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Spatial spillover effect of agricultural mechanization
on grain production:
Based on spatial econometric analysis of 13 cities in Jiangsu Province

WU Zhihao'? , DANG Jingqi'*, JI Chen'?"
(1. Center for Agriculture and Rural Development, Zhejiang University, Hangzhou 310058, China;
2. School of Public Affairs, Zhejiang University, Hangzhou 310058, China;
3. School of Management, Zhejiang University, Hangzhou 310058, China)

Abstract In order to study the spatial spillover effect of agricultural mechanization development level on grain
production in different regions and its mechanism, based on theoretical analysis and using the panel data of 13
prefecture-level cities in Jiangsu Province from 2000 to 2016, the spatial Durbin econometric model was used for
empirical analysis. The results showed that. The grain yield and the level of agricultural mechanization in Jiangsu
Province displayed geographical spatial correlation and aggregation effect. The level of agricultural mechanization in
Jiangsu Province had a significant spatial spillover effect on grain yield. Comparing the estimation results of pooled
ordinary linear regression. two-way fixed effect and spatial Durbin models, it showed that the systematic estimation
errors of direct effect and total effect of agricultural mechanization level on grain yield occurred if the spatial factors
were not considered. The spatial spillover effect was heterogeneous among different grain varieties. The spatial
spillover effect of corn production mechanization in Jiangsu Province was higher.
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Fig. 1 Theoretical analysis of the impact of mechanization on grain yield
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Table 1 Descriptive statistics of variables

BUE Y 5 ¥IE b 25 e /MA IS PNEN
Variables Symbol Mean Std. dev. Min. value Max. value
ATt Yie 2 610 092. 00 1 507 608. 00 591 627. 00 7 080 599. 00

Grain yield

LA WL S 3h J7 . kW Mac 2 863 062. 00 1 530 822,00 992 200. 00 7 123 300. 00

Agricultural machinery

A7 A AL, hm? Are 401 950. 30 231 251. 90 94 060. 00 981 570. 00

Grain acreage

AR MO N B s A Lab 631 476. 90 428 900. 60 118 600. 00 2 071 400. 00

Plant industry labor

Ak R gt FH 4 4 &, ¢ Fer 257 207. 00 180 274. 90 51 835. 00 703 405. 00

Chemical fertilizers

A 25 fifi FH &, Che 6 831. 47 3 675. 87 1 660. 00 15 967. 00

Pesticide use

A JEfil Plas 6 913.97 5 900. 33 1 265.00 30 314. 00

Plastic use

A FH Sl .t Die 69 188. 99 52 985. 74 15 230. 00 265 033. 00

Agricultural diesel use

LA R, T kW Elec 902 434,00 1 250 145. 00 19 691. 00 6 097 800. 00

Rural electricity use
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Fig. 2 Jiangsu’s grain output and total power of agricultural machinery from 2001 to 2016
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Fig. 3 Jiangsu’s distribution of grain yield and total movement of agricultural

machinery in prefecture-level cities from 2000 to 2016
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Table 2 Two-way fixed effect model estimates

AR A 1 iy 2 LT 3 PR 4 A 5 1Y 6
Variables Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
A LA E B I InMac 0. 600" 0.544 0.229" 0.059" 0.128" 0.054"
Agricultural machinery (0.057) (0.058) (0.031) (0.035) (0.034) (0.026)
MR AR InAre 0.998" 0.97" 1.024™" 1.032""
Grain acreage (0.068) (0.052) (0.078) (0.055)
RNt 4T 46 & InFer 0. 146" 0.102 —0.021 0. 048
Chemical fertilizers (0.070) (0.064) (0.078) (0.052)
Rl ol A BE InLar —0. 056" —0.032
Plant industry labor (0.018) (0.027)
R Zjfli H it InPes —0.006 0. 039
Pesticide use (0.040) (0.037)
AP & InPlas 0. 005 0.013
Plastic use (0.018) (0.120)
A% Sl {# & InDie —0.018 0.026
Agricultural diesel use (0.045) (0.024)
Kk & InEle 0.030™ 0.023
Rural electricity use (0.012) (0.021)
i X [E 2 %G Prefecture FE No Yes No Yes No Yes
A [ E SN Year FE No Yes No Yes No Yes
WL {E Observations 221 221 221 221 221 221
R? 0.595 0.796 0.872 0.953 0.891 0.956

< 5 P00 B 07 28 R AR AL 5 o

* SPAIRRAE 1065 %0 F 10 %K 3, FIH .

