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literature, or production shift of fisheries to countries with 
lax regulation to pass stringent regulation, which is more 
likely to occur in high-income countries.

Keywords International trade · Fish stock · Overfishing · 
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Introduction

Fish are some of the most traded food commodities in the 
world [1]. The trade of fisheries products has expanded in 
recent decades as advances in distribution and information 
technologies have unified the global seafood market. The 
share of total fisheries production which was exported was 
25% in 1976, and 36% in 2014 [2]. Although the total trade 
in fisheries products has increased, the impact of this trade 
on fisheries production at country level has not yet been 
investigated.

In this paper, we analyze the relationship between inter-
national trade and domestic fisheries production. Our model 
takes into account the decomposed effects of international 
trade, and treats trade and income as endogenous. The result 
shows that trade openness may reduce fisheries production 
through indirect effects.

International trade may affect domestic fisheries and 
their catches positively or negatively depending on various 
factors. Basic economic theory states that when fishing is 
less profitable, labor and capital assets will be reallocated 
to other sectors and thus the catch will reduce. This reduc-
tion allows for fisheries resources to recover given their 
renewable nature [3]. Based on this prediction, an increase 
in the trade intensity for importing countries could lead to 
a reduction in the price of fisheries products and thus the 
resource of the importing country may recover as a result 
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of decreased fishing pressure. Theoretical literature on 
trade and renewable resources supports this prediction. In 
the Ricardian trade model in Brander and Taylor [4], the 
country in which the autarky price is higher than the world 
price would export the manufactured good (the other good) 
and import natural resources, hence the resource stock will 
recover. In reality, however, the composition of target spe-
cies may be changed due to the change in prices induced 
by trade. This may result in the collapse of ecosystems and 
reduce fisheries production. Furthermore, the trade-induced 
reduction in prices can also increase pressure on fishing in 
developing countries because fishermen in these countries 
may increase their fishing effort to ensure their fundamental 
income under low prices. This may occur due to low mar-
ginal costs and lack of alternative sectors for the realloca-
tion of labor and capital. The effect of international trade on 
fisheries resources is, therefore, still indeterminate.

As trade liberalization agreements are increasing world-
wide, it is important to explore possible counter strategies 
to mitigate their adverse effects on fisheries and associated 
industries. Despite this, there are a limited number of empir-
ical studies on trade openness and fisheries production.

Theoretical models on international trade and natural 
resources have focused on development. Brander and Tay-
lor [4–6] developed the most influential model, a Ricardian 
one with a single manufacturing good and a single natural 
resource. An important insight from this model is that the 
determinant of comparative advantage is not only at the scale 
of factor endowments, but also the biology of the renewable 
resource stock and management policy. While the model 
has been extended to incorporate various factors, the key 
insight of the model about the effects of opening up trade is 
that trade liberalization may cause a reduction in a resource’s 
production in the long term due to over-exploitation. Coun-
tries with a comparative advantage in resource stocks export 
the natural resource and initially gain from trade, but the 
increased fishing pressure may lead to the collapse of the 
stock and reduction in the productivity of that resource 
sector.

While the theoretical model shows the effects of inter-
national trade on natural resources (i.e., fisheries), there is 
little empirical evidence showing these effects. Eggert and 
Greaker [7] discuss some empirical cases in developing 
countries, where fish are a net export, and claim that trade 
liberalization in such countries would lead to a reduction in 
welfare and stocks because of a lack of resource manage-
ment. Nielsen [8] describes the effect of trade liberalization 
in the case of East Baltic cod and concludes that trade nega-
tively affects the welfare in the supplier country. Although 
these studies use specific cases to show the effects of trade 
on natural resources, what is missing is a comprehensive 
study that empirically analyzes the effect of international 
trade on the production of natural resources. Asche et al. [9] 

describes the trade flow between developed and developing 
countries, yet the causal effect of trade liberalization is not 
disentangled from other effects. In this study, we empirically 
estimate the effect of trade openness on country-level fishery 
catch (landings) and look into the general consequence of 
trade liberalization at a global scale.

