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Influence mechanism and effect of agricultural digitization on
food production security

LIU Wei', ZHENG Xueli', MA Hengyun?
(1. School of Management, Henan University of Technology, Zhengzhou 450001, China;

2. School of Economics and Management, Henan Agricultural University, Zhengzhou 450046, China)

Abstract In order to clarify the effect of agricultural digitization on food production security, based on a
provincial panel data of 13 provinces (2011-2021) in major grain-producing areas, an evaluation index
system of agricultural digitalization and food production security was constructed using entropy weight
method. The baseline regression model and threshold effect model of panel data were established to
empirically analyze the impact of agricultural digitalization on food production security. The empirical results
show that: 1) The development of agricultural digitalization has a significant positive effect on ensuring food
production security, but its effect can only be fully manifested when the level of agricultural digitalization is
developed to a certain extent. 2) When agricultural digitization is at a low level, it has a certain negative
effect on food production. When the level of agricultural digitization is elevated to a higher level, the impact

on food production security will turn into a positive promotion. 3) Further research shows that the impact of
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agricultural digitalization on food production security is different in different regions. Agricultural

digitalization has a significant positive effect on food production security in the North China Plain and the

middle and lower reaches of the Yangtze River Plain, but has no significant impact on the Northeast Plain.

Therefore, this study put forward three proposals as follows: Grasping the opportunity of agricultural digital

development, promote the construction of agricultural digital infrastructure, and provide a strong guarantee

for food production security in China; Adopting different agricultural digital promotion strategies according

to local conditions to effectively ensure regional food production security; Establishing regional cooperation

mechanisms to share experience in agricultural digital development.

Keywords agriculture; digitization; food security; food production; threshold effect
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Fig. 1 Analysis of the influence mechanism of agricultural digitization on food production security
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Table 1 Food security level measurement index system
— R AE AR & 15 b5 1 5 L 15 b fifk B
Primary index Secondary index Index property Weight Index interpretation
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Table 2 Agricultural digitization level measurement index system
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Table 3 Statistical descrlptlon of variables
Yt Jif 5 it e K AH /A A
Dimensionality Variable Max Min Mean

M #E A i L /5 hm? 1455.13 316. 98 661.25
A B 5/ Tt 7 867.70 1753.90 3763.40
WE AN AR/ (kg/ D 2 499. 30 399. 50 729.07
M 52 9 AL/ JT hm” 422.40 8. 80 117. 69

WREE 2

ii pr}:jition safety Tl A 25 44 0.97 0.30 0.72
A RCHE W T AL/ J7 hm? 617.76 140. 78 354. 22
A& 2548 ] 1/t 164 812.00 23 426.00 84 167. 82
RN it H /7 ¢ 716. 10 108. 60 283.78
SRRk N0 1T A /1 318 727.00 47 651. 00 112 218. 80
B MgEAN/ 1 560. 70 19. 80 405. 05
Al Az 7 B B R/ A 47.00 18. 00 29. 27
Pl 2B 7 A7 B AL 7R 0.92 0.03 0.32
B A o e /A 125.97 52.04 91. 84

L B AL AT il BB T K /AL ot 823.10 0.75 109. 46

Agricultural digitization M 2 B AL BV /AL T 966. 70 112. 20 436.75
A 7= i A BT LR B 10 881. 16 238.55 1786.49
Al A R B e /A 801. 00 0.00 61.90
AR 19 2% STAT K /42 58 234. 44 11.42 95.99
LA it % K OF- /km 293 242.00 89 568. 00 171 409. 77
FANE TN 2 210. 00 422.00 1079.50
B F L 1 /42 kW - h 1949.10 42.50 331.41

fjﬁ:}imble - b S5 A K P 0.05 0.02 0.03
A B AL K -/ T kW 13 353. 00 2 014.10 5 744. 83

Al A 7= RE /e ot 6 564.83 895. 83 2 781.08
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Table 4  Agricultural digitization level by province (region) from 2011 to 2021

