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The production of fisheries worldwide is examined in this research study, with an
emphasis on the social, environmental, and economic aspects of this important
sector. For millions of people globally, fisheries provide food and a living. They are
therefore essential to food security. In order to determine changes in catch
quantities, species diversity, and the effects of overfishing and climate change, the

research analyses data from several regions. In order to secure the long- term
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sustainability of fishing resources, it also examines sustainable practices and
regulations. Therefore, the aim of this study is to evaluate the production of
fisheries of Pakistan against the world using Grey Relational Analysis (GRA). The
design of this study is literature review, data acquisition, and analysis. Population
understudy is all sovereign countries of the world. The study is envisaged on the
data of total almost all countries of the world. The data is obtained from World
Development Indicators (WDI). Techniques of analysis employed is GRA.
Pakistan holds an excellent rank among the countries in terms of fisheries’
production. It is an original study based on accurate dataset, employing a unique
analysis model, and provides lot of new insights to a wide range of stakeholders as
it contributes gray relational coefficient, gray relational grades and gray relational
ranks as against each country.

Keywords: Aqua Culture, Production of Fisheries, Pakistan Fisheries, GRA
Introduction

The fisheries sector plays an important role in global economic development, food
security, and ecological sustainability (Ali & Rehman, 2015; Ali et al., 2020). As
one of the primary sources of protein for billions of people worldwide, fisheries
not only support livelihoods but also contribute significantly to national
economies (Pillay & Kutty, 1990). However, this vital industry faces numerous
challenges, including overfishing, habitat degradation, and the impacts of climate
change, which threaten its sustainability and the ecosystems it relies on
(Kayalvizhi et al., 2015; Ali & Zulfiqar, 2018; Ismail & Saeed, 2019). In recent
years, the need for effective management strategies has become increasingly
apparent, necessitating a comprehensive understanding of fisheries dynamics
across different regions (Gray, 2010; Salleh & Sapengin, 2023). It is evergreen area
for research particularly at country level. The comparative analysis of the
countries is one of the norms of econometric research. Countries are compared

with each other on the basis of a wide variety of economic variables since
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production of fisheries is one of the very vital economic indicators therefore it also
necessitates to be used for comparison of the countries. Pakistan is one of the
important producers of fisheries and it is imperative to determine the position of
Pakistan in terms of fisheries as compared to the rest of the world. Although the
production of fisheries has paramount importance for an economy but it is
relatively less studied area.one can hardly find a research study focusing on
comparative analysis of the countries on the basis of fisheries production. The
authors could not find any study that compares that Pakistan with that of other
producers of fisheries using any modern technique of comparative analysis. There
is a dire need of comparing Pakistan with other countries on objective basis.
Therefore, the objective of the study is to compare Pakistan’s fisheries production
with that of other countries of the world. The study considered a wide range of
methodological choices for achieving objectives of the study. In methodological
choices, the authors find seven options viz TOPSIS, VIKOR, SWARA, MOORA,
AHP & GRA. GRA is found to be the most appropriate keeping in view the
objective of the study.

This method is very popular and helpful to address the issues of ranking the
alternatives on the basis of multitude of criteria viz Basit, et al., 2019; Basit, Qazi &
Khan 2021; Naeem, Muhammad & Niazi, 2021; Niazi, Qazi, & Basit, 2021; Qazi, et
al., 2020 and Qazi, et al., 2021b. Grey analysis, a quantitative method that focuses
on the uncertainty and variability of systems, offers a robust framework for
examining the complexities of the phenomenon (Tabassum et al., 2016). By
analyzing data on catch levels, species diversity, and environmental conditions,
gray analysis allows for the identification of patterns and trends that can inform
better decision-making processes (Nelson, 2006) This research paper aims to apply
gray analysis (Wei, 2011) to the fisheries of various regions around the world,
highlighting key findings and insights that can contribute to more sustainable

