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Spatio—temporal coupling of agricultural water poverty and grain production vulnerability in the main grain—
producing areas in China

LI Changsong', ZHOU Xia', ZHOU Yuxi*

(1.College of Economics and Management, Shandong Agricultural University, Tai’ an 271018, China; 2.College of Public Administration,
Shandong Agricultural University, Tai’an 271018, China)

Abstract: To clarify the coordination and adaptation relationship between agricultural water resources and grain production in the main
grain—producing areas in China and to promote the coordinated development of the two and thus enhance the resilience of grain production,
we constructed an evaluation index system of agricultural water poverty and food production vulnerability in this study. We used subjective
and objective weighting methods, coupling coordination degree model, global Moran’ s index, and Gini coefficient to analyze the
characteristics of the spatio—temporal evolution of agricultural water poverty and food production vulnerability and their coupling and
coordination relationship in the main food—producing areas. The results showed that: from 2006 to 2019 the agricultural water poverty
decreased by 30.45%, with larger decrease rate in the south than those in the north, showing a trend of high water poverty in the north and
low in the south. The vulnerability of grain production decreased by 71.99%, with larger decreases rate in the north than those in the south,
showing a trend of high vulnerability in the south and low vulnerability in the north. The coupling coordination degree between agricultural
water poverty and food production vulnerability increased by 21.99%, and the regional difference tended to narrow, maintaining the trend of
high and low coupling coordination in the north and south, respectively. Based on this, we proposed a way to reduce agricultural water
poverty and food production vulnerability and to enhance the coupling and coordinated development of the two systems.
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Table 1 Index system of agricultural water poverty evaluation in main grain producing areas

i)z RGAE Hbr)= Hfy WRGEAGE AHPAUE D-SZEA N E

System layer  System layer weight Index layer Unit EVM weight ~ AHP weight DS comprehensive weight

el 0.206 9 AR X, mm 0.350 4 0.454 5 0.310 1

WA BUK P A X, m’ohm? 0.649 6 0.5455 0.689 9

i 0.245 5 WIKHEM LA A = X5 hE 0.572 8 0.476 2 0.549 3

XK 2K X 10° m*+hm™ 0.427 2 0.5238 0.450 7

BEJ) 0.258 3 IR HE I X % 03121 0.2336 0.4199

B IR IBOR X % 0.056 5 0.189 5 0.061 7

IR FIN Bt A 9% X % 0.090 4 0.1812 0.094 3

AR F RNF AT SO X JG 0.342 1 0.1413 0.278 4

Ak 35 5 1 2 IR AL X % 0.087 8 0.127 2 0.064 3

R UL R 5B T L X % 0.1111 0.127 2 0.081 4

fiiH 0.163 3 B R X % 0.5510 0.397 6 0.447 5

T3 AR R K X 10° m? 0.449 0 0.602 4 0.5525

78 0.126 0 AR 2 FH S X s kg-hm™ 0.460 0 0.500 0 0.460 0

AR e FH B8R 3 X s kg-hm™ 0.5400 0.500 0 0.5400

TE : CAMC AR AR AR IE 55, RIFR R AR BEIR B FE IA5 fR  mlFE b , IR BREL O , /KBTI A2 A

Note : Unmarked indicators represent positive indicators , that is, the larger the indicator value, the less poverty; * represents a negative indicator, that is,

the larger the indicator value , the poorer the water.
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Table 2 Index system of grain production vulnerability evaluation in main grain producing areas

B RGEE EiE 7= LA WAL E AHP R D-SZEA N E
System layer System layer weight Index layer Unit EVM weight AHP weight D-S comprehensive weight

AR 03333 AR EREMERG s 1Y, Achm™ 0.2132 0.2219 0.173 8
AR AR BT KEY. m'hm? 0.1057 0.2219 0.086 2
NI EARRN TR Y, hm?- A 0.626 9 0.299 1 0.688 8
VERI LI Y, % 0.054 2 0.257 1 0.0512
R 0.3333 Al A 7 BRI AS FE Y s % 0.061 7 0.182 1 0.0389
HEEYHREF RS L Y % 0.156 6 0.286 1 0.155 1
el B LBy, % 0.127 3 02185 0.096 3
AR E T i Vs kg 7! 0.654 4 0.3133 0.709 7
T M 0.3333 A P HURAL KT Y kW +hm™ 0.2426 0.189 7 0.226 0
AR = At 5 3 Yo kg+hm™ 0.139 1 0.178 0 0.1216
MU A P 24t FH 38 V. kg-hm™ 0.170 4 0.178 0 0.149 0
R Y, % 0.156 0 0.2217 0.169 9
W B AR SR BE Vs JG+hm™ 0.2919 02326 0.3335