This study does not consider the relative status of fisher-
ies resources (i.e., depleting resources), a complex mixture 
of various time series including abundance, spatial distribu-
tion, and fishing efforts. Instead, this study focuses on the 
time series of fish production to capture the effect of trade 
openness on domestic fish production and its time-varying 
characteristics.

Materials and methods

Materials

This study used catch data from the SEA AROUND US 
project (http://www.seaaroundus.org/). Per capita income 
[gross domestic product (GDP) per capita], the capital–labor 
ratio, investment per worker, and population are taken from 
the Extended Penn World Table 3.0. Trade openness (as a 
percentage of GDP) was obtained from the World Develop-
ment Indicators Online. Data on school attainment (years) 
are from the education dataset in Barro and Lee [10]. We 
obtained data on bilateral trade flows from the IFS Direction 
of Trade CD-ROM. Data on distances between the country 
pairs in question (physical distance), land area and dummy 
variables indicating linguistic links, common borders, and 
landlocked status are from the Central Intelligence Agency 
World Factbook website. We obtained the above data from 
1964 to 2006. The descriptive statistics are shown in Table 1.

Catch–trade model

This study takes into account the endogeneity of trade inten-
sity and income to estimate the effect of international trade 
on a country-level fisheries catch. We modified the model 
developed by Managi et al. [11] and Tsurumi and Managi 
[12]. First of all, catch is modeled by the following equation:
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where Hit denotes the total fish catch (volume) of country i in 
year t, and S is GDP per capita. GDP per capita is assumed 
to be quadratic to capture the scale-technique effect. K/L 
denotes a country’s capital–labor ratio; RK/L denotes a 
country’s relative capital–labor ratio; RS is relative GDP 
per capita. These relative variables are defined relative to 
the world average for each year. T is defined as the ratio 
of aggregate exports and imports to GDP, called the “trade 
intensity ratio,” which is considered a proxy for trade open-
ness. ɛ1 is an error term and consists of an individual country 
effect η1, a time-specific effect λ1, and a random disturbance 
ν1.

There could be various trade measures. While other 
measures such as tariff or explicit transportation costs 
could be used, the measure for an empirical analysis 
should have a wide cross-country coverage and a time-
series variation. Trade intensity ratio can be calculated 
easily from widely available import and export data. In 
addition, the trade intensity increases as the trade fric-
tion decreases, as stated in Antweiler et al. [13]. For these 
reasons, we adopt the trade intensity ratio as the trade 
openness measure.

To model income, this study applies the following 
equation:

where P is the population; Inv is investment per worker; Sch 
is school attendance years and used as a proxy for human 
capital investment; and ɛ2 is an error term and consists of 
an individual country effect η2, a time-specific effect λ2, and 
random disturbance ν2.

(2)

Sit = c2 + �1Sit−1 + �2Tit + �3Invit + �4Pit + �5Schit + �2it

�2it = �2i + �2t + �2it

Endogeneity

A main issue in the estimation is the endogeneity of 
explanatory variables. Trade intensity and fisheries pro-
duction can be endogenous because, for example, the 
fisheries catch may represent important export goods in 
some countries, and the performance of the fishing indus-
try affects trade intensity. Similarly, income may be cor-
related with unobserved factors that affect fisheries pro-
duction. These endogeneities may cause serious biases in 
the parameter estimates if they are not dealt with. This 
study treats trade and income as endogenous, as in Frankel 
and Rose [14], and applies instrumental variables (IV) for 
trade openness by the following equation:

where  Tradeij is bilateral trade flows from country i to coun-
try j,  GDPi is the gross domestic product of country i,  Disij is 
the distance between country i and country j, Pj is the popu-
lation of country j,  Lanij is a common language dummy that 
takes a value of 1 if two countries have the same language 
and 0 otherwise,  Borij is a common border dummy that takes 
a value of 1 if countries i and j share a border and 0 other-
wise, Area is the land area of a country, and Landlocked is 
a dummy variable that takes a value of 1 if one country is 
landlocked, 2 if both countries are landlocked, and 0 other-
wise, and ɛ3 is an error term. These geographical character-
istics are considered as exogenous because they affect the 
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Table 1  Descriptive statistics

