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Abstract: Fisheries and aquaculture industry, which provides a continuous and high-return market advantage to potential countries, is also one of the
priority industries for Turkey. Although Turkey has important advantages with its geographic position and bio-diversity, the industry's contribution to foreign
trade is not at an acceptable level. Accordingly, it is important to evaluate the capture fishery and aquaculture products, which provide the best contribution
to the foreign trade of Turkey. Thus, the present paper aims to provide foreign trade executives with an intuition about the most appropriate products to
invest in and contributing products to Turkish foreign trade within the scope of market strategies. Entropy-WASPAS, which is a hybrid multi-criteria decision-
making method, is used for evaluating the contribution of fishery and aquaculture products to Turkish foreign trade. This model includes both criteria
(production, import quantity, import value, export quantity, export value) and alternatives (trout, sea bream, sea bass, sprat, atlantic bonito, anchovy, horse
mackerel, pilchard, sea snail, prawn, cuttle fish, mussel). Entropy is used to determine the criteria weights, and WASPAS s applied for ranking the fishery
and aquaculture products. According to the results, export value is the most important criteria while Sea Bream is found as the most significant product for
Turkey's foreign trade.

Keywords: Fishery products, Turkey, decision making, Entropy, WASPAS

0Oz Ulkelere siirekii ve yiiksek gefiri saglayarak pazar avantaji saglayan balikgilik sektorii, Tiirkiye icin de oncelikli sektdrlerden biridir. Tiirkiye cografi
konumu ve biyolojik cesitliligi ile dnemli avantajlara sahip olmakla birlikte, sektoriin dis ticarete katkisi olmasi gereken dlizeyde degildir. Buna gore,
Tirkiye'nin dis ticaretine en gok katkiyl saglayan balikgilik ve su drtinlerinin degerlendirilmesi 6nemlidir. Bu nedenle, bu makale dis ticaret yoneticilerine,
Tiirk dis ticaretine katki saglayan ve yatirim yapilabilecek en uygun drinlerin neler olduguna dair bir éngérii saglamayi amaglamaktadir. Balikgilik ve su
urtinlerinin Ttirk dig ticaretine katkisinin degerlendirilmesinde hibrit bir Cok Kriterli Karar Verme yontemi olan Entropi-WASPAS yontemi kullanilmistir. Bu
model kriterleri (liretim, ithalat miktari, ithalat degeri, ihracat miktari, ihracat degeri) ve alternatifleri (alabalik, cipura, levrek, ¢aca, palamut, hamsi, uskumru,
sardalya, deniz salyangozu, karides, mirekkep baligi, midye) icermektedir. Kriter agirliklarini belirlemek iin Entropi kullaniimis olup, balikgilik ve su Griinleri
yetistiriciligi Griinlerinin siralanmasi icin WASPAS yontemi uygulanmistir. Sonuglara gére, en 6nemli kriter olarak ihracat degeri, Tlrkiye'nin dis ticaretine
katki saglayan en 6nemli drtin ise gipura olarak bulunmustur.

Anahtar kelimeler: Balikgilik Uriinleri, Ttirkiye, karar verme, Entropi, WASPAS

INTRODUCTION

In the last 50 years, global changes and threats have led
to a high global awareness of aquatic ecosystems and the
need of managing the ecosystems in a sustainable manner,
thus the importance of responsible consumption for fisheries
and aquaculture resources has been realized and prioritized
globally. The fisheries and aquaculture industry is one of the
four sub-industries of agriculture. It has a significant
importance in contributing to animal’human nutrition and
providing raw materials to important industries. Due to the
lack of any other nutritional equivalent, the awareness and
demand for seafood consumption are increasing in order to
ensure adequate and balanced nutrition of societies (Hixson,
2014).

In the period of 1961-2017, the average annual growth
rate of total food fish consumption increased by 3.1%,
outpacing annual population growth rate (1.6%). Also, in per
capita terms, food fish consumption rose from 9.0 kg (live
weight equivalent) in 1961 to 20.3 kg in 2017, at an average
rate of about 1.5% per year (FAO, 2020). According to the
expectations of being 9.6 billion in 2050, the researchers
estimate that future generations will experience a significant
nutritional problem. Therefore, it is expected that the
industry's foreign trade value will increase and the countries,
which are successful in trade politics and marketing
strategies, will have great opportunities for gaining a high
market share.
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The consumption of seafood has also led to a rapid
increase in fishery and aquaculture production. According to
STATISTA (2020) statistics, global fish production amounted
to 177.8 million metric tons in 2019, of which 86.5 million
metric tons came from aquaculture production, while 91.3
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million metric tons of fish were captured. It is expected that
the contribution of aquaculture to global fish production will
continue to grow and surpass total capture fisheries by 2024.
As seen in Figure 1, by 2029, aquaculture production is
projected to reach 105 million tonnes.
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Figure 1. World aquaculture and capture fisheries (OECD library, 2020)