B /KR SEA Year
Province/Region 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
M1 Heilongjiang 0.073 0.090 0.102 0.090 0.106 0.101 0.112 0.126 0.142 0.145 0.124
il 7 Liaoning 0.061 0.083 0.092 0.088 0.096 0.104 0.109 0.119 0.131 0.137 0.110
Ak Jilin 0.041 0.059 0.070 0.070 0.080 0.080 0.090 0.102 0.125 0.138 0.121
i rd Henan 0.132 0.155 0.185 0.177 0.200 0.202 0.241 0.291 0.354 0.414 0.357
4t Hebei 0.116 0.118 0.138 0.151 0.167 0.197 0.232 0.302 0.396 0.480 0.480
1% Shandong 0.155 0.177 0.217 0.208 0.269 0.302 0.401 0.492 0.607 0.703 0.696
1t Hubei 0.096 0.125 0.135 0.131 0.144 0.152 0.152 0.183 0.213 0.227 0.198
7 Hunan 0.078 0.109 0.124 0.124 0.147 0.158 0.168 0.201 0.232 0.247 0.200
VL Jiangxi 0.037 0.055 0.064 0.067 0.074 0.083 0.098 0.122 0.141 0.159 0.133
7175 Jiangsu 0.154 0.179 0.201 0.211 0.289 0.309 0.376 0.494 0.641 0.679 0.612
L Anhui 0.058 0.078 0.130 0.134 0.166 0.168 0.211 0.248 0.338 0.367 0.325
Pu )il Sichuan 0.133 0.149 0.163 0.173 0.194 0.213 0.235 0.309 0.353 0.407 0.340
M5 Inner Mongolia 0.053 0.074 0.088 0.084 0.095 0.100 0.114 0.135 0.152 0.167 0.141
%t )i Northeast Plain 0.058 0.077 0.088 0.083 0.094 0.095 0.104 0.116 0.133 0.140 0.118
126 North China Plain~ 0.134  0.150 0.180 0.179 0.212 0.234 0.291 0.362 0.452 0.532 0.511
AT R U »
Middle-lower Yangtze Plain 0.085 0.109 0.131 0.133 0.164 0.174 0.201 0.250 0.313 0.336 0.294
¥ Mean 0.092 0.114 0.133 0.132 0.157 0.168 0.199 0.243 0.299 0.336 0.308
DR EAT L LK. EFEATREIN RE M 2= B A A KB GRS,

He PR 4 K- 45 5 0. 297 B9 K 0. 391, iz Ik A4
FREZEKFRYE S ET R, R e R4S
KO BA X2 5, RACTE R & % 2K F o,
0. 519480 F Ik 2, 4 0. 368 K VT H T i - it
AR, 0,285, ZR 6T i (9 K £ 28 42 K F- 42 T
BEAR Wk, B 54840 I KV R i T R 2 T
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Table 5 Food production security level by provinces (region) from 2011 to 2021

