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Abstract

Global agricultural trade serves as a vital channel for maintaining national food security and opti-
mizing resource allocation. However, its highly interconnected trade network also harbors the po-
tential for systemic cascade risks. While scholars have extensively explored the vulnerability and
risk propagation within agricultural trade networks, existing research primarily focuses on single-
product trade networks, overlooking the critical dependencies between different agricultural prod-
ucts. This oversight leads to an underestimation of systemic risks. To address this gap, this paper
takes corn and pork—two representative products with an upstream-downstream relationship—
as examples, based on network analysis, a load-capacity-based cascade failure model is established
to simulate and analyze risk propagation across the two-layer trade dependency network under a
corn supply shortage scenario. The findings reveal that: (1) Under different risk levels, the scale of
risk impact exhibits significant heterogeneity among countries, showing an overall stepwise decline,
which reflects variations in national influence. Simultaneously, as the degree of inter-layer depend-
ency increases, risks gradually diffuse to the downstream pork trade network, with cross-layer prop-
agation effects becoming markedly stronger. (2) Risk propagation patterns demonstrate source de-
pendency. When core corn exporters face a supply crisis, they initially trigger large-scale risk diffu-
sion within the corn trade layer, which then rapidly transmits to the pork network. In contrast, for
a few non-core corn exporters, while the initial propagation within the corn layer is limited, it can
ultimately induce significant cross-layer propagation through the amplification effect of intermedi-
ary countries. This research provides a theoretical basis for understanding risk propagation in multi-
layer agricultural trade networks and holds practical significance for building a more resilient global
agricultural trade system.
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Table 2. Statistics of network topology metrics
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Table 3. Risk propagation model parameters and definitions
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Figure 1. Diagram of risk propagation example
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Figure 2. Topological structure of the corn-pork trade dependency network
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Figure 4. Scale of cross-layer risk propagation (with fixed ¢ and simulated r)

4. BRREREAE(EE c, &#Mr)

B B O\ OO
S
IARIREL

(=3
IR

OB OV oo

DOI: 10.12677/ecl.2025.14113521 948

TR R


https://doi.org/10.12677/ecl.2025.14113521

XM, Hehg

TEJZ FKAGFZRE ¢ 9 0.5 HIZAE T, Bl 4 R TIEAF RIS THEE RE r T, BSR4 TR A B G
HUIRE, 76K - J5 RIRUZ 52 5 R 4% 51 e (1 XU I8 B R 2 Jir 75 (R AR BB, B Al b Ay R XU 8
R FE R JE 25 R =+ & E X 150 RS, mEpR, SR HE RS r o 2 i, g7
(UKR). 3 [E(USA)RIFTHR IE(ARG) =/ B K R AE FRAERL LT, TERNE SN h5 R T BENEZE
JRU I B RSS2 e HH 3K 8 ] 5 7 I 4 A A2 Do A, B RO K IAG,  tREEXT A RGP~ A

S B IR E 4, ol KRR AR R 51 A 1 2 U SRS KRS N, I B T N
PRSI 4% [ 52 3800 00022 7 it ) 2 v, DG 2 IR e B RIUBSLA: A LK T PE IR oK 52 5 I 4 L TR
Borip S HARE . EAh, SEOMEAR RS, WIAG R IRLE R U#sE A 57 2 X 2% TR 51 R I 8 2 XU U8 B R

HA ARG HAE TR BE 5 W28 rh 51 R 1 2 P XU 38 S AR s A L« 51 2, RO (DEU) A [ (FRAY)
TERTGE F K GE 5 W 2% Hh 51 R 1) 2 P UG B RASEAR /N, AR B ATT D RIS R T Ui d TR B7 2 X 2% b ) KRS it
BERSALRE. B r QRS WIan RS 51 S KU S BUBOZ TR T Aa e, JF B T AR R 28]
XS5 5| R P RS 8 B B 2 00 o IR RN SIS . o0 )2 R B T B 5 Jy AL (AN [R], 40 4 98
FIX S [ FAE R KT 5 W0 26 Hp (A e, HEIT 5 BCRATIAE QIR S U0 PRI 52 5 I 265 w1 F B L A [
(10 ARSI B KRR, 58 B (USAVE N EE — K AR T, 7558 — 25 I n] DL E B3 M0 2B AR ZE (ARG)
PR HEE.(POL) AN EE K (CAN), 7258 kAN A BAIRME 2 A B LR £ (PRY), 55 =20 vha] DARIE 52 1)
FIEPE(BRA).

Yoy

L=
EARIH
AUH

130 - cin 130 -
& 120 rr w120
% 110 & 110
100 E 100
=90 X 90
& 80 B 80
70 701

N D><1CQD
=3
N

VgL IAZ N7, ENMA <O < >0 <O Z AN N“«Eﬂ<D>m<NDMQD¢<M<mDZ>
QDO < < T (eli=le] < =
PEE e R e e %ﬁésmméé% SERREERI
1% 47 LETA
c=04 c=0.6
114 14 =
nE 12 8
N N
{103 105
18 @ 8 =
16 ° 6
44 4
140 2 140 2
130 - CTN 130 | - CTN
w® 120 PTN = 120 PN
R 110 ¥ 110
100 E 100
=90 =90
X 80 B 80
70 70
60 60 |
50 50 |
40 40 +
30 30
I 1 of Il
1 [0 T T oI I T T
€O AL ZNIZ < DONEN >N DON < A <N N HOJ<CZN D Z X< DNRM> <MDEM<<D ovm
20 <S5 < (S aa o] 20 <S5 ]
e e S e e P e RN e e
EEEA | K 44 F

Figure 5. Scale of cross-layer risk propagation (with fixed r and simulated c)
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