T AR IR AR AR IE R AR, BIFSFR(EDBAR M A2 7 BORIES 5 + AR B TR , RV AR (DB R A B s

Note: Unmarked indicators represent positive indicators, that is, the greater the index value, the less fragile; * represents a negative indicator, that is,

the greater the index value, the more vulnerable.
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Gt S ) (P B AT G AR5 ) b K R G AR %)
(P E R SR AR S ) D) K2 2006—2019 45 [ /K %5
NI A BNFARAFAE BRI, R AR AR AR 4 (e
o R R A TR RN SR A PR
B A S 2R W SO A R B X 55 s ) oK
AL A2 MLIRE R A T AE . o R A"
57 8 1 H R BA TR R A= K AHE AR 25 HLK
SRR B PIRPACE R BN .

A= CRR £ 45 ol 1T FE/A A W 40 T T L) < (Al 7=
B /AR 7 E) (13)

B= R AR A A 3% ol v AR (14)

3 SLES

3.1 RAKFARH=EEHEZN
3.1.1 Ll KA IR ] A2 4k

2006—2019 =K F F= 77 XY 4R Mk 7K 23 PRI 7 3
(N S RS Al 1 N N (N | A W 5 I 5 RV %
30.45% (3 3) ., BASEFE ,2006—2019 4E R AL )7 Hb X
(AL K % PRI R JEE 35 122 T B 3, v b b X1y
Al K B RS- 3 A8 40 2853551124 33.05% . 28.11% , Al
TR B PRI P TR 2 AR s e AR A A 34

Hy ¢ 4 AT %1, 2006—2019 4E % 5 it L RE Ty Ml
RIS 54T RS Bt T K AR b= 0
5K 3.71% . 60.84% . 59.76% .39.16% . 3.97% , %} 4 I
TR B TR 2R G5 el 1 5 e A B 43301 Ry 2.28% . 23.34%
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Table 3 Score and change rate of agricultural water poverty

X 1343 Score 2006—2019 25 fk %
Area  2006—2010 2011—2015 2016—2019  Change rate/%
s 0.3338 0.3650 0.396 7 30.70
WEEE 03152 0.3629 0.399 0 48.21
T 0.304 3 0.356 3 0.376 1 36.39
K 0.280 1 0.306 2 0.348 1 20.33
MIPIT 02979 0.3277 0.3324 26.82
ITE S 0.417 1 0.450 9 0.485 4 25.60
I 0.3389 0.340 4 0.3659 12.10
AN 03733 0.420 0 0.449 0 30.31
L 0.343 3 0.362 3 0.387 8 16.81
PN 0.365 6 0.426 6 0.449 1 34.51
W 0.327 4 0.386 2 0.4232 54.27
R 0.356 7 0.3829 0.4212 24.53
i 03123 0.354 5 0.390 6 4321
E[i) 0.326 8 0.358 5 0.386 2 28.11
M 0.346 4 0.388 8 0.420 2 33.05
¥iE 0.3358 0.372 4 0.4019 30.45

40.49% .30.61% .3.28% , KWW 5L N ML )7 X1
A FH 7K R AL it 15 A R Je i A P, el 7K 5 U8 1
FARE AR GRS 3T, SR RIS 7 R S et
P IR I S TR A AL K BT TR ) SR e A R 3R
3.1.2 Rl AKFAIH 123 0] o A A2 4k

BB T2 AR K B IR 1423 8] A A 4 AE
5 By Stata 17 F R T545 31 2006 ,2013 ,2019 44k
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Table 4 Score, change rate and influence degree of agricultural water poverty and grain production vulnerability

. AV IK F5 F 22 GE Agricultural water poverty system HEA = ME55 1 R4 Grain production vulnerability system
g Ve Wit it fE R RETE U ERITE
Resource Facility Ability Use Environment Exposure Sensibility Adaptability
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Figure 1 Temporal and spatial pattern of agricultural water poverty
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Table 5 Score and change rate of grain production vulnerability

