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Abstract The environmental problems affecting marine resources and slow growth in the fisheries industry is causing
many countries to look for alternative inputs that can boost the fisheries sector. This study focuses on the effects of
technological innovation in the fisheries industry on the gross domestic product (GDP) per capita across Organization
for Economic Cooperation and Development (OECD) countries. Using a panel dataset, this study attempts to estimate
the different effects of technological innovations in the fisheries industry from country to country using the
differences-in-differences (DiD) method. After the DiD method, the Granger causality test is applied to determine the
interactive relations between economic growth and the selected variables associated with technological innovation in
the fisheries industry, such as government spending on fisheries R&D, the number of patents in fisheries, and
employment. The results obtained from the DiD estimation show that government spending on fisheries R&D,
fisheries technology development, and fisheries employment positively influences the GDP per capita across OECD
counties. From the causality test, we found different bi-directional causal relationships between the GDP per capita
and (spending) on fisheries technology development across countries.
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1. Introduction

Many developed countries have tried to look for
alternative inputs that can stimulate the growth and
create new industries since they have faced to slow
economic growth. Several literatures [1,2] reported that
technological innovation is an essential determinant of
economic growth in the long run, and showed[3] that
technological innovation led to a rise in productivity
growth United States 1990s.
According to Romer growth model[4], technological

in the during the
innovation is created by research and development
(R&D) utilizing human capital and knowledge stock[5].
R&D is defined as the process of creating new
products, processes and technologies that can be used
and marketed for mankind’s benefits in the future[6].
Global competitiveness and sustainable growth put
great stress on a key role of R&D into all industries
sectors[7,8]. R&D the

innovation, and its accumulation ultimately makes final

catalyzes invention and
products better and technology more advanced.

The R&D processes and their expenditures vary
from industry to industry, from country to country and
from year to year[6]. Several literatures[9,10])
investigated the heterogeneous effect of R&D spending
on economic growth across different industries and
countries. Such heterogenous effects of R&D are
because the capacity to transfer and adapt technology
is diverse according to the nature of industries and
economy sizes. Our attention is focused on the impact
of R&D on the primary sector, especially the fisheries
sector and it’s impact on different economic status of
countries. We narrow all industrial sectors down to
fisheries since several leading countries (EU countries,
U.S., Japan, South Korea and etc.) emphasize a role of
R&D on fisheries sector. Especially, EU countries, U.S.
and Japan strongly regulate water pollution caused
from fisheries activity and thus they make an effort to
overcome this issue with technology applications[11].
Although it is important to differently treat aquaculture

with capture fishery, this study aggregates aquaculture
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and capture fishery because the industrial size of each
sector is small to be separate and is a lack of data
information. In this paper, the word, fisheries, means a
whole industry containing capture fishery and aquaculture.

Recently, in fisheries sector, a new technology trend
appears to revitalize the industry in several countries
such as Norway, Denmark, the United States, South
Korea and so on. The new technology trend in fishery
is achieved by combining fisheries sector and
technology (ICT)

sector, and such technology is referred to as ICT

information and communication
convergence. Technological innovation and market
demand are driving the ICT sector toward convergence
in fisheries sector[12]. In commercial capture fisheries,
technology has been continuously introduced to
strengthen the performance of fishing equipment in
order to increase the value of fish caught, to decrease
costs, to aid navigation, and to improve safety at
sea[13]. Aquaculture has experienced biotechnology
development for combating disease and epizootics,
improving broodstock and feeding mechanisms[14].
Besides, water aqulity monitoring based on an ICT
application to maintain water aqulity and to save
energy. Such application of advanced technology in the
fisheries sector has been taken the lead by government.
Most R&D spending on fisheries sectors are supported
through the indirect subsidies and the direct provision
of a government. This is due to the limitation of
fisheries sectors that is associated with the sustainable
development of marine resources for future generations
and food security. In addition, the paper[15] suggested
that the social rate of return to R&D spending on some
industrial sectors like a primary sector significantly
exceeds the private rate of return.

