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The European Union (EU27) faces significant challenges in enhancing the global
competitiveness of its aquaculture market, such as stagnant production, high production
costs, competition from cheaper imports, focus on sustainability, and consumer
preferences. Thus, the main goal of this research is to explore how factors related to
global competitiveness influenced the growth of the aquaculture sector in the EU27 from
1990 to 2023. The methods of ordinary least squares (OLS), two-stage least squares
(28LS), and robust least squares (RLS) estimations were used to address the endogeneity
problem to arrive at the most important results. The effect sizes indicate that the system
of innovation and human capital have a greater influence on the development of the
aquaculture sector in the highly developed EU14 countries compared to the developing
EU13 nations. The exact outcomes of the applied methods, however, demonstrate that
the aquaculture market’s expansion in EU13 developing nations is more influenced by
market size, institutional quality, and economic growth compared to EU14 members. This
study recommends that the EU27 region emphasize policy adjustments to balance
sustainability with competitiveness, which includes streamlining regulations, improving
access to financing, and fostering innovation in aquaculture technologies.

INTRODUCTION

The EU’s aquaculture sector faces the challenge of bal-
ancing domestic production with the need for imports to
meet consumer demand. While the EU exports some high-
value products, it remains a net importer of aquaculture.
Addressing sustainability and trade challenges will be cru-
cial for the future of the EU’s aquaculture sector. The EU
region’s reported consumption during 2021 was 10.6 mil-
lion tons of live weight equivalent (LWE), or 24 kg LWE
per person.l:2 Aquaculture production is a growing sector
in the EU, but it still represents a small share of total
seafood production. In 2022, EU aquaculture production
was estimated at 1.1 million tonnes, worth €4.8 billion.
This amounts to slightly more than two-fifths of the overall
value of fisheries goods produced in the EU.1'3 The EU is
also a major importer of fish and seafood products. In 2021,
the EU imported 6.2 million tonnes of fish and seafood
products, worth €22.6 billion. The main suppliers of fish
and seafood products to the EU are Norway, China, and the
United States.l:#

The EU is a significant player in the global seafood mar-
ket but with a complex balance between aquaculture im-
ports and exports. The EU imports a substantial amount
of aquaculture products to meet domestic demand from
major suppliers including Norway (salmon), China (various
species), and other countries in Asia and South America.
The import driving factors are (1) growing consumer de-
mand for seafood; (2) Limitations on EU aquaculture pro-
duction due to environmental regulations and space con-
straints; (3) Competitive pricing from foreign producers.’
On the other hand, the EU exports a range of aquaculture
products, particularly high-value species like salmon, trout,
and some shellfish, to neighbouring countries within Eu-
rope that are major destinations, along with some Asian
and North American markets. EU aquaculture often empha-
sizes high-quality, sustainable production methods, which
can command premium prices in export markets.®

The European Union (EU27) faces significant challenges
in enhancing the global competitiveness of its aquaculture
sector. For example: (1) Stagnant Production, despite sub-
stantial EU funding, aquaculture production within the bloc
has remained relatively static. This contrasts sharply with
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the rapid growth observed in global aquaculture produc-
tion’; (2) High Production Costs, EU27 aquaculture pro-
ducers often grapple with higher production costs com-
pared to their global competitors. Factors contributing to
this include stringent environmental regulations, higher la-
bor costs, and access to more expensive feed®; (3) Compe-
tition from Cheaper Imports, the EU market is heavily re-
liant on seafood imports, particularly from countries with
lower production costs and less stringent regulations. This
intense competition puts significant pressure on European
producers®?; (4) Focus on Sustainability, while a commend-
able goal, the EU’s strong emphasis on sustainability can
sometimes create additional hurdles for producers. Meeting
stringent environmental and social standards can increase
production costs and complexity; (5) Consumer Prefer-
ences, European consumers often favor high-value, high-
quality seafood, driving the market towards less intensive
and more expensive production methods. This can further
limit the competitiveness of EU producers!%1l; (6) Market
Access and Trade Barriers, international trade disputes and
tariffs can hinder market access for EU aquaculture prod-
ucts in key export markets. Moreover, Sanitary and phy-
tosanitary (SPS) measures and technical trade barriers can
create obstacles for EU exporters; (7) Consumer Demand
for Sustainability, growing consumer awareness of envi-
ronmental issues like overfishing, pollution, and habitat
destruction is driving demand for sustainably produced
seafood. Moreover, the EU has stringent environmental
regulations, which can increase production costs and limit
expansion opportunities.

Hernandez-Arzaba et al.” examined how market compet-
itiveness works in Mexico to demonstrate how aquaculture
regions are created as a result of several factors that provide
them a competitive advantage in the global marketplace,
which is essential to grow the aquaculture industry. Accord-
ing to research by Marsal and colleagues® on the opportu-
nities and challenges related to the growth of aquaculture
on Brunei Island, human resources and competitiveness are
the two key elements for the industry’s evolution. Many
other studies have demonstrated the importance of market
competitiveness in the development of aquaculture, such
as those conducted by Rowan,? and Little and Mackenzie.!
The scales required for Salmo Salar stocking to achieve the
marketplace at new aquaculture areas with high temper-
atures in Canada were probably computed by Dempsey et
al.,12 who concluded that the stocking strategy typically re-
duces risks and speeds up the period it requires for har-
vested fish to attain distribution channel in an eco-friendly
method

Similarly, previous research evaluated the size growth
of the aquaculture business in China both historically and
nowadays, indicating that the development of national as
well as global aquaculture industries is the primary cause
of global competitiveness.!3 Similarly, papers by Laine et
al.,14 Ababouch et al.,!5 and Péter et al.16 showed a similar
relationship between market size and aquaculture market
development. The most significant factors for the growth
and competitiveness of the aquaculture sector are effec-
tiveness and technical efficiency as stated in previous Nor-
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wegian studies.17-19 These papers demonstrate how devel-
opments have impacted the aquaculture marketplace over
the years besides the ecosystem of innovation that pro-
motes these developments. According to studies on novel
approaches to management for the aquaculture industry’s
sustainability performed in Bangladesh and India, stating
that the creative ecosystem is critical for the aquaculture
market, changing the climate, and profitable growth.20.21

According to Tiutiunnyk and Iermakova22 and Damonte
et al.,23 differences in materials, climate, management,
technologies, markets, social circumstances, and aquacul-
ture policies and governing organizations may be the
source of growth inequities. According to Naylor et al.,24
government policies have significant impacts on the types
of groups, innovation, strategies, and infrastructures that
are used in different areas, along with the geographical dis-
tribution of aquaculture development. The sustainability
condition of ponds aquaculture in Tambakbulusan village
was evaluated by Agry et al.,2> which concentrated on the
enabling environment dimensions and recommended that
stakeholders, in specific, take advantage of possessing ac-
cess to comprehensive data. All shareholders need to be in-
volved in the processes of assuring aquaculture sustainable
development and outgrowth, particularly the creation of an
enabling environment, according to Jolly et al.,2¢ who most
likely studied the dynamics of aquatic governance.

