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Abstract To ensure the stable supply, efficient utilization and long-term sustainable development of the
food system in China, one food system framework is constructed from four-dimensional synergistic
perspective, which encompasses structural rationalization, technological sophistication, policy service
orientation, and governance ecologicalization. Sensitive factor indicators are identified through the PVAR
model, and the development level of the food system is measured by using the ordered polygon area
method. The dynamic evolution characteristics are analyzed using Markov chain analysis. The results show
that the selected twelve development evaluation indicators for the grain system include: grain production
structure, the comprehensive utilization rate of grain, the net import and export rate of grain, labor-saving
technology, the degree of technological progress, the number of grain-related invention patents,

government support intensity, insurance penetration rate, government investment scale, environmental
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regulation, carbon emission rate and the proportion of disaster-affected area12; From 2005 to 2021, the
grain system has continued to grow with the differences between subsystems gradually widening, showing
a clear “heterogeneity” characteristic; China’ s grain system displays a “radiating” trend, with the
Northeast and North China taking the lead in development, driving the overall improvement of the national
grain system level, which forms a “dual-core” development pattern of the grain system centered on the
Northeast and North China; In addition, the Markov chain results indicate that the current development state
of the grain system is relatively stable with a clustering effect; The probability of maintaining the current
development level is gradually decreasing, while the probability of evolving to a higher development level is
increasing, which suggests the possibility of breakthrough development. It is recommended to optimize the
integration of resources and factors, expand the spillover effect of advantageous regions, establish a multi-

level grain system security and operation mechanism, and promote the sustainable development of the

grain system.
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Table 1 Differences between traditional and modern food systems
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Fig. 1 Operation mechanism and endogenous transformation of food system
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Table 3 Estimated results of the influence of sensitive factors on the representation indicators
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Note: *, ** and *** mean 10%, 5% and 1% significance levels, respectively. The same below. L1. and L2. indicate the lag period 1 and

lag period 2, respectively.
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Table 4 Comprehensive evaluation value of China's food system development level from 2005 to 2021

Prﬂi{iﬁce 20054F  20074F  20094F 20114 20134 20154F  20174F 20194  20214F
2P YT Heilongjiang 6.11 7.49 7.05 8.02 8.54 8.88 9.05 9.58 9.77
bR Jilin 5.06 6.05 7.03 7.41 8.00 8.72 9.35 9.51 9.69
A Henan 6.13 7.14 6.12 7.12 7.17 8.08 8. 11 9.19 9.27
I 7R Shandong 4.07 5.36 4.55 6.35 7.08 7.14 7.17 8.25 9.01
4t Hebei 5.22 6.11 6.07 7.05 7.06 8.08 8. 10 8.15 8.76
N5 1 Inner Mongolia 3.09 3.36 2.42 3.31 4.21 5.12 6.34 7.84 8. 37
VL5 Jiangsu 2.08 3.65 3.17 4.64 5.25 5.79 5.21 6.27 8. 87
PYJI Sichuan 4.16 5.65 4.33 5.35 6.13 6.78 6.75 7.17 7.99
“Z# Anhui 3.18 4.05 3.23 4.23 4.31 6.01 6.93 6.65 6.92
¥ Shanghai 1.53 1.92 0.84 0.86 1.23 1.66 2.54 5.83 6.89
WiVl Zhejiang 2.64 3.34 2.55 2.95 3.32 4.83 5.79 6.54 6.82
Jt 5T Beijing 0.68 0.57 0.73 0.71 0.88 1.33 1.98 6.07 6.68
1L 7" Liaoning 4.01 4.01 2.99 4.25 4.66 4.31 5.03 5.71 6.51
J” R Guangdong 4.03 3.95 2.11 3.31 3.53 4.36 4.22 4.78 5.05
T I Chongging 2.15 2.08 2.05 3.07 3.69 4.47 5.29 5.64 5.92
K Tianjin 3.38 3.52 2.41 2.33 3.32 3.30 4.62 4.98 5.76
7 & Fujian 2.03 2.72 2.21 2.35 2.66 3.21 3.53 5.17 5.75
1/ Hunan 2.59 3.16 2.25 3.02 4.12 3.73 3.04 4.97 5.64
1t Hubei 2.76 3.02 2.41 3.11 4.17 3.52 3.79 4.96 5.58
i Xinjiang 0.09 1.07 0.42 1.01 2.58 2.08 3.21 4.91 5.43
7LVY Jiangxi 0.17 0.74 0.31 1.39 2.44 2.83 3.18 4.51 5.32
P Xizang 1.56 2.99 1.18 3.95 3.62 4.40 4.28 4.27 5.27
1174 Shanxi 0.75 0.93 0.91 1.11 1.52 2.15 2.68 4.31 5.01
= ® Yunnan 0.59 0.93 0.22 0.62 1.31 0.87 2.51 4.02 4.74
B P Shaanxi 1.04 1.32 0.98 2.05 2.34 2.75 3.03 3.54 4.11
1 Qinghai 2.41 3.27 2.68 2.27 3.16 3.11 3.08 4.11 4.08
1 Hainan 0.92 0. 20 0.71 0.92 0.96 1.08 1.11 3.16 5.65
T E Ningxia 0.55 0. 64 0.35 0.12 1.16 1.74 1.08 2.67 5.37
J7 VY Guangxi 0.13 0.07 0.03 0.42 1.02 1.26 2.38 2.53 3. 14
HR Gansu 0.22 0.43 0.14 1.73 1.91 1.65 1.54 2.04 3.07