practices (Khan & Ali,2021). Through a comparative assessment of fisheries data
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(Ali, Khan, & Hussain, 2020; Bilal & Tanveer, 2023) we seek to uncover the
underlying factors influencing fish populations and ecosystems, providing a
valuable resource for policymakers, researchers, and practitioners in the field
(Khan & Ullah, 2020; Abid & Noor, 2021). By enhancing our understanding of
global fisheries, this study aspires to promote sustainable management practices
that ensure the long-term viability of fish stocks and the communities that depend
upon them (Adeel & Raza,2022). Remaining part of the study is represented as
literature  review  (section  2), methodology (section 3), data
collection/analysis/discussion (section 4) and conclusion (section 5).

Literature Review

It is imperative to review the literature particularly to avoid any unnecessary
duplication therefore the authors have reviewed the contemporary literature on
comparing the economies on the basis of fisheries. The authors have explored all
major research data basis for example Elsevier (ScienceDirect), Emarald Insights,
JStor, Willy Blackwell, Taylor & Francis, Sage Open, Ebschost, MDPI, Frontiers,
etc. The feature of advance search of these databases is used on google as search
engine. The key words for search include fisheries production in Pakistan,
comparative analysis of fisheries, fishing and fisheries, countries leading in
fisheries production, role of fishing and fisheries in economies etc. The search
resulted in hundreds of research articles covering different aspects of fishing and
fisheries production world over. The authors reviewed broad range of literature.
Some of the research articles that are found to be highly relevant to the context of
the study are reported in this section to set the very outset of the current study.
The fishing industry is essential to Pakistan's economy since it creates jobs and
ensures food security (Raza & Hussain, 2021). Comparing the sector's output levels
and processes to international standards, however, reveals significant obstacles.
This assessment of the literature summarizes recent findings to assess Pakistan's

fisheries output in a worldwide framework (Ahmed & Khan, 2020). Pakistan's
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fishing industry, which include both marine and inland fisheries, is mostly
centered on the Arabian Sea. Pakistan is one of the top producers of fish,
according to the Food and Agriculture Organization (FAO, 2022). However, its
output levels are erratic and frequently insufficient to satisfy demand both
domestically and internationally (Khan, Shakir & Abbas, 2019). Numerous studies
show that the sector's potential is hampered by overfishing and poor management
techniques (Khan et al., 2019; Ali et al., 2020).

However, Pakistan's fisheries have not yet fully incorporated these
methods, which has led to decreased competitiveness and production (Kabir &
Rashid, 2019; Zafar & Ali, 2020; Cooper, 2022; Lee & Hur, 2022). A number of
problems prevent Pakistan's fisheries from expanding (Hossain & Haque,2021).
Estimates indicate that major reductions in important fish stocks have resulted
from overfishing, which is still a severe problem (Bashir et al., 2021). Aquatic
ecosystems are more vulnerable to environmental degradation, which is made
worse by pollution and climate change (Ahmed & Qureshi, 2020). Pakistani fish's
capacity to compete on the international market is further hindered by a
lackluster infrastructure for distribution and processing (Rahman et al., 2021;
Yang & Ron, 2022). Research shows that Pakistan's fish production is significantly
less efficient than that of leading countries. Jabeen & Ali (2022) asserted that
highlight the technological gaps in aquaculture practices, emphasizing that
countries with advanced aquaculture techniques achieve significantly higher
outputs. The absence of governmental support for research and development
further exacerbates these inefficiencies (Siddiqui et al., 2022; Feng & Qi, 2024).
Pakistan must accept more stable practices to improve the fish agricultural sector.
An international example shows the participation of the community in the
effectiveness of the normative framework and the stimulus of stability (Ahmed &
Rehman, 2019; Memon et al.,2023). Implementing best practices in habitat

restoration and fish stock management could enhance the viability of fisheries in
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Pakistan and align them more closely with global standards (World Wildlife Fund,
2023). Although there is influx of research studies but the authors could not find
any research article that compares the countries on the basis of fisheries
production despite of the fact that fisheries are one of the vital building blocks of
food and it deserves high degree of research attention. There is dire need of studies
in this context.