GDP Gross domestic product

Variable Definition Dimension Observed Mean SD Minimum Maximum

H Total catch Metric ton 3,421 682,828.8 1,558,086 2.0 1.25E+07
S GDP per capita $ 3,421 10,266.4 10,889.6 160.9 71,158.1
K/L Capital-labor ratio $/Worker 3,421 38,333.9 35,070 323.9 202,214.9
T Trade intensity % 3,421 63.1 45.1 6.7 421.7
Sch School attendance years Years 3,421 5.4 3.4 0 13.5
P [Eq. (2)] Population People 3,421 3.41E+07 1.15E+08 91,686 1.30E+09
Inv Investment per worker $/Person 3,421 22.6 9.7 −11.0 74.1
Dis Distance between two countries km 414,936 4,235.4 2,720.1 39.8 12,351.3
P [Eq. (3)] Population People 414,936 4.71E+07 1.44E+08 18,434 1.31E+09
Lan Common language dummy Dimensionless 414,936 0.21 0.41 0 1
Bor Common border dummy Dimensionless 414,936 0.03 0.19 0 1
(Area Area) Interaction of areas of two countries (km2)2 414,936 1.01E+12 5.59E+12 1,234.8 1.70E+14
Landlocked Landlocked countries indicator Dimensionless 414,936 0.25 0.48 0 2
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bi-lateral relationships with trade partners, but are unlikely 
to affect the domestic fisheries catch. Note that this study 
does not include landlocked countries data in the catch data 
[Eq. (1)]. To estimate Eq. (3), we use ordinary least squares.

Table 2 shows estimations from Eq. (1), which confirm 
the results in the literature. We construct the instrumental 
variables for openness as follows. First, a first-stage regres-
sion of the gravity equation is computed. Next, we take the 
exponential of the fitted values of bilateral trade and sum 
across bilateral trading partners as follows:
 

The fitted openness variable is added as an additional 
instrumental variable for the generalized method of moments 
(GMM).

Trade elasticities

This study decomposes the terms in Eq. (1) into two com-
ponents as follows. One is the scale-technique effect  (STit) 
and another is the composition effect (Cit)

These terms are assumed to be the effects of income and 
production on the fisheries catch, and we expect to estimate 
the scale-technique effect from this [11]. This effect is con-
sistent with the environmental Kuznets curve hypothesis 
[15, 16]. The amount of fish caught is not only considered 
environmental damage, there is also an analogy and it is 
described largely in terms of the dominance of scale effects 
at low income levels and the dominance of technique effects 
at high levels of income.

The composition effect is expressed as follows:

(4)T̂i =
∑

j

exp

[

ln
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T̂radeij
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)]

.

(5)STit = �2Sit + �3[Sit]
2.

A country’s comparative advantage is a major factor 
influencing the composition effects. This study takes into 
account the factor endowment, stringency of environmen-
tal regulations, and trade openness as factors affecting the 
comparative advantage, as in both Antweiler et al. [13] 
and Managi et al. [11]. A capital-abundant country will 
specialize in capital-intensive production, whereas a labor-
abundant country has a comparative advantage in labor-
intensive goods. This effect is captured by the terms with 
K/L, RK/L and RS. In addition, a comparative advantage of 
a capital abundant country may be weakened by relatively 
more stringent regulation, which is often implemented in 
high-income countries. To capture this effect, we include 
the term (K/L)S.

Furthermore, a rise in trade openness promotes an 
increase in the production of capital-intensive goods in 
countries with a comparative advantage in these goods and 
a fall in the production of capital-intensive goods in coun-
tries with a comparative advantage in labor-intensive goods. 
This shift in production may affect the countries’ fisheries 
catches. To reflect this effect, we include the (RK/L)T and 
(RK/L)2T terms.