2 M Guizhou 0.24 0.35 0.15 1.04 1.62 1.93 1.99 2.01 3.02
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Table 5 Markov chain transfer probability matrix of food system

MRS et R

State transition probability ! " HI v
I 0.624 7 0.242 6 0.132 7 0
II 0.051 5 0.740 7 0.207 8 0
111 0 0.011 2 0.824 5 0.164 3
v 0 0 0 1

TE LIV 2R BIAAERAR  P s dmi K P B B, R 6 1]
Note:I, II, IIl and IV represent the low, middle, high and highest level stage,respectively. The same in Table 6.

3.4.2 BAEZGEREAKTHESTAM

ST xRN RO B A TR R B RS L R By
BOFFLAE, DL 2021 48 BRI, F0 T 2026 1 2031 4%
A B R G KEBr B ARt . B 2026 4, i T 5K
R K- 1 48 T DR A RS R Ty 22. 730,
] H A KT A KT R S T AR R 23,17 %
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TRFE IR ARSI MER TR T 6.67% , 10 558 3
IR HERRE R M 35. 05% FI137. 35%. 20264E,
A7 T v 45 R e KT 19 48 T DR R DA RS R
25.22% , 1) 55 1 K P L K B BT R SR R
29.48% F128.63% . #2031 4F , fif T o %5 & J& K

8 TR R R AR A W E SR R B 5.93% , 8
1o 7K ST T i K bR A T 1 M S 4 i Ol 43,61 %
1 35.35% o 20254F , i T K K K- 1 4 T Ak
e 5 A RS MR Jy 33,45 % , 1) 5 K - & TR A 46
N 66.55% o B 20314, fL T # i K R KF- 14
T PR FF AR A M HE S T % 3.69% , 1] /i K P &
R R K & 70.24% . BN ZE R BOR KA 0
WEREAEREN XM 2ZR REEEA LR
KT 19 1E 76 38 A 45 /DN 1) B iR B B R R 1 AT e
AW, £58 RRE R G ] BE AR AR R
KR, BE G W) RS, X R B Ok Sy B
B(E6),
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Table 6 Food system forecast results for 2026 and 2031
IO LR T U 4 Ay
B - I i v
State transition probability =~ Forecast year
2026 0.227 3 0.2317 0.2459 .2951
I
2031 0.160 6 0.350 5 0.373 5 .115 4
2026 0.166 7 0.252 2 0.294 8 .286 3
1T
2031 0.017 5 0.1929 0.436 1 3535
2026 0 0 0.334 5 0.6655
I
2031 0 0 0.297 6 0.702 4
2026 0 0 0 1
v
2031 0 0 0 1
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