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Effects of agricultural technical efficiency on agricultural carbon emission:
Based on spatial spillover effect and threshold effect analysis
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Abstract: Global warming, caused by the greenhouse effect, has triggered numerous unprecedented extreme weather events globally.
Agricultural technology is the fundamental force that promotes the development of the agricultural industry. Studying the impact
mechanism of agricultural technology on agricultural carbon emissions will help transform traditional agriculture into ecological,
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green, and low-carbon modern agriculture, and it is of great significance to the realization of carbon neutrality and carbon peaks. This
study used panel data from 31 provinces and cities in China from 2001 to 2020. First, the stochastic frontier model was used to ex-
tend existing research from a broad and narrow sense of agricultural technical progress to agricultural technical efficiency. The total
agricultural carbon emissions and intensity of agricultural carbon emissions were then calculated and compared. Finally, we construc-
ted the spatial Dubin model and the threshold model with agricultural technical efficiency as the threshold variable, which revealed
the spatial effect and non-linear relationship between agricultural technical efficiency and agricultural carbon emissions. The results
showed that the total and intensity of agricultural carbon emissions had decreased in recent years. Central China had more agricultur-
al carbon emissions than eastern and western China, and eastern China had a higher technical efficiency of agriculture and a lower
carbon emission intensity of agriculture than central and western China. Agricultural carbon emission intensity and technical effi-
ciency had spatial autocorrelation and agglomeration characteristics, and high-high clustering and low-low clustering are the main
factors among the provinces. Agricultural carbon emission intensity had a positive spatial spillover effect on itself, but agricultural
technical efficiency had a negative spatial spillover effect, which was conducive to the overall reduction of agricultural carbon emis-
sions. Additionally, urbanization, human capital level, and per capita cultivated land area also had negative effects on agricultural car-
bon emission intensity, but the level of agricultural economic development and the degree of agricultural disaster had positive effects.
There was a double threshold effect between agricultural technical efficiency and agricultural carbon emission intensity, which meant
that when agricultural technical efficiency reached the “inflection point”, its impact on agricultural carbon emission intensity became
negative, and after the level of agricultural technical efficiency was further improved, its influence weakened due to the diminishing
marginal effect. Most existing research began with a broad or narrow definition of technological progress, but this study used technic-
al efficiency as the research object after the decomposing technological progress in a broad sense, which further validated the indis-
putable and decisive role of technological progress in agricultural energy conservation and emission reduction. This study provides a
theoretical and policy basis for exploring the path to achieving the “double carbon” goal.

Keywords: Crop farming; Agricultural technical efficiency; Agricultural carbon emissions; Spatial spillover effect; Threshold effect
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Table 1 Carbon emission coefficient of each carbon source of agriculture and its reference source

B R

Carbon source

Computational method

BRHECR 2L B2 R

Carbon emission coefficient  Reference source

ALAE Chemical fertilizer
£ 2)j Pesticide
4571 Diesel
AR Agricultural film
A HBF Agricultural land tilling
AV HEIE Agricultural irrigation

SEFREANEE AR Actual fertilizer input
PR Z5 P A Actual pesticide inputs
AV AU FELE I i Diesel fuel consumption by agricultural machinery
A IR R & Amount of plastic film used for agriculture
AAEY) I FRAFE R B AT Actual total area sown of crops
AAEY) T PRFEBE AL Actual irrigated area of crops

0.859 kg'kg ' West, et al™, ORNL™
4.934 kgkg' ORNL"™
0.593 kg'kg "' IREEA
5.18 kg'kg' pcct™™
312.6 kg'hm™ CAB""
20.476 kg-hm RDRCH"

ORNL: 2 [HE ML [H 5 LR 3 IREEA: R SR R EAO BEIRS A= S FREE W FT T, IPCC: BUR T AR AL % 17128 14y CAB: rhE gl K2
54: Y8 R 2#BE; RDRCH: Widb& K & 5T 0. ORNL: Oak Ridge National Laboratory, USA; IREEA: Institute of Resource, Ecosystem and
Environment of Agriculture, Nanjing Agricultural University; IPCC: Intergovernmental Panel on Climate Change; CAB: College of Agronomy and