B0y /X, AENy Year
Province/Region 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
EJP T Heilongjiang 0.568 0.590 0.613 0.641 0.663 0.638 0.748 0.744 0.758 0.829 0.881
il 7* Liaoning 0.167 0.169 0.173 0.140 0.155 0.169 0.182 0.174 0.198 0.212 0.213
K Jilin 0.338 0.350 0.364 0.365 0.372 0.383 0.423 0.380 0.409 0.429 0.464
7 rd Henan 0.370 0.377 0.373 0.375 0.403 0.398 0.417 0.426 0.432 0.441 0.430
4t Hebei 0.273 0.275 0.275 0.273 0.271 0.278 0.301 0.303 0.308 0.313 0.316
1175 Shandong 0.267 0.275 0.273 0.287 0.293 0.303 0.329 0.333 0.338 0.349 0.357
4t Hubei 0.218 0.229 0.237 0.253 0.264 0.249 0.275 0.280 0.277 0.282 0.29%
1 Hunan 0.224 0.231 0.224 0.239 0.241 0.236 0.243 0.244 0.245 0.255 0.266
7L Jiangxi 0.190 0.193 0.196 0.203 0.203 0.201 0.209 0.210 0.209 0.219 0.224
YT.73 Jiangsu 0.250 0.258 0.260 0.265 0.270 0.271 0.280 0.283 0.287 0.287 0.289
G Anhui 0.268 0.276 0.287 0.303 0.309 0.293 0.331 0.330 0.334 0.339 0.351
P4 )il Sichuan 0.244 0.251 0.249 0.253 0.260 0.266 0.271 0.275 0.279 0.283 0.290
M5 1 Inner Mongolia 0.349 0.376 0.403 0.407 0.422 0.419 0.417 0.452 0.470 0.481 0.500
7R AL 5 Northeast plain 0.358 0.370 0.383 0.382 0.397 0.397 0.451 0.433 0.455 0.490 0.519
426 IR North China plain -~ 0.303  0.309 0.307 0.312 0.322 0.326 0.349 0.354 0.359 0.368 0.368
ESCANG R
) ) 0.230 0.237 0.241 0.253 0.257 0.250 0.268 0.269 0.270 0.276 0.285
Middle-lower Yangtze Plain
#1{ Mean 0.297 0.305 0.310 0.316 0.325 0.324 0.356 0.352 0.361 0.378 0.391
i g c =Tk
<is 3 RELRSHH
423
& 28 i
£Et 3.1 BEEASH
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Fig. 2 Comparison between agricultural digitalization and

food production security
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0.086%, Hif L T 5% Wy i 25 MK K 56, U B Ak
MV BT AL RO B T M XA A W R R R

e HAMREEM . d, B 115 2 KT
3.2 HERAZEFER

1) TR &N #6580 M3 ¥ Hansen A9 F 55 8L %,

Sof TS AR [ S R A R AT R B

e, X5

P AT = TR R 5, I bootstrap K XA 500
W AH P AE R 38 2 R, T LUK BT
ORI, PR S LR, P R E o W
R g6, PR UK BRI y ST T Al . I, P E i
LT R o A RTEAD O I S Sl N R G ARE S
m=E 7R,

Fo6 HEMPALER

Table 6 Baseline regression result

. FE 1 Model 1 B 2 Model 2
A
Variable R . B )
Coefficient Coefficient
ol KA
. L 0. 174 6.22 0. 086 1.99
Agricultural digitization
FARNH
) . —0.002 —0.08
Agricultural population
A e
. . 0.018 1.64
Rural electricity consumption
3 BT K
' 2.713 1. 34
Land quality level
ML ALK -
) L 0. 006 1.58
Agricultural mechanization level
gl A B E
. 0. 122 5.17
Gross agricultural product
4L Constant 0.293 47.94 —0.854 —3.97

T AR 1 g SR A ] PR A AR R 2 Ay i A B o R e S A [ AR AR e e 0 R TE 106,524 F1026 YUK R A

Note: Model 1 is a univariate regression model, and Model 2 is a regression model after adding control variables. *#*  ** and

* are significant at the level of 1%, 5% and 10% respectively. The same below.

R7T ITEEREELE
Table 7 Threshold effect test
Tl AR 7Y F1{i P{H Bootstrap ¥ 4 Ifi Y& Threshold
Threshold model F value P value Bootstrap count 1% 5% 10%
T
. 29.19 0.020 500 33. 604 21.500 18.154

Single threshold
XU [

25.66 0.897 500 32.622 22.100 18.769
Double threshold
SHETR

24.39 0.466 500 24.290 14. 891 12.375

Triple threshold

DT IMEAG T2 R B o FE 8 E B A,

A HRAT]

HEAEL LA, EAT AR Lk B — TR A T, Al T 25 2R e
9500 BAFIXE LA 8. Ferb, IMIMLEL (LA AR HE ok KR (18] 3D
A LE i T e AR 1R (A i 3 A A DX ) i i

T o AR BT D05 A5 B B TR A Al B E K
SR 43S 24 K TRL 23 590 Sk AR B AR AR K B B (X
<<0. 106) Al Bk s 7K F-BrBe (X=0. 106) .

