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Measuring resilience, spatiotemporal evolution, and policy drivers in China’s rapeseed industry:
An analysis of panel data from 16 major producing provinces using machine learning models
SONG Wei', WENG Zhen-lin"*", GAO Xue—pingl‘2 , ZHANG Yu—han'
(1. College of Economics and Management, Jiangxi Agricultural University, Nanchang 330045, China; 2. Jiangxi
Provincial Institute for Rural Revitalization Strategy, Nanchang 330045, China )

Abstract: Enhancing the national self-sufficiency rate of oilseeds is an essential requirement for building an
agricultural powerhouse. Systematically assessing the resilience of rapeseed industry and its spatiotemporal evolu-
tion holds significant practical importance. Based on panel data from China’s major rapeseed—producing provinces
(municipalities) from 2000 to 2023, this study constructs an evaluation index system for rapeseed industry resilience
encompassing risk resistance capacity, adaptive adjustment capacity, and innovation transformation capacity. Utiliz-
ing the XGBoost-SHAP explainable machine learning model, it systematically analyzes the spatiotemporal evolu-
tion characteristics and driving mechanisms of rapeseed industry resilience. The findings reveal that, during the
study period, the overall resilience of China’s rapeseed indusiry showed a steady upward trend. Spatially, the resil-
ience exhibited a distinct “core—periphery” structure, with high—value areas primarily concentrated in the middle—
and lower—reaches of the Yanglze River, and certain winter rapeseed—dominant regions in southwest China. Mean-
while, some spring rapeseed—producing areas remained at medium—-to—low resilience levels over the long term. Eco-

nomic foundations and production conditions are core factors influencing rapeseed industry resilience, exhibiting
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significant nonlinear and threshold characteristics in their effects. Policy instruments exert markedly divergent im-

pacts on rapeseed industry resilience. The marginal contribution of production—oriented incentive policies, such as

subsidies for high—quality rapeseed varieties, to the industry’ s resilience is significant. However, “price—support”
gh—q y rap y g p pp

policies, such as the temporary stockpiling of rapeseed, might have negative impact in the long term by hindering

the industry’s ability to continuously build resilience. Furthermore, while natural endowment factors exhibit relative-

ly limited overall explanatory power, their nonlinear and threshold effects warrant attention. Accordingly, this paper

proposes establishing a regional collaborative mechanism for enhancing rapeseed industry resilience, guided by spa-

tial differentiation. This approach aims to shift policy tools from a “price stabilization” orientation toward a resil-

. . ~ “ . . ” . . . . .. ..
ience—driven focus on “capacity strengthening.” By continuously improving production conditions and the efficien-

cy of factor allocation around key drivers, resilience foundation for rapeseed industry could become solid.
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Table 1 Indicator system and weighting for evaluating industrial resilience in major rapeseed production areas
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Table 2 Comprehensive assessment results of industrial resilience in China’s major rapeseed production areas in 2000-2023

E S PN . . . . ; .
0y . VIR WRL AL VY W @ Wim o B Wil SN =M B HOR e B SR
nner
Year . . Jiangsu Zhejiang Anhui Jiangxi Henan Hubei Hunan Chongqing Sichuan Guizhou Yunnan Shaanxi Gansu Qinghai Xinjiang Overall
ongolia