Note: The White heteroskedasticity-robust standard errors are in brackets. xx=x ,

%% and * mean significant effects of the

variables at 1%, 5% and 10% levels, respectively. The same below.

4.2 ETeEBE=ZHHYNTEHERAXENE

A FEARHE K (2) 73 BT T 2000—2016 47T
IR 7 R AR LA B ) 1 A B BE 22 R A
(4>, I 4 ra] LA B, bR S A8 o ) 4 36
Moran’s T ¥ 1EME , H IR B 0 {H 300 ; £ 4K 6] 4F
iy Z 8] Moran”s T (B R /NF 7E — E B 3 1 00

HEART 5 R BB AR LT R H BTA Moran s
TEUE R TE 5% K- BB 2. ERgERE
BH VLT3 45 b TR 2 AR 7 0 AR AL B £k 7K - 2 A7
S B 25 8] AR DG A B — 2 Y S ) R
EIG I FARBON B 2 AF 073 386 in i 28 7 4 5
PR e B T R R R R M AL B
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2000—2016 Jiangsu’s global Moran’s I of grain output and total power of agricultural machinery
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Table 3 The SDM estimates considering spatial spillover effect

A s A 7 i 8 i 9 R 10
Variables Model 7 Model 8 Model 9 Model 10

A AL S B) F1 InMac 0.489 " 0.051 0. 050 0. 020
Agricultural machinery (0.079) (0.036) (0.035) (0.022)
AR InAre 0. 905 0.912" 0.953 "
Grain acreage (0.047) (0.048) (0.050)

RNt 37 46 i InFer 0. 087 0. 090 0. 020
Chemical fertilizers (0.066) (0.065) (0.053)
FpAE M Mol A Bt InLar —0.016 —0.049"
Plant industry labor (0.024) (0.026)

R Zjfdi 4t InPes 0. 056
Pesticide use (0.038)
AP & InPlas —0.009

Plastic use

(0.019)




812 REZE . RO HUE AL R B AR A A B U AN — R TFVLOR A 13 AN Mg Y A3 R T R A B 193
#°3(8)
LIy A 7 Ay 8 i 9 R 10

Variables Model 7 Model 8 Model 9 Model 10
A& Syl 1 4 InDie 0.031
Agricultural diesel use (0.022)
ek HH i InEle 0. 042
Rural electricity use (0.018)
R 7 5 25 [B] AL WX InYie 0.715" 0. 741" 0. 740" 0.722"
Space weighted grain yield (0.046) (0.033) (0.032) (0.041)
A LB 3l 73 %5 [ AL WX InMac —0. 249 0.077 0.091 0. 242"
Space weighted agricultural machinery (0.158) (0.064) (0.072) (0.089)
A 4% Fh 1 AR 23 (8] AL WX InAre —0.562"" —0.568"" —0.496""
Space weighted grain acreage (0.081D) (0.083) (0.125)
A B it FH A 48 8 23 8] AL WX InFer —0.059 —0.070 —0.125
Space weighted chemical fertilizers (0.072) (0.106) (0.169)
FhAE L MO A B WX InLar 0.024 0.249"
Space weighted plant industry labor (0.043) (0.094)
A2 4l FH 1 25 (8] I AL WX InPes —0.033
Space weighted pesticide use (0.057)
A A FH 4k 78 AN AL WX InPlas —0.003
Space weighted plastic use (0.060)
A1 4300 48 FH 55 T AL WX InDie —0. 191
Space weighted agricultural diesel use (0.111)
Ak HL 2 [ IAL WX InEle 0.039
Space weighted rural electricity use (0.047)
Hh X [ 2 %W, Prefecture FE Yes Yes Yes Yes
A E ERE N Year FE Yes Yes Yes Yes
SMAE Observed value 221 221 221 221
R? 0.589 0.914 0.914 0.919

