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Reconstruction and interpretability analysis of China’s food
security level based on machine learning and SHAP algorithm

WANG Huogen, HU Mengting, LIU Xiaochun

(School of Economics and Management, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract To explore the new connotations of China’ s food security under the concept of the “Big Food
Perspective”, this study constructs a food security evaluation index system based on the provincial-level
data from 2010 to 2022. The framework covers five dimensions, including production security, quality
security, economic security, consumption security, and circulation security. Using the entropy method for
index calculation and leveraging machine learning and SHAP algorithms, the study re-identifies the
importance of various influencing variables on food security. The results reveal that: 1)From the perspective
of overall evolution trend, China’s food security level exhibited a first decreasing and then increasing trend,
and there were a rapid growth in 2012-2015 and 2018-2019;2)From the perspective of the evaluation scores
of various dimensions, the production security contributed the most to food security, while the economic
and quality security showed upward trends. However, the consumption security and circulation security
remained the weak links in the food security system; 3) From the perspective of factors related to food
security, the critical determinants of China’ s food security include total meat production, total grain

production, total aquatic product output, railway freight volume, agricultural fiscal expenditure, forest
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coverage rate, and the urban-rural income gap. Based on the above findings, the study proposed policy

recommendations in promoting the sustainable development of animal husbandry, improving grain

production efficiency, strengthening aquaculture development, and increasing agricultural fiscal spending.

Keywords Big Food Perspective; XGBoost; SHAP; grain security; food security
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Tablel China’s food security level evaluation index system

Y JE BRAE bR LA Pk BT &
Dimension Factor index Unit Property ~ Weight
FL A 72 & Total grain output Jit 48 bR 0.077
GEPI T A 2% B 7= & Total meat production Tt IE$5 5 0.068
Production-
security BB J M ® Total output of melons and fruits Jit NEEER 7 0.123

JK 77 b B 77 4 Total aquatic product

Jit IE 48 5 0.158

FE MO 35 % Forest coverage rate

BA( T AR 24 fF F i Pesticide use per unit area

IEH8 bR 0. 050

t/77 hm* 148 A 0.005

[ i 4
Quality-
security P IR FRAR I 7 JT] 5 Fertilizer application per unit area t/J7hm®  fdEbR 0.008
P TE AR AR B B Agricultural film use per unit area t/J7 hm? 1 45 b 0.008
A P2 AR PR M k% 38 B0 Agricultural production price index 48 bR 0.014
N AR AS TR A hEis tity of mai i -
o L AR A 32 SR A W A Quanlyo' main grain it - 0. 166
. purchased by state-owned grain enterprises
Economic-
security 7 B
e kitﬂ'ﬂb . % EfPR 0.026
Expenditure on agriculture, forestry and water resources
F B A 52 1 Fiscal expenditure on agriculture f¢.7% iE 46 b5 0.042
e A L Protein supply g AR bR 0.072
1 2 % 4
Consumption- % Z I A 22 Urban-rural income gap 748 b 0.013
security ) - =
A B B IR &2 8L Rural Engel coefficient g RN 0.013
UL IE 4 A i % % ¥ Road density km/km? NSEERN 0.019
Circulation-
security £ #4732 & Railway freight volume Jit IE 48 bR 0.138
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Table 2 Evaluation of food security in China from 2010 to 2022

B4 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Province s 4 s 3 4 &S 4 4 4F i 4 & 4
ZH Anhui 0.277 0.284 0.291 0.301 0.314 0.321 0.293 0.296 0.293 0.309 0.309 0.314 0.319
Jt 5t Beijing 0.099 0.102 0.097 0.100 0.099 0.101 0.099 0.108 0.118 0.119 0.118 0.125 0.139
& £ Fujian 0.244 0.250 0.255 0.267 0.277 0.290 0.288 0.284 0.292 0.301 0.306 0.309 0.312
Hl Gansu 0.113 0.112 0.123 0.127 0.127 0.135 0.131 0.134 0.145 0.152 0.158 0.163 0.170

"% Guangdong 0.313 0.325 0.331 0.335 0.338
] P Guangxi  0.238 0.248 0.249 0.259 0.265
B Guizhou  0.141 0.137 0.141 0.144 0.151