In Indonesia, the management of aquaculture resources
and the path toward resource sustainable development
management were also examined by Yuniarti et al.2” They
concluded that managing cage aquaculture and its impacts
on the environment and livelihoods depend extensively on
the establishment of an enabling environment. The man-
ufacturing power and enabling environment of developing
nations are challenged to ensure compliance with the in-
creasingly high standards and regulations for customer
protection, and cultural and sustainable development, ac-
cording to Haj?8 and Ababouch et al.,!5 who additionally
investigated the current situation and issues facing aqua-
culture supply chains, as well as the primary forces, im-
plications, and future potential of the aquaculture market.
According to research done in African countries by
Omoregie2? which exposed the macro-economic elements
that maintain aquaculture species, strong public institu-
tions are important for obtaining sustainable development.

According to Neis et al.,30 population losses in marine
fisheries aquaculture may cause some negative effects, in-
cluding human casualties, damaged infrastructure, and a
significant decline in fish populations or well-being. How-
ever, Williams3! clarified the significance of following envi-
ronmental and human health regulations, highlighting the
need to protect human resources in all industry operations,
concentrating on the avoidance of accidents and the reduc-
tion of dangerous substances, diseases, and other health
risks. Similarly, research on the environmental and human
issues associated with growing prawns in Asia, claims that
physical, chemical, biological, practical, and psycho-social
issues remained significant.32-34 Accordingly, Kim et al.3%
support these conclusions in their research on marine inci-
dents affecting South Korean fishing industry ships.
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The relationship among aquaculture productivity, emis-
sions of greenhouse gases, and economic conditions across
Africa was examined.36:37 According to their results, there
is a complex relationship between greenhouse gas emis-
sions and GDP, with aquaculture output consistently having
a favorable impact on short- and long-term growth in the
economy. In their investigation of the mutually advanta-
geous connection between sustainable fish farming and
economic growth in India’s coastal areas, Swarna et al.38
and Ignatius3? identified the importance of enhanced lead-
ership, aquaculture procedures, seafood sectors, policy
structures, and capability developing in expanding the
countries objectives for a developing blue growth. Accord-
ing to earlier researchers who conducted extensive research
following the advancement of the Chinese aquaculture
market from 1985 to 2020, there was a period of explosive
development followed by consistent but slow expansion
patterns that are probable to endure for an extended
time.40:41

Similarly, Yu and Mu*? focused on oyster aquaculture
and investigated the sustainable growth trend in aquacul-
ture. Their innovative strategy encompasses the green
economy’s fundamentals with the distinctive features of
aquaculture, creating a system of assessment that is based
on “yield & area + green economy + green progress.” Re-
search performed by Whyte et al.43 and Silvestri et al., %4 of-
fer extensive insight into the aquaculture, blue growth, and
related regulations of landscapes on a global scale, includ-
ing both pre-and post-pandemic periods. As an essential
sector that stimulates auxiliary employment possibilities in
the process, propagation, and export industries, these eval-
uations emphasize the critical function that aquatic com-
panies perform in enhancing economic sustainable devel-
opment in coastal cities and countries all over globally.

Several studies are being carried out on the subject of
global competitiveness, the aquaculture marketplace,
progress economics, and its reasons; nevertheless, there is
discussion over the elements that have the most impact on
the aquaculture industry’s green development and world-
wide competitiveness. The findings of several studies con-
ducted by different companies and industries using a vari-
ety of approaches indicate that the elements that formerly
significantly impacted a firm’s or industry’s global compet-
itiveness are now considered irrelevant for other compa-
nies and industries. This may be because of the distinct
features of the data that was utilized, or because of the spe-
cific influence or character of a company or sector. Second,
previous research examined the determinants influencing
global competitiveness using methods including Pooled Or-
dinary least squares, random impact fixed effect theories,
the Tobin model, etc. Since these methods might not com-
pletely account for the bias of the fixed-effect estimation,
they might yield less trustworthy results. Previous studies
did not take into account the endogeneity issue related to
the global competitiveness of the aquaculture sector.

The current research objective is to examine the aqua-
culture markets’ worldwide competitive aspects from 1990
to 2023 from an economic perspective. Additionally, to
compare the aquaculture markets’ global competitiveness
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footprints in EU13 developing nations as well as EU14 de-
veloped nations. To address the gap, this research ad-
dresses the following queries: What changes have been
made to the EU27 aquaculture markets’ global competitive-
ness factors between 1990 and 2023? Additionally, whether
aspects of global competitiveness in EU14 members versus
EU13 members have a greater impact on the aquaculture
market’s expansion? In this research, studying global com-
petitiveness factors and the aquaculture market in the EU
can offer several novel contributions: (1) Focus on circular
economy principles within aquaculture, minimizing waste
and maximizing resource efficiency, (2) Investigate social
equity within the aquaculture sector, including fair labor
practices, community engagement, and the impact on local
livelihoods, (3) Explore the potential of emerging technolo-
gies like Al, big data analytics, and biotechnology to en-
hance aquaculture productivity and efficiency, (4) Conduct
an in-depth analysis of global market trends, competitive
landscapes, and consumer preferences, and (5) Develop ev-
idence-based policy recommendations to boost the green
outgrowth of the EU aquaculture sector.

There are three stages to the scientific significance of
this study. Employing a two-stage least squares (2SLS)
model, to look at how global competitiveness determinants
impact the outgrowth of the aquaculture market in the
EU27. Second, the current research uses the 2SLS approach
to analyze the effects on the aquaculture market’s overall
global competitiveness in EU13 members versus the EU14
members markets. Finally, applying the 2SLS model, this
research evaluates how global competition determinants
affect the aquaculture market in the EU13 members market
versus the EU14 members market. The aforementioned
three phases will make it abundantly evident how closely
global competitiveness factors and aquaculture market ex-
pansion are related in the European Union zone (EU27),
EU14 members, and EU13 members. The structure of the
remaining sections of the document is as follows: Section
two reviews the earlier research on the influence of dif-
ferent determinants and variables of aquaculture in shap-
ing global competitiveness. Section three outlines the two-
stage least squares (2SLS) method process. Section four
shows and regresses the outcomes. Section five summarizes
the key findings and offers relevant policy recommenda-
tions.