Conversely, a rise in trade openness may move the pro-
duction of fisheries catch from countries with more strin-
gent environmental regulations (high-income countries) to 
countries with less stringent environmental regulation (lower 
income countries). This effect is called the “environmental 
regulation effect” and is captured by the terms with RS.

The first part of Eq. (6) is interpreted as the indirect effect 
of trade, and the second part with trade intensity Tit is the 
direct effect of trade. The first part is called the “indirect 
trade-induced composition effect”  (ICit), which reflects the 
indirect effect of a trade-induced change in income on fish-
eries production, and the latter is the “direct trade-induced 
composition effect”  (TCit).  ICit and  TCit are expressed as 
follows:

Here, our main interest is to quantify the decomposed 
effect of trade intensity. We accordingly consider the effect 
of a 1% increase in trade intensity.
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Table 2  Gravity equation

t-values are in parentheses
*** P = 0.01

Dependent vari-
able bilateral trade 
intensity

Log distance (ln Disij) −0.96*** (−216.13)
Log population (ln Pij) 0.83*** (392.31)
Language dummy  (Lanij) 0.61*** (71.74)
Border dummy  (Borij) 0.45*** (22.42)
Log area–area [ln  (Areai  Areaj)] −0.16*** (−127.63)
Landlocked dummy  (landlockedij) −0.94*** (−131.33)
Constant(c3) −10.36*** (−232.95)
Observations 414,936
R2 0.36
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σS
ST corresponds to short-term trade elasticity, driven by the 

scale-technique effect through trade-induced changes in 
income; the superscript S refers to the short-term effects. σS

IC 
is the short-term trade elasticity caused by the indirect com-
position effect through trade-induced changes in the income. 
The latter two terms in Eq. (9) are the effects of an increase 
in trade intensity in Eq. (8) which are decomposed into two 
parts: the indirect effect of trade intensity through changes in 
income, and the direct effect of trade intensity. These two 
effects are defined as the indirect effect of trade intensity 
through income in the composition effect (ITC) and the direct 
effect of trade intensity in the composition effect (DTC), and 
denoted as σS

ITC and σS
DTC, respectively. Here, we call these 

measures “elasticities,” because they are percent point 
changes in catch relative to 1 % change in trade intensity. The 
percent point change in a catch is defined as the change rela-
tive to the average catch, H̄, in the data. It is noteworthy that 
we use the short-term trade elasticity of income, which is 
calculated from Eq. (2) as �Sit

�Tit
= �2. Using the short-term trade 

elasticity and Eqs. (5), (7) and (8), we obtain the expressions 
of the decomposed short-term elasticities:

The total short-term trade-induced composition effect, σC
S, 

is calculated as:

Similarly, we define the long-term trade elasticities, σL
ST,�L

IC
, 

�L
ITC

, and �L
DTC

 by considering the effects of the lagged term, 
Hit-1, which is calculated from Eq. (1) as 1/(1 − α1), and the 
long-term trade elasticity of income, which is calculated from 
Eq. (2) as β2/(1 − β1). Accordingly, the long-term overall trade 
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openness elasticity of fisheries production, σT
L, is defined as 

follows:

In the same manner as the short-term decomposed elastici-
ties, the long-term decomposed trade elasticities are expressed 
as follows:

The total long-term trade-induced composition effect, σC
L, 

is calculated as

The actual calculation of elasticities is based on the 
parameter estimates and the sample averages of the 
variables.

Estimation

Following Managi et al. [11], we use a difference GMM 
proposed by Arellano and Bond [17] to estimate Eqs. (1) 
and (2), which are estimated separately. Arellano and Bond 
derived a consistent GMM estimator for the parameters 
of a linear dynamic panel-data model. This estimator is 
designed for datasets with many panels and few periods, 
and requires that there be no autocorrelation in the idiosyn-
cratic errors. Estimators are constructed by first-differenc-
ing to remove the panel-level effects and using instruments 
to form moment conditions. The moment conditions are 
formed from the first-difference errors and instruments. 
Lagged levels of the dependent variable, the predetermined 
variables, and the endogenous variables are used to form 
GMM-type instruments [17]. We construct instruments for 
the lagged dependent variable from the second and third 
lags of the dependent variable. These lags of dependent 
variables are uncorrelated with the composite-error process 
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[18]. The resulting estimations were carried out using the 
-xtabond- command in Stata 14, which imposes all nec-
essary moment conditions when using the Arellano and 
Bond model.