1 Hainan 0.131 0.135 0.135 0.140 0.146

74t Hebei 0.271 0.283 0.289 0.303 0.307
W Henan 0.435 0.416 0.430 0.433 0.454
ELy/ AN

. .. 0.303 0.314 0.322 0.365 0.382
Heilongjiang

14t Hubei 0.272 0.277 0.285 0.302 0.310
17 Hunan 0.264 0.274 0.277 0.293 0.301
Ak Jilin 0.214 0.217 0.219 0.255 0.267

YL.75 Jiangsu 0.331 0.338 0.351 0.366 0.373
VLV Jiangxi 0.231 0.242 0.248 0.259 0.263
1L 7 Liaoning 0.293 0.307 0.316 0.342 0.339

i:jfjiﬁongoﬁa 0.237 0.264 0.264 0.283 0.290
T & Ningxia 0.104 0.101 0.104 0.108 0.105
¥ Qinghai 0.067 0.070 0.071 0.078 0.077
I %5 Shandong ~ 0.517 0.525 0.546 0.555 0.560
1175 Shanxi 0.192 0.202 0.209 0.217 0.223
B P Shaanxi 0.182 0.187 0.190 0.202 0.209
b1 Shanghai 0.067 0.066 0.067 0.066 0.066

Pl Sichuan 0.246 0.263 0.266 0.277 0.283

.349 0.346 0.337 0.353 0.360 0.366 0.374 0.377

.274 0.278 0.272 0.279 0.288 0.299 0.293 0.298

159 0.167 0.162 0.165 0.189 0.197 0.173 0.177

145 0.147 0.142 0.157 0.158 0.160 0.155 0.157

2312 0.301 0.298 0.304 0.318 0.319 0.318 0.317

.463  0.466 0.462 0.448 0.467 0.445 0.430 0.443

.461 0.394 0.393 0.382 0.379 0.397 0.396 0.388

2319 0.321 0.321 0.324 0.324 0.321 0.328 0.337

2310 0.308 0.301 0.308 0.310 0.314 0.317 0.326

.291 0.300 0.253 0.242 0.255 0.258 0.254 0.252

2373 0.377 0.373 0.367 0.374 0.374 0.379 0.385

.266  0.269 0.266 0.265 0.267 0.270 0.274 0.277

.344 0.343 0.319 0.310 0.320 0.330 0.332 0.333

2311 0.295 0.309 0.321 0.329 0.320 0.333 0.335

.102 0.104 0.108 0.109 0.111 0.119 0.119 0.116

.075 0.082 0.077 0.079 0.087 0.086 0.079 0.077

.578 0.559 0.560 0.555 0.549 0.558 0.570 0.587

2216 0.209 0.225 0.249 0.261 0.260 0.268 0.273

.206 0.210 0.215 0.225 0.235 0.245 0.225 0.236

.069 0.073 0.075 0.077 0.081 0.077 0.077 0.073

2288 0.290 0.286 0.304 0.299 0.305 0.305 0.310
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By 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Province 4 4 4 & 4 4 4 4 4 4 4 4 i

K Tianjin 0.076 0.083 0.084 0.089 0.092 0.092 0.090 0.088 0.095 0.094 0.097 0.096 0.090
Pk Tibet 0.069 0.073 0.069 0.068 0.073 0.072 0.076 0.080 0.093 0.096 0.091 0.088 0.087
Hrif Xinjiang 0.154 0.149 0.159 0.169 0.174 0.185 0.199 0.179 0.190 0.206 0.220 0.210 0.208
2z F Yunnan 0.171 0.179 0.185 0.191 0.202 0.206 0.207 0.206 0.221 0.237 0.240 0.233 0.239
WL Zhejiang 0.253 0.263 0.264 0.272 0.274 0.287 0.284 0.276 0.276 0.275 0.277 0.279 0.284
#H K Chongqing 0.124 0.131 0.133 0.140 0.142 0.146 0.150 0.141 0.147 0.149 0.151 0.150 0.150
MM 0.214 0.220 0.225 0.236 0.242 0.250 0.247 0.243 0.248 0.255 0.258 0.257 0.260
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Fig.1 Evolution trend of China’s food security subsystem evaluation score from 2010 to 2022
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(0.359) g y1.(0. 359) AT Ik (0. 348) . 5L 48
() 22 0 2R 1 [l T A1 B, 38 03 XGBoost T A4 A o [ i
B4 A KOV AR R S Sy A B T L I B R
) o [ A5 A 0 E R A T I sh A AR AL, ROk
F1%) SB SR il 2 R IR I AR 4L R T S AR