Increases in consumption and growth of aquaculture
production have led seafood to be one of the most traded
food categories in the world today. From 1976 to 2018, the
value of global exports of fish products increased at an annual
rate of 8% in nominal and 4% in real terms. In 2018, 67
million tonnes of fish (live weight equivalent) were traded
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Figure 2. Leading exporting-importing countries in 2018 (FAO, 2020)

Turkey is an emerging country in the industry with its
geographic  features, biodiversity, and capturing and
aquaculture production facilities. There are approximately 500
species in the seas and 370 species in the inland waters, of
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internationally (FAO, 2020). The global seafood market was
valued at 130 billion U.S. dollars in 2018 and it is expected to
reach approximately 155.32 billion U.S. dollars by the year
2023 (STATISTA, 2020). The top exporters and the importers
of fishery and aquaculture products in 2018 worldwide is
given in Figure 2.
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which about 100 are hunted commercially. The production in
Turkey is carried by sea and inland capturing and aquaculture
production. However, similar to the world, considering the
limitation of capturing resources, aquaculture production has
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showed significant improvements in the last thirty years.
Especially in recent years, aquaculture production has gained
its place among the fastest growing industry. In 2019, the
aquaculture production reached 373.356 tonnes, while the
capturing production amounted to 463.168 tonnes (Turkish
Statistical Institute - TUIK, 2020). Aquaculture production of
Turkey is expected to surpass the capturing in the
forthcoming years (General Directorate of Agricultural
Research and Policy - TAGEM, 2019). The industry also
became one of the leading industries for Turkey's foreign
trade thanks to increasing numbers in production. Turkey has
an increasing export capacity and enlarging its target
markets.

In 2019, Turkey exported to 81 countries with a quantity of
about 200.226 tonnes with a total sale value estimated at
1.025 billion U.S. dollars. 62% of the exports were made to
the EU countries, and the Netherlands, Italy, and Russia were
the most exported countries (TUIK, 2020). However, in the
current situation, Turkey has not yet shown its real potential
for foreign trade sufficiently. In order to manage effective
foreign trade policy, it is crucial to focus on product selection
and evaluate which of them contribute to foreign trade
effectively. Therefore, this research aims to evaluate the
current contribution of leading fishery and aquaculture
products (given in Table 1) to the foreign trade of Turkey and
also specify the products which are more valuable and able to
create currency inflow. The results provide intuition to the
foreign trade executives about the most contributing fishery
products to Turkish foreign trade. Also, it offers the occasion
of showing the most appropriate products to invest in within
the scope of a market development strategy. Hence, this is a
multi-criteria decision problem, so Entropy and WASPAS
methods, which are among the MCDM methods, were used
for the efficiency analysis of the determined products.

In this study, Entropy and WASPAS methods were used
in an integrated way. When the literature is examined
separately for Entropy and WASPAS methods, many studies
stand out. However, only five studies in which two methods
were used together were found.

Ali et al. (2021) focused on developing an effective way to
cope with multi-criteria group decision making problems and
they evaluated a supplier selection problem with Entropy-
WASPAS method. Akgakanat et al. (2017), evaluated the
performance of small, medium and large-scale banks using
Entropy, and WASPAS methods. Criterion weights were
determined by the Entropy method and the WASPAS method
was used to rank the banks. Ural et al. (2018), evaluated the
performance of three state-owned banks in an integrated
manner with the data obtained from the financial statements
for the period of 2012-2016 and applied the Entropy and
WASPAS methods. Similarly, the performances of
participation banks operating in Turkey are examined with the
help of Entropy and WASPAS methods by Gezen (2019).
Celik (2020), utilized the logistic performance of OECD
countries with WASPAS based Entropy method. It was

observed that a similar study was applied to the forestry
industry by Bayram (2020). Bayram (2020) evaluated the
forest industry products of Turkey regarding their economic
contribution by Entropy — TOPSIS.

Although it is revealed that Entropy and WASPAS
methods are used in the banking and logistics industry in an
integrated manner, no previous study has been found in the
fisheries and aquaculture industry. Moreover, since there is
also a research gap for fisheries and aquaculture industry that
focuses on the impact on Turkish foreign trade and economy,
this study is expected to contribute to the literature.