The present study depends on multi-year data to explore
the correlation between aquaculture output and global
competitiveness characteristics across different stages of
economic growth in EU nations. To achieve this research
goal, the present research expanded the period starting
from 1990 up to 2023. To deal with the endogeneity chal-
lenges, the current study additionally applies the statistical
techniques of Robust Least Square (RLS) and Two-Stage
Least Squares (2SLS). As a result, the influence on global
competitiveness factors is more robust and the estimations
more consistent. Because of the European Union’s ambi-
tious regulations and goals for the aquaculture sector, this
study examines the global competitiveness of the aquacul-
ture industries across the EU27 member states. The study’s
findings will expand on what was previously understood re-
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garding aquaculture, blue development, and the economics
of the marine ecosystem overall.

DATABASE AND METHODOLOGY

THEORETICAL BACKGROUND

The method of Porter Diamond is a framework used to an-
alyze the competitive advantage of nations or industries.
When applied to aquaculture, it helps understand the fac-
tors that contribute to the success or failure of a country’s
aquaculture industry. The four key determinants of the
model are: (1) Factor Conditions: these are the inputs nec-
essary for production, such as natural resources, human re-
sources, infrastructure, and knowledge resources. (2) The
size and character of the domestic aquaculture product
market, as well as demand conditions. Innovation and qual-
ity enhancement might be stimulated by a sizable and de-
manding home market. (3) Related and Supporting Indus-
tries: The existence of related and supporting industries,
such as producers of feed, suppliers of equipment, and pro-
cessing facilities, may promote innovation and offer afford-
able inputs. (4) The nature of competition in the domestic
market, as well as company strategy (structure and rivalry).
Efficiency and creativity can be stimulated by fierce com-
petition. (5) Two additional factors influence the diamond:
(A) Government, policies can significantly impact the aqua-
culture industry, such as regulations, subsidies, and trade
policies. (B) Chance, unforeseen events, such as natural dis-
asters or technological breakthroughs, can also impact the
industry.

Global competitiveness theory provides a valuable
framework for understanding the factors that contribute to
the success of a nation’s industries. The Norwegian salmon
industry serves as a successful case study, demonstrating
how a combination of favorable factors can lead to global
dominance. By analyzing these factors, other countries can
identify areas for improvement in their aquaculture sectors.
This example illustrates how Porter’s Diamond Model can
be applied to analyze the global competitiveness of aqua-
culture in a specific country. By understanding the inter-
play of these factors, countries can develop strategies to
enhance their competitiveness in the global seafood mar-
ket. According to the diagram below, aquaculture growth
should follow this pattern to increase global competitive-
ness. The three major contributions to this novel frame-
work are the human resources measure, the focus on cre-
ativity, and the significance of governance. According to
Porter’s diamond model, this revised model has certain
characteristics with the models developed by Dwyer and
Kim#> and Crouch and Ritchie.46 First, it significantly af-
fects the competitiveness of the aquaculture market in both
EU14 and EU13 developing nations. One of the primary
factors in the sustainable expansion of aquaculture must
be considered as governance. Although all of the cluster’s
competitiveness components are interlinked, it is impor-
tant to identify and demonstrate the type and scope of con-
nections that connect. The following model was developed
as a result of a recent study by Wang et al.2:3;
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ECONOMETRIC METHODOLOGY

Using Porter’s diamond approach as a structure, the study
examines how global competition affected the aquaculture
sector in the EU27 at the duration between 1990 towards
2023. The current paper, which applies the two-stage least
squares approach to evaluate how global competition af-
fects the sector’s sustainability throughout this time, is
supported by data from the EUROSTAT database and the
World Development Indicators. Further, the research dif-
ferentiates the EU region’s developed and developing na-
tions for comparable analysis, establishing three distinct
sections: the EU27, EU14, and EU13 as developed and devel-
oping countries, respectively. Employing a dynamic panel
regression methodology along with data from Porter’s di-
amond method, the study examines the complex link be-
tween aquaculture market sustainability and global com-
petitiveness control factors between 1990 and 2023.
Between 1990, when only a small number of European na-
tions started aquaculture sustainability programs, and
2023, when all EU nations are involved in similar projects,
bound together toward a rigid conceptual work intended to
promote sustainability and economic growth, this paper ex-
amines a considerable progression. As a consequence, the
study model illustrates the various elements impacting the
outgrowth of the aquaculture market and environment in
the European countries during the designated frame time.
Yie = Bo+ f1Xu + &t (1)
The developed method is therefore extended and revised in
the current study as follows, per Wang et al.47: if € is the er-
ror term, then X is the vector with potential global compet-
itiveness driver and Y is the aquaculture market; instead,
the symbols i and t refer to the relevant nations and peri-
ods.
AQ; =By + PLENB;; + B2INNy + B3sMRK 2)
+ B4GDPy + BsHCI i + €3
In the equation, “aquaculture” (AQ) points to the produc-
tion of aquatic animals, including fish, mollusks, crus-
taceans, and aquatic organisms. In aquaculture, produce
specially to the outputs of aquaculture activities (small,
medium, and larger size farms) that are eventually collected
according to consumer demand. The following are indepen-
dent factors: The Enabling Environment (ENB), which mea-
sures the effectiveness of the government, is taken based on
the recognized European database website (Europa, 2023).
The new research includes precise per capita considerations
of each statistic using data on economies across the Eu-
ropean Union from 1990 to 2023. The factor (INN), which
refers to the innovation environment as well as intellectual
property protection actions, was incorporated in the
dataset of the European Union website. According to MRK,
the market size is determined by PPP’s current interna-
tional (Purchasing Power Parity in currently international
the US dollar) GDP. A measure of an ecosystem’s average
lifespan for education and learning is the Human Capital
Development Indicator (HCI). According to Eurostat (2023),
the European Commission’s database is used to source GDP,
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Table 1. Key variables of the study.

Variables Abbreviated Source of Data Measurement Units

Aquaculture Production AQ WDI Metric tons

Economic Growth GDP Eurostat Gross domestic product (constant USD)

Innovation Ecosystem INN Eurostat Trademark applications, direct nonresident

Enabling Environment ENB WDI Percentage of confidence in governance

Market Size MRK WDI GDP per purchasing power parity (current international USD)
Human Capital HCI Eurostat Average years of education (in years)

or gross domestic product, which is computed in constant
US dollars.

The research gathered its yearly data based on three
trustworthy sources: Europa, the website for European sta-
tistics, the Eurostat database, and the World Bank’s Index
of World Development Indicators (WDI). Because of its na-
ture, this study needed to aggregate data from a wide vari-
ety of nations to achieve its goals. A complete overview of
the data, indicating its modification, resources, and meth-
ods of evaluation, is given in Table 1, which is essential to
our investigation. Particularly, as Table 1 explains, all mea-
surements used in this research have been exponentially
modified. The error term (represented by &), an intercept

(expressed by B0), and the co-efficient matrices (expressed
by B1, B2, B3, B4, and B5) are important variables in the
model. The subscripts i as well as t, respectively, denote
time and country.