2000 0.0363 0.0772 0.0347 0.0786 0.0485 0.0323 0.0974 0.0637 0.0243  0.0705 0.0463 0.0339 0.0273 0.0260 0.0247 0.0552 0.0486
2001 0.0241 0.0730 0.0400 0.0830 0.0438 0.0357 0.0952 0.0623 0.0245 0.0698 0.0445 0.0334 0.0265 0.0235 0.0249 0.0523 0.0473
2002 0.0284 0.0692 0.0376 0.0782 0.0391 0.0387 0.0861 0.0571 0.0259 0.0722 0.0440 0.0313 0.0263 0.0247 0.0233 0.0495 0.0457
2003 0.0304 0.0755 0.0419 0.0827 0.0408 0.0472 0.0965 0.0622 0.0297 0.0792 0.0474 0.0347 0.0308 0.0283 0.0286 0.0503 0.0504
2004 0.0318 0.0803 0.0453 0.0917 0.0405 0.0497 0.1074 0.0665 0.0313 0.0811 0.0498 0.0335 0.0319 0.0288 0.0285 0.0455 0.0527
2005 0.0305 0.0787 0.0454 0.0888 0.0403 0.0526 0.1044 0.0675 0.0310 0.0829 0.0522 0.0349 0.0315 0.0290 0.0310 0.0400 0.0525
2006 0.0297 0.0776 0.0485 0.0816 0.0420 0.0535 0.0995 0.0702 0.0330 0.0832 0.0544 0.0355 0.0335 0.0301 0.0292 0.0422 0.0527
2007 0.0619 0.0974 0.0873 0.0875 0.0607 0.0759 0.1163 0.0925 0.0531 0.1066 0.0728 0.0524 0.0522 0.0537 0.0651 0.0974 0.0771
2008 0.0860 0.1121 0.0930 0.0995 0.0678 0.0878 0.1320 0.1074 0.0584 0.1163 0.0703 0.0497 0.0570 0.0522 0.0725 0.1196 0.0864
2009 0.1011 0.1339 0.1033 0.1316 0.0768 0.0971 0.1418 0.1275 0.0624  0.1270 0.0794 0.0651 0.0639 0.0564 0.0783 0.1259 0.0982
2010 0.1033 0.1477 0.1088 0.1373 0.0836 0.0979 0.1458 0.1325 0.0641 0.1329 0.0755 0.0678 0.0652 0.0606 0.0510 0.1121 0.0991
2011 0.1089 0.1605 0.1204 0.1378 0.0866 0.1008 0.1468 0.1553 0.0670  0.1485 0.0766 0.0832 0.0684 0.0667 0.0588 0.1146 0.1063
2012 0.1170 0.1895 0.1423 0.1575 0.0938 0.1164 0.1574 0.1458 0.0744 0.1644 0.0837 0.0873 0.0784 0.0820 0.0697 0.1221 0.1176
2013 0.1504 0.2193 0.1556 0.1721 0.1100 0.1428 0.1713 0.1586 0.0838  0.1742 0.0923 0.0925 0.0883 0.0964 0.0750 0.1454 0.1330
2014 0.1716 0.2303 0.1718 0.1895 0.1248 0.1562 0.1848 0.1738 0.0964 0.1856 0.1075 0.1012 0.0936 0.1099 0.0802 0.1563 0.1458
2015 0.1897 0.2387 0.1958 0.2155 0.1383 0.1789 0.1984 0.1925 0.1314  0.1995 0.1185 0.1126 0.0992 0.1246 0.0925 0.1676 0.1621
2016 0.1950 0.2558 0.2154 0.2573 0.1514 0.2070 0.2155 0.2090 0.1222  0.2179 0.1381 0.1235 0.1132 0.1521 0.1038 0.1742 0.1782
2017 0.2015 0.2625 0.2507 0.2662 0.1782 0.2314 0.2275 0.2346  0.1373  0.2649 0.1541 0.1254 0.1278 0.1570 0.1110 0.1821 0.1945
2018 0.2122 0.2678 0.2743 0.2843 0.1946 0.2582 0.2383 0.2614 0.1484 0.2636 0.1683 0.1325 0.1378 0.1756 0.1342 0.1934 0.2091
2019 0.2212 0.2824 0.2606 0.2483 0.2042 0.2603 0.2455 0.2741 0.1503  0.2466 0.1668 0.1383 0.1415 0.1843 0.1671 0.2303 0.2139
2020 0.2379 0.2956 0.2929 0.2785 0.2242 0.2853 0.2662 0.3032 0.1690 0.2611 0.1720 0.1447 0.1531 0.1980 0.1768 0.2567 0.2322
2021 0.2610 0.2704 0.2982 0.2876 0.2444 0.2927 0.2876 0.3024 0.1825 0.2798 0.1612 0.1414 0.1649 0.2019 0.1840 0.2347 0.2372
2022 0.3502 0.2729 0.3206 0.3297 0.2801 0.3480 0.3420 0.3328 0.2025 0.3102 0.1827 0.1698 0.1897 0.2346 0.1932 0.2697 0.2705
2023 0.3665 0.2581 0.3468 0.3376 0.3240 0.3639 0.3670 0.3514 0.2114 0.3133 0.3516 0.1709 0.2041 0.2370 0.2186 0.2777 0.2937
S 0.1394 0.1761 0.1555 0.1751 0.1224 0.1504 0.1779 0.1668 0.0923  0.1688 0.1087 0.0873 0.0878 0.1014 0.0884 0.1381 0.1335