24 b B A A TS [ X R IS 6 R A e
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Table 8 Threshold estimates and their confidence intervals

®9 NHEOEAER

Table 9 Threshold regression result

I AL T E 95% EAF X 1]
I A 25 AR :
Threshold 95% confidence
Threshold type . )
estimates interval
PR ‘
0.106 [0.103,0.109]

Single threshold

B3 IHELSALE R B
Fig. 3 P Threshold likelihood ratio function

B NR AT C TP N i N I N il T = e g
XTI B R - 2 r AR man 3R 9 s . 44kl
B A AL FAROK T By Be i, XA & AR 7= 2 4 e A
95 Y B 1 RN 5 BT RO B A R K CF B B, X
WEA LR IE N H R, 2mREh
0. 084, J e I i JHEXof H £ A= 7 2 e A T R i AR
[ A A ==Y O N S o R o S e 2
JEBI BRI E A R RE RIS B A
RO B8 33 7 B I Rl BE A7 7E A R
PEET B H2 15 3] T K3E .
3.3 REMESWH

BT AR G P & R DL R T AT S R A U
FI AT Rl G, (45 12 [R] BE 2 RN % i 2 1 45 I [ s
A DX 3 (8] 28 355 3% 3 %) b DX S T g 4T L A 1 T
A B B XA BN, s T DX ] 28 TS B Y
IR o B AN AT Z00% 19 2, AN [R] X3 Al £
1% 2 R K SPATIAEAE AN /NI 25 52 A BE 26 1l X 1Y
M A 7 2 A R BT BAIR T AN [ X sl A Ml -
A AKX R A 7 2 4 1Y) 5 i L R BE AE TR S T
FEDR A 7 AR 134N 0y BR i sl Fn i 4, &
BT T =R A A D BRI TE S AR G TAEN Y

A AL 3 R 4
Variable Model 3 Model 4
N0, 106 —0.452* — 0. 299%x*
= )
Rl g 4 (—1.82)  (—3.63)
Agricultural
T 0. 143#xx 0. 084+
digitization X=>0.106
(5.3 (2.27)
FARANE —0.039*
Agricultural population (—1.72)
AT H L 0.010
Rural electricity consumption (1.05)
- M i KT 4. 441%x
Land quality level (2.43)
Ak HL A AL K
. o 0. 042+
Agricultural mechanization
(2.56)
level
ARl A7 B 0. 080%**
Gross agricultural product (3.7
(14 —0.595
Constant (—2.06)

T AR 3 Ay LA R (o] YA SR 4 DAy o ACHAS i A i g Il H AR
Note: Model 3 is a univariate regression model, and Model 4 is a

regression model after adding control variables.

ARG s T R T L LR P R ARG T G
[IRANLINAIN &S N5 v 1R S N Ll N7
R T 2R A BT A X R 4 T Y X
b2 5, (07 FH 1 20 43 ) A 7 I, 5 R an 5% 10,

SR FI A — ARG R S KT R R R
Ji, AR B A AT X B A e e A A T i I IE
] R, BT A R 500 0 R 0. 098.0. 058, HI LRI,
XoF A B A g P R A v i X, Al B Ak K
P R AR R A AR EVE R ORI B DU
A6 5 g 8] iz i X ARl BCF A K B i, 2021 4F 5K
FO0.511, % FREA L2 EMERRK. H
TN ARAGE JE ML X AR BT A R R AR i A
FEAR A W E ROV o B AT BB, AR 6T R A M £k
TR, 2021 44 0. 118, % T 42 5 F- 7K
(0. 308D, I AR AR A 77 e 4y A i E AR
3.4 TREMAR