Results

We fitted the model to the data to conform as much as pos-
sible with Managi et al. [11] and Tsurumi and Managi [12]. 
Tables 3 and 4 report the estimation results of the catch 
and income models, respectively. We use differenced GMM 
for Tables 3 and 4. The Sargan test result indicates that 
our instruments are not invalid. Additionally, the result of 
Cragg-Donald Wald F-statistic shows that there is no weak 
instrument issue. Table 5 shows the short- and long-term 
decomposed trade intensity elasticities calculated from the 
estimates and sample averages of the variables in the data. 
These elasticities are computed by adopting the parameter 
estimates from Tables 3 and 4.  

Table 4 shows the main estimates of this study. The 
lagged catch term is statistically significant with a positive 
sign. This implies that the explanatory variables, such as 
trade openness and income, dynamically influence the catch. 
These results verify that the adjustment process, given the 
explanatory variables, such as trade openness, are different 
in the short term and long term. Accordingly, it is meaning-
ful to calculate the trade intensity elasticities of the fish catch 
in the short and long term differently.

The signs of GDP per capita were negative on the first 
order and positive on the quadratic term. This variable 
is intended to capture the scale and technique effects, as 

Table 3  Income equation

t-values are in parentheses. Trade openness variable is instrumented 
for using predicted openness
** P = 0.05, *** P = 0.01

Dependent variable 
GDP per capita

Lagged GDP per capita (Sit-1) 0.97*** (121.74)
Trade intensity (Tit) 3.09** (2.14)
Investment per worker  (Invit) 40.58*** (11.30)
Population (Pit) −4.88e-06*** (−4.18)
School attendance years  (Schit) −205.88*** (−3.96)
Constant (c2) 17.51 (0.09)
Observations 3,357
Number of countries 100
Adjusted R2 0.30
Cragg-Donald Wald F 884.04
Sargan test 1,862.36

P > χ2 = 0.12

Table 4  The determinants of 
the catch

z-values are in parentheses
Trade openness, per capita GDP and its square term are instrumented for using predicted openness, pre-
dicted per capita GDP, and predicted square term, respectively
* P = 0.10, ** P = 0.05, *** P = 0.01

Dependent variable total catch

Lagged total catch (Hit-1) 0.85*** (89.52)
GDP per capita (Sit) −17.32* (−1.84)
Squared GDP per capita [(Sit)2] 0.00045* (1.80)
Capital labor ratio [(K/L)it] 6.19*** (2.34)
Squared capital labor ratio {[(K/L)it]2} −0.000055** (−2.00)
Capital labor ratio and GDP per capita [(K/L)it Sit] −0.000040 (−0.27)
Trade intensity (Tit) 1,067.68** (2.04)
Trade intensity and relative capital labor ratio [Tit(RK/L) it] −1,297.87* (−1.83)
Trade intensity and squared relative capital labor ratio {Tit[(RK/L)it]2} 293.18 (1.24)
Trade intensity and relative GDP per capita [Tit (RS)it] 387.36 (0.40)
Trade intensity and squared relative GDP per capita {Tit[(RS)it]2} −199.14 (−1.48)
Trade intensity, relative capital labor ratio and relative GDP per capita 

[Tit(RK/L)it(RS)it]
140.60 (0.38)

Constant (c1) 7,509.12 (0.14)
Observations 3,357
Number of countries 100
Adjusted R2 0.97
Cragg-Donald Wald F-statistic 51.47
Sargan test 2,972.76

Prob > χ2 = 0.21
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discussed in the Materials and methods section. This result 
is different from that in environmental quality [11, 13, 14] 
or deforestation literature [12], in which the sign of the first-
order term is positive, and the quadratic term is negative. 
In this study, the signs are opposite. We need to be careful 
when interpreting the results, as they may indicate the fish-
eries resource stock, unlike other industry-related natural 
resources and environmental factors.

