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Spatial Pattern Evolution of Global Grain Trade Network Since the 21st Century

NIE Changle, JIANG Haining, DUAN Jian
(School of Geography and Environmental Sciences , Zhejiang Normal University , Jinhua 321004, Zhejiang , China )

Abstract: Grain security and international grain trade are important issues in the world. However, there are still limited
studies on this issue. Based on the grain trade relationship data of 231 countries and regions from 2000 to 2018,this paper
analyzes the evolution law and formation mechanism of the global grain trade network by the means of the network
density,average distance,clustering coefficient and other complex network indicators. The results show that: 1) The global
grain trade network is gradually becoming more complex, the network development degree is gradually increasing,and
the global grain trade pattern is heavy. The global grain trade group is always in the dynamic evolution of continuous
differentiation and integration. 2) From 2000 to 2018,the global grain trade pattern has been reshaped,the status of Central
Asia and Southeast Asia in the global grain trade network is gradually increasing, while that of Europe is declining. 3)
France,the United States,Canada,Netherlands,South Africa and the United Kingdom are the most important core countries
in the global grain trade network, while China has a low influence in it. Finally, this article analyzes its evolution
mechanism from the aspects of nature,economy,politics,policy and culture.
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Tab.1 The meaning and formula of main index of complex network
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index from 2000 to 2018
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Fig.2 Changes in the number of countries and regions
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Fig.4 Changes in average clustering coefficient and
average path length of the global food trade network
from 2000 to 2018
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Tab.2 Power function fitting of node degree distribution

AEy WE I R P

2000 2300. 171108 0.7037 0.001
2006 22601066 0.6747 0.001
2012 3227571113 0.6375 0.001
2018 7254.6x713% 0.6256 0.001

23 EHRRBRABMEZOERSHT

LB TR A6 Jm A AR R o AR RS W AR
SRR 5 5 N 4% P M L T T R )
RS IS —E R I S W T 45 R 75 2 Bk
152 5 i B HUE % EE 2000 F12018 4F A
A 1047 B K HEA , 6 R E B A g BTAR
& P E 6 AN B ZOM AU SR AT 10, b g
TSR Je thE B 07, 2018 4F =ik 2 175, 2 A HoAth [
K e RIS R i KA E R S E . 201844
BRI SR 46 Jm B A T B AR ]
AR PUA R OR] 4 AU HE 4 T R R A



F7H

SRR T B 21 TS IR BN R 51 5 W 45 5 (R A R A 123

10, BRI 52 5y o Ar B R B, BT AR =2 A 2 0
Byoi R HR, AR NOR R RS AR BRI R )
HH ) L WA (6 3) o

TIASC 4 8 R IIASCA B Fz Bl 6] 5% 0 DX A 4 Bk
WE RS O MR R E | 157
TR HE B HE 44 115 10 47 [ A e, 6 &
KPR AE VR AR RN | B 5
HI 10, 2B E R O KB X EE 5, 1t
A, 2018 AFAR B T | 1 T 24 R L P A TG I
T, BRJE SR 10, JCHAR S HrFn £ 5 22 A B
HE4% 43 590 J e LA 2 6 AN 347, BBEEE 2 5 .
MIMACA B K, thE S HE 44 1T 10 07 1 Bl K 24
FhH A SR e R R RAAE, 2018 4R
TN BEHE2 A2 00, BLAh, PEEF RS for 2%
TIAUAJE o g B 10, U T B BA Vb T
171 L PE R R B A ) o7 (2 3) 6

FZ30 O PR A S R [ 5 A ] 5% 57 ) Bk
FIE B A, LA R, SR E A B R 5 )
2 v H A I G800 R B BT 5 [, 4230 PO PR R
BT G e S MR B R 2 s B RE o MR
PR HERE R B (2 4) , 2000 4EHEA T 10 B9 E 5K

N E Y BN E S E W TN S NN RS
[ g 22 PHPEA FefE | BHb A BRI PG, 2018 4F R
B4 ) B R AR B LA, LA HE 44 10 10 07 1 B 5K
52000 475 B3 iR L B E SR
T B R BRI HES R B 2/3 I EI S B A
Bl BE T 10 B E R, SO A RO £ 5 B I 2%
PR TR S0 7 R S

