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Tab.1 Commodity codes for tuna in the
UN Comtrade database

It Code

412 Classification

VINIES 030231,030232,030233,030234,
Fresh or chilled 030235,030236,030239
WU T2 030341,030342,030343,030344,

Frozen and processed  030345,030346,030349,030487, 160414
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Fig. 1 Density and connection of global fresh or chilled tuna trade network from 2002 to 2020
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fresh or chilled tuna, and the line indicates the trade links.
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Fig.2 Node degree and trade linkages of the global fresh or chilled tuna trade network from 2002 to 2020
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Tab.2 The top 5 countries (regions) in the betweenness centrality of the fresh or chilled tuna trade network
2002 2008 2014 2020
4 S i Al Sl Al
- 5 M S APOL AUYE3 5 MK G EE 5L AL 5 MK AL
) . Betweenness . Betweenness . Betweenness . Betweenness
Country/Region . Country/Region . Country/Region . Country/Region .
centrality centrality centrality centrality
1 SEIE USA 62.5 5[ USA 61.2 S [E USA 60.5 5[ USA 39.6
2 H 2% Japan 39.2 H 2% Japan 24.4 H 7% Japan 26.1 PEPET Spain 37.2
3 E1J2 Indonesia 24.8 JE K Canada 24.0 5[ France 22.8 H < Japan 27.4
. . FATIPS United fif 24
f) = |
4 PYHES Spain 18.8 FRA Taly 20.4 Arab Emirates 21.1 Netherlands 22.1
5 JingE K Canada 18.3 15[ France 19.4 PYHE 4 Spain 17.5 £ H France 21.3
R3 KESREAZNENBEHZASHER(HX)
Tab.3 The top 5 countries (regions) in the node in—strength ranking of fresh or chilled
tuna trade network e
H 2002 2008 2014 2020
Runking  WFMK  ABE  EEMK AR HRMX AR FRMLK AR
Country/Region In-strength ~ Country/Region In—strength ~ Country/Region In-strength ~ Country/Region  In—strength
1 H 7K Japan 6.1 H 7% Japan 7.9 H 7K Japan 3.9 H 7K Japan 33
2 FE[E USA 2.1 FE[E USA 2.6 J2[E USA 2.8 & E USA 23
3 PEBE A Spain 0.7 PEHEZF Spain 0.5 EfJE Indonesia 0.9 PEHE S Spain 0.4
4 15[ France 0.3 7% [# France 0.5 PG PE Spain 0.6 B Ttaly 0.4
5 ! Guam 0.2 BRH Traly 0.3 75 [# France 0.5 75 [#] France 0.3
®4 KHERERZNELBEHZASHER(HX)
Tab.4 The top 5 countries (regions) in the node out—strength ranking of fresh or chilled
tuna trade network fe37t
e 2002 2008 2014 2020
Ranking  HEAEIX MEE EEALK R FR/M X MEE O EEMX N
Country/Region  Out-strength Country/Region Out-strength Country/Region  Out-strength Country/Region Out-strength
5] 5 VS Taiws
1 E[lJE Indonesia 1.3 ElJ¢ Indonesia 1.6 i I_'C{;]%t Taiwan, 1.8 PHHEF Spain 1.1
ma
2 PEHEF Spain 1.3 PEHE S Spain 1.3 E[JJE Indonesia 1.0 +HIH Tiirkiye 0.7
3 A FII Australia 0.8 + B H: Tiirkiye 1.1 VGHEZF Spain 1.0 H VY Mexico 0.7
4 R Vietnam 0.4 L H At Malta 0.7 7 B 22K Sri Lanka 0.7 I, HAth Malta 0.5
] £ 5 T I s g
s TEAME Tavan, 0.4 e Wi Tunisia 0.6 D/RIK Maldives 0.6 HB=F 0.4
China Sri Lanka
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The width of each band represents the trade volume, the label is the abbreviation of each country (regions) , and different colors represent

different countries (regions) trading fresh or chilled tuna.
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Fig.3 Main trade flow of global fresh or chilled tuna from 2002 to 2020
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Fig.4 Density and connection of global frozen and processed tuna trade network from 2002 to 2020
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The base map number is GS (2016) 1663 ; The size of the dots indicates the node degree of a particular country (region)in the trade network of

frozen and processed tuna, and the line indicates the trade links.
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Fig.5 Node degree and trade linkages of the global frozen and processed tuna trade network from 2002 to 2020

RS REMISRERAZME PN PO EHRRSHESR(HEX)

Tab.5 The top 5 countries (regions) in the betweenness centrality of the frozen and processed tuna trade network