Unlike environmental quality or forestation, fisheries pro-
duction does not simply increase as the scale of the economy 
increases. The estimates of α2 and α3 suggest that, initially, 
the catch decreases as GDP per capita increases, but then the 

catch increases once its value surpasses $19,244, as shown 
in Fig. 1a. There are a few possible explanations for this 
curve. First, the per capita income approximates the develop-
ment level in a country. Accordingly, this is a proxy for the 
strictness of resource use and the techniques used to catch 
fish. The decreasing part of the curve indicates that pres-
sure on fish due to development in catch technology exceeds 
the positive effect of resource management. In the increas-
ing part of the curve, fisheries resource management and 
technological development have a synergetic effect on the 
fisheries catch. In addition, the scale effect also plays a role 
in fisheries production, i.e., fisheries production increases 
as the economy expands. Furthermore, the increase in per 
capita income may induce a preference shift, which leads to 
more consumption of seafood instead of other types of meat 
as a source of protein (e.g., Eq. [19]). Such effects of scale, 
technique, stringency of management, and income effect on 
preferences cannot be decomposed given the dataset.

The trade elasticity of catch driven by the scale-technique 
effect, σST, is negative both in the short and long term, as 
shown in Table 5. At the average level of income, the effects 
of overfishing dominate the effects of technique. In the long 
term, this negative effect increases due to the long-term 
income elasticity of trade (β1) and the persistence of catch 
(α1). The greater magnitude of long-term negative elasticity 
supports the possibility of overfishing caused by the scale 
effect. This is because the low level of the resource stock 

Table 5  Trade elasticity
σS

ST −0.013
σC

S −0.0093
 σIC

S 0
 σITC

S −0.0082
 σDTC

S −0.0011
σT

S −0.022
σST

L −3.30
σC

L −2.16
 σIC

L 0
 σITC

L −2.15
 σDTC

L −0.0070
σT

L −5.46

Fig. 1  Changes of effects of 
trade variables on fisheries 
catch
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causes a reduction in current catch. The low stock level is 
triggered by the overfishing in the previous periods.

The sign for the estimated coefficient of the capital-labor 
ratio (K/L) is positive and for the squared term, (K/L)2, is 
negative (Fig. 1b). In the range of the low capital-labor ratio, 
the fishery catch tends to increase as the capital-labor ratio 
of a country increases. This is reasonable since the capital-
ized country tends to have more capital-intensive fisheries 
(e.g., larger vessels/engine powers). The fisheries catch, 
however, falls as the capita-labor ratio increases to more than 
$112,545 per worker, indicating that the fishing industry is 
not a capital-intensive industry relative to other industries. 
When a country is sufficiently capitalized, the production of 
other highly capitalized industries rises and fisheries produc-
tion decreases because the country has a greater comparative 
advantage in capital-intensive goods.

The interaction term (K/L) × S, captures two effects: the 
reduced comparative advantage of the fishing industry due 
to strict regulation (e.g., conservation approach to protect 
fisheries resources), and the reinforcement of comparative 
advantage due to technological development. The statisti-
cally insignificant and small absolute value of the estimate of 
α6 indicates that these two effects offset each other. Accord-
ingly, the short-term and long-term trade elasticities driven 
by the indirect composition effect through trade-induced 
changes in income (σS

IC and σL
IC) are as small as zero.

The direct effect of trade openness is measured through 
the interaction of trade intensity with relative capital-labor 
ratio and relative income, as shown in Eq. (8). The relation-
ship between the effect on catch and the capita-labor ratio 
based on the estimates suggest that the direct effect of trade 
intensity tends to be negative as countries are capitalized 
relative to rest of the world. This could be because capital-
ized countries tend to have a comparative advantage in other 
capital-intensive industries other than the fishing industry.