Hi PR AR R S BRI 52 5 W 4% rp 4L
A B GA T A [ o ) 5 J 57 2 1k R I A T L 481
SRS S5O B U A Sl AR B (AR DU
R s 2, RS . A A o B B R HE T B
(#£4),2000—2018 4F-3 F G &K =2
Ak T A PO PERR R B RT 10, X e E R A4
BRI 5 5 45 Hh (AL FAX L A7, 2 A BRAR 57
Gy RO E R o R PP IR g A
HUOPEHER TR SRR | A B R0 EE R A
OMREE T, HEA EA AT 10, #F—25%T e
WEZER A M AR HES B
BAB AN, HEART 100 EE EREILT
7, X RV E R 5 X &R b 4 il R ) 4R
FRET I 45 B 2 ] A A P e 5 vk

&3 20005 2018 F ANALE ANAL H AN EEHER BT 10 GZHYE 3K
Tab.3 Top 10 countries in terms of weighted degree , weighted—out degree and weighted—in degree in 2000 and 2018

2000 2018
Ex AL ExR AR ER BURE EP AL ExR A ER HIRUE
ESE 1073 HA 374 EH 993 ESE| 2175 i 609 BSE 1905
[ 426 P 151 #%H 387 e 916 HA 604 X 883
HA 378 #hlH 151 gk 339 JIIEFN 782 HPYH 496 g 695
JIE-YN 367 R 150 BRI 262 e 714 HBK 456 JIE-YN 689
1N 265 VBEERTRIA 132 BlRAE 239 e e 691 EJFEFJEPE 380 P 4E 682
Gl 247 HBRK 125 Ll 173 FAJ AR AE 686 PHILT 371 5 595
FTHRAZ 241 FEKHF| 124 fHEE 164 G| 684  Hfi[E 349 eI 513
| 226 LY 124 Z&[H 144 H A 608 g 338 TAF I 483
HPgHf 161 Bl /R I 107 EPRE 81 Z2[H 593 FKH] 338 E1)53 460
B 159  ERE)E U 98  HilH 79 R 572 fa>= 333 i) 336
Fz4 200052018 EFIE PO ES RN RO HEHERET 10 L E K
Tab.4 Top 10 countries of closeness centrality and betweenness centrality in 2000 and 2018
2000 2018
B oSl N s 5P rhA FEP3 oSl AW d o 5P s

%E 0.562 bR 0.093 E 0.643 E 0.056
JIE-YN 0.546 eS| 0.085 JIEEYN 0.620 B 0.045
7] 0.543 N 0.072 it ] 0.613 JIEwN 0.037
B 0.541 i [] 0.048 faf 2% 0.613 3E[S 0.030

faf 24 0.533 faf 2% 0.045 i iIlin) 0.599 ol 0.028
PUHE 0.520 ol 0.035 S| 0.597 e[ 0.025

W [ 0.516 YL 0.035 B[] 0.597 iy 0.024
FEH 0.513 ES 0.028 mkE 0.590 LE AR 0.020
ERA 0.510 /Bl 0.026 BRA 0.582 fap 2% 0.020

BT I Y 0.509 BT EC P 0.022 FrT 16 P 0.582 EppE 0.018




124 % o

b H 41

w4 BRORL D 57 5 W0 45 rh R s i A B
AT T 5k A — 5 228 . 2018 45 H = finAX
ABEL R R0 (23) , 2B B B 285 48k
T R AR B E 1 [ AE v ] 30 o R R A v
DR EERIHEZ A S . B 6 7w, 2000—2018 4F
Hh B2 RO PR SRR, e HE 44 SR 2003 AR
5521 7, e A HE 44 R 2012 4E 19 55 63 i, 2000—
2018 4P H [ Ay AR HE A SIS TR
I fICHES R 2018 AR5 18 v/, s i HE44 o 2007 4F:
P55 . X BEUEEH B & 52 5 h i sz AR
o, U HE P EAR R 115 5 R R T K
PR, (RIS, S e e (] AR R A RO B B K Y
PECTE (R sh A 45 ) S AR — K
FRAT A 11 [ A b S ASDC J 328 171752 e EL A e R
mi LTS TERL

—o— ik
60 F ==Ltk

20
q
10
0 .