In order to meet the purpose, the research framework has
been determined as follows.

Step 1: The products were determined according to their
average production amounts for the last 5 years and divided
into three different groups. The most captured fish, other fish
products, and fishes from aquaculture production were
evaluated for the Turkish foreign trade.

Step 2: The decision criteria, used for evaluating the
products, were determined for the analysis.

Step 3: The selected criteria in the decision matrix were
weighted by Entropy method.

Step 4: The products are evaluated and rated according
to their contribution to foreign trade by WASPAS method.

Following the introduction section, the importance and
purpose of the research are clarified with industrial
information and the statistics of Turkey and World. Then, the
methods applied in the study are explained in detail.
Afterwards, the empirical application has been implemented
within the scope of the study's methodology. In the conclusion
part of the study, the results are evaluated and interpreted,
and suggestions were made for future studies.

MATERIAL AND METHODS

In this paper, a hybrid MCDM model, Entropy-WASPAS,
was utilized for an objective rating. The weights of criteria
were calculated by Entropy and the alternatives were
evaluated by WASPAS method. In this section, the methods
are explained briefly.

Entropy method

The concept of entropy was developed by using
probability theory to measure uncertainty in knowledge by
Shannon and Weaver in 1947 (Shemshadi et al., 2011), and
was adapted from thermodynamics to information systems by
Shannon in 1948 (Santos et al.,, 2019). Entropy method,
which is used in multi-criteria decision-making (MCDM)
problems, is an objective weighting method and provides the
weighting of the evaluation criteria in the decision matrix (\Wu
and Lin, 2012). The implementation steps of the method are
summarized as follows (Li et al., 2011; Ghorbani et al., 2012):
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Step 1: Formation of decision matrix: x;values are created for
m alternatives and n criteria.

X11 X12 xlTL
X X e xzn
x=|" = :
1
Xm1 Xm2 v Xmn

=1,2,....m; j=1,2,....n

Step 2: Normalization: This process is carried out with the
help of the following formula.

m
bij = xij/z Xij (2)
i=1

Step 3: Calculation of entropy values(e)):

€ = _kzpij-ln(pij) 3
= @)

Where k is a constant number provides the expression 0 < g
<1 and s calculated ask=1/In(m).

Step 4: Determination of degree of difference: The higher the
djvalues, the higher the significance of the relevant criterion.

d=1-¢ (4)

Step 5: Calculation of weights:
n
w, =d,/ led j (5)
j=

Weighted aggregated sum product assessment
(WASPAS)

WASPAS was developed by Zavadskas et al (2010), as a
combined version of Weighted Sum Model (WSM) and
Weighted Product Model (WPM). Steps of the methodology
are explained briefly (Chakraborty et al., 2015):

Step 1. Developing the decision matrix.

Step 2. Normalizing the decision matrix.

Xij=—2 for beneficial criteria (6)
maxxl-]-

_ minxij
Xij = ——

ij
for cost criteria

Step 3. The total relative importance of the alternatives is
calculated by WSM.

Q= Z Wil ®)
=1

Step 4. The total relative importance of the alternatives is
calculated by WPM.

n

Q® = 1_[ ;" 9)

j=1
Step 5. The following formula is used to determine the
relative and total significance levels of alternatives (Sengupta
etal., 2017).

Q=20 + (1 -1Q,®

=1
n

-0 [@pi.a

j=1

=0,01,...,1

(10)

RESULTS

The products, which were included in the study, were
determined according to their average production amounts for
the last 5 years which are divided into three different groups
as the most captured fishes, other sea products, and fishes
from aquaculture production. The production amounts of
products were taken from TUIK given in Table 1. The global
data as export value, export quantity, import value, and import
quantity data were taken from the international trade
database TradeMap. Each product's data was selected
according to 8 digits of Harmonized Systems (HS) Codes.
Therefore, fresh, frozen, dried product types classified under
“chapter 03 - Fish and crustaceans, molluscs and other
aquatic invertebrates” and prepared-preserved product types
classified under the chapter 16 - Preparations of meat, of fish
or crustaceans, molluscs or other aquatic invertebrates” were
added to the product selection. Ultimately, a detail product
selection was made and all products, which were subjected to
foreign trade activities of Turkey, were included in all
calculations
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Table 1. The most captured and produced species in turkey (tonnes)

Type of fish 2015 2016 2017 2018 2019
Quantity of aquaculture production (the most produced)