Managi et al. [11] explain that countries with a relatively 
high per capita income are under stringent environmental 
regulations, and thus the production of capital intensive 
goods decreases. This effect is called the “environmental 
regulation effect.” In the estimating equation, this effect is 
captured by the terms with relative income (RS). Our esti-
mates show that trade openness increases fisheries produc-
tion for low relative-income countries, but decrease it for 
the countries with a relative income which is more than 
twice the world average (Fig. 1d). This implies that strin-
gent regulation or resource management, which tends to take 
place in relatively wealthy countries, weakens the compara-
tive advantage of fisheries, and thus fisheries production 
decreases. Instead, fisheries products can be exported from 
the countries with lenient regulations where there tends to be 
a low relative income, as if these countries were “overfishing 
havens.” Such a shift is often discussed in the environment 

and trade literature and these countries are also called “pol-
lution havens” [20–23].

While such a shift is common in environmental quality, 
the mechanism behind the relationship between fisheries 
and trade may be different. Although the fisheries produc-
tion shifts from a country with stringent regulations to one 
with permissive regulations, the high production level in the 
lax regulation country may be sustainable only in the short 
term due to the resource stock effect. Resources in countries 
with lax regulations are potentially, or actually, overfished 
due to unregulated fishing pressures, and the resource stock 
level could decrease. Accordingly, the resulting catch is low. 
Although such a resource stock effect is not directly captured 
in our estimation, the result of long-term trade elasticity is 
consistent with this interpretation. The indirect effect of 
trade intensity through changes in income, σS

ITC, is negative. 
That is, a rise in the trade openness increases a country’s 
income, and it leads to higher regulation as a result. In the 
long term, the sign of the elasticity, σL

ITC, is still negative, 
and the magnitude is greater. This can be a composite effect 
of strengthening regulations due to a rise in relative income 
and the loss of productivity in fisheries due to reduced stocks 
as a result of overfishing.

The direct effects of trade intensity, σDTC, are small 
relative to those of σITC in both the short and long term. 
The effect of trade intensity is positive for countries with 
a low relative capital-labor ratio, but becomes negative for 
countries with a relative capital-labor ratio of more than 1 
(Fig. 1c). This is because the fishing industry is at a com-
parative disadvantage. The threshold is near one, implying 
that the effect switches from positive to negative on a world 
average. Accordingly, the direct effect of trade intensity is 
near zero on average.

The overall effects of trade intensity on fisheries produc-
tion is negative in both the short and long term. However, 
the magnitude of trade elasticity is large in the long term, 
while it is significantly small in the short term. In both the 
short and long term, the scale-technique effect and indirect 
effect of trade openness through income change dominate. 
On average, the increase in trade openness results in a long-
term reduction in the fisheries catch. This result supports 
the theoretical prediction made by Brander and Taylor 
[4–6], that long-term fisheries production may be decreased 
due to a drop in the productivity of fisheries caused by 
overexploitation.

Discussion

In this study, we analyzed the impact of trade openness on 
national-level fisheries production using comprehensive data 
on fisheries catches and treating trade and income as endog-
enous. Our results show that an increase in trade openness 
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reduces country-level fisheries catches on average, which is 
consistent with the fact that the global fish catch is decreas-
ing [24] while international trade expands.

The short- and long-term elasticities show that the nega-
tive impact of trade liberalization is small in the short term, 
but becomes large in the long term. The large catch in some 
countries caused by trade intensification reduces the catch 
in the long term through a decrease in the renewability of 
stocks of the resource. There are strong correlations between 
resource stock status and fisheries catches at a global level 
[25]. The main impacts are due to the scale-technique effect 
(ST) and the indirect effect of trade intensification through 
income change (ITC). For a country like Japan, which 
explicitly states that one of its focal fishery policies is to 
generate employment, the long-term effects of free trade 
are problematic for the achievement of this goal. This is 
an urgent issue since the global trend is to liberalize trade 
and promote free trade, e.g., the number of regional free 
trade agreements is increasing [26]. Participating in a global 
market may be beneficial to a country’s whole economy, 
but an appropriate resource management policy, consider-
ing its impact through comparative advantages, should be 
implemented. As we discussed in the Results section, we 
are unable give a detail interpretation of the scale-technique 
effect with the model we built and the data we have.