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
Ay
El6 2000—2018 £ E A O S dr Al i
SRHEZ T

Fig.6 Global ranking change of china's closeness
centrality and betweenness centrality from 2000 to 2018

24 ERIRA RS ML AR BN

5T 200020062012 ,2018 4F 4 /> i 8] £ 1 1)
MR 52 5 6 28008 , TR S ERR  52 5 I 4 4L 141 43
Ak Joy B AL . Bk E , BRI H 54
FERR T 1A, 25 AL R R W L 5505
LA A ALARIE (B 7) 6

OWFRAH A . EELAZE FEE PP A
F B Aar 2% 6 A E N 1) R0 28 2544
UG 5 F BT LRI B SRR . 2000 4F1%
ZH AR I AR LS9 Y 41 4 [ R X, 52
SyIIRIK 91.9242.355T , 2006 4F-2H A 2 845/ )8
KO FE AR BE 1 T 515 5 2012—2018 441 ATHL
BORWIY K, 2018 4F R A B 5 K, BUA AR K
ML, ¥6 K i e B 3 &8 524, el e 2L

2, B 5 A 3 22423 /255 C

QACELH A, ABREE AL, 26 E2H B A
I KA A FH M. 2000—2012 4F b &4 X 43
BIEEELLASE IR O O TS Al Sz AL AT LS R
A B WA, 2018 A A AL 4l A . x4l
VA ER SR RIS, ¥ B g AL S U B 21 4~ 1 50
HLIX, 572 5 FIAR A 196.37 1235 70, A HATS A 5% 0>
W26 254, LA B 46 X6 A0, IR i A HG &
KRV AR

GZRBRALA . R LIRS W Bl | 15
2 R AU B 2% R AR R SRR
ENRE TR VO 55 [ %4 P 57 ) A 4 R de e,
(EEENE R S Py s R e S N 3R S PO S S DA
2000 4% 2 A AL HG 20 4~ FE R FTHLIX, 57 5 FAs
H14.36 403570, B /N 2018 AR 21 A1 32 ) WSS
ik 186.76 /23270, [ ZFih X B 52 37 4>, £ &
A5 AR R R R & AMA A HE T LA ZR e
EPS

@A, EEALFERE LN E R FHLX
EIDIBTARAE | A GRS WA O 1 2 A% 0 N 45 25
P R AR K PSR %A 5
PR AN R T AR R 4L AT, 2000 4122 20 A AR 4
IN ALALEE 11 AN R A X, 57 5 AR 2 34.13 42
FT0, M 2018 1% 2H A1 [ Z A dth X B 1 22 21 4,
o YRR 167.5242.38 78, AHEL T 2000 4,
2018 4 1 32 4L BN sk T 5 25 A AR e I 1) 572
HKAR o

OFRM WAL, FEHLIHE RKA. 2
SR B A% O R SE R UG 5 R ]
ENEEJRVE I JEE R M IES . 2000—2018 47141
VA3 11 ) SRR 1 DX 5 sz, (52 5 R
K . 2000 4F i 4 AT ELEE 59 1 E AL IX, B
5y MBIK 59.52 42,55 7C , 2018 % 4H A 52 &) A 1 &
135.83 423570, [l S 1 Ml [X B3 ik /b oA 39 4, BN
JE VGV, > 74 745 [ 58 5 HoAth ] 58 52 5 Bk R
55, BN Z AL A g A

Br T DL B S AR AR 51 5 41 1A, 2000—
2018 473 [A] Bk B 52 ) AL A e sh A AR b v id 4y
PR T /N A . 12006 4, J5A ) LA K 4L
VA H B 01k, 4 AT D BB 235 F e T P I, 7F M B 25 (]
S/ VN GO BN B Y o I M N A e N i
LB T IL TR A, A E A B R A A L H A
1A | L T 4 A 25 A A S L5 R S L A A s
TE 1A% V2 AL, BTAR AE 43 HOR ER R 2 4] 5 2018 4R 1



o7 TR, T B i 21 IR LIS A BRME 51 5 R 4% 23 (a4 SRy AL 125
a.20004F - b.20064F
iT S\ LS
' 1.5 41F
-— -
ek . o AL
- A - A
- - AL
- 0L - . - A
- R e, — < - 7141 ) )
i 7 S e Ui = s
— - e HAH - =
20124F d.20184F -
c - Pt
51 53 4L =
i T IIRA Y .
— ﬁﬁ@ - A ’:~ '
: L B ihe ) 3 ¢
| ISR WAL
AL

[ 3 [ AL
| R ENEI]
L RN
. AR

[ f%,’?‘

- s
2 e B
< - =

TEET F AR BT IR bl P51 1 55 I il o 1815y GS(2016) 1665 S AREMLIE AE , JIE IR R B

[ R
L A
A A

7 2000—2018 FEFRIRT R 5 W 4% HE = EEHEL
Fig.7 Spatial pattern evolution of global food trade network clusters from 2000 to 2018
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