X 37 Score 2006—2019 25k %
Area  2006—2010 2011—2015 2016—2019  Change rate/%
] 0.266 9 0.3314 0.328 2 32.12
Wl 02625 0.360 4 0.463 1 155.64
o 02135 0.2610 0.303 5 75.69
K 0.3102 0.397 2 0.4757 67.89
M 03578 0.493 3 0.627 6 136.10
7R 0.277 9 0.3180 0.3359 27.82
G| 0.286 0 0.338 5 0.366 5 4215
A 0.250 5 0.309 5 0.340 1 60.94
L 0.260 5 03156 0.362 4 58.11
PN 0.244 4 0.297 2 0.324 4 60.78
W 0.203 4 0.250 3 0.293 3 63.96
L] 0.2390 0.290 5 0.3317 61.13
pu i 0.180 0 0.2349 02705 118.75
4t 0.282 1 0.357 1 0.414 4 75.27
E2p] 0.229 6 0.283 0 0.320 4 67.16
¥i{E 0.2579 03229 0.3710 71.99

M 7= R G AL HL 3 N MR AN o AU D B RE
T BERT R A A B R e R . R
RO B T RGO R A 7 M S M R Gk Y
S AR 2 K 21.71% .21.06% . 57.23% , & I P 1
ARG A i 55 e ) R R Bl
3.2.2 MEA MR ER A 8] 4 A AR Ak

R BT B T DORR £ A 7 W 5 1 1 2 ) A
¥ )5, 18 B Stata 17 2CFHHE153 2006.,2013 2019 4F
A A7 WE 55119 Global Moran’ s T{EL 4351 4 0.152.,

http://www.aed.org.cn

0.378.0.537, H. Global Moran's I B P& 338 1 i 2 1k
B (P<0.01) , 58] 2006—2019 4E KL 4 77 i 55
P 4235 (B LA S 5, R A 7 G 553 e o — s AL S
IR~ RAH LB B R EE 4348 AT 1Z o M Global Moran's I
AR LT, 2006—2019 HE AR A= 7 M 55 18 55 (] AR
AR B AT, 100 B 32 Bl 00T AR £ 26 ™ e 553 1 ) 25 i)
[P SURIE R, 23 (B 2 RANRRE

FIHI AreGIS 10.8 B A, fii ] H SR WKy s 53 P 4
il TR A S5 S T oA R A
CHYA ) 20 R ARG 55 3 X A A G 555 3 X | rp 252 i 559
iy DX A 7 55 DX 5 XS AR AR, A
27N

2006—2019 4, KB AE )7 I 55 1 55 9 i 25 ] 43
AR R AR ™ M 55 P A 2 DA AR A 1) 1Y R 3%
W B sE () 25 ] Ay AR AE . D2006—2013 4, A 9144
(AR D) PR B A i 55 P A R R AR s iR AR ™
Ji 5353 e AT 553 DX A S T v 5 G 3 DX A
Horpr bR b AR TR R I B
8 44 AR £ A 7 i 55 M S A g L AP SRt S TR
A a5 T S A BEAR . b Ty H DX A1 e 55 b
DX Fp 25 e 555 b 1X Ry 32 5 T i IX 32 Ay v A i 55
DX A o 53 s XA Mg S M X . (22013—2019
LA 10404 CRTA X)) PR B AR 7 e 55 1 S R A
AR KRR A 7 i 5 P v M 5t DX A R ) A
Jfi 55 X A% . o NS R AR T RS K
BT B TLPE 84 (A D) SE TR B A e
SR SR B A, T b IR 2 A AR B A T e T
BRI Ea B o by b DX ARG S 555 b DX RN 5K i 555 b
— 971 —



AT T EREEE A 5 40 %5+ 55 4 1

N (a)2006 ()2013 (¢)2019
M
/_‘_.-‘J
S il
:) /‘)
o —’ J'\{ T —-,,#/"u“/ (‘L/-r[r\ ‘\/
~ L - NS
4 e 2 P A&
4 JI‘('\,r(‘ ‘l) L:’ ’ e \/N ;; /e-r_\*k 3:
o O K‘, :
g = W, A X \
3 [t N Ty L“? ;
T Ao RIS
L\ UV st ﬂg
= {’“3;.« / [ E i 555 3 X Jo 345690 1380 km

B2 MEEFEBEENNZIEE

Figure 2 Temporal and spatial pattern of grain production vulnerability
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Figure 3 Change trend of coupling coordination degree between agricultural water poverty and grain production vulnerability
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