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Spatiotemporal evolution of agro-ecological resilience and obstacle factors in
main grain-producing areas of Yellow River basin

Xue Xuandeng, Han Xinru
(Business School, Henan University of Science and Technology, Luoyang, Henan 471023, China)

Abstract: [Objective] The spatiotemporal evolution characteristics of agro-ecological resilience and the main
obstacle factors were investigated, in order to provide scientific references for the realization of food security and
high-quality agricultural development. [ Methods] Based on panel data from 60 prefecture-level cities in the
Yellow River basin from 2008 to 2022, a three-dimensional agro-ecological resilience evaluation system of
“resistance and driving, adaptation and reconstruction, innovation and development” was developed. The entropy
weight method, Dagum Gini coefficient, exploratory spatial data analysis (ESDA) , and obstacle degree model
were employed to quantify and analyze the agro-ecological resilience. [ Results] The agro-ecological resilience of
the main grain-producing areas in the Yellow River basin showed the following characteristics: @O Overall, a
fluctuating upward temporal trend was observed, along with an uneven spatial distribution characterized by ‘higher
in the east and lower in the west, stronger in the north and weaker in the south’. @ In terms of regional
differences, the overall spatial variability was small, and inter-regional differences were the main source of total
variation. 3 In terms of spatial clustering, significant clustering characteristics were observed, dominated by H-H

and L-L clustering patterns, and the local spatial correlation patterns remained relatively stable. ) Regarding
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obstacle factors, the capacity for adaptation and reconstruction was the main dimension constraining the

improvement of agro-ecological resilience. Specifically, the level of agricultural technology investment and rural

residential electricity consumption were the main obstacle factors. [ Conclusion] The main grain-producing areas in

the Yellow River basin can improve agro-ecological resilience by implementing region-specific agro-ecological

development, strengthening regional ecological collaborative governance, and establishing a low-carbon

agricultural development mechanism.

Keywords: the Yellow River basin; main grain-producing areas; agro-ecological resilience; spatiotemporal

evolution; obstacle degree

K LA, 5 b e [ 55 6 e B F A0 Al R R A=
BB TAE, s R AR A B A £ SR =™
FERE A o BT B A Sy v [ A A A 2 4 B R
Al A= 7 B A8 10 E B 58 A A DR B R AR A 5 Y
UCHAT 55 o H T ) LUK AR R AL B Al Az 77 48 7 A
2, P Bl A ARl A 7 PR B R Y R  H SR K
& AR TR 15 G S5 1 22 PR BE R, WAl AR 2 R 4
i RE K e N2 B A S AR R eSS Bl
B A A A R AT IR IR PR . P,
PRUTAR Y 22 48 78 T80 F1 38 Fe T %k A8 28 %6 U5 09 3ol i 4
B, dne] PR IE 5 ) BE 5 45 4 i AR 1 X T 4R
FWELE BAEMREESREREAARERE
B,

)% Cresilience) — 1 A2 Y& T HL T 3 resilire, B A
SRR RS E KRR IR 17 B S RN
T2 5 %R AT IR IRA , KL TN
TR ) B AR 2 M T A B A AR e AR
Holling C. S."" YK “ W47 51 A AR 28 2 45 8 0 4 H
E XA TR, J5 %k Alberti M4 ML A2 A4 25
LR R TSNS, Cal FUY
Pickett S T.A. %Wt — L e th  AESBIMM S T —
Flv sl 2538 W KRR ) A H RO AR g O o e Ak
PIVE SR AT OB e 5 A DB T 7 ek,
SR 2R G 45 K 1 ) RE IS L A AR L AR, AR L AR
AR A S I B = R 8O0 A e R
W BIE R £ G BT . B B N O Ol A= S )
SR A R G B R GE Z 6] Ur i A e 1) T A
AR AE BT AR AR R e A T AR BR R AR AL
AF A 38 0L A i R 6 BE A HE DUAE AR 5T
EZE N SIS PIIN /- WIINC R VI 3 3]s
AR PEM AR R 5 R A R - -
A" R ETM AR R 5% #1755 B PSR
FEAL i HE Al B D R 8] DSPIR 254 VRN A S 8 1
ST HERIE S O O, R AR LR R
W25 WAL R X ) M A AT I 2, R T A% %% B A it
e L AREL GIS 25 R A T B R R M2 R 43
Hr CESDA)D [ HE L -F 1fE 25 B L 28 /R 46 %1 . Dagum %&