Biotechnology, China Agricultural University; RDRCH: Rural Development Research Center of Hubei.
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Table 2 Description and descriptive statistics of related variables of agricultural carbon emission research
AR a7 AR BT gy WE bRz
Type of Name of Variable Calculating Unit Mean  Standard
variable index symbol method value  deviation
PR AR B L AP BBAR AR AR R B
Explained variable ~ Carbon emission intensity ~ Carbon I Agricultural carbon emissions / t(10' Y 0.51 0.28
of agriculture gross plantation value at constant price
A =N \ N TN
e AT T RHATECE P U5
Explaining variable Agricultural technical ATE . — 0.19 0.10
. Based on translog production model
efficiency
P A L WHHEAEN DA RAH
Control variable S Urban Permanent urban population / % 0.50 0.17
Urbanization rate .
total permanent population
Ry 25 K K AP EFHE/ARAE M
Level of agricultural Ey Total agricultural output value / x10* ¥-capita’  1.79 1.30
economic development agricultural employees
A b DX B B2 B
. Ff X 64 LA 1 A%
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. Edu Number of people with junior high school % 0.05 0.01
Level of human capital . .
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Degree of agricultural Disaster % 0.22 0.16
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B (1) 42 JR) Moran’s 1 48 £ F1 2020 4F 4 Ml Bk HE il 5
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Table 3 Moran’s  indexes and test of agricultural carbon
emission intensity and agricultural technical effi-
ciency from 2001 to 2020

Ay B B AP BARKCR
A Agricultural carbon LAy Agricultural technical
Year emission intensity Year efficiency
Moran’s!  Z P Moran’s!  Z P

2001 0.278 2.636  0.004 2001 0.338 3.562  0.000
2002 0224  2.196 0.014 2002 0.345 3.592  0.000
2003 0.237 2287  0.011 2003 0.351 3.619  0.000
2004 0220  2.151 0.016 2004 0.356 3.643  0.000
2005  0.185 1.840  0.033 2005  0.362 3.665  0.000
2006  0.185 1.866  0.031 2006  0.366 3.684  0.000
2007  0.221 2.131  0.017 2007 0.370 3.701  0.000
2008  0.118 1.267 0.103 2008  0.374 3.717  0.000
2009  0.198 1.971  0.024 2009 0.378 3.73 0.000
2010  0.208 2.056  0.020 2010 0.381 3.742  0.000
2011 0.195 1.931  0.027 2011 0.384 3.752 0.000
2012 0.211 2.059  0.020 2012 0.386 3.761  0.000
2013 0.203 1.999  0.023 2013 0.389 3.769  0.000
2014 0.177 1.826  0.034 2014 0.391 3.776  0.000
2015 0229 2258 0.012 2015 0.393 3.782  0.000
2016 0249 2485 0.006 2016 0.394 3.787  0.000
2017 0.277 2.644  0.004 2017 0.396 3.792  0.000
2018 0.331 3.189  0.001 2018 0.397 3.795  0.000
2019 0.320 3.103  0.001 2019 0.399 3.798  0.000
2020  0.368 3.519  0.000 2020 0.400 3.801  0.000

A Mb H AR FCR A 42 7 Moran’s 14850340 1F, Had i
P<0.05 i 35 PEAG 56, 1 I A Ml ok HE o B2 5 Ol
ARAGCRAFAE 35 25 0] AH 5 1 I 2 B0 45 R RRAIE o
MBS ) A8 A K T, A b i HE %5 B2 79 Moran’s 1 LK
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TR A R A R R MG TR B b B R BOR
Moran’s [ i Fifi 7 B[] 4 58 2% B0 4 2 T i i 4, Ui ]
A B AR SR TR P AE AW 5

Moran’s 1 B AT IE G 36 0 kb DX 8] 19 2 [A] AH ¢
PR, FE SORSE 1 G BRI 09A8 Al Bl HE s BE B¢
P BB L, T T e AR5 A 2 RN
B0 B B K BAR R AR5, TE R TR 23R
5508 3 R IR A4 0 A B K A v i i i AT
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F 4 RUHARPE R EHEHGRE B E R ENIREF LM 436 LR 423, Wald #3050 Hausman 23645 R
Table 4 Results of LM test, LR test, Wald test and Hausman test of the spatial panel regression model of agricultural technical
efficiency to agricultural carbon emission intensity

