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Spatiotemporal Evolution and Driving Factors of Rice Production Patterns
in China in the New Century

PI Xiuping'?, TANG Junjie', ZHOU Rongji'?
(1.School of Economics and Management,Hengyang Normal University, Hengyang Hunan 421002,China;2.Hunan Provincial Rural Industry Revitalization Re-

search Center, Hengyang Hunan 421002,China)

Abstract: [Objective]This study systematically investigates the spatiotemporal evolution characteristics and multidimensional driving
mechanisms of rice production in China, aiming to provide decision—making support for optimizing the spatial pattern of rice
production and ensuring national food security. [Methods]Based on panel data from 31 provinces (autonomous regions and
municipalities) in China from 2000 to 2022, the study employs the concentration index, standard deviation ellipse, spatial
autocorrelation analysis, and kernel density estimation to comprehensively reveal the spatiotemporal dynamics of rice production
patterns. Furthermore, a Spatial Durbin Model (SDM) is applied to explore the comprehensive effects and spatial spillover mechanisms
of multiple driving factors, including natural conditions, socioeconomic factors, input factors, and technological innovation. [Results]
From 2000 to 2022, China’s rice production exhibited a trend of “initial decline followed by fluctuating growth.” The spatial pattern
showed a “southward contraction and northward expansion,” with the production gravity center shifting northeastward. Significant

positive spatial autocorrelation was observed, characterized mainly by high—high and low—low clusters, though the degree of spatial
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agglomeration gradually weakened. Rice production displayed significant spatial spillover effects: natural conditions (sown area),
socioeconomic factors (economic development level, non—agricultural employment opportunities, urbanization rate), input factors
(effective irrigation area), and technological innovation (rice yield per unit area) were positively associated with rice production
concentration, whereas input factors such as fertilizer input and rural labor force exhibited significant negative correlations. The
effective irrigation area, non—agricultural employment opportunities, fertilizer input, and urbanization rate in neighboring provinces also
significantly affected local rice production concentration. [Conclusion]To optimize the spatial pattern of rice production, attention
should be given to spatial linkages among regions. Strengthening agricultural infrastructure, rationally controlling fertilizer application,
and promoting coordinated urban-rural development are essential strategies to improve rice production efficiency and safeguard
national food security.

Key words: rice production; spatiotemporal evolution; driving factors; food security; spatial Durbin model
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Table 1 Model indicators and variable descriptions
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Indicator class Indicator Symbol Variable description
Bef R b T e S Y PR %
Explained variable Rice yield concentration Yield concentration
S A ; AKRTHERHBY(X10° ha)
19 8Kk 21 Sown area ! Rice sown area
Natural conditions R H A X B TR /32 H TR %
Disaster ratio 2 Disaster area / Affected area
L R X A GDPI(TITE- A7)
Economic development level 3 Per capita GDP
anE 2 s S N =P A=
. . el L2 5 =l I AR R %
Socioeconomic Non-agricultural empl t tuniti X Output value of d d tertiary industri
conditions on—agricultural employment opportunities utput value of secondary and tertiary industries
AR X WELA DA%
Urbanization rate 3 Urban population / Permanent population
AT TN X FENEH AT ¢
L o 0
Fertilizer input Amount of fertilizer input
BEBA IS . A B
Input factors Rural labor force 7 Number of employees in the primary industry
A RGBT X A BHE R TR X10°hm?
Effective irrigation area Effective irrigated area
L 4 . 5 1
(A Bl K KRS 47K R B B (g hin)
Technological L . Xy L .
innovation Rice yield per unit area Total rice yield /Rice sown area
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Figure 1 Trends in rice yield and sown area in China from 2000 to 2022
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Table 2 China’s rice production concentration index
PAAYTAN PAAYTAN
1§ﬁ% 2000 2011 2022 ‘5ﬁ% 2000 2011 2022
Province Province
Jt. 5 Beijing 0.04(27) 0.00(30) 0.00(29) 4t Hubei 7.18(4) 7.96(5) 9.93(5)
Kt Tianjin 0.07(26) 0.06(26) 0.28(23) 15155 Hunan 11.48(1) 12.98(1) 14.05(2)
Tt Hebei 0.32(23) 0.29(25) 0.26(24) J”Z% Guangdong 6.83(6) 5.29(8) 5.90(8)
11175 Shanxi 0.02(29) 0.00(29) 0.01(27) 774 Guangxi 5.88(7) 5.17(9) 5.47(9)
M 527 Inner Mongolia 0.35(22) 0.34(23) 0.48(19) 1 Fg Hainan 0.72(18) 0.67(18) 0.68(18)
i1 Liaoning 1.81(15) 2.27(15) 2.26(15) T JK Chongqing 2.56(13) 2.34(13) 2.58(11)
FH M Jilin 1.80(16) 3.10(10) 3.62(10) U1l Sichuan 7.84(3) 7.29(6) 7.78(7)
By VT Heilongjiang 5.00(9) 12.02(2) 14.46(1) #H Guizhou 2.29(14) 1.59(17) 2.10(17)
i Shanghai 0.66(19) 0.49(20) 0.44(21) 24 Yunnan 2.73(12) 2.97(11) 2.47(13)
Y75 Jiangsu 8.64(2) 9.10(4) 10.60(4) P 3 Tibet 0.00(30) 0.00(28) 0.00(30)
Wil Zhejiang 4.75(10) 2.77(12) 2.46(14) P 7 Shaanxi 0.45(21) 0.39(21) 0.39(22)
A Anhui 5.86(8) 7.15(7) 8.43(6) Hif Gansu 0.03(28) 0.00(27) 0.01(28)
52 Fujian 3.04(11) 2.29(14) 2.10(16) ¥ Qinghai 0.00(31) 0.00(31) 0.00(31)
IV Jiangxi 7.16(5) 9.99(3) 10.84(3) T Ningxia 0.30(24) 0.35(22) 0.13(26)
11145 Shandong 0.53(20) 0.51(19) 0.48(20) #i Xinjiang 0.29(25) 0.32(24) 0.18(25)
Al Henan 1.53(17) 2.26(16) 2.55(12)