The approach used in this research aims to calculate
a longitudinal model of the aquaculture market’s growth
while accounting for as many global competitiveness-in-
fluencing factors as possible. Referring to Wen et al.,*8
Lupu and Tiganasu,4? Fomba (2023), and Khan et al.,*0 the
econometric analysis of the aquaculture market’s world-
wide competitiveness variables at different levels of eco-
nomic development is as follows:

Yie = Bo+ B1Yiu—1 + B2 Xt + wit + it (3)
Where,i=1,..N,t=1,..T.

Regression analysis is performed on (Y;;) using the ex-
ogenous independent factors (X;;) and the lagged depen-
dent factor. The error term is composed of the individual-
specific effects (p_it) as well as the white noise error term
(&:). This study uses an econometric model to analyze the
link between the aquaculture market and the factors that
influence global competitiveness. To examine the data from
chosen nations and assess the underlying hypothesis, the
study specifically uses a panel data regression model.

H: Global competitive factors boost significantly the
aquaculture market development and growth

These models are especially well-suited for this kind of
analysis because they take into consideration the longitu-
dinal and time-series distinctions of the data, which al-
lows for the assessment of possible effects that are par-
ticular over periods and countries as well as preserving
variations throughout countries. This demonstrates why it
is so important to incorporate outcomes from relative re-
search with the cross-sectional panel data estimation to
theoretically and practically explore the impact of global
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competitiveness elements on the growth of the aquaculture
marketplace. In this section, “aquaculture production”
serves as an explanatory variable for human activities,
while “growth in the aquaculture market” represents the
blue economy indicator for an EU member i at specific pe-
riod t. To create a theoretical standard for analysis, this re-
search applies the Ordinary Least Squares (OLS) method
with fixed effects for a particular EU member and a specific
frame time. The relationship among the aquaculture mar-
ket and factors influencing global competitiveness should
be impacted by specific period-related impacts and uniden-
tified differences across the EU members.

By considering various time- and country-specific ef-
fects, the authors could mitigate potential biases and offer
more punctual estimates of the influence of global com-
petitiveness variables on the expansion of the aquaculture
sector. To further address the possible variability problem
and determine a causal relationship among global compet-
itiveness variables and the development of the aquaculture
economy, this study also employs robustly predicted en-
dogenous issues using the Two-Stage Least Squares (2SLS)
estimation and Robust Least Square (RLS) methods. The
2SLS and RLS models are common and successful statistical
and economically computable methods that assist in mit-
igating endogeneity difficulties. They make use of instru-
mental factors described by Greene®! and Kennedy,>2 that
are employed in previous related work, including Cooray>3
as well as Khan et al.>* To mitigate endogeneity issues in
the model, the 2SLS approach uses instrumental variables
that are linked to the macroeconomic aquaculture market
but do not have a direct impact on sustainable blue farming
practices.

This study initially evaluates the global competitiveness
factors on the instrumented variables to get the predicted
amounts of the global competitiveness components. Using
these predicted values from the second regression stage,
this article regresses the correlation among the aquaculture
market’s growth and the examined global competitiveness
parameters. The authors employed the economic growth
level, they had obtained from the EUROSTAT dataset, as a
baseline to assess the state of economic outgrowth.>> Be-
cause it measures the likelihood of 2 structure levels of
underdeveloped (developing) and developed members, this
segregation seems to be essential for determining a na-
tion’s level of economic structure outgrowth.>] The stan-
dard deviations are organized at the global level, and the
model created for the current paper includes the period
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Table 2. Outcomes of key variables statistical test

Variable Obs. Mean Standard Deviation Minimum Maximum
ENB 837 1.857 0.699 1421 1.843
MRK 837 4.409 0.229 3.673 5321
AQ 837 4.127 0.858 1.643 5.638
GDP 837 4.378 0.395 3.129 5.253
HC 837 1.888 0.190 1.832 1.982
INN 837 3.678 0.331 2456 4.654

Source: Author estimations

and county-fixed effects. As a result, the 2SLS and RLS ap-
proaches are used in the current research to enhance the
integrity of the evaluation used here by addressing endo-
geneity issues. It helps ensure that results on the impact of
global competitiveness variables on aquaculture market ex-
pansion are more probable to reflect causal connections as
compared to deceptive associations.

RESULTS AND DISCUSSION

BASELINE REGRESSION RESULTS

Because every variable in Table 2 has a natural logarithm,
the logarithmic transformation is required to lower the
variation among the variables and produce reliable estima-
tions. Along with descriptive data, Table 2 shows general
statistics that show the variables’ normal distributions. The
correlation test findings are displayed in Table 3. The re-
sults indicate that there is no substantial relationship be-
tween the explanatory factors, demonstrating the absence
of a multicollinearity problem. Therefore, there is a small
probability of multicollinearity developing during parame-
ter evaluation within an identical approach. Also, Table 3
shows a positive and computable significant relationship
(0.567) among aquaculture results and global competitive-
ness elements, with positive coefficients indicating that in
EU countries, aquaculture market expansion is associated
with higher human resources investment; all of the human
resources indices show positive correlations, but the aqua-
culture market growth is significantly greater.

A variety of common tests are used in the initial stage
of parameter estimation to ascertain the variables’ time se-
ries characteristics, as shown in Table 4. The study starts
by examining if cross-sectional dependence (CD), a com-
ponent that may affect the precision of coefficient predic-
tions, is present in the panel. According to Phillips and
Sul,57 neglecting CD might seriously reduce the advantages
gained from panel examination of data, especially when
it results from hidden common factors. Therefore, the CD
must be addressed to maintain the integrity of coefficient
estimations. The panel’s CD is assessed using the Pesaran58
CD test, and Table 4 shows clear cross-country dependen-
cies across a range of quantitative metrics. Using unit root
and cointegration tests in conjunction with a cross-sec-
tional panel approach that incorporates reliable procedures
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to counteract the influences of CD, the study attempts to
mitigate potential size distortions.

Table 5 shows the application of cross-sectional panel
non-stationarity analysis, to ensure an unbiased assess-
ment of the integration characteristics of the used factors.
The Breitung®? test, along with the Breitung and Das®0 test,
assumes a uniform autoregressive coefficient for each panel
unit, whereas the IPS (2003) test allows for varying autore-
gressive parameters across the panel. As indicated in Table
5, for a large cross-sectional panel database as same as
the one applied in the current research, the Breitung®? test
demonstrates higher power compared to similar unit root
tests. Additionally, a modified approach of the Breitung and
Das®0 test, that built on cross-sectional dependence (CD),
is employed to examine its impact on each unit root test.
The results indicate that the variables were non-stationary
at the mentioned scales but became stationary after first-
differencing, as confirmed by the applied unit-root analysis
in Table five, suggesting an estimator that applied has con-
sidered variables of order I(1).

