine its conse-
quences on economic, resource, and social aspects,
and to assess its trade-offs and effectiveness in man-
agement. The government should promote and en-
courage supportive policies without harming offshore
resources or sustainable development.

ABBREVIATIONS

AIC: Akaike’s information criterion
BIC: Bayesian information criterion
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Thanh qua danh bat clia tau ca bi dnh hudng bai ca yéu té ndi sinh va ngoai sinh. Nghién cu nay
nham muc dich do luong tac dong clia nhiing yéu t6 nay déi véi san lugng khai thac clia cac tau
ludi ré xa ba tai Khanh Hoa, Viet Nam théng qua viéc udc lugng ham danh bat dua trén dir liéu
khao sat tirba mua vu khai thac (2008, 2013 va 2018). Nghién ctru da chira rdng cac yéu t6 ndi sinh
bao gobm cong sudt may tau, s6 tam ludi, s6 ngay danh bat va chi phi bién déi c6 tac dong duong
dén san lugng khai thac & muc y nghia 1%. Trong cac yéu té nay, s6 lugng tém ludi c6 anh hudng
|6n nhat dén san luong danh bat. Tuy nhién, cac hé sé anh hudng nhin chung nhd hon so véi cac
hé s6 quan sat dugc trong cac nghién clu trudc day trong cing mot khu vuc hodc trén cing mot
ngu trudng danh bat. Nguac lai, udc tinh hé sé cho tudi clia chd tau 1a am va khong cé y nghia
théng ké. Cac yéu t6 ngoai sinh c6 nhimng tac dong khac nhau dén san lugng. Nghién ciu khong
tim thdy tac dong r6 rét clia viéc hd trg chi phi dau, trong khi chi s6 dai dién trit lugng nguoén Ioi
c6 hé s6 tac dong nhd va nhan thic vé bién déi khi hau ctia ngu dan coé tac dong dang ké dén san
luong khai thac 8 muc y nghia 1%. Két qua cho thay ngudn Igi xa bd dang déi mat tinh trang khan
hiém ngay cang tang. Ngoai ra, khi nhan thic clia ngu dan vé bién déi khi hau tang 1én, ho co thé
c6 xu huéng diéu chinh dé thich nghiva déi phé tac dong ctia né nhiéu hon. Hon nita, méi lo ngai
ngay cang I6n vé tinh bén vimng lau dai ctia nghé ca tiép can maé dua vao trg cdp. Nghién clu ggi
y réng chinh sdch nghé cé nén tap trung vao viéc quan ly cac yéu té dau vao clia tau dé ngan viec
khai thac qua mudc nguodn Igi bién xa bd. Hon nira, nén c6 chinh sach hé trg ngu dan dp dung cac
chién lugc tng phé thich hop khi d6i méat vai bién déi khi hau. Ngoai ra, cac chinh sach trg cap
khong gay hai cho nguén lgi bién xa b can dugc khuyén khich.

Tukhoa: Ham danh bat, Yéu t6 ndi sinh, Yéu t6 ngoai sinh, Nganh thily san xa bd
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