4B AR AR AR R RS

Note:Values in parentheses are the rice yield concentration rank.

35.13%, CR8 48440 60.86%; 1M | T 2022 4F- , 33X B~ 48 45 43 ) L T+ & 49.95% F1 81.99% , %5 1] SR AR R ik W &b .
S ICIRIET , A48 /KRG =t B v B HE 44 R A S R 1 TR 3K - B VT DA 2000 45 A5 9 67 BRJE 2022 4F 15 7, 7= 8 Ehik
14.6% ; 1558 £ 7 X S VLVE GKAE R B e RARFEOLE )1 7 AR 5548 13 IR 57 30 1 A b+ 5 R
SER VR HE R AE R RS . IUAh, AR AU XK R 7 5 TR R A 2000 4F (1) 28.4% $& T+ 28 2022 4F 1) 46.2% , b
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32.30°N, H L ELH 31 2 253 kmo 7K A8 45 B 1 AR B9 30 A 2000 4 9 113.87°E30.00° N % 3)) 28 2022 4F 1Y
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Table 3 Standard deviational ellipse

ity A FHOAR I B TR A0
Indicator Year Centroid coordinates Minor axis length Major axis length Rotation angle 6

2000 113.88°E30.42°N 5.88 11.47 50.14

S 2005 113.93°E30.74°N 5.68 11.92 49.28

7J<*H}u_ﬂ1 2010 114.97°E31.90°N 5.57 13.51 45.40
Rice yield . .

2015 115.18°E32.17°N 13.75 5.38 44.69

2022 115.39°E32.30°N 13.81 5.17 43.92

2000 113.87°E30.00°N 5.75 11.35 48.24

-~ 2005 113.81°E30.16°N 5.58 11.61 47.80
IR AR o .

R 2010 114.66 E31.21 N 13.16 5.41 44.33
Rice area . R

2015 115.00°E31.71°N 13.75 5.26 43.58

2022 115.13°E31.75°N 13.59 5.09 43.10
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Figure 2 Migration trajectory and standard deviational ellipse of China’s rice production centroid
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Figure 3 Migration trajectory and standard deviational ellipse of China’s rice sown area centroid
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Table4 Results of global spatial autocorrelation test

Ay Moran’s IF850{H 7 Ay Moran’s IF8 %50 {E z
Year Index Year Index

2000 0.322 3.007%#:* 2012 0.234 2.270%:*
2001 0.346 3,22 2013 0.223 2.172%
2002 0.318 2.96 ] *#:* 2014 0.235 2.274%*
2003 0.341 3.169%*** 2015 0.239 2.312%*
2004 0.318 2.975%:% 2016 0.213 2.107%#*
2005 0.314 2.94 5%k 2017 0.213 2.105%:*
2006 0.296 2.805%** 2018 0.216 2.213%*
2007 0.294 2.785%%#* 2019 0.212 2.091%**
2008 0.291 2.759%: 2020 0.196 1.963*
2009 0.286 2.718%s#:% 2021 0.198 1.984%:
2010 0.264 2.521%* 2022 0.208 2.056%*
2011 0.238 2.298%*

e ek 2FOR 1% 5% 10% B B FEKE . R

Note:*#* ** *indicate significance at the 1%,5%,and 10%levels,respectively.The same below.
& 4 AP KA AR 7 F R R B H-H AR A L-LAERMN itk Jm . H-HAER FL MR ILH T AR