Trout (all types) 108038.45 107013.02 109657.33 114497.09 125745.87
Sea bream 51844.33 58254.08 61090.04 76680.56 99730.67
Sea bass 75164.44 80847.23 99971.79 116915.07 137419.11
Quantity of caught sea fish (the most captured)

Sprat 76995.60 50224.90 33949.50 20056.60 38077.60
Atlantic bonito 4573.00 39459.60 7577.60 30920.40 1578.30
Anchovy 193492.30 102595.20 158093.80 96451.70 262544.40
Horse mackerel 14290.40 8859.80 8065.60 14221.80 13179.80
Pilchard 16693.40 18162.10 23425.70 18854.00 19119.20
Quantity of caught other sea products (crustaceas, molluscs) (the moct captured)

Sea snail 8795.30 10353.70 9194.10 9672.30 11646.30
Prawn (all types) 3995.20 4500.90 4730.30 4536.10 5136.60
Cuttle fish 744.70 925.10 986.00 1041.90 940.10
Mussel (all types) 37649.40 21014.00 35476.70 45137.40 37796.90

Source : TUIK, 2020

The decision matrix was created before starting the
analysis. The alternatives were chosen as trout, sea bream,
sea bass, sprat, atlantic bonito, anchovy, horse mackerel,
pilchard, sea snail, prawn, cuttle fish and mussel. The
alternatives were decided according to the statistics of the
Republic of Turkey Ministry of Agriculture and Forestry
(TAGEM, 2019). The criteria were settled as production
quantity, import quantity, import value, export quantity, and
export value.

Table 2. Decision matrix

Evaluating the weights of criteria by Entropy method

The decision matrix is constituted with the last 5 years

data of each alternative and criterion. The weighted mean
was used for the value-related data while arithmetic mean
was used for quantity related data. Table 2 shows the
decision matrix.

The weights of the data are calculated and shown in
Table 3.

P"Zf:::e"s'; e gzz:zg Import value ($1000) =4 (c{gf"r“g;‘; Export value (§1000)
Trout 112990.00 735.00 7083.11 23477.40 117494.84
Sea bream 69519.60 1251.60 2967.88 68232.20 392972.63
Sea bass 102063.20 667.80 2120.82 17615.00 185824.45
Sprat 43860.84 11913.20 188.62 109.00 188.62
Atlantic bonito 16821.78 548.40 1233.10 12680.80 53183.73
Anchovy 162635.48 4695.00 3117.40 13084.00 54751.30
Horse mackerel 16195.98 265.20 178.99 156.60 489.22
Pilchard 19250.88 11974.20 8967.69 5764.60 27066.66
Sea snail 9932.34 223.20 847.24 1375.80 10681.42
Prawn 4579.82 1522.20 6046.45 674.00 5949.44
Cuttle fish 927.56 1192.20 9156.10 336.20 1953.99
Mussel 35414.88 477.20 1718.72 16.80 232.42
Table 3. The weights of the criteria
Production Import quantity import value ($1000) Export quantity Export value
(tonnes) (tonnes) (tonnes) ($1000)
w; 0.135 0.220 0.112 0.262 0.271
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Evaluating the alternatives by WASPAS method

After calculating the weights, WASPAS method was used
for evaluating the alternatives. According to the Equations (6-
7), normalized decision matrix is found as in Table 4. After
normalizing the decision matrix, applying Equations (8-10),
the relative and total significance levels of alternatives are
calculated as in Table 5.

Table 4. Normalized decision matrix

Scenario analysis

In the last part of the application, to search the differences
in the rankings and the robustness of proposed methodology,
a scenario analysis consists of 5 scenarios is conducted and
the results are compared. The result of scenario analysis is
shown in Table 6. Also, Figure 3 shows the graphical display.

Production Import quantity Export quantity Export value
Import value ($1000)
(tonnes) (tonnes) (tonnes) ($1000)
Trout 0.695 0.304 0.025 0.344 0.299
Sea bream 0.427 0.178 0.060 1.000 1.000
Sea bass 0.628 0.334 0.084 0.258 0.473
Sprat 0.270 0.019 0.949 0.002 0.000
Atlantic bonito 0.103 0.407 0.145 0.186 0.135
Anchovy 1.000 0.048 0.057 0.192 0.139
Horse mackerel 0.100 0.842 1.000 0.002 0.001
Pilchard 0.118 0.019 0.020 0.084 0.069
Sea snail 0.061 1.000 0.211 0.020 0.027
Prawn 0.028 0.147 0.030 0.010 0.015
Cuttle fish 0.006 0.187 0.020 0.005 0.005
Mussel 0.218 0.468 0.104 0.000 0.001