3 AL 7 YA THAE R AU S A HLIUE B
T3 B FL s 8] s I T 28 0 R 8~ 10 U 3% 1 22 i
S T ) A2 e e AR R AL TR AR AR 10 5y
T AT 2 ) A AR S PR A F SR A 10
AR 1T U 2R HAE SR B 5 ) R R 2 2R . v ] I 4 2R R
B 24 i A A5 PR R AR I O AL AL K P d T2
R A MR AR RO LR Bl Ty R e T

AT 28 16K B AE A3 A b i B 7 e 8
0. 08 %% 3[R . A b ML AR AL 7K - $i2 T s 23 % Ji] 34
Mo TR R A AR i R RO L A RO AL B B T
R 100, 23 38 (A5 JA] 20 b i Py R 7 7 A
0. 87 % (8 K 5 TR g b 34 A b A Mk LA AL 7K F 42
T R BB 1Y 7 RN 29K 0. 9400, Bl IH 4

R L — i RO LB fR K P B 2 T BE 8
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Table 4 Direct effect, spatial spillover effect, and total effect
ek 23 [ 250N SR
- Direct effect Spatial spillover effect Total effect
A H
Variables — s — PN, — s
RE brifE iR RE b iR RE b e iR
Coef Std error Coef Std error Coef Std error
17 7 Model 7
VML AL 5 1 InMac 0.514" 0.077 0.351" 0.375 0.864" 0.379
Agricultural machinery
&l 8 Model 8
PNV 3 1 InMac 0.076™ 0.035 0.408" 0.166 0. 484" 0.174
Agricultural machinery
M EEF A InAre 0.933" 0.054 0. 395 0.311 1.327* 0.338
Grain acreage
FENE it FH T 4l i InFer 0. 09 0.067  0.007 0.198  0.097 0.221
Chemical fertilizers
17 9 Model 9
My ML 30 1 InMac 0.081" 0.037 0.458" 0.196 0.538 0.207
Agricultural machinery
AR AR InAre 0.937" 0. 054 0.382 0.331 1.318" 0.361
Grain acreage
AL AE e FH H7 4l it InFer 0.091 0.072 —0.011 0.344  0.080 0. 380
Chemical fertilizers
FAE M I A B2 InLar —0.014 0.026 0.047 0.145 0.033 0.159

Plant industry labor
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48D
B 23 [ Y 4 35500 SR
5 Direct effect Spatial spillover effect Total effect
Variables R WRBER RN RER RN bR
Coef Std error Coef Std error Coef Std error

B 10 Model 10
RN ML B0 F1 InMac 0.075" 0.029 0.866"" 0. 291 0.939" 0. 306
Agricultural machinery
AR AR InAre 0.994 0. 056 0. 647 0.425 1.640™ 0.453
Grain acreage
A its 4 26 & InFer 0.002 0.069 —0.370 0.59 —0. 368 0.637
Chemical fertilizers
FhAE M A B InLar —0. 006 0.039 0.705 0.334 0.699" 0.361
Plant industry labor
K25 i & InPes 0.055 0.041 0.032 0.19 0. 087 0.208
Pesticide use
A BEAE & InPlas —0.009 0.035 —0.026 0.236 —0.035 0. 267
Plastic use
A& S i I & InDie —0.004 0.036 —0.558 0.372 —0.561 0.397
Agricultural diesel use
Kk & InEle 0.056" 0.029 0.223 0.179 0.279 0.196

Rural electricity use
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Table 5 Heterogeneity analysis of different grain varieties
B 23 [A) it 2800 5Y QA
5 Direct effect Spatial spillover effect Total effect
Variables R b 12 R b f 12 R b 12
Coef Std error Coef Std error Coef Std error
JKFd Rice 0.800 " 0. 269 1.541" 0. 856 2.341" 1.051
/NF Wheat 0. 058 0.135 0.568 0. 683 0.627 0.692
E K Corn —0. 606 0.418 5. 772 1.120 5.166" 1. 151
K &, Soybean —0.661 0.572 2.080"" 0. 810 1.420" 0. 557
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