This study employs two-panel cointegration tests to
identify long-term correlations among the factors: the Pe-
droni panel co-integration analysis and the Bootstrapped
panel co-integration analysis introduced by Westerluns®!
(see Table 6). Like the two-step Engle and Granger pro-
cedure, Pedroni®? offers an overall approach for cross-sec-
tional panel co-integration analysis. It’s interesting to note
that Pedroni’s method addresses heterogeneity by elim-
inating short-term characteristics and individual-specific
deterministic tendencies in the first analytical stage. Pe-
droni generates seven distinct test statistics using esti-
mated residuals. A common approach is assumed by
“pooled” and “within-dimension” testing, whereas an indi-
vidual procedure is assumed by “grouped” and “between-
dimension” tests. The presumption of no cointegration is
removed by Westerluns®! by including four additional tests,
which favor structural dynamics over residual ones. The ef-
fectiveness of this approach is increased by lessening the
restrictions that residual-based testing places on common
components. According to Kremers et al.,®3 the incapability
to highlight share determinant limits may significantly re-
duce the efficacy of residual-based co-integration studies,
requiring the inclusion of structural dynamics. To address
the distortion brought on by cross-sectional dependence,
the study employs the bootstrap technique created by
Westerluns®! to obtain strong thresholds. The outputs of
the Pedroni analysis and Westerluns analysis for co-inte-
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Table 3. Results of Correlation test.

Vari. AQ GDP HC INN 1Q MRK
AQ 1.000
GDP 0.132 1.000
HC 0.455 0.482 1.000
INN 0.338 0.818 0.742 1.000
1Q 0.209 0.644 0.615 0.138 1.000
MRK 0.396 0.649 0.847 0.491 0.647 1.000
Source: Alsaleh et al.5
Table 4. Results of Cross-Sectional Dependency
Variables GDP AQ INN HC MRK ENB
Pesaran>8 (83.55)*** (50.95)*** (43.28)** (19.71)** (67.99)*** (31.30)***
Note: *** denotes significance on a scale of 1%.
Source: Author estimations
Table 5. Outcomes of Unit-Root Analysis
Difference First-Difference
Factors
LLC 1PS LLC 1PS
INN 7.818** 11.923*** 16.282*** 26.894***
ENB 10.912*** 13.684*** 18.011*** 25.581**
AQ 3.884*** 10.385*** 15.406*** 28.510***
MRK 6.894*** 10.492*** 14.303*** 20.001***
GDP 21.531*** 15.596*** 60.124*** 61.758***
HC 11.914* 14,911 23.571** 30.112***
Note: *** denotes significance on a scale of 1%.
Table 6. Panel Co-integration Analysis
Test Without-Trend With-Trend
A) Pedroni Cointegration Test with Residuals:
Alternative hypothesis: Basic Autoregressive Coefficients (within dimension):
_ 1.064*** 1.983***
Panel v-statistics (0.856) (0.976)
_— 3.250 2.446
Panel rho-statistics (0.999) (0.992)
. 7.563** 7.666***
Panel PP-statistics (0.000) (0.000)
L 5.176*** 5.120***
Panel ADF-statistics (0.206) (0.039)
Alternative hypothesis: Basic Autoregressive Coefficients (between dimensions)
Group rho-statistics 4,255 0.997
Group PP-statistics 9.945%** (0.000)
Group ADF-statistics 3.344*** (0.010)

Note: Significant for the 1%, 5%, & 10% levels are denoted by *
P-values are given in parenthesis.
Source: Alsaleh and Abdul-Rahim®

* and * respectively.

gration provide strong support for bootstrapped co-integra-
tion, as seen in Table 6.

A variance inflation factor, or VIF, test is necessary to
examine multicollinearity or any interaction among the

Israeli Journal of Aquaculture - Bamidgeh

264



Strengthening the Resilience of Aquaculture Competitiveness in EU Economies

Table 7. Results of the Regression test

Variable Coefficient Prob. VIF
GDP 1.673*** 0.000 2.32
HC 2.259*** 0.000 1.12
INN 0.852*** 0.000 151
ENB 1.641** 0.000 212
MRK 1.591* 0.000 1.03
C 1.215%* 0.000

Note: Significant for the 1%, 5%, & 10% levels are denoted by ***, ** and *, respectively.

variables that are independent in Table 7. The goal of this
preventative step is to avoid any deceptive regression re-
sults that can bias findings. In this study, a linear regression
analysis was performed before the VIF (variance inflation
factor) evaluation; the findings are shown in Table 7. In-
terestingly, the table presents that multicollinearity is not
present. A commonly used guideline is that if the VIF is less
than 5, multicollinearity is not present. As a result, Table 7
shows that INN, IQ, GDP, HC, and MRK do not correlate.

CHECKING THE ROBUSTNESS OF THE RESULTS

The estimators 2SLS and RSL are used in the current re-
search to examine the robustness of the results from the
second level of analysis while keeping the same distinct
control parameters. The study’s first part focuses on how
the variables are correlated. An OLS regression evaluation
is then conducted, adding the aquaculture market to the
study. This methodical technique guarantees a thorough
comprehension of the data and its consequences in the
topic of research. The worldwide competitive component
is assumed to be exogenous by the OLS regression tech-
nique, which estimates the results below. However, it is
conceivable that two of the explaining factors—for exam-
ple, ecosystem innovation development and human cap-
ital—are determined together, as several authors have
pointed out. It might be the cause of endogeneity. To ad-
dress this issue, the two estimators 2SLS and RLS are uti-
lized. Tables eight, nine, and ten refer to the study period
from 1990 up to 2023. Additionally, in Tables 9 and 10, the
authors incorporate the economic development structure,
as well as developed and developing countries, in their re-
spective 2SLS and RLS regression analyses.

The baseline regression results in Model 1 using the
OLS, 2SLS, and RLS estimations in the EU27 region are
shown in Table 8. The 2SLS and RLS results largely corrob-
orate the OLS regression’s conclusions. However, the EU27
Region frequently has greater coefficient dimensions in the
estimator-based 2SLS or RLS regressions. The human re-
sources input is the most dependable of the three speci-
fications concerning statistical importance and coefficient
magnitude. The expansion of the aquaculture industry is
positively affected by a one percent increase in human re-
sources, resulting in a 1.69% growth according to the RLS
model, 1.98% growth for the 2SLS method, and 1.61%
growth for the OLS method. This result is aligned with the
recent papers by Williams et al.,3! Saha et al.,34 and Neis

Israeli Journal of Aquaculture - Bamidgeh

et al.,30 who contend that encouraging information sharing
between experts and the next generation is essential to the
sector’s long-term survival.