There has been intensive interests and attempts[16,9]
in empirically estimating the relationship between
growth and R&D
studies[7,17,18]
between R&D spending and economic growth. Much
of the R&D growth in an industry is driven by that

economic spending. Previous

presented a positive correlation

county’s economic growth, which can be measure by
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the gross domestic product (GDP) per capita.
Although many literature attempt to evaluate effects
of R&D on economic growth, using various estimation
techniques, it is still has empirical uncertainty about
the magnitude of the productivity gains form R&D[19].
Such difficulty and
methods of R&D effects indubitably appear in this

restriction about measuring
paper. In this study, we in this study select the
government spending on R&D, the number of patents
(technology development), employment as major inputs
to bring technological innovation to fisheries sectors.
With these selected variables, we investigate the
of the effects

technological innovation on GDP per capita. There are

empirical evidence of fisheries
such as human capital,
policy, R&D

technology and so forth to encourage technological

many inputs knowledge

accumulation, investments, advanced
innovation in an industrial sector.

The major objective of this paper is to estimate the
different effects of fisheries technological innovation
on economic growth across countries and to determine
interactive relations among the variables such as
government spending on R&D expenditures, fisheries
technology development, fisheries employment and
With a panel
the

economic growth across countries.
the first method to apply

differences-in-differences (DiD hereafter) estimation by

dataset, is to
the two-way fixed effects panel model specifying both
country- and time-effects. The DiD approaches are
commonly used to estimate the effects of a policy
different groups and different

time[19,21,22]. The second method is to determine the

change across

causal relations among the selected variables, using

Granger causality test.

2. Data

Panel dataset used in this paper consists of GDP per
capita, government spending on fisheries R&D, the

number of patents (fisheries technology development),
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Such variables are
collected from individual OECD country. The data

and employment in fisheries.

series are selected for at least ten. The data sources are
from the OECD website(https://stats.oecd.org/Index.aspx?
DataSetCode=FISH_RD).

The government spending on fisheries R&D is the
of R&D

government financial transfers. The R&D expenditures

fisheries  share expenditures on total

are categorized into business enterprises, government,
this  paper

expenditure due to features of fisheries sector.

foreign. However, uses government

In order to estimate Technology development, we
use the number of patents. There are several ways to
evaluate technology development in an industrial
sector. Technology development can be measured by
an practical aspect of outputs and qualitative aspects of
academic fields. This paper considers the former
approach for estimating fisheries technology development
since qualitative approaches is ambiguous for
counts[19]. Counting patents can be one of methods for
measuring technological innovation because a patent is
produced from the outputs of the inventive process.
Although counting patents might not be the best
approach to understand comprehensive technology
development of a country, they can be relatively suited
for  identifying  environmental  innovation[23].
Employment in fishery counts all employment in
various fisheries fields such as landings, aquaculture
production, fleet, government financial transfers and so
on.

We obtain 28 countries and 16 years’ time period
data from OECD website. The time series observations
for each country are collected from 2000 to 2015. We
discard 4 countries such as Czech Republic, Estonia,
Hungary, Japan, and Slovak Republic because the
numbers of an explanatory variable is not enough to
estimate a panel regression model. Despite such first
filtering, explanatory variables in some countries still
have missing data. Thus, we use an unbalanced panel
model. An unbalanced data does not matter to estimate

a panel model. However, it matters to estimate Granger
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causality test. For the causality test, we again discard
several countries to make dataset balanced. Nine
countries; Canada, South Korea, Norway, the United

States are estimated for Granger causality test.

3. Empirical Methodology

3.1 Panel Data Model

This paper focuses on estimating the linear relations
between GDP per capita and the variables directly and
indirectly related to R&D development such as
government spending on fisheries R&D, the number of
patents, and employment. The collected data show the
typical characteristics of a panel data that include a
large number of cross-sectional units and only a few
periods[24]. Especially, explanatory variables in each
country shows different years, referred as unbalanced
panels. In order to deal with short and wide dataset, we
consider a panel data model. There are various models
to estimate panel data, but here we are interested in a
DiD method that can be captured to estimate the
impacts of technological innovation on economic
growth across countries.

This study extends a general panel regression model
to the two-way fixed-effects model suggested by [25].
Their method shows how to treat two group-specific
effects in a regression model under an unbalanced data.
Country-specific effects and time-specific effects are

considered. The two-way fixed-effects model can be

written by:

Yig =70ty TG Tuy,
where y;, represents GDP per capita at ith
(¢=1,---,)) of OECD countries in year ¢
(t=1,---, 1), x;, is a vector of independent variables
which includes fisheries R&D expenditures by
government, the number of patents (Technology

development in fisheries), and employment in fisheries,

w, is a k-vector of coefficients responding to
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independent variables (k=1,---, X), country-specific
G

countries-specific effects to be estimated, respectively.

effects, «,;, and time-specific effects, is

In the fixed effects model, the error term, wu,, is

uncorrelated with independent variables,

Elu,; x50, (] =0, and errors are not autocorrelated
with each other, cov(u, ,,u;,) =0 if i #j or s #t.