I B G Ui
T:sitgifijry Insﬁz%\i:n iEtem Wi W W
LM% LM test LM(R2)K5 LM (error) test 431.232™ 426.437" 64.628""
FAHLM(IR22) K5 Robust LM (error) test 300.825 370.055" 50.390"
LM R )RS LM (lag) test 134.108™" 773517 15.260"
FAELM# 5 )R Robust LM (lag) test 3.701° 20.969"" 1.023
LRH 5 LR test SDM5SLMI K J7 #: 5 SDM&SLM chi2 88.50" 68.00" 46.97"
SDM5SEMI K J7#: 3 SDM&SEM chi2 6473 4435 49.50™"
Wald#5: 4% Wald test SDM5SLMKJ K J5 446 SDM&SLM chi2 2773 36.70°" 31277
SDM 5 SEM) K J5 % SDM&SEM chi2 2476 21.59™ 18.58"
Hausmanf4 % Hausman test B F R ITK: Prob>=chi2 5441 7337 124.75™
WEE R HF IR Time 0.0750 0.4271 0.0271
AMRRL Ind 0.8809 0.9098 0.8895
JRA AL Both 0.7442 0.7408 0.7247
HLTE 8% Model select AR [ 5 3 A i 288 AR I 5 54
F)SDMA A ) SDMA ! ) SDMA A

SDM model of individual SDM model of individual SDM model of individual
fixed effects fixed effects fixed effects
R IR TE1% AN 10% K2 W, o WL MW o BIACRAR S IR | S BERE B E PRI 28 T R B AR LMAR S . LRAG S A1 Wald Az 43531
FRFRBIAR B H e FAGS: . USR LUR S0 AR AR AT 5, SLM ., SEMAFISDMYS3 53745 ()i fE AR Y | 2 [ 5 22 AL RN 25 ) it ZE A5 Chi2 y ROT A6
*** and * indicate significance at 1% and 10% levels, respectively. W,, W, and W, represent adjacency spatial matrix, geographical distance matrix and
economic distance matrix, respectively. LM test, LR test and Wald test represent Lagrange multiplier test, likelihood ratio test and Wald test, respectively. SLM,

SEM and SDM represent spatial lag model, spatial error model and spatial Durbin model, respectively. Chi2 is the chi-square test.

R5  RAUEARMER R ERHRE AR BB = B A RAR B E L5 R R AR 53 %
Table 5 Regression results and effect decomposition of the adjacency space matrix spatial Durbin model of agricultural technical
efficiency to agricultural carbon emission intensity

At MORGTEREL ARG REL 2 AR R 8k REFRREL LN [ SAKN
Variable Main Wx Spatial Variance Direct effect Indirect effect Total effect
ATE 6.2037°(0.452)  —7.08177°(0.473) 5.5297°(0.431) —7.7477°(0521)  —2.21777(0.393)
Urban -0.361"(0.107)  0.095(0.128) -0.390""(0.095) —0.282(0.188)  —0.672"(0.176)
Ey -0.036"" (0.008) 0.090"7(0.012) -0.0217°(0.008)  0.160"7(0.025) 0.1397°(0.029)
Edu 0.473(1.138) —4.45777(1.529) —0416(1.077)  —9.736"7(2.763) —10.151""(3.004)
Disaster 0.079"(0.030) 0.049(0.050) 0.09977°(0.030)  0.2227°(1.103) 0.32177(0.113)
Area 0.0077°(0.002)  —0.0167°(0.004) 0.0047(0.002)  —0.02977(0.008)  —0.024(0.009)
tho 0.60277(0.034)
sigma2 e 0.005"7°(0.0003)

