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Temporal and spatial evolution of agricultural energy efficiency in
China and its influencing factors:
From the perspective of technological heterogeneity
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(1. Institute of Food and Strategic Reserves, Nanjing University of Finance & Economics, Nanjing 210003, China;

2. School of International Economics and Trade, Nanjing University of Finance & Economics, Nanjing 210023, China)

Abstract To explore China’s agricultural energy efficiency and its evolution trend from the perspective of technological
heterogeneity, based on the framework of technological heterogeneity, this study uses the common boundary model to
measure China’s agricultural energy efficiency in the past 20 years, and uses the standard deviation ellipse analysis,
Dagum Gini coefficient, two-way fixed effect and other methods to investigate the spatio-temporal evolution of
agricultural energy efficiency and its influencing factors. The results show that: 1) During the sample period, the
average agricultural energy efficiency in China is 0.612, showing an increasing trend year by year, and there is still a
large room for improvement. 2) Spatially, the low efficiency is associated with the lack of technological innovation of
agricultural machinery equipment and the backward promotion of technology. In terms of time, the ellipse area does not

change obviously indicating that the efficiency distribution does not have obvious convergence or divergence trend.
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3) Dagum Gini coefficient results show that there is a gap between provinces in agricultural energy efficiency in China,

but it tends to narrow, and the regional difference between eastern. central, and western is the main cause of the inter-

provincial development imbalance of agricultural energy efficiency in China. 4) Influencing factor analysis shows that

agricultural energy efficiency in China is positively correlated with planting structure and infrastructure level, and

negatively correlated with energy structure, economic structure and disaster rate. Based on the analysis results, three

policy suggestions are proposed in this study to improve agricultural energy efficiency in order to better promote the

transformation of China’s agricultural green development.

Keywords agricultural energy efficiency; meta-frontier SFA; Dagum Gini coefficient; standard deviation ellipse
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Table 1 Descriptive statistics of variables
10 A5 b LR 12 g ME F/ME e KAE
Scope Variable Unit Average Min Max

MBS E Y f¢.t 1532.191 59.188 5 414, 267
i YA Captial f¢. ot 294.369  —52.041 2 316. 760
China 3551 Labor DN 1 031. 285 33. 380 3 558. 550
e Enrgy t 172. 288 11.953 567.663
AP BT Y 1278 1934.119  620.020 4 428. 966
o1 B YA Captial et 346.686  —52.041 2 316. 760
Group 1 %3y Labor DIDN 1561.270  466.200 3 558. 550
A Enrgy t 148. 335 43.247 336. 442
AR ST E Y {278 1963.082 1 279.326 324,535
%2 BEAl YA Captial ¢ 364.347  353.297 9.272

Group 2 353 Labor PN 1090.864  515.662 306. 95
fEVR Enrgy t 225. 669 135. 002 47.506
R BT Y ¢t 491.169  498.989 59.188
3 B4 YA Captial f¢. 7t 141. 501 175. 395 5.495
Group 3 73 Labor AN 294. 329 277.832 33. 380
fit ¥ Enrgy t 37.253 96. 868 11.953
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Table 2 The model results

AR i BEAL 1 B4 2 RE4 3 e [F] i F
Variable Group 1 Group 1 Group 1 Metafroniter

InL;, &% 1.941 —2.680" 2.236" 1.088""
ar (0.760) (1.109) (0. 446) (0.111)
InY;, &% 1.201 1. 067 —3. 774" —1.673"
ay (0. 801) (0.733) (0.317) (0.127)
InK;, &% —0.069 —0. 184 0.394 —0. 049
ax (0. 264) (0. 348) (0.269) (0.135)
(InK,)* &H 0.004 —0.021 0.219" —0.020""
ax: (0.006) (0.028) (0.043) (0.005)
(InY,)?* & —0.019 —0.120" 0.265 —0.080"
ays (0.057) (0.042) (0.063) (0.033)
(InLi)* &% 0.036 0.334"" —0.266"" —0.028
ars (0.047) (0.116) (0.057) (0.026)
InK, InL;, & % —0.072""  —0.142"  —0.145" —0.067""
ax. (0.022) (0.067) (0.061) (0.025)
InL, InY, &% —0.278™ —0.164" 0.199" —0.038
ary (0.116) (0.098) (0.114) (0.054)
InK; InY; & 2L —0.071" 0.190" —0.288" 0.052
agy (0.040) (0.062) (0.010) (0.036)
Fisf (18] i A 73 0.016™ 0.004 0. 006 0.026"
! (0.004) (0.004) (0.005) (0.003)