We concern either using a fixed effects model or a
random effects, when dealing with a panel data.
Finding the best approach for a panel data depends on
the characteristics of data. With the collected data, we
expect that each independent variable has a positive
relation with GDP per capita, and such positive effects
are similar across countries. In addition, we assume
that country-specific effects and time-specific effects
are correlated with the independent variables. The
diagnostics for country and time-specific effects are
performed by a poolability test. The null hypothesis of
the poolability test is that there are no fixed effects in
group and/ or time effects. The F test is expressed as
[26];

(SSE.—SSE,)/q
SSE[t/de

~ Flq.df,)

where SSE. is the sum of squared residuals for the
restricted model which is the fixed one-way model
with country-specific effects or time-specific effects,
and SSE, is the sum of squared residuals for the
two-way fixed model with countries and time series
effects. ¢= (7—1)k where I is the number of cross
sections and k is the number of regressors except the
constant. df, =n—k—1 where n is the number of

observation n=/1x T.

3.2 Granger Causal Relationship

Besides estimating DiD model, this paper performs
Granger causal test for the interaction between theses
variables. However, we face that time series are short.
Three causality tests such as Granger test, Sims test,

and the modified Sims are compared under small
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sample size[26]. Although these three causality tests
are sensitive to sample size, the test with small sample
size are significant. The Granger causality test is
conducted with at least 10 years for each country. The
causal test applied for this study using ordinary least
squares (OLS) estimation[27];

X,(t) =a+§P]apX2(t—p)+

p=1

The null hypothesis is that X; does not cause X,
that is H;, :b, =0 for p=1,---, P. The test statistic for
the hypotheses of causal relationship is estimated by
restricted (bj =0) and unrestricted models. Xz(t— p)
presents a lagged dependent variable and determines
autocorrelation with its own past. When we deal with
a time series, it is important to treat lagged dependent
variables as independent variables. In general, the
current year’s GDP per capita is affected by the last
year’s GDP per capita. For this causality test, it
concerns how many lags of a dependent variable we
need. The Akaike Information Criterion (AIC) found
one lag for GDP per capita, but the lack of time series
brings about difficulties to find the optimallags for
other variables such as government spending on
fisheries R&D, fisheries technology development, and

employment in fisheries.

4. Results

4.1 Panel Data Model

We have particular interests in the different effects
of fisheries technological innovation on GDP per capita
across different countries since individual country has
different level and capacity to adapt technology. GDP
per capita as a responding variable, and fisheries R&D
expenditures by government, the number of patents
(fishery technology development), and employment in
fisheries sector as independent variables are organized

for a panel regression model. The collected panel data

p
D6, (t—p) +Bt+p,
p=1
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may have group-specific effect, time-specific effect, or
both. We assume that the panel data used for this study
has country- and time-specific effects to handle
heterogeneity. Both effects are estimated by two-way
fixed effects model.

In order to decide whether or not there are
heterogenous effects of R&D across countries and time
on the regression model, we conduct the poolability
test, using F statistics. Table 1 presents the results of
the poolability test. We reject the null hypothesis that

there are no fixed effects in country and/or time and

conclude that there are country- as well as
time-specific effects with this data set.
Table 1. Test for Two-Way Fixed Effects
H: There are no fixed effects in group and/or time.
H ,: There are fixed effects in group and time.
F-value P-value Numerator Denominator
115.87 <0.0001 37 107

In table 2, the estimates of the DiD by two-way
fixed effects tell us whether any differences exist
across countries and time periods. As for the regression
parameters, the results present that fisheries R&D
expenditures by government positively influence on
GDP per capita, fisheries technology development has
positive effects on GDP per capita, and employment in
fisheries also positively affect GDP per capita. As a
result, an increase by 1% in government spending on
fisheries R&D raises GDP per capita by 0.0136%, an
addition of one patent to fisheries sector lead to rise
GDP per capita by 0.0161%. For employment in
fisheries sector, an increase by a unit (1,000 persons)
raises GDP per capita by 0.0038%, but we might
carefully consider using the coefficient of employment
because the value is not statistically significant. For
country- effects, CS_country

represents cross-sectional effects of OECD 24 countries

and time-specific

(drop Australia for dummy variable trap), and
TS 2001~TS 2014 present effects of the

observations for each countries (drop 2000 year).

time
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Table 2. Estimates of DiD by Two-Fixed Effects Model