2002 2008 2014 2020
HE# A K g S b S b
AN P AL E ERAX A 5 MK A B 5 MK SRV 2
8 . Betweenness  Country/ Betweenness . Betweenness . Betweenness
Country/Region . . . Country/Region . Country/Region .
centrality Region centrality centrality centrality
Z% [# Thailand 69.3 . 61.7 Z&[H Thailand 111.6 Z&[H Thailand 543
Thailand
2 PYPEF Spain 49.7 2£[H USA 32.4 PYPEA Spain 37.7 PYHEF Spain 39.4
3 £ USA 448 Efﬁﬂ: 304 | Republic of 181 & 5] Republic of a1
Spain Korea Korea
- BHRH
4 BORH] Taly 27.3 ‘“Ifl* ] 23.8 JEJRZ /R Ecuador 16.4 [ USA 21.7
y
4 . BT I P BB P
5 JEE UK 253 T France 233 United Arab Emirates 160 United Arab Emirates 170
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Tab. 6 The top 5 countries (regions) in the node in—strength ranking of frozen and processed

tuna trade network e
HE, 2002 2008 2014 2020
Ranking  FFALK  ABUE  ERARKX A ERMK  ABE  ERMK AR
Country/Region  In-strength  Country/Region In-strength  Country/Region In—strength ~ Country/Region  In—strength
1 H 7% Japan 13.6 Z& [ Thailand 14.4 H 7% Japan 12.7 Z& [ Thailand 15.3
2 F [ USA 6.8 H 4% Japan 14.2 Z& [ Thailand 12.3 F[H USA 14.5
3 Z&[H Thailand 4.5 F [ USA 10.5 PYPES Spain 9.1 H 2 Japan 13.2
4 B Ttaly 3.6 B Ttaly 8.3 2 [H USA 8.7 PYHESF Spain 9.8
5 e UK 3.2 VUYL Spain 7.7 Y UK 8.1 FRA] Ttaly 5.8
RT REMISELEBAZMEHBEHZITSWER(MHIX)
Tab.7 The top 5 countries (regions) in the node out—strength ranking of frozen and processed
tuna trade network f¢3£5t
2002 2008 2014 2020
HE4
Ranking  MFMK T HEALK B M EEALK
Country/Region Out-strength ~ Country/Region  Out-strength ~ Country/Region  Out=strength Country/Region Out-strength
1 Z%[E Thailand 7.8 #%[E Thailand 21.2 #%[E Thailand 24.8 Z%[# Thailand 24.7
,  bEam by s . .
. - . EJRZ /R Ecuador 10.8 FEHE S Spain 11.9 PEHE S Spain 11.5
Taiwan, China
GMEPNGT
3 PYBEF Spain 3.6 PYHESF Spain 9.3 JEJKZ IR Ecuador 11.1 Chinese 1.2
mainland
Lyt s
4 JEJRZ/KEcuador 3.4 TEAE 85 9% /KSeychelles 100 JERZIR 1.0
Taiwan, China Ecuador
. PANNIIN PAY:
5 WERepublicol 0 e bipines 5.6 HEAD 7.5 PHEAD 8.3

Korea

Taiwan, China Taiwan, China

2002 AF- ¥4 R JIN T 4 4 £ 118 5 K 572 B i [l S
M E S 2 H A (K 6) . 2008.,2014 Fl
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The width of each band represents the trade volume, the label is the abbreviation of each country (region) , and different colors represent

different countries (regions) trading frozen and processed tuna.

El6 2002—2020FE£BKAEMIEREFTERZRE
Fig. 6 Main trade flow of frozen and processed tuna in the world from 2002 to 2020

R8 HEELHKEREREFHMEHIT SFHE

Tab.8 Node characteristics of China in global tuna trading network

i ety e #s TR e i Owstengthy ABRIE In-strengtly
Type Year Degree Ranking centrality Ranking VE VeSS
2002 19 26 37.2 57 311 394.7
Uk 2008 22 29 209.5 27 25.8 402.0
Fresh or chilled 2014 30 21 695.6 19 266.2 1970.0
2020 22 29 13317 8 143.0 1226.4
2002 50 25 374.7 27 94838 889.0
AT 2008 109 10 683.4 20 33763.2 5583.2
Frozen and processed 2014 86 15 303.2 34 34297.2 4948.7
2020 157 4 1499.6 7 112373.6 12992.4

2.3.2 HTEEHBEOTNGHESRARESES CR10(Concentration rate ) #1:F 80% . & HHHf v} [
Bl S5IA RO AR T, 15 % BALDWIN?Y
o E e 0 T S A b B R L 2020 4F Y 2 N 845 T 3 1 HML, 453 v [ 446 0 1

http://www.shhydxxb.com



250 SR C S N S SO 33 %

X H bR S RO R EE (R 9) .
2002—2020 4, BRFR 4 5 (ML X)) Ak, v [ 4
£ T O3 MR A EL SR 2 R it
B U A 3R B 1 T 3 B A T AR
(#£9), 2002.2008 K 2020 4F , Z= [ 2 [ 4 k1
RIS AT, 0] o [ AR R AR