Furthermore, the favorable impact of the innovation en-
vironment is shown, which is significant for the description
of the OLS estimator as well as the 2SLS and RLS. An
increase in the growth of the system for Ordinary Least
Squares, Two-Stage Least Squares, and Robust Least
Squares of 0.30%, 1.06%, and 1.17%, respectively, has a
positive effect on the expansion of the aquaculture market
in the EU27 Region. Ordinary Least Squares approach and
Two-Stage Least Squares approach requirements give com-
pelling computable favorable facts in favor of the Porter Di-
amond conceptual framework. This outcome is in line with
the core idea of the DPSIR hypothesis (Driving, Response,
Influence, State, Pressure), which postulates that the tech-
nological ecosystem for aquaculture in the EU is a complex
network of players and initiatives working to advance com-
petitive and economically viable aquaculture practices.18-20
For instance, the EU’s primary financing initiative for aqua-
culture research and innovation is called Horizon Europe.

Encouraging surroundings significantly contributes to
the aquaculture market’s expansion. This means that for
the EU27 Region, a 1% rise in the enabling environment
raises aquaculture market development by 0.622, 1.698, and
1.678%, respectively, according to the Ordinary Least
Squares, Two-Stage Least Squares, and Robust Least
Squares estimation methods. The group of nations that
produce aquatic production is supported by this in terms of
the global competitiveness hypothesis. The output of Da-
monte et al.,23 Tiutiunnyk and Iermakova,?2 and Naylor et
al.24 are aligned with the output of this research, which
demonstrates that the EU has created a framework for the
growth of aquaculture in a sustainable manner through the
implementation of laws such as the Common Fisheries Pol-
icy and the Marine Strategy Framework Directive.

Furthermore, a favorable impact of market size is
demonstrated, which is significant for both the OLS esti-
mate specifications and 2SLS and RLS. In the EU27 Region,
a rise in the market value as a percentage provides a fa-
vorable effect on aquaculture industry growth of 0.80% for
OLS, 0.62% for 2SLS, and 0.59% for RLS. The worldwide
competitiveness hypothesis is well supported by statisti-
cally significant data from both the RLS estimator specifica-
tion as well as the 2SLS specification. Hernandez-Arzaba et
al.,” Little and Mackenzie,! and Marsal et al.8 claim that the
market is developing as a result of rising consumer knowl-
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Table 8. Cross-Sectional Estimation Results for the Europe Union Region

Factors

Ordinary Least Squares

Two-Stage Least Squares

Robust Least Squares

Coefficients Standard Coefficients Standard Coefficients Standard

Error Error Error
ENB 0.622* 0.034 1.698*** 0.035 1.678*** 0.030
MRK 0.808*** 0.026 0.621** 0.025 0.595*** 0.023
GDP 0.268*** 0.099 0.118 0.099 0.093 0.087
HC 1.611** 0.027 1.987** 0.026 1.699*** 0.024
INN 0.304*** 0.053 1.061*** 0.086 1.177** 0.046
Constant 3.680 0.448 3.307*** 0.462 4.014** 0.871
R? 0.214 0.347 0.304
Adjusted-R? 0.209 0.343 0.490

Note: Significant for the 1%, 5%, & 10% levels are denoted by ***, **, and * respectively.

edge of sustainable food sources and the global need for
seafood. This result is in line with the main idea of marine
developmental governance as well as the findings of Alsaleh
et al.64

Table 9 shows the results of baseline estimation employ-
ing the three techniques OLS, 2SLS, as well as RLS. It is
interesting to note that the Ordinary Least Squares esti-
mation results are boosted by the Two-Stage Least Squares
and Robust Least Squares techniques. The majority of the
coefficient magnitudes for the 2SLS as well as RLS regres-
sions employing these estimators are significantly larger for
the advanced EU14 nations, albeit this is still significant
(Model 2). The improvement of human capital stands out as
the most resilient of the three criteria in terms of both coef-
ficient magnitude and statistical significance. The OLS esti-
mator indicates that a 1.29% boost to human resources has
a positive impact on the aquaculture market’s development.
In the EU14 advanced economies, this impact is somewhat
magnified in the RLS estimator (1.44%) and the 2SLS es-
timate (1.70%). This output is aligned with earlier papers
by Aruna and Kumar,33 Sharma et al.,32 and Kim et al.,35
which discovered that funding university courses and voca-
tional education and training in aquaculture could help in
the development of the competencies required by employ-
ees.

Furthermore, there is a beneficial and statistically sig-
nificant correlation between the revolutionary ecosystem
and the aquaculture market’s growth. For the EU14 ad-
vanced countries, the coefficient of this association, how-
ever, varies among parameters. For example, according to
the OLS, 2SLS, as well as RLS estimators, the aquaculture
market grows by 0.46%, 0.13%, and 0.94%, respectively, as
the innovation ecosystem’s proportion increases. According
to Bunting et al.,20 Mitra et al.,2! and Afewerki et al.,!8 this
outcome supports their results and emphasizes the impor-
tance of developing a novel ecosystem to increase aquacul-
ture output while reducing environmental effects. The Eu-
ropean Maritime and Fisheries Fund (EMFF), for instance,
offers funding for innovative initiatives as well as the devel-
opment of sustainable aquaculture.

The EU14 advanced nations’ aquaculture market devel-
opment is also greatly influenced by the enabling envi-
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ronment. For the Ordinary Least Squares, Two-Stage Least
Squares, and Robust Least Squares, each additional per-
centage in the enabling environment improves aquaculture
market expansion by 0.84%, 1.22%, and 1.90%, respectively.
This finding aligned with the international competitiveness
hypothesis for nations that produce aquatic products,
which is consistent with the previous research for example;
Jolly et al.,26 Agry et al.,25 and Yuniarti et al.,27 which state
that the demand for responsibly farmed products is being
driven by increasing awareness among consumers of the
significance of sustainable seafood usage.

In the industrialized nations of the EU14, market size
also significantly improves all estimating parameters. A
specific increase in market size by one percent results in
a growth of 0.85%, 0.99%, and 0.17% in the aquaculture
market for the Ordinary Least Squares, Two-Stage Least
Squares, and Robust Least Squares models, relatively. This
pattern, most noticeable in the RLS and 2SLS models, sup-
ports the hypothesis of global competitiveness. This was in
line with other studies that highlighted the continually ris-
ing market value of aquaculture output in the EU, including
You,!3 Dempsey et al.,!2 and Ababouch et al.!> When com-
pared to prior years, it increased significantly to €4.87 bil-
lion in 2022.

The results of standard estimation for the EU13 devel-
oping nations applying Ordinary Least Squares, Two-Stage
Least Squares, and Robust Least Squares methods are
shown in Table 10. The Two-Stage Least Squares, and Ro-
bust Least Squares results largely corroborate the Ordinary
Least Squares regression’s conclusions. However, the coef-
ficient magnitudes are frequently greater in the estimator-
based 2SLS or RLS regressions.