Variable Estimate Standard P-value
Error
Intercept 10.4940 0.4528 <.0001
Fishery R&D expenditure 0.0136 0.0063 0.033
F‘Szeerjelf:it:fgy 0.0161 0.0080 0.047
Fishery employment 0.0038 0.0407 0.925
CS_Canada -0.0572 0.1860 0.759
CS_Denmark -0.9566 0.0675 <.0001
CS_Germany -0.2702 0.0396 <.0001
CS_South Korea -0.2942 0.0435 <.0001
CS_Norway -0.3839 0.0762 <.0001
CS_United States -0.1775 0.0595 0.004
TS_2001 -0.4250 0.0583 <.0001
TS_2002 -0.3658 0.0577 <.0001
TS_2003 -0.3862 0.0434 <.0001
TS_2004 -0.3581 0.0400 <.0001
TS_2005 -0.3072 0.0377 <.0001
TS_2006 -0.2816 0.0360 <.0001
TS_2007 -0.2049 0.0356 <.0001
TS_2008 -0.1396 0.0356 0.000
TS_2009 -0.1254 0.0364 0.001
TS_2010 -0.1359 0.0360 0.000
TS 2011 -0.0902 0.0350 0.011
TS 2012 -0.0549 0.0356 0.126
TS 2013 -0.0458 0.0360 0.206
TS 2014 -0.0293 0.0365 0.424

This only reports the results from Canada, Denmark,
Germany, South Korea, Norway, and United States
among OECD 24 countries because they are the
leading countries for fisheries technology development.
For example, CS South Korea presents an intercept of
South Korea relative to the omitted country (Australia),
and TS 2001 represents per GDP are lower than in
2015 by 0.425%.

significant.

The cross-sectional effects are

Such results that the selected

imply
countries show the different effects of technological
innovation in fisheries sector on economic growth.

Most of the time effects are statistically significant.

4.2 Granger Causal Relationship

Although this panel regression model is useful, the
model does not tell us the interactive relationship
among the chosen variables. Thus, we supplement
Granger causality tests for a pair of GDP per capita
and government spending on fisheries R&D, a pair of
government spending on fisheries R&D and fisheries

technology development (the number of patents), a pair
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of GDP per

development,

capita and fisheries technology
a pair of government spending on
fisheries R&D and employment in fisheries, and a pair
of fishery technology development and employment in
individual country. Due to the data availability for
estimation (require for at least 10 time series), Canada,
South Korea, Norway, and United States are again
selected for the causality test. As we mentioned earlier,
we faced an issue to find an optimal lags of a
dependent variable. Thus if there exist difficulties to
find the optimal lags of a dependent variable in each
country, we create one lag of a dependent variable and
add it to independent variables.

There

between GDP per capital and fisheries technology

Canada: is a Dbidirectional relationship

development. Fisheries technology development is
affected by government spending on fisheries R&D,
but not vice versa. For a pair of GDP per capita and
government spending on fisheries R&D, government
spending on fisheries R&D cause GDP per capita.
There are no causal relationship between government
spending on fisheries R&D and employment in
fisheries, and between fisheries technology development
and employment in fisheries.

South Korea: This country shows relatively higher
number of patents (technology development) in
fisheries than other countries (average 187/per year).
Such many numbers of patents affect GDP per capita.
Except for this relationship, however, we could not
find any causal relationship between other variables.

Norway: Fisheries technology development affects
government spending on fisheries R&D, but not vice
versa. GDP per capita cause government spending on
fisheries R&D, but not vice versa. The government
spending on fisheries R&D and the number of patents
do not have any relationship of employment in
fisheries, respectively. Surprisingly, we did not find a
close relationship between fisheries technological
innovation and economic growth in Norway that
symbolizing the most advanced technology innovation

in fisheries.
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The United States:

discarded since observations are not enough to test

The employment variableis

Granger causality. Fisheries technology development
influence on GDP per capita, but not vice versa. There
is no causal relationship between GDP per capita and
fisheries R&D expenditures, and between fisheries
R&D expenditures and fisheries technology development.

The results from Granger causality tests show there
exist a causal relationship between some of variables,
however causal relations of others are insufficient.
With several countries, we could carefully suggest that
fisheries technology development (the number of

patents) causes GDP per capita.