R T UE B AR AT 5% A5 K [T U 45 SR 1) mT A , T
Xif SRl BT R MR RS 55 . S A SCF R i
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Table 10  Regression results of the three plains
ZRALF 5t AL i AT H R i It
A Northeast plain North China plain Middle-lower Yangtze plain
Variable 2 25 28
t
Coefficient Coefficient Coefficient
gl Hor A
. o —0.309 —0.65 0. 098 2.47 0. 058 2.53
Agricultural digitization
FARNH
. . —0.160 —1.71 —0. 0945 —3.17 0.016 0. 86
Agricultural population
S T HL
. . 0. 067 2.32 0.066 3.68 0. 015%* 2.45
Rural electricity consumption
3 oK P
) —14.251 —1.65 —1.343 —0.63 —1.209 —0.94
Land quality level
M LB AL K
: o 0.059 0.63 0.013 0. 64 0.016 1.56
Agricultural mechanization level
gl A 7 B E
. 0. 144#* 2.60 —0.091** —2.13 0. 056%%* 2.76
Gross agricultural product
AL
0.024 0.02 1.279 2.82 —0.482 —1.71
Constant

PEAR TRl BE LA R0 e 32 A0 1) R 47 B2 [ )3 Y 5 12 gk
TR A

TS, X B I E SO AR T (3R 6) 5 1T A AR A
T 90 [ S5 2R, Al e P i 1 48 6 181 72 200
J5i 5 2 oA TR i 5 25 R AR — 2, BT LRI A 2 R
TR Ay ] 1 35 2R 0 45 D A Ak

AT (1] 72 28007 A5 0 R R ASE 2R AT [ U B SR
P A 1] U5 3k, BIAE [m] 09 5 7 b o8 28 i A 42 Tl 72
iU S TINERAE B RnEAgivE R S NG (A R 7 2
W AR A AS B [ )9 25 28 W35 AE A
Pl As B s, R S5 RATIAR B3 B R BOE AL
AR H, A [ A5 R B R

O Uk A S5 L X AR BIF 5 6 o [ U1 45 R T Y
W25 XA R AT RIS 2. 520 MY 46 R AL HE Bt 2 25 Bk
f5 R A v g R BRI B /M S BT 2. 500 (9 5CfEL, 7T
LA R0 B R A Hp 1 A o B0 L LR TR 0 45
11 MRPEAGTHEE R, 45 B AL R B9[] )3 25 R AK AR
B, HARZ A I A 22 5, 5 T8 E RO ]
GEREEAR—E m R A B R R A
LA P A R IE ] S 3 RO BE AR AR A

HW, BN AEER . 56—, i T IR %

i ok A 1R 22 o WE AR AR K 4 R IR A b [ 4
THAE 4 ) (i [ AROR e 4R ) (o [ 5 4
FEHAG ) Je 4% A8 e AR 4 A5 AUBCEUE R, O B
BRI i RS BE AT 1A S AR B A
TR T Hy T Dt o B 52 22 T 0[] U9 45 28 0 A HY) 32
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AT AR L, DA B Al Al B Al b
B A AR BT 77l Ak 3 A 2 3 e IBUH A A R
BT A K AT SRR I B R S 3 A 4R
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A NEL AT T LR | B K Al LR oK
S B A Az 7 SRR Dy 5 AL i SR T S RN A
T PEATAG T, LAA A M 5 o e, B 45 2 0 rp AN i
I 1) 78 3l 0 st O A A o B =, 0 TR R O R
), R A 22 A TR AR Y R AR
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Table 11 ~ Shrink-tail regression results

75 1% 5 Model 5 1% 6 Model 6
Variable E t 2 4
M B Ak
. L 0. 174 6.22 0. 098%** 2.31
Agricultural digitization
FRNHA
. . —0.001 —0.48
Agricultural population
B R .
. _ 0.015 1.43
Rural electricity consumption
e B K
) 4.316%* 2.18
Land quality level
B BB AL K
. o 0.006%* 1.78
Agricultural mechanization level
el A7 B E
. 0. 128 5.58
Gross agricultural product
# 4 Constant 0. 293k 47.94 —0.934 —4.52

TE AR 5 Sy B ] DS AR AR 6 DAy A A i A e ) [ U AR

Note: Model 5 is a univariate regression model, and Model 6 is a regression model after adding control variables.
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