Table 5. The relative and total significance levels of alternatives

Qi Q@ Q(A=05) Rating
Trout 0.335 0.264 0.299 3
Sea bream 0.637 0.445 0.541 1
Sea bass 0.364 0.320 0.342 2
Sprat 0.148 0.008 0.078 8
Atlantic bonito 0.205 0.182 0.194 4
Anchovy 0.240 0.141 0.191 5
Horse mackerel 0.312 0.023 0.168 7
Pilchard 0.063 0.051 0.057 10
Sea snail 0.264 0.078 0171 6
Prawn 0.046 0.026 0.036 11
Cuttle fish 0.047 0.013 0.030 12
Mussel 0.144 0.008 0.076 9
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Table 6. Results of scenario analysis

Scenarios 1 2 3 4 5
Wi 0.135 Wi 0.271 Wi 0.135 Wi 0.135 Wi 0.135
W2 0.220 w2 0.220 w2 0.271 w2 0.220 w2 0.220
w3 0.112 w3 0.112 ws 0.112 ws 0.2711 w3 0.112
Weights
Wi 0.262 Wi 0.262 W 0.262 W 0.262 Wi 0.271
W5 0.271 Ws 0.135 Ws 0.220 Ws 0.112 Ws 0.262
Cj ranking Cj ranking Cj ranking Cj ranking V] ranking
Trout 0.299 3 0.342 3 0.300 3 0.235 4 0.300 3
Sea bream 0.541 1 0.478 1 0.501 1 0.386 1 0.541 1
Sea bass 0.342 2 0.359 2 0.335 2 0.273 2 0.340 2
Sprat 0.078 8 0.102 8 0.079 9 0.163 8 0.078 8
Atlantic bonito 0.194 4 0.188 5 0.206 4 0.195 6 0.194 4
Anchovy 0.191 5 0.271 4 0.185 7 0.175 7 0.191 5
Saurel 0.168 7 0.184 6 0.194 6 0.269 3 0.168 7
Pilchard 0.057 10 0.062 10 0.054 10 0.049 10 0.057 10
Sea snail 0.171 6 0.178 7 0.204 5 0.201 5 0.171 6
Shrimp 0.036 11 0.038 11 0.041 11 0.039 11 0.036 11
Cuttle fish 0.030 12 0.030 12 0.036 12 0.033 12 0.030 12
Mussel 0.076 9 0.096 9 0.090 8 0.089 9 0.076 9
0,600 et TrOUE
/. === Sea Bream
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/ e Sprat
0.400 ==je== Atlantic Bonito
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Figure 3. Scenario analysis

As can be seen from the scenarios, when we change the
weights of the criteria, the order of fishery products does not
change. For all the scenarios, Sea Bream is found as the
most valuable fishery product. And also, cuttle fish is found as
the least valuable fishery product for Turkey.

CONCLUSION

The fisheries and aquaculture industry is one of the
leading industries in Turkey which has a significant

importance in contributing to nutrition and food security, as
well as offering a wide range of employment opportunities and
having a high trade potential. Scientific researches of the last
50 years have much improved the understanding of fisheries
and aquaculture industry, and global awareness for the need
of managing the industry in a sustainable approach. However,
less attention has been given to its important role in foreign
trade which plays as one of the key drivers of economic
activities, in generating regional employment and as a source
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of foreign exchange. In this context, this paper focused on
showing this importance by the help of determining the
products providing the greatest contribution to the foreign
trade of Turkey. Furthermore, Entropy-WASPAS, which is a
hybrid multi-criteria decision-making method was applied to
evaluate the products.

Following the steps of Entropy method, the results in
Table 3 shows that the most important criterion is the export
value (0.271), whereas the least important is import value
(0.112). Then WASPAS method was used for ranking the
alternatives. The results show that sea bream is the most
valuable and cuttle fish is found as the least valuable fishery
product for Turkey. Since fishery products are evaluated in
terms of trade data, products with high import data like cuttle
fish, prawn and pilchard are found to contribute less to the
economy. Besides, since its export value and quantity is high,
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although its production is less, sea bream is considered to be
more valuable for the country's economy than its closest
competitors, Trout and Sea Bass.

Evaluating the stability of the results, scenario analysis
was conducted. According to 5 scenarios, supporting the
paper, sea bream is found as the most valuable and cuttle
Fish is found as the least valuable fishery product for Turkey.
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