The economic growth indicator is the most dependable
of the three criteria among the EU13’s members showing
a positive and favourable correlation with the aquaculture
sector. A 1% raise in GDP has a favorable influence on the
growth of the aquaculture sector. In particular, the Ordi-
nary Least Squares method indicates an enhancement of
0.27%, the Two-Stage Least Squares estimate of 0.29%, and
the Robust Least Squares method of 0.28%. This finding is
consistent with the results of different previous research.
Ignatius,3? and Ngarava et al.36:37 have shown that aqua-
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Table 9. Cross-Sectional Estimation Results for the Developed Europe Union Members

Ordinary Least Squares

Two-Stage Least Squares

Robust Least Squares

Factors Coefficients Standard Coefficients Standard Coefficients Standard
Error Error Error

ENB 0.842** 0.040 1.224* 0.051 1.909*** 0.513

MRK 0.855** 0.022 0.997*** 0.027 0.171* 0.171

GDP 0.698 0.013 0.228 0.035 0.231 0.365

INN 0.462** 0.020 0.130** 0.053 0.941*** 0.507

HC 1.291** 0.031 1.706*** 0.039 1.444> 0.354

Constant 2.701*** 0.222 3.559*** 0.676 2.195%** 0.659

R? 0.952 0.954 0.264 0.264

Adjusted-R? 0.950 0.952 0.530 0.530

Note: Significant for the 1%, 5%, & 10% levels are denoted by ***, **, and *, respectively.

culture sustains a sizable number of employments along
the value chain, from agriculture and processing to trans-
portation and retail. Additionally, by offering economic
possibilities, they may significantly contribute to the revi-
talization of rural and coastal areas. For the developing na-
tions of the EU13, exporting high-value aquaculture prod-
ucts can result in substantial foreign exchange profits.

This sector includes employment and operations in the
maritime and coastal sectors as well as training, retraining,
and upgrading initiatives implemented by EU13 developing
nations. Of the three specifications, the human capital in-
put is consistent and shows a favorable strong correlation,
although its co-efficient is seen to be a little different based
on the used method. The OLS, 2SLS, and RLS estimation
techniques show that the same enhancement portion in hu-
man capital has a positive effect on the development of the
aquaculture market by 0.95%, 1.03%, and 1.06%, respec-
tively. Consistent with previous work for example; Soykan®°
and Ngajilo et al.,%¢ the sector needs to attract young in-
dividuals and recent graduates with relevant skills, such as
engineering, marine science, and aquaculture-specific sub-
jects.

Additionally, the innovation environment has a favor-
able influence, which is noteworthy in the EU13 developing
nations’ Ordinary Least Squares estimate specification in
addition to the Two-Stage Least Squares and Robust Least
Squares. A rise in the eco-system digitalization (INN) by
1% has an advantageous development influence of 0.10%,
0.80%, and 0.92% on the aquaculture market expansion for
OLS, 2SLS, and RLS, respectively. The current output is in
line with the outcomes of previous papers, such as Wang
and Alsaleh®” and Afewerki et al.,17-18 which are based on
the global competitiveness hypothesis. These studies assert
that many research institutions carry out state-of-the-art
research in fields like genetics, nutrition, disease preven-
tion, and environmental impact to overcome the challenges
of sustainable growth in the aquaculture sector.

In the aquaculture sector, an enabling atmosphere has a
beneficial effect on the quantity of expansion. This means
that for the EU13 developing nations, a percentage im-
provement in the enabling environment leads to an in-
crease in aquaculture market growth of 1.76%, 2.20%, and
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1.70% for the Ordinary Least Squares, Two-Stage Least
Squares, and Robust Least Squares methods, relatively. For
the EU13 members with high volume production of aqua-
culture output and well-developed work environment, this
lends credence to the global competitiveness argument. It
is aligned with earlier papers like Ababouch et al.,!> Haj,28
and Omoregie2? that aquaculture growth might be difficult
to get societal approval, especially in coastal areas. Fur-
thermore, long-term sustainability depends on aquaculture
enterprises being financially viable.

Additionally, it appears that market size has a positive
effect, which is important in 2SLS and RLS in addition to
the OLS estimate specification. Growing aquaculture mar-
kets in EU13 developing countries are positively impacted
by market size increases of 0.41%, and 1.13%, as well as
0.04% of OLS, 2SLS, as well as RLS, respectively. The global
competitiveness hypothesis is well supported by statisti-
cally significant data from each of the RLS estimator spec-
ifications as well as the 2SLS specification. The essential of
maritime commercial and transportation law development,
which was discovered in earlier papers by Laine et al.,l4
Ababouch et al.,15 and Péter et al.,1¢ is aligned with this
conclusion. The research findings that investigating new
species and markets for aquaculture products from the EU
also increases the competitiveness of EU aquaculture in the
global market are corroborated by these studies.

Employing the methods of the OLS panel, the panel
2SLS, as well as RLS techniques, the estimates are con-
sistent, which increases the reliability of the results. The
panel’s OLS coefficient together with those for Panel 2SLS
and RLS exhibit comparable signs along with degrees of sig-
nificance, highlighting the robustness and use of a cross-
sectional database of Two-Stage Least Squares and Robust
Least Squares for drawing sound conclusions. The similar
signals of the Ordinary Least Squares coefficients along
with those for panel Two-Stage Least Squares and Robust
Least Squares reinforce the reliability of the outcomes, even
though their significant thresholds varied somewhat. Panel
2SLS estimates are particularly noteworthy for their robust-
ness and lack of serial association and variability issues.

The EU 27 countries were split into two categories, the
EU13 emerging countries as well as the EU14 developed
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Table 10. Cross-Sectional Estimation Results for the Developing Europe Union Members

Ordinary Least Squares

Two-Stage Least Squares

Robust Least Squares

Factors Coefficients Standard Coefficients Standard Coefficients Standard
Error Error Error

ENB 1.768** 0.033 2.206*** 0.039 1.702%* 0.034

MRK 0.411** 0.044 1.138*** 0.030 0.040 0.046

GDP 0.270*** 0.065 0.290*** 0.099 0.283*** 0.067

HC 0.956*** 0.0204 1.037*** 0.039 1.006*** 0.098

INN 0.100*** 0.046 0.804*** 0.015 0.924* 0.048

Constant 1.055*** 0.357 1.831*** 0.674 1417 3.667

R? 0.204 0.151 0.202

Adjusted-R? 0.192 0.137 0.228

Note: Significant for the 1%, 5%, & 10% levels are denoted by ***, **, and *, respectively.

countries, according to their economic growth phases. A
detailed examination of how international competitive fac-
tors impact the growth of the aquaculture industry is made
simpler by this section. While Table 10 outlines the ex-
pected effects within the EU13 members, Table 9 details the
anticipated effects of competitiveness determinants pres-
sures on the aquaculture business in the EU14 members.
The findings in Tables 8 and 10 demonstrate how the aqua-
culture business has expanded dramatically due to factors
related to global competition. A significant difference is ob-
served among EU13 members and EU14 members with the
influence of economic growth on aquaculture sector ex-
pansion. According to the magnitude impact of 2.290 for
EU13 countries and 0.228 for EU14 members, it is evident
that EU13 developing nations have the potential to over-
come the EU14 members in aquaculture market outgrowth
by adopting more effective strategic approaches.