13,125 3. 642 1. 906 —0. 358
_Cons

(4. 645) (3.555) (1.951) (0.324)

0.068"" 0.197 " 0.176" 0.106 "
o,

(0.016) (0.023) (0.021) (0.011)

0.213"" 0.082 0.194 " 0.365""
Oy

(0.023) (0.053) (0.033) (0.020)
Loglikelihood 70. 263 57.291 43.513 148. 671

. R AT 508 ] ArcGIS B 142 B H 55 4 b B
Ab:l\;— 2 \5"‘2‘ 2"""# #‘ .
3 PR BE IR R Y = R i YRR R T Lo T 2 W B A A 56 2 8 B T 75 31 T
3.1 SHEBRNREAGRESTHE ORI 1 R B BE B K G L e B A A4S AR
it B R R (MEED B 25 4 (6 4), HLAZS 40T,
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Table 3 Agricultural energy efficiency measurement results
)y S 5 S I
Year China Eastern Central Western
1998 0. 400 0.502 0.408 0.252
2003 0.525 0.672 0.511 0.338
2008 0.633 0. 787 0. 600 0. 459
2013 0. 689 0. 815 0.663 0.543
2018 0. 745 0. 866 0.720 0. 607
2019 0.759 0. 880 0.736 0.620
14 Average 0.612 0.746 0.592 0. 449
R4 1998—2019 FHERLEFERNENREEZHE
Table 4 Standard deviational ellipse of agricultural energy efficiency in China from 1998 to 2019
" . 2SR ~ e fh /0 PR N i
G &S S Ul K/km o SEH/km _ LI -
(km/4) Rotation Mean shape
Year  Longitude  Latitude ) Long axis  Short axis Area ratio )
Distance angle index
1998 114.012 32.745 12.026 8. 488 58. 487 1. 000 0.682
2003 114.027 33. 346 7.251 11. 807 8. 554 61.262 1. 006 0. 680
2008 113. 800 33.714 17.919 12.254 8. 806 66. 145 0.998 0.678
2013 113.582 33.839 2.700 12.577 8.928 69.082 1. 006 0.674
2018 113. 489 34.087 8.972 12.709 9. 006 70.182 1. 005 0. 669
2019 113.472 34.120 4.101 12.720 9.020 70.372 1.002 0.668
R B B I 49 T b X A T RO B R AR AR RS Bl ok

o A b BB TR AR R O A T 113.472° ~
114.012° E.32. 745°~34. 120° N, H & .0> [7] f§ b J7
Mg, NBIEEE . FEFEARE L], Hlm
Pifw b 5 3L 8 T 164, 166 km, 3B 5 430 Hb X
FH L, PG 38 b XA i VR R R T, i — 20
BEAAE B E O B B R R L B B R B 5t ik 2
ABHCREBHE M 1998 4F1Y 16. 682 km/4F i1 5l B
K3 2019 A4 4. 101 ke /4, FE 0 o [ 4% M0 BE R 2L
R XA TRE . X —450 54K 9 Tk
MR Y < R G N o S e =13
R0 HL 2R T S 1 4% Al B VR 8K R i T R R R L
)RR s — 7 TS P 3B KT ik s 07 G 0 b X 2 0%
FHE AR A A T 8K &R A 3F T 78 38 1 X 4Rl A
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Fig. 2 Contribution of Gini coefficient
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Table 6 Estimation results of influencing factors of

agricultural energy efficiency
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