ok RN AR 1% S%R10% K1 K2 Main 2k A% 3t xR A ) A i DX e i e Ak ) SR TR B2 AR 08, Wi R A ARt DX A B X A
i DR A Ak ) S MR R JEE R 2800, Spatial 5 AH &I 4 DX B0 A B 4k AR s DX it AR A Ak B 52 2R $p, Vaariance R 28 57 R A BN | (W HES0M
53 BB 53312 s AR O 125 04 G A i -4 SR, RIVAR XA 00 22 X A il DX Ak o £ 52 R B, 408 s DX A T 2 e Yo A X A o L (14 52 )
R R B R0 5 IR R RGN Y A, ATE, Urban, Ey. Edu. Disaster, Area, rhofilsigma2 e/ BMCEAOFARRR | wlibR | Al 45 & BKF |
NTIGEAIKF- | R 32 KRR . AR EER | 25 1] F AR O R B FIAMAON B Re SRR 225 465 ONBRUEZE . #**, ** and * indicate significance at 1%,
5% and 10% levels, respectively. Main means the coefficient § of the influence degree of the explanatory variables in the local region on the explained variables
in the local region; Wx means the coefficient § of the influence degree of the explanatory variables in neighboring regions on the explained variables in the local
region; Spatial means the influence coefficient p of the explained variables in neighboring regions on the explained variables in the local region; and Variance
means the difference coefficient. Direct effect, indirect effect and total effect respectively represent the unbiased estimation results using partial differential
method, that is, the degree of influence of local explanatory variables on local explained variables, the degree of influence of neighboring explanatory variables
on local explained variables and the sum of direct and indirect effects. ATE, Urban, Ey, Edu, Disaster, Area, rho and sigma2_e represent agricultural technical
efficiency, urbanization rate, agricultural economic development level, human capital level, agricultural disaster degree, per capital cultivated land area, spatial
autocorrelation coefficient p and individual effect specific error, respectively. Standard deviations are in parentheses.

bb, M4 LeSage 55 YRI5, 5 94 fifk /A% dk 1) %5 [
FIAH G rho R U35 EAN R 0, AN BE B3 FH 45 0]
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SOV o

D) A FARBR . AR FARCRTE 3 D254
A WA R oy, AN ) 2 By (3 I 1) N ]
e ORSe YT ESSSIWSETE i - AL A £ &N
ROR A P2 5 23 A BER BB, eI B — PR
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Table 6 Geographical distance matrix spatial Durbin model regression results and effect decomposition of agricultural technical effi-

ciency to agricultural carbon emission intensity

A i BRI REL  SEAEMEMTT R SR AT R ZEFEFREL BN ] HER R, PRV oE
Variable Main Wx Spatial Variance Direct effect Indirect effect Total effect
ATE 7.1107(0.390)  —7.91477(0.418) 6.6727°(0.386)  —9.01877(0.530)  —2.346 "(0.468)
Urban -0.3637(0.096)  0.185(0.120) ~0.37477(0.088)  —0.143(0.199) —0.517""(0.185)
Ey —0.040"7(0.007) 0.07577(0.015) -0.03277(0.008) 0.1397°(0.042) 0.1077(0.045)
Edu 0.076(1.040) —3.7627(1.486) —0.468(0.995)  —10.322"7(3.365) —10.790""(3.579)
Disaster 0.0727°(0.027)  0.001(0.060) 0.07977(0.026)  0.133(0.154) 0.213(0.159)
Area 0.0097°(0.002)  —0.005(0.056) 0.0107°(0.023)  0.002(0.015) 0.011(0.017)
tho 0.654"7(0.037)
sigma2_e 0.00477(0.0002)

[F] #5738, Note the same as in Table 5.

=17

R ARG R 3ot Rl A HE RSG5 B B 2255 BE RS AE P == (Bt AR B B3 45 R BN 57

Table 7 Economic distance matrix spatial Durbin model regression results and effect decomposition of agricultural technical effi-
ciency on agricultural carbon emission intensity

A BORAGTHREC SR RE 25 H B AR R B ZEFRE HHERLN [BE2S ey A
Variable Main Wx Spatial Variance Direct effect Indirect effect Total effect
ATE 6.39377(0.379)  —7.74177(0.389) 5.8377(0.370)  —8.75577(0.446)  —2.91877(0.384)
Urban —0.444"7(0.093) 0.252(0.126) —0.445"7(0.085) 0.025(0.180) -0.4207(0.166)
Ey -0.03377(0.008) 0.126"7(0.016) —0.0187°(0.008) 0.222°7°(0.031) 0.2047°(0.033)
Edu 3.18177(1.098)  —10.768 (1.732) 1.943°(1.002) —18.43177(2.876) —16.488 "(2.945)
Disaster 0.1027°(0.027)  0.028(0.054) 0.1147°(0.028)  0.169(0.112) 0.2827(0.128)
Area 0.01077(0.002)  —0.018"7(0.004) 0.0087°(0.002)  —0.027"7(0.009)  —0.019°(0.010)
rho 0.537"7°(0.035)
sigma2_e 0.005"7(0.0003)