ve.
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Table 3 Classification and provincial distribution of rapeseed industrial resilience in China based on Jenks Natural Breaks

I rh) e
Ay Low resilience Medium resilience High resilience
Year  [fH “hy I H 1y [EYH ) “in
Threshold Province Threshold Province Threshold Province
WL R T HOR S PR e ; e
. DL 8 i RAN ) Ui A e LR
0.0243- 4 g 0.0364- 0.0638-
2000 Guizhou, Xinjiang, Hu- Sichuan, Hubei, Anhui, Ji-
0.0363  Zhejiang, Yunnan, Chongqing, Qinghai, 0.0637 0.0974
nan, Jiangxi angsu
Gansu, Inner Mongolia, Shaanxi, Henan
1 o N
. . Ol I TE RN R . , e e
o ER CHECHA S B . Ui AL R 2 LN
0.0290- ) S 0.0350- VA 0.0527- )
2005 Yunnan, Chongqing, Qinghai, Gansu, Sichuan, Hubei, Hunan, An-
0.0349 0.0526  Guizhou, Xinjiang, Ji- 0.1044
Inner Mongolia, Shaanxi hui, Jiangsu
angxi, Zhejiang, Henan
B BN CEER I HOA B B NSl T T u)i AL RS R TR
0.0510- 0.0837- 0.1122-
2010 Yunnan, Guizhou, Chongging, Qinghai, Xinjiang, Inner Mongolia, Sichuan, Hubei, Hunan, An-
0.0836 0.1121 0.1477
Gansu, Shaanxi, Jiangxi Zhejiang, Henan hui, Jiangsu
B st
PRI 0L I 05N = ot 7 N RN L] ISR AN AR T -
0.0925- ] ) o 0.1384- ] 0.1996—  ZH I
2015 Yunnan, Guizhou, Chongqing, Qinghai, Xinjiang, Inner Mongolia,
0.1383 0.1995 0.2387  Anhui, Jiangsu
Gansu, Shaanxi, Jiangxi Sichuan, Hunan, Hubei,
Zhejiang, Henan
B . NS N U] . . e s
PN I 0 S RN 7 N . TS TR LR AT
0.1447- . ) ) ) 0.1981- 4t . JL7Y 0.2663- o
2020 Yunnan, Guizhou, Chongging, Qinghai, Hunan, Henan, Anhui, Jiang-
0.1980 0.2662  Xinjiang, Inner Mongolia, 0.3032
Gansu, Shaanxi su, Zhejiang
Sichuan, Hubei, Jiangxi
Wied 5L TR LV 7
. . N . SN INSE
0.1709- =g HJR T B 0.2187— B H LR 0.2778- o _
2023 Hunan, Hubei, Henan, Ji-
0.2186  Yunnan, Chongging, Qinghai, Shaanxi 0.2777  Xinjiang, Gansu, Jiangsu 0.3670

