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Spatiotemporal Coupling and Driving Factors of Water Resources Carrying

Capacity and Grain Production Resilience in the Lower Reaches of Yellow River

Zhang Zelin, Zhou Xia, Zhou Yuxi

(School of Economics and Management s Shandong Agricultural University, Taian, Shandong 271028, China)

Abstract; [ Objective | The aims of this study are to explore the coordinated development level of water
resources carrying capacity and grain production resilience in the lower Yellow River, and to provide a new
policy perspective for promoting the coordinated development of water resources protection and utilization
and grain production. [ Methods] Based on the evaluation index system of water resources carrying capacity
and grain production toughness, the index of water resources carrying capacity and grain production
toughness in the lower reaches of the Yellow River during 2010—2021 was estimated by entropy weight
method, and the spatiotemporal evolution characteristics of their coordinated development were analyzed by
coupling coordination degree model and kernel density estimation. At the same time, the dominant factors
and interaction factors affecting the coupling coordination degree of the two were explored by means of
geographic detectors. [ Results] In time dimension, the coupling coordination degree between water resources

carrying capacity and grain production toughness increased from 0.484 0 to 0.747 6, and the coupling
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coordination type increased from near imbalance to intermediate coordination. In terms of spatial dimension,
the highest value of the coupling coordination degree between the two was found in Jinan, Shandong
Province, and the lowest value concentrated in Henan Province. Annual precipitation, residential water
consumption, urban green area, cultivated land area and financial support to agriculture were the main
driving factors on the coordinated development of the two, and the explanatory power of the interaction of
the leading factors showed the characteristics of double factor enhancement or nonlinear enhancement.
[Conclusion] The coupling coordination degree of water resources carrying capacity and grain production
toughness in the lower reaches of the Yellow River increased year by year and gradually showed a spatial
distribution of high level in the east and low level in the west. At the same time, the development of the two
systems was increasingly close, and the interaction was gradually enhanced.

Keywords:lower reaches of the Yellow River; water resources protection; food security; coupling coordina-

tion degree; geographic detector
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Table 1 Index system of water resources carrying capacity and grain production toughness
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Table 2 Classification of coupling coordination levels
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Table 3 Classification of interaction factors
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Fig. 1 Dynamic changes of water resources carrying
capacity and grain production toughness coefficient

in the lower Yellow River from 2010 to 2021

22 EATHKBERERFNMBBLESDEBEE D

8 B B R L R AE

eI B B R B T 2010—2021 4E K BE
WA REAET O G E G E, H
YR s Sy TR S e 5 T s 1 B ] T Ak AR A ¥ 8 YT
RS IR AR — A AR B AR 17 BT 4R bR A oK
FRAAR VA, S R Wk 4, Hob, T RFEAKBE
BRI 5, T AR E IR

TE 2010—2021 4E X ] P, B IA] T 3l 7K 5% 5 7K 2
IR EE T PR S DR B 0.48 B4 E A&
0.75, 34 W22y 54.46 Vo G b I8 BE 55 90 H WAl e 2k 94
B EEE LA R R G Tk, AEh AR
7 EA] T R K B UR AR 48 T RO £ A 7 0 1 R G P
O FR B I ] 38 Ak FRAE , AR SCAE B Stata 15,0 87FXF
2010 4F.2014 4 .2018 4F,2021 4 4 4 7K %3 5 7K 2%,



%3

T B A SRR Ui K BEIRUR B0 SRR AR 7 B I =S R A IR Bl I & 417

TR A 7 )M R B Ay AR AT T 43T, 2010—
2021 A (4 2 8 BE I AR AE B W A7 R 1 i B, Lt
X H[0.2,0.7 1B LB ) £[0.4,0.9]. W
UK B R K T RURR B AR ) R A P O B e
)4 A% 2 B0 R W b TH A ARRAE . A, I ZRIE S
B I AT BB W hr A, I 0 w8 3 320 T B AU PR Q0
T2 ] e W I A B 7 — o AR b 2 0 0 A Ak
PEAEAE I T6 Fa 3, 2 W A8 BT T Ui 3 — DX 38 PN 4% 1 Tl
(] 7 R 5 DI O B 22 MR AE B P IR
23 BHATHKBRARENMRRBESNHEREWH

K= B ZE REHE

Rt — AT B iR K 0 R 2 R R e
FIMEBIN ] R 1 i 1K 22 bR B, AR SCHEHR 2010 4F L2014
4F 2018 4F 2021 4F 4 ANMAEAy 35 ArcGIS 10.8 #F4:
il HH TR 17 M KR VR R 3T RO B AR R
B 1) & J R O 1 2 ) A e LR LI 2,

A 20106 4 I

I #EkE
O #=nR

-

B rExi -
[ wznm

B 201435*;

HERR
E +EnR

R4 20102021 FEMTHAZRARNE
REEFHERSHEERSE
Table 4 Mean value of the coupling coordination index of
water resources carrying capacity and grain production

toughness in the lower Yellow River from 2010 to 2021
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Fig. 2 Spatial pattern of coupling coordination between water resources carrying capacity and

grain production toughness in the lower Yellow River
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Table 5 Leading factors of the coordinated development of water resources carrying capacity and

grain production resilience in the lower Yellow River

2010 4 2014 4 2018 4 2021 ¢
ERNT q 8 EFNHT q fd ERNT q 8 ERNT q fi
As 0.5238 Ay 0.7233 B 0.6945 B 0.7322
As 0.4729 A 0.7128 B; 0.5951 Ay 0.6609
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B, 0.4300 B 0.5477 A, 0.4589 B; 0.6189
A 0.4196 A, 0.5205 A 0.4523 A 0.5823
Bu 0.4185 As 0.4958 A, 0.4279 As 0.5684
B, 0.4066 A, 0.4078 A 0.3875 A, 0.5566
As 0.3349 B, 0.4020 A, 0.3487 B, 0.4928
A 0.3247 B, 0.4005 By 0.3445 A, 0.4685
Ay 0.2510 B, 0.3648 By 0.3337 Bs 0.4451
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Table 6

Interaction factors of coupled synergistic interaction between water resources carrying

capacity and grain production toughness in the lower Yellow River

. 2010 4 2014 4 2018 4F 2021 4
RAWT — 5 xuxm Gl KW o (f ST A g (i S T K
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