[F]#51ERE, Note the same in Table 5.
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T 23 o) ¥ HH O o BRI, Al 32 R AR, AR
VR0 3 EHIER =

6) NBIBF T AR . ANt T AR 3 723 )AL
FOHE AT T, RO B R B D Y3 I [k, PR
T R VAR 14 1) 2 200, A5 R RN 2 B IE 1] {HLR 3
R0 7 W) 15 28 5 B R I % T e A0 5 R
R R ), AR AR R T R ol
BT B RE VS AR R BT FE A S T, DA e 2k

1A b DX A b e HE TSR B A HG 0, T A4S B XN 4
b T R P 1 T A 408 e IX 4 A b B R K R AL FE
oA AR SR Hh X A A i HE A PrREAR . MWEEIAR
NIt TR ) 184 0 R 45 e AT L e HE TR0 B
3.6 RAUKFHIHARFLEMSEHEMERE

R T AR (A A AE S I A A R S 2
gk AR SCfd ] Pearson AH 3¢ 2 B0 Al VIF A6 56 %)
Hi i 2 Em LA R, 45 R 8 PR,

%= 8 RWIHHEMM R PRI EH Pearson HHXRH K VIF HIELER

Table 8 Pearson correlation coefficient and VIF test results of variables in the study of agricultural carbon emissions

AF it Variable Urban Ey Edu Disaster Area
Urban 1.000
Ey 0.551™ 1.000
Edu 0.590™ 0537 1.000
Disaster -0.363™" —0.446™" -0.239™" 1.000
Area 0.285™ 0.399™ 0.296" ~0.030 1.000
VIF 2.66 2.35 2.05 135 1.26

kR IRORTEL% . 5%7KF-iB3%; Urban, Ey. Edu. Disaster. AreaflIVIFZMHIFERMBLER | Rl A& RBAT- . NFEARKE . Ril2Z
FARE . NIRRT VR 22K 7, *** ** indicate significance at 1%, 5% levels, respectively. Urban, Ey, Edu, Disaster, Area and VIF represent the
urbanization rate, agricultural economic development level, human capital level, agricultural disaster degree, per capital cultivated land area and variance

inflation factor.

LAY v ] e A7 AE ™ B £ F HZE PR (1) Pearson £H
B BRAE A 0.7, i A 3L [] Y45 78 A5 8 1Y Pear-
son FH ¢ R B X E /N T 0.6, AN, T 2K A
T (VIF) $ Wi 2 5 AF7E 2 B AL ARHE N 1)VIF
1 $5 KAB /N T 10; 2)VIF (9K T 1. AT VIF K
WA R IR, B b VIF it KIEN 2.66<10, VIF -1
B0 1.81>1, i e AN AAAE ™ 5 2 H LR MR A~ 45
1o L8 BT, AU AS i Al ANAAE ™ i 2 AR
37 RUKRHIMARPEEMEMREE SHEE

odling

Bt X A (] U v AT RE HH B R O [l 0, 225 SR

®9 RUEBRHHHAR

I 45 0 i J vk, 6T 45 A5 gk R AT B0 AR AG: 56 AN B IR G
5 o TR SCHE BRL A R ARG 500 A 40 T A KR P AR S A
5 IR 7 vk, M T AR ST A 4 T A S Sk e T AR
b, NS HT A 560 A TIPS A8 56, AR SCA AMit A
LLC K 56 2 7 45 = R 50 5 SR 1 m S8k, i 5 JA 67 AR
K4 AN 9 Fr .