#4 ETXGBoost EMHI P ERBRLKTEITMN

Tabled Evaluation of food security in China based on XGBoost reconstruction

B 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Province i i A 4 4 4 4 4 4 4 AF: 4 4

ZH# Anhui 0.297 0.300 0.315 0.321 0.331 0.339 0.319 0.332 0.337 0.332 0.331 0.359 0.369
dt 5T Beijing 0.044 0.044 0.043 0.045 0.043 0.042 0.039 0.038 0.039 0.034 0.032 0.033 0.033
#i 3 Fujian 0.223 0.227 0.239 0.250 0.258 0.266 0.272 0.282 0.285 0.290 0.295 0.309 0.315
Hi Gansu 0.072 0.072 0.079 0.082 0.085 0.087 0.086 0.087 0.091 0.092 0.099 0.111 0.117
J”Z Guangdong 0.364 0.369 0.378 0.379 0.380 0.383 0.381 0.384 0.390 0.380 0.378 0.404 0.416
J7 P4 Guangxi 0.280 0.285 0.298 0.307 0.311 0.313 0.313 0.308 0.315 0.297 0.300 0.326 0.334
Bt Guizhou 0.125 0.120 0.130 0.137 0.142 0.145 0.145 0.148 0.151 0.151 0.153 0.160 0.165
B Hainan 0.091 0.094 0.100 0.105 0.106 0.107 0.107 0.102 0.104 0.099 0.095 0.099 0.101
1[4t Hebeli 0.295 0.302 0.317 0.326 0.336 0.335 0.329 0.341 0.337 0.324 0.321 0.341 0.348
R Henan 0.472 0.476 0.497 0.512 0.522 0.530 0.522 0.514 0.522 0.480 0.473 0.506 0.519
BRI
Heilongjiang 0.243 0.256 0.268 0.278 0.286 0.290 0.286 0.327 0.323 0.319 0.328 0.355 0.359
14t Hubei 0.300 0.304 0.323 0.340 0.350 0.354 0.349 0.359 0.358 0.323 0.306 0.359 0.369
17 Hunan 0.343 0.344 0.361 0.366 0.382 0.383 0.377 0.382 0.384 0.350 0.350 0.398 0.406
Ak Jilin 0.199 0.209 0.220 0.228 0.227 0.230 0.230 0.237 0.227 0.228 0.224 0.245 0.253
TLF5 Jiangsu 0.327 0.336 0.351 0.353 0.356 0.355 0.347 0.343 0.337 0.315 0.314 0.331 0.339
VILPY Jiangxi 0.242 0.248 0.260 0.267 0.278 0.278 0.277 0.274 0.274 0.263 0.259 0.286 0.294
1L T Liaoning 0.313 0.324 0.335 0.346 0.342 0.348 0.352 0.327 0.316 0.319 0.324 0.355 0.359
M5 . . -
Inner Mongolia 0.186 0.195 0.202 0.209 0.213 0.211 0.216 0.233 0.241 0.243 0.242 0.251 0.255
T & Ningxia 0.035 0.036 0.037 0.040 0.041 0.041 0.041 0.042 0.043 0.043 0.044 0.046 0.047
i Qinghai 0.018 0.019 0.020 0.022 0.023 0.024 0.025 0.025 0.026 0.027 0.026 0.027 0.028
II7R Shandong  0.579 0.590 0.621 0.630 0.637 0.649 0.641 0.681 0.673 0.605 0.620 0.664 0.682
175 Shanxi 0.084 0.087 0.093 0.100 0.104 0.100 0.099 0.106 0.112 0.113 0.119 0.135 0.140
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F4 (8
B4 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Province 4 A A A A (8 4E 4E 4 S 4 4 A