Je F B | b BRI 2 AR AR s s M R A (] ) AR A
(GTWR) .STIRPAT & # [ fig BEALAY 25 [A] 1 & 1
M A Y 5 5 40 4 K T g e 2 AR A S B e PR R

i 2ok AT A S B AT A b, R BT A AT R
Jemy sl . WNBFEIX Bk & S 2 &b T
FOE G IIUZ T B 2 A O 3 X M g
W BEIE . IBFSE AL A ok &, A B 58 2 M3k T 4
JER TR S T R 3R B B AR, e = ARl BR A i
PR A B WIRIR IR R EEF A PR
TS PIVETS br iR R b A B T — L B =
& A ] 14 22 R 6 2R DA K45 F 9 X I 22 1] i S 5k
MEGE N 25K B, LA SCHR 2 25 180 M i) 2 38048 4y
fiE 55 5% w0 PR 2R, 220 4Rl A 25 ) P X0 2% 5 s [
CHRAFAE o % F 00, A B FE DA BT 9 B & 32 7 X
60 b g CR A48 AR M D AR AR e, T
“HCPL S IR BhRe - N S EA AR - S R R e
D17 =Y B R A A SRR AN IR AR A R LB
PR 12 % 2008—2022 45 88 1) I WU £ 3 7™ X A0l
A ST HEAT I B R85 5 % AL T B 22 e 4
Dagum #£ J& 5 B0 S I BF 53 % 15 53 B L if 25 4% )
DX 3 22 S ok R K Bl A AR KR AR R R R A R A TR 48
71 B A DAL 68 Al A 25 0 P 1 LA R B, SR P A Ak
b & A SRy P I AR B RO A 5 AR £ iR
e LR L S 55

1 W5 XS

BT A e R R X PR R R AR R
G MBI SR X, VR rp R Y R
CHE 2024 4F v ] G OR B T IXCAE PR 2.02 X
10° t, o 4 [ M B B 7= & 0 28.54 %0 5 #  #% F m AH
3.26 X 10" hm*, oy 4 R £ 3 F i ALY 27.33%0 . A
WEIE 2545 75 10 V) 3 325 47 B o IX B 48 9% R e /K
S bR 2 S R VT O R £ T X 60 4 b
G M BFFEREA (2 1020 4 T 48 7R Al 2k 25 )1k
1) Bof 233 Y AR R B 2 18] 22 SR R, R SR 2R AR S BB
S B R] I 3 O RN AT SRR SR R R H bR R IR P oK
P 8



%5 6 1 o T A5« B Y] A O 7 DR A 2 P e s R B A PR 311

F1 EUREBREEIFRMET E A THERKENS

Table 1 Classification of prefecture-level cities in main grain-producing areas of

Yellow River basin into upper, middle and lower reaches
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Table 2 Comprehensive evaluation indicator system and weights of agro-ecological

resilience of main grain-producing areas in Yellow River basin
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Fig.1 Temporal evolution trends of agro-ecological resilience in main
grain-producing areas of Yellow River basin (2008—2022)
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Fig.2 Dynamic evolution of agro-ecological resilience distribution in main grain-producing areas of Yellow River basin
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Fig.3 Spatial pattern evolution of agro-ecological resilience in main grain-producing areas of Yellow River basin (2008—2022)
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Fig.4 Variations in Gini coefficient and contribution rate of agro-ecological resilience in
main grain-producing areas of Yellow River basin (2008—2022)
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Table 3 Gini coefficients and contribution rates of agro-ecological resilience in
main grain-producing areas of Yellow River basin (2008—2022)
DX N 22 5 X dnf [F] 25 TUHREE/ %
(O YN

MR WA i WS W — W) W —p =) lh— I — N X3k Xk AR

2008 0.107 0.075 0.055 0.035 0.094 0.084 0.066 0.107 0.098 0.134 0.065 14.392 80.012 5.595
2009 0.114 0.075 0.059 0.035 0.103 0.086 0.066 0.118 0.101 0.147 0.074 13.990 81.130 4.879
2010 0.117 0.079 0.056 0.033 0.083 0.092 0.071 0.110 0.112 0.142 0.060 13.194 82.610 4.197
2011 0.115 0.077 0.053 0.039 0.091 0.094 0.067 0.105 0.110 0.140 0.065 13.453 81.692 4.855
2012 0.112 0.078 0.058 0.042 0.088 0.094 0.069 0.100 0.109 0.134 0.064 14.571 78.906 6.523
2013 0.108 0.069 0.059 0.041 0.102 0.089 0.064 0.096 0.107 0.132 0.066 14.600 78.720 6.680
2014 0.111 0.075 0.062 0.043 0.090 0.093 0.068 0.098 0.111 0.134 0.064 14.924 78.756 6.320
2015 0.121 0.067 0.063 0.056 0.087 0.093 0.078 0.095 0.129 0.140 0.068 13.964 81.199 4.836
2016 0.120 0.072 0.062 0.044 0.087 0.094 0.076 0.098 0.125 0.139 0.062 13.629 81.811 4.560
2017 0.117 0.076 0.060 0.061 0.087 0.093 0.080 0.097 0.121 0.133 0.073 15.178 77.093 7.730
2018 0.113 0.074 0.057 0.075 0.090 0.088 0.084 0.096 0.115 0.127 0.084 16.354 72.771  10.876
2019 0.115 0.073 0.057 0.077 0.094 0.085 0.087 0.099 0.119 0.127 0.085 16.216 72.893  10.890
2020 0.113 0.091 0.052 0.068 0.092 0.080 0.096 0.120 0.106 0.123 0.081 16.922 71.054 12.024
2021 0.119 0.103 0.065 0.073 0.090 0.094 0.102 0.121 0.114 0.126 0.084 18.156 66.814 15.031
2022 0.112 0.104 0.049 0.060 0.080 0.084 0.107 0.120 0.103 0.105 0.071 17.182 66.622  16.195