My BRI A 0 3 DX, JE H R R LAV, G 2 B H-H AR 5, 3R DI e 4 [X /K At 7 e 45 vy L &R I DX ds
WAERFBGR i ) L-L A2 3R BUAE B AR AP 22 sl BT IR BT =2 1) s 9 V1 B IXC T 4 DX Il K AR 7= il

2.2000 b.2008
021
o9 o240 13 " 14 i .
- 20 °19 %18 s 2l el9 o 14
ell 9 P11 ° ®17
e17 ..21 20 ®18
S s ops ~ s off
= 0 26 ol0 = 0l2 25
© 77 & = 10
29 jges 10 8
KR s e e 2
18230 18230
- 0 1 2 30 - 0 1 2 3
Z z
2016 4.2022
! 12 T 12 el4
022 19 - ol4 9 24422 - °
EE 2 *17 o8 RRCL T o17 ol8
1.221 97 20 o 720
»N D »N
Z o N = 025
& 5 10 223. 7o 10 )
8
224%3, 16 23 4y 0 23
19230 =30
i . . 4 . .
-1 0 1 2 3o 0 1 2 3
V4 V4

P 1~3 1 B AR R TR IE] 3148 DT, et e 3 3% 58 A 3 B U7 O T L LR B L TR EE O R B I S LB T TR
In the figure, the numbers 1 to 31 represent the 31 provinces, autonomous regions, and municipalities of China: Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia, Liaoning, Jilin,
Heilongjiang, Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong, Henan, Hubei, Hunan, Guangdong, Guangxi, Hainan, Chongqing, Sichuan, Guizhou, Yunnan, Tibet,

Shaanxi, Gansu, Qinghai, Ningxia, Xinjiang
E4 BI=EBHEIKLBER

Figure 4 Results of local spatial autocorrelation test
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Figure S Kernel density estimation of rice yield and sown area in China
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Table 5 Empirical test results for spatial econometric models
LM 655 EN 14 Wald #5536 F LR K255 EN i

LM test Coef. P Wald test and LR test Coef. P
LM~-Error 64.024 0.000 Wald spatial error 70.95 0.000
LM-Lag 24.605 0.000 Wald spatial lag 52.88 0.000
LM-Error(Robust) 90.124 0.000 LR spatial error 67.47 0.000
LM-Lag(Robust) 50.705 0.000 LR spatial lag 51.09 0.000
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Table 6 Estimation results of the SDM

A E 4 FrifEiR A EY FrifEiR
Variable Coef. S.E. Variable Coef. S.E.
X, 0.003*** 0.000 WX, -0.001%** 0.000
X, -0.000 0.000 WX, 0.000 0.001
X, 0.0697#:* 0.019 WX, 0.034 0.039
X, 0.028%:* 0.009 WX, 0.061 %% 0.019
Xs 0.027%** 0.006 WX, —0.026%* 0.013
X —0.007%** 0.002 WX, -0.007* 0.004
X, —-0.000%:* 0.000 WX, 0.001 %% 0.000
Xq 0.0033%:* 0.000 WX, 0.0027%:#* 0.000
Xy 0.000%** 0.000 WX, 0.000 0.000
rho 0.143%%** 42.732 R? 0.877
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Table 7 Estimation results of effects of driving factors on evolution of rice production in China

iy HAERUY Direct effect [B] 42500 Indirect effect SN Total effect
Variable ZH Coef. FRUERS.E. ZR Coef. FRUEIR S.E. ZB Coef. FRIEIRS.E.
X, 0.003 % 0.000 -0.000 0.000 0.003%:k# 0.000
X, -0.000 0.000 0.000 0.001 -0.000 0.001
X, 0.07 1 0.018 0.048 0.043 0.119%:k* 0.040
X, 0.028:%* 0.008 0.074%%* 0.020 0.1027%:k* 0.025
X 0.026%** 0.006 —0.024%* 0.012 0.002 0.013
X —0.007%%* 0.002 —-0.009%* 0.003 —0.016%#* 0.003
X, —0.000%** 0.000 0.0007%:* 0.000 0.000 0.000
Xq 0.003 %% 0.000 0.002 0.000 0.006%** 0.000
X, 0.0007%** 0.000 0.000 0.000 0.0007%:#* 0.000
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