The issue of most concern raised in this study is the pros-
pect of an overfishing haven effect that can be boosted by 
trade liberalization. If resource stocks are independent of 
countries, the resource stock of the countries with lax regu-
lation will collapse, and they may thus suffer from decreased 
societal welfare, as predicted by Brander and Taylor (“mild 
overuse case” [5]). This is problematic because fisheries 
trade may worsen the North–South divide through a shift 
in fisheries production. Namely, the difference in develop-
ment between industrialized countries and developing coun-
tries widens because lax regulation is often implemented 
in developing countries. Moreover, if the resource stock is 
shared among two or more countries, the impact is not only 
on countries with lax regulations, but also on the other coun-
tries involved. Overfishing in countries with lax regulation 
affects resource dynamics. Hence, the fisheries productivity 
of countries with stringent regulations drops if they catch 
a shared stock, as analyzed theoretically by Rus [27] and 
Takarada et al. [28].

In the context of an overfishing haven, the regulation in 
countries without comparative advantages may have a spillo-
ver effect on the excess fishing capacity of countries with a 
comparative advantage. One of the resource management 
measures used to reduce excess fishing capacity is a fishing 
capacity reduction program (e.g., buybacks). Governments 
buyback excess fishing vessels to reduce fishing pressure on 
their resource. These excess vessels and gear are often trans-
ferred to countries with limited fishing capital. As countries 

obtain comparative advantages, this process can accelerate a 
shift from fishing capital to a new overfishing haven. To pre-
vent such a vicious cycle, countries with comparative advan-
tages should regulate their fishery imports to only those from 
certified sustainable fisheries, such as those regulated by the 
Marine Stewardship Council.

Our approach is limited by the fact that the effects of 
stock dynamics and resource management regulation can-
not be differentiated. In the environmental damage litera-
ture, the scale effect simply increases the damage, while the 
technique and management effects decrease the damage. In 
fisheries production, the scale effect may increase the catch 
because it increases the capacity of fishing effort, but the 
catch may also decrease because the resource stock deterio-
rates due to overfishing. In addition, management regulation 
may directly decrease production, but it may also increase 
it in the long term because the resource stock may recover.

This study focuses on fisheries production by aggregating 
the production of all fish stocks and trade openness, there-
fore it does not consider the resource dynamics of individual 
fish stocks. Costello et al. [24] projected future fisheries pro-
duction under various management scenarios by combining 
a basic logistic surplus production model with fish species-
specific parameters from the global database (i.e., FishBase) 
and a profit model. Our study does not explicitly model the 
resource dynamics of individual fish stocks, but uses the 
estimation equation that was first proposed by Antweiler 
[13] for air pollution and applied to other environmental 
subjects such as forestry [12, 14] and water resources [28]. 
As the theoretical literature on resource and trade shows that 
the resource stock status and dynamics significantly affect 
the outcome of the international trade of natural resource 
goods, the integration of the bioeconomic models and trade 
models is necessary in future studies.

Lastly, this study does not discuss the comprehensive 
regulation of fisheries production and resource management 
measures. This study approximates the degree of regulation 
on fisheries production from the level of income (GDP per 
capita) because such regulation is often rigorous in coun-
tries with comparative advantages. Regulations on fisheries 
production can be categorized into: (1) input control (e.g., 
a limit on days at sea, fishing capacity); and (2) output con-
trol (e.g., a limit on total amount of catch). These controls 
work in countries without a comparative advantage due to 
their cost. Without sufficient data on each state’s regula-
tions for fisheries production, we simply approximate the 
effects of regulation on GDP per capita, a method adopted 
in other studies [11, 13]. By including proxy indicators of 
the objectives of an individual state’s fishery policy, exten-
sion of this study in the future may identify the effects of 
regulations on fisheries production and their interaction with 
trade openness.
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