%P Shaanxi 0.108 0.110 0.115 0.122 0.125 0.125 0.123 0.124 0.128 0.127 0.129 0.133 0.138
b Shanghai  0.027 0.027 0.027 0.026 0.026 0.025 0.023 0.024 0.024 0.024 0.022 0.022 0.021
P Sichuan 0.393 0.395 0.406 0.418 0.430 0.429 0.427 0.410 0.420 0.376 0.394 0.424 0.433
Kt Tianjin 0.030 0.036 0.037 0.040 0.040 0.040 0.040 0.035 0.036 0.034 0.034 0.035 0.035
Vi Tibet 0.021 0.022 0.022 0.023 0.023 0.023 0.024 0.026 0.026 0.027 0.027 0.025 0.026
B Xinjiang 0.100 0.101 0.111 0.118 0.126 0.133 0.137 0.132 0.132 0.141 0.145 0.156 0.161
= ® Yunnan 0.207 0.213 0.226 0.235 0.246 0.249 0.250 0.264 0.272 0.266 0.272 0.302 0.318
WL Zhejiang 0.212 0.220 0.225 0.225 0.221 0.216 0.211 0.204 0.200 0.193 0.194 0.201 0.206
WK Chongqing  0.133 0.135 0.139 0.145 0.149 0.150 0.150 0.135 0.139 0.131 0.131 0.146 0.149

P fE

0.205 0.210 0.219 0.226 0.230 0.232 0.230 0.233 0.234 0.224 0.225 0.243 0.249
Average value

W HEAT X LY BT L 45 SR 0 # 5 TR . 2K R
4 ,%‘ ! A -\e' . R
RT3 OB K R A HE AR BT 3 A ) T
R ST UIE 4 R R AR BTSN I W4 SR SR R T, T A R S B0 S OE 45 SR BN
T XGBoost #1 SHAP 5 ¥ HE 44 67 10 1) 45 fiF 8 2 Fafit .

&5 XGBoost#l SHAP H ik M4HEEE T E
Table5 Comparison of the importance of XGBoost and SHAP features

HE XGBoost# % XGBoost model SHAP & 1% SHAP algorithm i {E ¥ Entropy method
¥
Rank FEAE (T FRAE 14 FRAE W E
Feature Value Feature Value Feature Weight
EA R A R E
1 K .501 N ) 1
NS EEE s 0.50 TR 2 ™ i 0.037 K i 0.166
2 AT = i 0.214 JirNEP TRy 0.024 TR il R 0.158
3 IR i PR 0.088 IR L PR B 0.022 (IR 0.138
4 PR 55 % 0.067 BRI B 0.010 L RSV 0.123
5 R B 0.045 W0 B AR S 0.009 A B 0.077
6 W B AR 57 0.020 TR 35 % 0.004 [ =PI 0.072
7 W WA X 0.019 AN 0.004 PR 2 7 i 0.068
8 Bk is 0.018 R m 0.003 PR 55 % 0.050
) A A £ ; i
9 0.013 0.002 I I 0.042
LIRS 5 . W B A% 57
A% Lz "‘
10 Efﬁfg&‘&ﬁ 0.003 A MK S H L 0.002 fepok B S 0.026

R B K PR R AR AR & L i B XGBoost 5

g:b\ E i“
5 EBIRN W5 SVR .GBDT . KNN % 7 Fit B 58 2 5] 80 3 47
5.1 %t ZEA L, 18 B XGBoost 508 i i i 5 87 Sy T AR
FEFHEERECREYM T 2010—2022 4 PE— 3, IR AR IR E 4K 4552 R & 1
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1) 38 1 WA 2 I 52, 2010—2022 45 Hf [ B £ 42
SR AR ERETRE LA MAR. #E 2022
OB RO HEZ SERT A A AR TR R
oA VLI AR GRS GBI AE LT R B
MBI BV i AR R R 4K 7R 2012—2015
AR 2018—2019 4F 2 4~ At i) By BE 3 1 B f , 389 4R
SRR 11.11% f2.82%.

2) 2k H XGBoost 152 8 55 J5 11 v 6 45 45 13 AR
KT HE 4 SR sh A AR Ak SERT I A A AR T
U R AL T R VA
At AR H X HE 45 B AR R R R W OR B R & A BR
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