Methodology

The study follows positivism as research philosophy, deductive approach and grey
systems theory as methodological approach as used in Basit, Qazi, & Niazi, 2020b;
Qazi, Niazi, & Basit, 2021; Niazi, at al., 2021a; Basit, Khan, & Qazi, 2021 and Qazi,
Niazi, & Inam, 2019). This study uses secondary data retrieved from WDI. It is a
cross-sectional study that uses the country level data set for the year 2022 (as
available on the website of aforementioned source) on fisheries production. It uses
Grey Incidence Analysis model (which is commonly known as Grey Relational
Analysis or imply GRA), a proprietary mathematical approach selected from a
range of multi-criteria decision-making methods. In this model, the first step is
obtaining the data, the second is creating a reference series, the third is creating a
normalization matrix from the original data, the fourth is creating a deviation
sequence of the reference series (creating absolute values by the difference
between the comparable sequence and reference sequence), the fifth is creating a
table of gray relation coefficients, the sixth is calculating the grey relation grade,
and the seventh is creating a ranking around the world by the data (Ali &
Noor,2022). This method was augmented by classifying of the cross-section using
the ensign method (Basit, Qazi, & Niazi, 2020b; Qazi, Niazi, & Basit, 2021). In this
method, first, an operational definition of the ensign group was generated based
on distributing the scale to the four ensigns then set a range for each ensign so that
countries are divided among excellent to poor on the basis of grades and this helps

to categorized countries on the basis of their gray relational grade and ranks. From
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total 213 countries the data available in the production of fisheries of Pakistan
against World is 183 countries so we have used the data of 183 countries. We have
taken the data from (WDI) World Development Indicator, and the technique we
have used is grey relational analysis (GRA).

Applying Grey Incidence Analysis Model

Mathematical Representation of GRA: The follows stepwise procedure and
mathematical algorithm as used in Basit, et al., 2021; Basit, Qazi, & Niazi, 2020a;
Niazi, et al., 2021b; Qazi, et al. 2021a; and Rashid, et al., 2021. The following steps
of GRA were used to access the performance among different countries of the
world

Step 1: The authors have created a data set and established a matrix of data set

denoted in the following formula

1(D) 1D ()
()= (1

@ @ )

Step 2: The authors have created a reference series and comparison matrix Table 3

using a classical rule of Reference and comparison.

Step 3: The authors have created a normalized matrix Table 3 by using the formula
for maximum better and minimum better and all the variables are maximum
better so we use eq.2. to normalize the data.

For maximum better

©)- @)

( ) = ©)- ©) (2)
For minimum better
0
_ 1W-1°Q)
@) 19— 190 3)

Step 4: we have calculated deviation sequences Table 4 by using the formula

Bo()=10()— 1()I (4)
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Step 5: The grey relational co-efficient is calculated Table 6 by using the following
formula on the basis of values of normalized sequence term  is used as the

distinguisher among 0 and 1.

[oC) (O]=

A +A
o( )+ A

0, < [ o) ()] (5)

Step 6: The weighted sum of Grey relational co-efficient, grey relational grade

Table 7 is calculated by using the following formula

( 01 ): =1 [ 0( )’ ( )] (6)

=1

Step 7: The Countries are categorized on the basis of their grade from Table 7 we
prepare Table 8 the ranks of the countries by using the ranks formula in excel
which will be provided on demand beside this document. An excel sheet will be
provided separately so it is easy to understand the calculations.

Step 8: Table 9 are prepared by using ensigns to classify each country on the basis
of grades and ranks readers will find it interesting and easy to read the results in
this way altogether there are total 183 countries are in this data and all are ranked
and their grades are different from each other

Applying GRA: The authors have evaluated the three selected variables and found

them to be beneficial criteria therefore all the variables are maximum the better

(Table 1).