BILU AR 42.5% {A A Hh [l Al 28 1 4
i S TR 28 LU 6.9% . 3l 20 42K,
H ] G £ 7 L VBRI o, H 1 S P
BT AN T =0, — 28 bR 1 52 5 Ak X
o [ S £0 RS BE AT AL TR KT, v ] i s
VAR EAC 15 Ty BAFAT A BRI a5 1)

®9 PEeRBFEHAOTSHAHMIEHE

Tab.9 HMI and ranking of China’s main tuna export markets

A 2002 2008 2014 2020
R?ﬁfng FKIMIX EfiE FE| 5/ M X i Il 5% /41X ik el 5 /41X ik
Country/Region Index  Country/Region  Index Country/Region Index  Country/Region  Index
1 2% [E Thailand 0.479 2% [ Thailand 0.388 Hrondk Singapore 0.236 7% [# Thailand 0.325
2 BP0 2% New Zealand  0.168 H 7K Japan 0.127 Hon:?(lffii%hina 0.169 VAL Spain 0.106
3 T3 P4 V. Malaysia 0.093 EARA Taly 0.106 H 7K Japan 0.173 #FG Vietnam  0.066
4 By Singapore 0.065 LAG1) Israel 0.067 %% [ Thailand 0.161 H 7K Japan 0.056
5 FE USA 0.050 FEE USA 0.047 R PY I Malaysia 0.059 AEPUE Mexico  0.040

3 iS5 ER

3.1 g

AR SONG 4 M 7 2 40 A K B S RN VA
PRI T2 38 T 2% 28 43 BT J7 3k 43 531 I 7 2%
77 ) A EK BR 5 IO 2% R AR REAE AT RURRAE , O
ik M0 B8 e (] 4 e £ 1 11 Vi A1 1l 3 A AR 5t
TR, b B A LR 458

(1) 4Bk 4 AR 10 57 5y ) 245 5 1A % 1 /N 3
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T 22 1 57 5 R R MRt ) “ B 2 A P BE P IR
Zo
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Analysis of the global tuna trade network and the change of China’s tuna
trade pattern

SONG Mengge', ZHANG Junbo', YANG Chenxing’, LYU Zehua'?, WU Feng', ZHU Jiangfeng '

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. College of Economics and
Management, Shanghat Ocean University, Shanghai 201306, China; 3. Zhoushan Branch of National Engineering Research
Center for Oceanic Fisheries , Zhoushan 316014, Zhejiang , China)

Abstract: With the changes in tuna supply and demand pattern, trade policy, resource endowment and other
factors in the world, the tuna trade relationship is undergoing a period of diversification. Understanding the
characteristics of the global tuna trade network and the changes in China’s tuna trade pattern is important for
China to optimize its tuna trade policies. In this study, the trade networks of fresh or chilled and elaborate
tuna are researched using the complex network analysis method. Changes in the global tuna trade network
pattern and the characteristics of China’ s tuna trade network are investigated. In addition, the Hubness
measures index (HMI) is employed to measure the degree of China’s reliance on its principal tuna export
trading markets. Results are as follows: (1) From 2002 to 2020, the global fresh or chilled tuna trade
network density increased from 0. 027 to 0. 030. The United States, Japan, and Spain had comparatively
high betweenness centrality, whereas China’ s node degree, betweenness centrality, and strength were all
small. (2) The network density of elaborate tuna trade increased from 0.049 to 0.063. Thailand’ s
betweenness centrality ranked first in the world. China’s node degree, betweenness centrality and strength
all increased significantly, but its betweenness centrality ranked relatively low. (3) With the exception of a
few countries (regions), the HMI of China’s primary tuna export markets are all low and generally declining.
Thailand is China’ s greatest export market for tuna, but the average proportion of Chinese-origin tuna in
Thailand s total tuna imports is only 6. 9%. Conclusions are as follows: (1) The density of world tuna trade
network is low with an overall rising trend. In trading network for fresh or chilled tuna, the United States,
Japan and a few European countries maintain prominent positions and exert considerable influence over the
industry. In the elaborate tuna trade network, Thailand is the most influential country; (2) The pattern of
China’ s tuna trade network has changed significantly, and its status is progressively rising; however, its
overall influence does not correspond to the ranking of trade scale; (3) China still has great potential for trade
collaboration with major tuna import markets.

Key words: tuna; trade pattern; trade network ; complex network analysis; Hubness measures index
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