angxi, Anhui, Zhejiang, Sich-

uan, Guizhou, Inner Mongolia

[E1] [ A S A B B — (R 2R MR R AIE T2 2 TR
W RG T & TR ALY = B B S A
2000—2012 4F , 4= J5) Moran's 1 £ 4 1 i & & VE K6
5, 25 0] I SRS A s 7F 2013—2021 4, 42 J5) Mo-
ran’s 12 35 N1E UESE THEBORSI S 52 R T,
K VT T U S A= O T 5 2 Y R — A
27 B R SR 5 7E 2022—2023 4, PE I I AR R E 4
“YRpIRL” SR BB S, P AL AR AN AR SR
XA = B S TSR A . Rl S XY SR
P KR, 4 Jeyas 0] 22 53 25 46 /)N, Moran's 14517l
%o X —2S G, LT 3 E e B
H ) RIS B, B P AR S AR R, R 4
B R BR T 1 sh A AL 2 4 . D A sh A RRAE
BT AT LA E A R (R D BoR
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PR B AR LR T . R, 234 th ki 20
JRE G, A7 R AN T A 1, Jsz B H S 4 b DX S S IR
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T L IS T A R P ARG T 55
AL IFAERYREAE , 5 B SR W7 0k 20 1 ) 25 (R) A R
ARV AH L EDE
2.2 HEHSFEF LIRS E

SO B [RD Y 2 25 0] 43 55 5 43 A sh A8 56 A B
Z G ZN0 T 0 S A DX A 8 T A R AE
SER R AR ARFR S LT I R, AS TR] DX 3 i =2
PRI KO RO R A B R it
— A RS (8] AR SR B A SR B LB, AR S
YR e, R 327 XL B 3K Bl R R
AT R GRS T, A A AR TR 32 - R iR
LI SRS %
2.2.1 FEARRRME ZRA IS K R
PR B SLRE A AR (BOR SRS A AR B A
05 T Y 22 S IEAE & G A BE A 56 BF 5T Y 3 Al
PSS A SRR TSR M I S e PR 2R R AR A
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Fig.1 Contour map of rapeseed industry resilience levels based on kernel density estimation
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Table 4 Indicator system for factors affecting the resilience of the rapeseed industry

Hirlz a2 TP

Target layer Indicator layer Indicator calculation

X1. gl y= b 45 44

X1. Agricultural industrial structure /%

AV HEINAF i DX AR 7 S E L

Proportion of agricultural added value to regional gross domestic product

2 AR X2. 4k 573 AN 5 (%) ol Al A B3 2B Mol A 5% e E
Economic X2. Proportion of agricultural labor force /% Proportion of agricultural personnel in total employment

base . F A A GDP( LA 2000 4E S L3 4T -0 )
X3. A#GDP(IL)

Using constant price per capita GDP (deflated with the year 2000 as the
X3. Per capita GDP /CNY

base period)

X4, ANBBF IR B (A5

X4. Per capita arable land area /hm?

SiBREfE

Actual value

AP . . o
Production X5. A HUAL K- CF T R/ B BB AU HLA S Bl
. X5. Level of agricultural mechanization /(x10* kW/hm?) ~ Total power of agricultural machinery per unit of arable land area
comitons X6. WA R TA150) B SRR B 47 O T 7L
X6. Effective irrigated area of rapeseed /(x10* hm?)  Effective irrigated area weighted by the proportion of rapeseed planting area
B 54 N IR RIEOE LG (Y 1, RIHEE B IO

) X7. Rapeseed improved variety subsidy policy o ) o )
Policy 1 for regions in the implemented years, 0 for regions in the non—implement-

X8. i WA i S IS R

support ed years
X8. Temporary storage and purchasing policy for rapeseed
X9. A H IR (C)
X9. Average temperature during the growth period /°C SO Ny A O ] AR S ] 2 Iy A A
- MR X N 49 YWAES H IS X Ol 2 4E 4—10
X10. A F A B R (2K) } ] i )
o Winter rapeseed producing areas are from September in the current year to
HARZLMK  X10. Average monthly precipitation during the growth ]
May in the next year; spring rapeseed producing areas are from April to Oc-
Natural period /mm
) tober in the current year
endowment X11. AEE W34 H R ()

X11. Average sunshine hours during the growth period /h

X12. AR FEFR(C) A F W15 CIY AT RO

X12. Accumulated temperature during the growing season /'C  Effective accumulated temperature =5°C during the growth period

RS HRFIREIEMIER

Table 5 Machine learning model evaluation metrics
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Fig. 2 SHAP value results for factors influencing the resilience level of the rapeseed industry
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Fig.3 Dependency relationship between key factors affecting rapeseed industry resilience and SHAP values
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