Table 1: Specification of System Variables

Code Variables Criteria
1 Aqua culture production Maximum Better
2 Production of fisheries (metrics ton) Maximum Better
3 Capture fisheries production (metrics ton) Maximum Better

From the Table 1 it can be observed that all the three variables listed at 1-3 are

maximum acceptable. The data obtained from WDI is represented as Table 2 (skip
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Table) however the complete dataset is available with authors and it can be

obtained on request.

Table 2: Original Dataset

Sr. Country 1 2 3

1 Afghanistan 11150 13150 2000
2 Albania 8812 17552 8740
131 Peru 140931 5509031 5368101
132 Philippines 2349252 4120499 1771247
133 Poland 46110 224633 178523
182 Zambia 75648 185076 109428
183 Zimbabwe 8353 34514 26161

Therefore, for normalization of the data (Table 3) formula 2 is used. Since, all the
indicators are maximum better, therefore, the authors use to find out what is the
maximum value (Table 3). The referred value is written at the top of the table and
the row named as reference sequence. Minimum value is also given for subsequent

use in mathematical formula.

Table 3: Normalize Comparable Sequence
Sr. Country 1 2 3
0 Reference Sequence 1.0000 1.0000 1.0000
1 Afghanistan 0.0001 0.0001 0.0002
2 Albania 0.0001 0.0002 0.0007
131 Peru 0.0019 0.0622 0.4073
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132 Philippines 0.0312 0.0465 0.1344
133 Poland 0.0006 0.0025 0.0135
182 Zambia 0.0010 0.0021 0.0083
183 Zimbabwe 0.0001 0.0004 0.0020

Normalized values are obtained by using the formula 2. For instance, indicator 1 of

Afghanistan would be solved in this way.

OCO)- ©¢)  11150-0

D= ©()- ©() ~ 75388639—0 = 0.0001

The deviation sequence (Table 4) is generated from the data as presented in Table

3 using formula 4 and generated the values as given in Table 4.

Table 4: Standard Deviation
Sr. Country 1 2 3
0 Reference Sequence 1.0000 1.0000 1.0000
1 Afghanistan 0.9999 0.9999 0.999
2 Albania 0.9999 0.9998 0.9993
131 Peru 0.9981 0.9378 0.5927
132 Philippines 0.9688 0.9535 0.8656
133 Poland 0.9994 0.9975 0.9865
182 Zambia 0.9990 0.9979 0.9917
183 Zimbabwe 0.9999 0.9996 0.9980
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In this way Table 3 is used to generate the Table 4 which is deviation from
reference sequence using the formula 4. For example, calculation of Afghanistan is

given below

Bo( ) =1 o()— 1)
A;(1) = |1 — 0.001[=0.999

From values as given Table 4 the Table 5 is generated by applying the formula 5 i.e.

grey relational coefficients.

Table 5: Grey Relational Co-Efficient
Sr.  Country 1 2 3
0 Reference Sequence 1.0000 1.0000 1.0000
1 Afghanistan 0.3334 0.3334 0.3334
2 Albania 0.3334 0.3334 0.3335
131  Peru 0.3337 0.3478 0.4576
132 Philippines 0.3404 0.3440 0.3661
133  Poland 0.3335 0.3339 0.3364
182  Zambia 0.3336 0.3338 0.3352
183  Zimbabwe 0.3334 0.3334 0.3338

The values in Table 4 equal to absolute value of the difference between reference
sequence and comparable sequence. When calculating grey relational co-efficient,
the coefficient in Table 5 chosen as 0.5 (differentiator). As an example, of
calculating the Grey Relational co-efficient for instance, indicator 1 of

Afghanistan would be solved by using formula 5.

