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Fig. 2 Trade flows and intensities of the top 30 countries according to node strength in 1995 and 2020
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Fig. 3 The spatio-temporal evolution of cohesive subgroups in international soybean trade network
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Table 3 Basic information of explanatory variables
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Tl &K il e FAHHRF + SR T A P
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AlktE BEEINER MR (DIST) EREHEEEREEE 2 EEM - CEPIL A
HIERZE WTOABIE (WTO) 5 WTO i b AHAE + WTO B
LERALIE% (KOF) KOF 2 ER1b 551 EAEHF + KOFHi L& F 2B M

BlabH |, R R R SR AR Y H AT KOF BRI S BOmiZesidn H 52 20194,
PRI AR SCHT 2019 AF i 50 46 2020 SR8 4T QAP 73 Ao AL, RS s AR 7R R -0y
A E R EHRER G, RFZ EAR AR B fOR s R B, e X 2R
AR SR E R RIS O, DB AR B T N BRI AR AR R, OMTHBR A
M, A Ucinet 6 232 S AR 1 A0 D R X5 A Ao A8 o 2 (5 N B A T AL A B
3.3 QAP [EIFNHT

QAP [FIIHE R R (K4, 3R5), HBEE4 P FFIRE B PR Z &5 [ PRk 2 57 ) X 45 16
A% IR S g, TR R 2 TN BE R X3 5 45T — e s, AEVE FHAR B w55 . X L
T4, K5, KRR RAETORUR 2 W25 b A5G R BUE B HEACE T IneLE ) W
%, TERTRGXAZNEISLT A BN, AR B X TR 5 R A6
WA 1A S M 25N 1o SRR B et B L . AR AT an

x4 TWNAZMEQAPEIIFLER
Table 4 QAP regression results of unauthorized trade network
At 1995 4F: 2000 4F: 2005 4F: 20104F: 20154 20204F
GDP  0.0311°(0.079)  0.06697°(0.000)  0.04247°(0.014)  0.0103°(0.070) ~ 0.0536"7°(0.000)  0.03867(0.023)
POP 0.0046(0.213)  0.03487(0.033)  0.0731°7(0.001)  0.04477°(0.003)  0.055877(0.000)  0.02877(0.013)
AREA  0.11037(0.013)  0.10807°(0.000) ~ 0.072277°(0.005)  0.11357°(0.000)  0.105577°(0.000)  0.03577(0.034)
MFG  0.03687(0.017)  0.1354°(0.000)  0.11027"(0.000)  0.12007°(0.000) 0.1018°(0.000)  0.100177(0.000)
DIST —0.228177(0.000) —0.19647(0.000) —0.16197°(0.000) —-0.16187(0.000) —0.17317°(0.000) —0.2063"7(0.000)
WTO  0.11517°(0.000)  0.123877(0.000)  0.0886™7°(0.002) 0.07557°(0.010)  0.0649(0.130) 0.06597(0.017)
KOF  -0.0087(0.275)  0.0016(0.456)  0.01667(0.049)  0.0436"7(0.000)  0.01777(0.017) 0.02897(0.011)
R 0.137 0.080 0.132 0.121 0.115 0.154

Adj-R 0.136 0.080 0.132 0.121 0.115 0.153

T BUEAPREAL A R A, 355 B Bk L
F; WEIUIN0, T

LTI ARTE0.D, 0.05, 0.01 ISR |
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Table 5 QAP regression results of weighted trade network
At 1995 4F: 2000 4f: 2005 4F: 20104F 2015 4% 20204F
GDP -0.0012(0.636)  0.00377°(0.033)  0.01617°(0.033)  0.00257°(0.013)  0.00197°(0.037) —0.00397(0.035)
POP 0.0016(0.156) 0.0111°(0.051)  0.00947°(0.043)  0.00517°(0.046)  —0.0004(0.472) -0.0017(0.072)
AREA  0.16677°(0.001)  0.154077°(0.001)  0.10967°(0.003)  0.1546™°(0.000) 0.14747°(0.000)  0.0069'(0.056)
MFG -0.0004(0.558)  0.05587(0.016)  0.0054(0.117) 0.0041°(0.085)  0.0032°(0.073)  0.01897(0.014)
DIST 0.0231°(0.079) 0.0040(0.344)  0.01897(0.057)  0.01787(0.047)  0.01557(0.045)  0.01567(0.049)
WTO 0.0256°(0.091) 0.0143(0.291) 0.0088(0.366) 0.0064(0.341) 0.0040(0.508) 0.0028(0.694)
KOF -0.0028(0.357)  0.01257(0.089)  0.01467°(0.032)  0.0039°(0.051)  0.00447(0.041)  0.0080°(0.059)
R 0.014 0.007 0.012 0.012 0.010 0.016
Adj-R* 0.014 0.007 0.012 0.011 0.010 0.015
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Fig. 4 Relationship between soybean expansion area and forest loss area in some soybean trading countries from 1995 to 2020
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Spatio-temporal evolution and influencing factors of international
soybean trade network from a telecoupling perspective
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Abstract: Based on the international soybean trade relationship matrix for six time sections
from 1995 to 2020, this paper identified the telecoupling system of soybean trade and the
direction and the intensity of trade flow with the help of social network analysis from the
perspective of telecoupling, and analyzed the spatio- temporal evolution characteristics and
influencing factors of the international soybean trade network. The results show that: (1) The
international soybean trade is becoming more and more widely linked by telecoupling, but the
whole is in a weakly connected state. And the network cohesiveness and connectivity are
increasing with certain characteristics of a small-world structure. (2) Soybean sending systems
are concentrated in a few American countries, soybean receiving systems are numerous and
mainly distributed in the Eastern Hemisphere, and developing countries such as India and
South Africa have prominent spillover effects as trade intermediary points. With China, Brazil
and the United States as the absolute core, the international soybean trade network shows an
obvious polarized structure. (3) The cohesive subgroups of the soybean trade network show a
spatial evolution of structure from a fragmented collection of small areas to a geopolitical
agglomeration of large areas. (4) Geographical distance, manufacturing development level and
soybean production area are the core driving factors of soybean trade network evolution.
Soybean production area has a significant positive effect on trade volume, and geographical
distance has a significant negative effect on trade relationship. However, in the weighted
network, the influence of geographical distance is positive, which means that the coupling
effect between long-distance systems with complementarity is stronger. (5) There is a positive
relationship between soybean expansion area and forest loss area in some trading countries,
especially in South American exporters such as Brazil, Paraguay and Bolivia. Soybean trade
transfers the pressure of resources and environment from many importers in Asia and Europe to
a few exporters in South America.

Keywords: telecoupling; soybean trade network; social network analysis; system; trade flows;

spatio-temporal evolution; influencing factors