The results also demonstrate that the enabling envi-
ronment has a different impact on the expansion of the
aquaculture sector in EU13 members compared to EU14 de-
veloped countries. With impact scales of 2.205 or 1.224
for EU13 or EU14 economies, relatively, it is evident that
EU13 developing countries can significantly accelerate the
growth of the aquaculture industry by implementing mar-
itime policy and marine tax policies. Furthermore, com-
pared to EU14 developed nations, EU13 developing coun-
tries show a stronger effect of market size on the expansion
of the aquaculture industry. By using global competitive
market strategies, EU13 countries that are developing are
on track to overtake EU14 developed economies in the ex-
pansion of the aquaculture industry, with impact scales of
1.831 as well as 0.997 for EU13 members and EU14 mem-
bers, relatively.

The development of human capital appears to have a
greater negative impact on the outgrowth of the aquacul-
ture market in the EU14 members than in the EU13 mem-
bers. For EU13 versus EU14 nations, the exact impact mag-
nitudes are 1.037 and 1.706, respectively. This concludes
that if EU14 nations adopt cutting-edge strategies for
quickening the development of human resources inside
aquaculture institutions, they may considerably surpass
EU13 nations in aquaculture production growth. The re-
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sults show that the aquaculture industry’s growth in EU14
developed nations is substantially more impacted by the
implementation of innovative ecosystem applications than
in EU13 members. The EU13 as well as EU14 members
have distinct influence magnitudes of 0.804 and 0.130, cor-
respondingly. This includes that EU14 industrialized na-
tions, rather than EU13 ones, may significantly speed up
the aquaculture sector’s growth by utilizing environmen-
tally friendly innovations and patents inside the business.

CONCLUSION AND IMPLICATIONS

In this study, panel data from the EU27 nations for the pe-
riod between 1990 and 2023 is empirically examined us-
ing Ordinary Least Squares, Two-Stage Least Squares, and
Robust Least Squares methods. According to the outcomes,
determinants associated with global competitiveness have
a considerable and favorable influence on the expansion of
the aquaculture sector. For Ordinary Least Squares, Two-
Stage Least Squares, and Robust Least Squares regression
techniques, most of these results are valid across all para-
meters. This article also points out that elements of global
competitiveness have varying effects on the country’s local
aquaculture market development level. This study specifi-
cally finds that human capital and the innovation ecosys-
tem have a bigger role in propelling the aquaculture mar-
ket’s expansion in EU14 advanced economies than in EU13
developing nations. This suggests that reaching higher
rates of aquaculture market expansion in EU14 developed
nations requires improving macroeconomic aquaculture
variables, human capital as well as innovation environ-
ment, effectiveness, and sustainable growth across differ-
ent situations.

The authors found that the aquaculture market devel-
opment in EU13 members is more reliant on market size,
economic development, and enabling conditions than in
EU14 members. This illustrates that to attain higher scales
of aquatic market expansion from the perspective of global
competitiveness, EU13 developing countries must enhance
administrative effectiveness, aquatic advancement, and ac-
cess to markets in a range of scenarios. The outputs support
the hypothesis that the aquaculture market is crucial to en-
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hancing blue farming’s efficacy and sustainability as well as
the safety of blue food. Even after performing numerous re-
liability tests, for example, setting further controlling vari-
ables, applying different approaches, evaluating the aqua-
culture industry’s sustainability and competitiveness on a
global scale using some metrics, and applying split analysis
to samples, these results are still valid.

The EU27 aquaculture sector’s global competitiveness
depends on its ability to balance economic viability with
environmental sustainability and social responsibility. To
succeed, the EU needs to: (1) Enhance productivity and ef-
ficiency, improve production methods, optimize resource
use, and reduce costs. (2) Promote innovation and diversi-
fication, invest in research and development, explore new
species and technologies, and develop value-added prod-
ucts. (3) Strengthen market access, negotiate favorable
trade agreements, reduce trade barriers, and promote EU
aquaculture products in international markets. (4) Ensure
sustainability and social responsibility, adhere to high en-
vironmental and social standards, promote animal welfare,
and ensure responsible sourcing of feed. (5) Address con-
sumer preferences, and cater to evolving consumer de-
mands by offering a diverse range of high-quality, sustain-
able products.

The authors recommend policymakers and decision-
makers to address these challenges as follows; (1) investing
in human capital development, the EU13 aquaculture sec-
tor can enhance its competitiveness, contribute to food se-
curity, and support development of sustainable economics
in coastal and rural communities. (2) The aquaculture mar-
ket in the EU14 presents a promising opportunity for eco-
nomic growth, but it requires a concerted effort to address
the challenges and capitalize on the potential. By focusing
on sustainability, innovation, and consumer engagement,
the EU14 can develop a thriving and competitive aquacul-
ture sector that contributes to food security, economic de-
velopment, and environmental protection. (3) The EU14
aquaculture innovation ecosystem is constantly evolving,
with ongoing efforts to strengthen collaboration, foster in-
novation, and ensure aquaculture green efficiency. (4) The
EU14 aquaculture market has the potential for significant
growth, but it faces enabling environmental challenges that
need to be addressed. By focusing on sustainable practices,
innovation, and addressing social and environmental con-
cerns, the EU14 can develop a thriving and competitive
aquaculture sector.

To foster a green and competitive aquaculture sector
in the EU27 region, This study provides key recommen-
dations including (1) adopting sustainable farming prac-
tices like recirculating aquaculture systems (RAS); (2) pri-
oritizing low-impact species, optimizing feed efficiency;(3)
utilizing renewable energy sources; (4) implementing ro-
bust environmental monitoring (5) promoting research and
innovation in sustainable technologies; (6) and ensuring
strong regulatory frameworks with clear sustainability

standards to guide the industry towards environmentally
responsible operations while maintaining market competi-
tiveness. One of the disadvantages of the current research
is its not theoretical analysis of only a few macro-economic
elements associated with the influence of the aquaculture
sector on its expansion. Therefore, by examining other
aquaculture microeconomic aspects including pricing, sup-
ply, and demand, future research might build on this work.
These elements can increase the influence of domestic
market and microeconomic variables on the aquaculture
market’s sustainability and sustainable development.
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