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Table 1 Formulas and meanings of metrics
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Fig.1 Change trend of network density and average

degree of global refined copper trade
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Fig.2 Change trend of average path length and cluster-

ing coefficient of global refined copper trade network
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Fig. 4 Network diagram of global refined copper trade community structure
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Table 5 Ranking of global trade centrality for refined

copper

HEA 2004 4F 2008 4 20124 20164 2020 4F
1 HRH ERA L=t Y| ERE
2 e XKH e HAH] XKH
3 T ElEE EEE £1);:3 GRS
4 Ye | TE] FRH] SR EwN
5 b e W ey | P E| Ry

FH 28 2~4 A HT B R B BRI IE AT H AR S5
[ bR 52 2 0 L g ), B SRR DR A 1 i DA
2004 419 596.12 5 t T B 2 2020 4 19 462.06 ' t,
B AT IHAL ) R R B2, 2008 4F
BRI R B 3k 2 i KA (604.59 77 1) o B
] A5 24 T 3 B NS 38 i, 43RO RS A
HTH FE AR 2 3G B AR Sy 2 Bk a4l 1
RS A 0 DR i e A, B A B B0A
W shy, 95 WML  SHRERM R 5 T H
e mi o HASKS R O e ARG, S B
ERRG R T 37 b i B H 254858 5 2016—2020
AEAR S RS A R AR 12.4% , FEZ 4
F Udokan 58 #7710 2022 4 Ji5 52 [ by il %% 19 52
Mo ) T SR AW s v L SR R OKOR A [ 4 5
Gy B 1B 2 MUASLAS R, o [ 2 5 — ORG A 11
Vo FEDRS 0 32E 11 5 DA 2004 4119 119.06 7 ¢34 0
220204/ 437.11 5 v, v EDRE S ifF 1A S G
ENUE T Rostow £ 553 K B BEHLE 55 Chenery Tl 4k

Wy BEES RS S AE o 78 Tl Ak s JH AR I 28 4544
0] {1 DAt 2 e B ) ok A v, TG S PR AL 338 9
EHTRE IR Ml e A K B AR, T B TR
(NG MR AR T v R AR . SEERE R 4 1
12 M 2004 4F 18 76.24 J7 18 /0 2= 2020 4FAY 60.7 T t,
{HJRAH HF A R 2F 10 &5 e HE R
5 VRS R A 2E 11 A7 L AR A, R RS R R o
KHE,

I 3% 5 AT, B OROR S5 [ R0 B BE (94 4 B
Gy A vhu BEHE AL FE R, v A R R A
B oy W ASr ANFRE , 2012 4F i 2 KR A A 4R
R, 36 [ LB BE AN [ Mo 7 T 4n BT 45 A 2 59/
THFURRPE AT LA S H A v B e i 1 52 ] i
il G5 B2 T s A ok K s LB ) b o o AR RN R R
I 32 B4 R R A BE ) AR ALt . 55 AR
HH i AR P R SR, i B R W5 ask A 11
B oy AT X I i e

(2) K& ¥4 B2 By [ 2 e 7 43 B

S A B TP OC PR ATREAE 1) o O R A 2
28 B vb FH R A 6 I 5K A 5 oy T 45 v 18 52 0] ) 1)
DA IR AR (TR 45 ,2023) o A SCHSHHS 1 4
B o B, et A by B R 0 R L P HEA
it (3R 6) A5 &y [ G HRRAE 1) 2t O P HE 22 2508
(7)o TERE IR 52 ) ik, — 26 [ 5% (R HAf 1 ¢
JRE R RS R = i O R DL R R T Y Y
sem T BAACERYE , e ek 6 AR 7 v iy 104>
IR E FAE R T4 .

x6 EHBEHARAZERIFREROERR

Table 6 Ranking of global trade countries by closeness centrality
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Table 7 Ranking of global trade countries by eigenvector centrality

O A B el K WORANE xR HIES L WP B
2004 51 67 1 3 17 31 132 150 27 18
2008 73 61 2 5 18 32 112 171 37 22
2012 65 61 1 5 16 29 102 74 24 17
2016 55 69 1 3 19 22 101 159 35 23
2020 68 70 1 4 18 25 90 166 30 29
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Table 8 Regression results of FE, RE effects
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Table 9 China’s refined copper trade potential with
major trading partners in 2023
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Evolution of Global Trade Patterns of Refined Copper and Analysis of China’s
Role Based on Complex Networks and Improved Gravity Model

XU Shuitai"?, LIU Meiling"?, ZHU Wenxing"*

1. Economic Management College, Jiangxi University of Science and Technology, Ganzhou 341000, Jiangxi,
China;

2. Non—ferrous Metal Industry Development Research Institute, Jiangxi University of Science and Technology,
Ganzhou 341000, Jiangxi, China

Abstract: Utilizing the global refined copper trade volume data spanning from 2004 to 2023, we employ
complex network analysis to construct both random and weighted networks, thereby examining the global
refined copper trade patterns from three perspectives: the overall trade structure, trade associations, and the roles
of major trading nations. Additionally, we apply an enhanced gravitational model to assess the potential of
China’ s refined copper trade with its top 10 trading partners. The findings reveal that: (1)The global refined
copper trade exhibits characteristics of a small-world network, characterized by a multi-core trade association
structure, evolving from an initial dominance by European and American countries to later incorporating nations
from Asia, Africa, and the Middle East. (2)China and the United States emerge as principal importers of refined
copper, while Chile, Peru, Japan, and Australia serve as major exporters. The United States and India function as
pivotal intermediaries in the refined copper trade, with Germany and Italy acting as central hubs. (3)Among the
top 10 trading partners, Chile and Australia present potential, for restructuring, whereas South Korea, the United
States, and Zambia, exhibit significant potential. Additionally, Japan, the Philippines, Kazakhstan, Peru and
Poland are potential pioneering. The study provides some policy recommendations for the development of
international refined copper trade and China’s import of refined copper.

Key words: complex networks; trade associations; trade patterns; improved gravity model; refined copper
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