Table 3. Causal Relationship among Variables according
to Selected Countries

Countries Variables Caus?l Variables
Direction
- Fisheries
GDP per capita Technology
- Development
Fishery R&D - Fisheries
Technol
Expenditure x cehnology
Development
Canada . x Fisheries R&D
GDP per capita - Expenditure
Fishery R&D x Fisheries
Expenditure X Employment
Fishery x -
Technology Fisheries
Development * Employment
. % Fishery Technology
GDP I¥
per capita — Development
Fishery R&D x Fishery Technology
Expenditure X Development
. X Fishery R&D
Korea GDP per capita s ery_
(South) X Expenditure
Fishery R&D x .
E;(Sp:rrl}(/iiturc . Fishery Employment
Fishery x
Technology “ Fishery Employment
Development
. x Fishery Technology
Dp I¥
GDP per capita X Development
Fishery R&D x Fishery Technology
Expenditure — Development
Norvay — | Fishery R&D
. ishery
GDP per capita X Expenditure
Fishery R&D x .
Expenditure N Fishery Employment
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Fishery
Technology
Development

Fishery Employment

Fishery Technol
GDP per capita shery Tecinology

<« Development
x Fishery R&D
United States | GDP per capita s eryl &
x Expenditure
Fishery R&D x Fishery Technology
Expenditure X Development

Note: variable 1 — variable 2 mean that variable 2 affects variable
1, or variable 1 is influenced by variable. "X" represents no causal
relationship between variables.

5. Conclusions

Currently, almost all industrial sectors emphasize
technological advance in order to boost economic
growth. In this paper, we have an interest in estimating
the different impact of R&D creating technological
movement in fisheries sector on the growth per capita
across different countries. The available data of
fisheries R&D expenditure by government, technology
development (the number of patents), employment in
fisheries sector, and GDP per capita across OECD
countries are estimated with the two-way fixed effect
model and Granger causality test.

From the panel data model, government spending on
fisheries R&D, fisheries technology development, and
fisheries employment positively influence GDP per
capita across the countries. The results from the panel
data model cannot show the interactive relations among
the variables. Granger causality test is conducted to
obtain further information among variables. From the
causality test, we imply government spending on
fisheries R&D and fishery technology development do
not encourage to a country to hire more employees in
fisheries sector. It can bring certain concerns that
technology development ironically reduce employees.
However, from the causality results, we must not jump
to the conclusion that there are no close relationships
among fisheries technological innovation and economic
growth. The limited data information of each variables
may mislead to insufficient causal relationship between

GDP per capita and fisheries R&D expenditure,
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fisheries technology development, fisheries employment
across countries.The environmental problems affecting
marine resources and slow growth in the fisheries
industry is causing many countries to look for
alternative inputs that can boost the fisheries sector.
This study focuses on the effects of technological
innovation in the fisheries industry on the gross
domestic product (GDP) per capita across Organization
for Economic Cooperation and Development (OECD)
countries. Using a panel dataset, this study attempts to
the different effects of
innovations in the fisheries industry from country to
country using the differences-in-differences (DiD)

method. After the DiD method, the Granger causality

estimate technological

test is applied to determine the interactive relations
between economic growth and the selected variables
associated with technological innovation in the fisheries
industry, such as government spending on fisheries
R&D,

employment.

and
DiD

the number of patents in fisheries,
The results obtained from the
estimation show that government spending on fisheries
R&D, fisheries technology development, and fisheries
employment positively influences the GDP per capita
across OECD counties. From the causality test, we
found different bi-directional causal relationships
between the GDP per capita and (spending?) on
fisheries technology development across countries.

In this study, we find major implications. The
fishery sector in some countries might not enjoy cost
reduction from technology development because of
high operating cost of high-tech equipment, while other
experienced the benefits
There

suggesting various aspects and measures of the impacts

countries already from

technological  innovation. are literatures
of technological innovations on economic growth.
Some literatures found that the direct funds of a
into R&D did not

activity because the government spending on R&D

government increase inventive
mostly raised the wages of scientists, engineers and so
on[15]. Others also suggested the negative and positive

factors influencing economic growth. The surplus
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appropriability problem and knowledge
R&D,

destruction and duplication externalities encourage

spillovers

discourage investment in and creative
overinvestment in R&D[2]. Their means of the surplus

appropriability problem is that innovators in a
decentralized economy are not able to decide the entire
consumer surplus for the good that they create.

This paper still remains questions about 1) how
technological innovation helps to determine the optimal
allocation of fisheries resources 2) the spillover effects
of fisheries technology innovation between developed
3)

relationship between technology development and

countries and developing countries direct

productivity in fisheries(or aquaculture).
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