[0 () (O)]=

A + A
o( )+ A

0+0.5 1.00
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The coefficients as calculated in Table 5 Grey Relational Grades are calculated

using formula 6 (Table 6)

Table 6: Gray Relational Grade

Sr. Country Grade

1. Afghanistan 0.3333330062218
2. Albania 0.3333722872093
131. Peru 0.3796596963678
132. Philippines 0.3501471139825
133. Poland 0.3345457487085
182. Zambia 0.3341475827944
183. Zimbabwe 0.3334841092624

For calculating the values of Table 6 (Grey Relational Grades), the authors have
three indicators multiply the sum of all the indicators with 0.3 because (i.e.
1/3=0.333). As an example, to calculating Grey Relational Grade indicator 1 of

Afghanistan would be solved by using formula 6.

(o )= [ oC) ()]
=1
=1
=1
(o )= -1 [ 0(), ()]=0333 (0.3334 + 0.3334 + 0.3334)=
0.333

All the alternative are ranked according to Grey Relational Grades Table 7.
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Table 7: Grey Relational Rank

Sr. Country Rank
1. Afghanistan 144
2. Albania 129
131. Peru 4
132. Philippines 12
133. Poland 52
182. Zambia 65
183. Zimbabwe 112

Table 7 is prepared using the ranking formula implemented in the formula of Rank
in MS Excel (Table 9).

Results and Discussion

From the scheme of analysis as entailed above the authors reached to the results as
contained in Table 9 (Gray relational rank and gray relational grade) as mentioned
in Table 9.for the sake of convenience and better understanding of the readers the
authors have engaged ensigns’ method as explained in Table 8

Table 8: Scheme of grouping the countries under the different ensigns on the basis

of grey relational grades of fisheries

Sr. Ensign Description

1  Excellent Countries having a grey relational grade ranging from 0.999900
to 0.33334706 are considered as having an excellent position in
fisheries.

2 Good

Countries having a grey relational grade ranging from

0.333347026 to 0.333630 are considered as having a good position
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in fisheries.

3  Fair Countries having a grey relational grade ranging from 0.3336298
to 0.333334998 are considered as having a fair position in
fisheries.

4  Poor Countries having a grey relational grade ranging from 0.33334992

to 0.3333002 are considered as having a poor position in fisheries.

The importance of this research is that we can now tell the position of Pakistan

against the world on the basis of facts and figures the main problem was that many

researchers gave their opinion on the aspect of fisheries but they highlight the

problems not giving the technical solution.

Table 9: Results of Grey Relational Analysis
Country Grade Ran Country Grade Ran
k k

Excellent FAIR

China 0.999900000000 1 Iraq 0.333629868873 93
0 3

Indonesia 0.438351519906 2 Niger 0.333609154306 94
0 7

India 0.402572246125 3 South Sudan  0.333603985933 95
6 0

Peru 0.379659696367 4 Sudan 0.333602447313 96
8 9

Russian 0.375823696780 5 Nepal 0.333594589627 97

Federation 0 6

Viet Nam 0.371119018388 6 Kazakhstan  0.333593145794 98
7 4

United 0.368427832979 7 Tuvalu 0.333576552721 99

States 5 4
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From the table 9 we find that Pakistan ranks on 31% position in world on the basis
of production of fisheries. Which the authors believe that it is excellent (As per
the scheme evolved in the study). However, the literature review still highlights
many allied issues of the fisheries production that could be addressed by Pakistan
government to strengthen their position even better. The fisheries sector plays a
pivotal part in global food security, livelihoods, and profitable development.
According to the Food and Agriculture Organization (FAO, 2022), fish accounts
for about 17 of (Memon & Ahmed, 2022) the global population's beast protein
input, emphasizing its significance. The discussion will look at the current state of
fisheries product, especially in a region like Pakistan, the challenges facing the
sector and implicit results to enrich productivity (Mehmood & Shah, 2020). The
product of fisheries around the world is constantly adding, substantially in the
fields of monoculture and fisheries enhancement.