TE M — 1l A — 1 i — N =1 — 8 T — N 2 SRR R — WL AR G — DU G — N 5l R — D1 R — N sl i — A
itio Tl

R4 20082022 FEMBHRBEF R R EFT LS Moran’s I K L5 R
Table 4 Global Moran’s I test results of agro-ecological resilience in main
grain-producing areas of Yellow River basin (2008—2022)

A ENLE AT Zgeit PIE 0y ENLEEE it Z5Eit PIE
2008 0.493 5 8.878 4 0.000 2016 0.541 8 9.7239 0.000
2009 0.470 6 8.4856 0.000 2017 0.500 6 9.013 3 0.000
2010 0.5209 9.334 7 0.000 2018 0.446 6 8.041 3 0.000
2011 0.5327 9.548 5 0.000 2019 0.469 4 8.4439 0.000
2012 0.496 6 8.983 9 0.000 2020 0.427 2 7.702 3 0.000
2013 0.502 5 9.065 2 0.000 2021 0.408 3 7.3637 0.000
2014 0.488 5 8.804 1 0.000 2022 0.436 3 7.860 5 0.000
2015 0.532 3 9.562 8 0.000
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Fig.5 Moran scatterplots of agro-ecological resilience in main grain-producing areas of Yellow River basin (2008—2022)
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Fig.6 Obstacle degrees of criterion layers for agro-ecological resilience in
main grain-production areas of Yellow River basin (2008—2022)
x5 20082022 FFHARBMEEFFTERUAESYEFERBEAFRERE
Table 5 Main obstable factors and their obstacle degrees for agro-ecological resilience in
main grain-producing areas of Yellow River basin (2008—2022) N Y%
A A 250 1 o D)2 0 AR A HE T ‘
Fhy X 5 i
1 2 3 4 5 6
bNT) X,,(20.227) X,(12.812) X,5(10.453) X1,(7.492) X,,(6.952) X,(6.504) 64.439
1 AR X,,(21.254) X,(12.378) X,5(10.255) X,,(7.651) X,,(7.567) X,(5.957) 65.062
2008 g i X,,(19.999) X,(12.780) X,5(10.055) X,,(8.934) X,(7.608) X,(7.439) 66.816
N5 X,,(19.378) X,(11.989) X15(9.102) X,(8.127) X,,(7.262) X,(6.665) 62.523
% 1k X,,(20.305) X,(12.563) X,5(10.078) X,,(7.909) X,(7.462) X,(6.713) 65.031
M) X,,(20.519) X,(13.086) X15(10.247) X,(7.192) X,(6.757) X,(6.379) 64.180
IR X,,(21.829) X,(12.942) X15(9.594) X,,(8.232) X,,(6.976) X,,(6.757) 66.329
2015 v i X,,(19.967) X,(12.865) X15(9.432) X,,(9.188) X,(7.309) X,(6.896) 65.657
MN5E X,.(20.039) X,(11.808) X,5(7.701) X,(7.595) X,(7.205) X,(6.754) 61.101
% 1k X,,(20.631) X (12.789)  X,4(9.447) X,,(8.005) X,(7.048) X,(6.410) 64.330
] X,,(16.141) X,(14.468) X5(8.188) X,(7.857) X,,(7.545) X,,(7.404) 61.603
1 ZR X,,(22.995) X,(13.125) X,(8.675) X15(8.236) X,(7.532) X,,(6.847) 67.409
2022 g )i X,,(20.686) X,(13.558) X,,(10.084) X5(8.516) X,(7.786) X,,(5.828) 66.457
N X,(21.657) X,(11.019) X,,(7.539) X,(7.359) X,,(7.311) X1,(5.922) 60.807
LN X,,(20.160) X,(13.319) X,(8.567) X15(7.944) X,(7.365) X,,(6.808) 64.164
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