(Farooq & Memon, 2022) stated, world product of fish reached roughly 179
million tons, reaching an aggregate of 46 of fishery husbandry. It's produced by
countries similar as China, Indonesia, and India, indicating that the integration of
technology and stable practices has been successful (World Bank, 2021). On the
negative, the product of fish and husbandry in Pakistan does not follow the global
trend. The country produced roughly 1.1 million tons of fish in 2020, ranking 18th
in the world (Feroz & Qureshi, 2021). Still, the sector faces significant challenges,
including overfishing, niche declination, and poor operation (Khan et al., 2019).
Overfishing is a significant issue as numerous fish stocks are exploited beyond
their natural limits according to (Basit & Asghar, Niazi & Qazi, 2021) roughly one-

third of the world's fish stocks are overfished, which is apparent in Pakistan's
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waters (Ali et al., 2020). The lack of effective fisheries operation strategies has led
to a decline in crucial species, affecting both communities and original husbandry
(Muhammad & Farooq, 2022). Environmental changes, including climate change,
pollution, and niche, loss, are farther aggravating fisheries- related problems.
Exploration shows that rising ocean temperatures and ocean acidification are
negatively impacting fish populations and ecosystems (Bashir et al., 2021). In
Pakistan, artificial backwaters and inappropriate waste disposal have caused severe
pollution of water bodies, hanging submarine life (Ahmed & Qureshi, 2020).
Profitable constraints and ineffective programs are hindering the growth of the
fisheries sector limited investment in exploration and development restricts
technological advancements, while shy nonsupervisory fabrics promote
unsustainable fishing practices going

(Siddique, al., 2022). Also, political insecurity and lack of structure hinder
the growth of the sector (Khokhar & Hussain, 2021). Lack of ultramodern
structure for processing, storehouse and transportation of fisheries products
reduces the quality and competitiveness of fisheries (Zafar & Ali, 2020). In
Pakistan, post-harvest losses are estimated at around 30 due to shy cold chain
capacity (Khan et al., 2019). Espousing sustainable fishing practices is essential to
maintaining fish stocks and healthy ecosystems. Success stories from around the
world show that enforcing community grounded fisheries operation can upgrade
original governance and reduce overfishing (WorldWildlifeFund, 2023).
Monoculture development can significantly increase fish product (Bhatt & Ahmed,
2021). Exploration shows that monoculture can reduce pressure on wild fish stocks
while furnishing a sustainable source of protein (Rahman et al., 2021). In Pakistan,
investment in ultramodern monoculture styles can increase productivity and
profitability (Memon et al., 2023). The preface of technology into fisheries can
lead to more effective product and operation. The use of satellite technology to

cover fish stocks and artificial intelligence to prognosticate catches are promising
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developments (Bhatt & Khawaja, 2021). Strengthened operation fabrics and
programs are essential for sustainable fisheries operation (Manzoor & Khan, 2021).
Establishing clear regulations and effective monitoring and enforcement
mechanisms will help combat illegal fishing and promote sustainable practices
(Ahmed & Qureshi, 2020). Educating fishermen on sustainable fishing practices
and furnishing training in ultramodern fishing ways can increase productivity
across the fishing sector (Zafar & Ali, 2020). Community engagement and
mindfulness programs help promote a culture of sustainability and responsible
fishing (Muhammad & Farooq, 2022).

Conclusion

Grey system Theory is applied to systems with incomplete or uncertain data,
enabling the extraction of valuable insights despite the lack of full knowledge
about the system (Qureshi & Ahmed, 2021). Grey Relational Analysis is an
integral part of Grey System Theory. The method starts by establishing a reference
sequence, which act as a standard or ideal for comparison. Next, the data is
normalized, and Grey Relational Co-efficient and Grey Relational Grade are
calculated for the comparable sequences can be assessed. The sequence with a
higher correlation is considered more ideal, and thus, a ranking of the sequences is
performed. In this study 183 countries were compared under 3 indicators of
aquaculture were obtained from website of world development indicator. In
comparison the Grey Relational Analysis method was used, as it more accurately
measures the relative performance and represents the characteristics of the
alternatives. In this study the weights of the criteria were considered equal.
Pakistan ranks at 31* position in the world which is undoubtedly excellent.
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