HRAE e 9 4551, 45 AR Yl i T B AR A B, 3%
PR A (SRR, (R X R 4y AR R AT T — B
TR 25y A B T A SR A AR A v AR ST TR A R
G HEAT IR IE, PRL b 5 % T A 5 0 A 7R A 7 D A
FrAg 25 RN 10 o o PR A 56 45 2R 1 /R Pedroni

TEMRIRKIELEER

Table 9 Results of unit root tests for variables in agricultural carbon emissions research

HTHZS% HT test PSS IPS test LLCK: % LLC test
7S H Variable SFfadE Stationarity
Statistic P Statistic P Statistic

Carbon I 0.5601 0.0045 -4.9399 0.0000 —6.6489 0.000 P-4 Steady
ATE 0.9396 0.0000 -29.9033 0.0000 -3.1050 0.0010 FF4 Steady
Urban 0.4386 0.0000 —6.3996 0.0000 —20.9000 0.000 Fa Steady

By 0.3116" 0.0000 -7.5412" 0.0000 —6.4405" 0.0000 A2 Steady

Edu 0.1314 0.0000 —7.5447 0.0000 —5.7000 0.0000 FHa Steady
Disaster -0.1156 0.0000 ~12.6652 0.0000 -18.5207 0.0000 FHa Steady
Area —0.0036" 0.0000 —5.8085" 0.0000 —13.7496' 0.0000 F-F4 Steady

*FRIRIAT T —I224Y, *+FRAT T 20250 HTR S . IPSKES . LLCK 3235135~ Harris-Tzavaliskh %6 . Im, Pesaran and Shink& % FlLevin-Lin-

Chu #3%%; Carbon I, ATE. Urban. Ey. Edu. DisasterfllAreas il CRAO BRARBREE . LB ARBCR | WHAAR , RIVEFEIEAKT . 154K
- A A2 R FREE A HEHE AL, * means the first difference, ** means the second difference. HT test, IPS test and LLC test represent Harris-Tzavalis
test, Im, Pesaran and Shin test, and Levin-Lin-Chu test. Carbon I, ATE, Urban, Ey, Edu, Disaster and Area represent agricultural carbon emission intensity,
agricultural technical efficiency, urbanization rate, agricultural economic development level, human capital level, agricultural disaster degree, and per capital
cultivated land area, respectively.
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Ko . Kao 6 56 F1 Westerlund #6556 ¥4 5 B i85 30 1
PMEERT I o 25 P ARG 56 A DM B G B0 25 S, 1A
AR AR R I 5 R, AR RIS B

F£10 RIFRHEHARPTENNELEER

Table 10 Cointegration test results of the variables in the
study of agricultural carbon emissions

#5255 Kind of inspection Statistic P
{RAEL JE K4 Pedroni test MPP test 8.0859  0.0000
PP test —4.5221  0.0000
ADF test -3.1695  0.0008
RIS Kao test MDF test ~ —2.9334  0.0017
DF test —4.4456  0.0000
ADEF test —3.8192  0.0001
AL FEREFEAG G Westerlund test VR 3.3257  0.0004

MPP test, PP test, ADF test, MDF test, DF testFIVR/ 5| F R
TE R FER S-SR A 56 . FERE - IR R 56 . 1) 3 - B 0

B IE A - AT I | JH - T G I A 25 1. MPP test, PP test,
ADF test, MDF test, DF test and VR represent Modified Phillips-Perron test,

Phillips-Perron test, Augmented Dickey-Fuller test, Modified Dickey-Fuller
test, Dickey-Fuller test and Variance ratio, respectively.

3.8 Rl B AR B xRl BR HERL SR FE Y 1A S50
il
FE TSN [T A R R 4T Hausman 46 56,
T [ 2 500 R AL RS 22 ) A8 3 5, 24 A 2 T
S YN B A AR DR IR fRfE D 1 S 25 0 A4S AL R A T
IR SRS G 56, 0 TR A O ) AR 2 A A A
1E statal6 H % AT THE4E 4, IF08 FH Bootstrap J2 & fili
FE 300 Uk, BT AR I 245 A% 11 iR,
=11 Z‘Zﬂk?ﬁ*?ﬂl%iﬂ‘&ﬂkﬁﬁigﬁﬁlﬁﬂ’\]I‘?%?&Fi’fﬁgﬁ

Table 11  Test results of threshold effect of agricultural tech-
nical efficiency on agricultural carbon emission in-

F 12 RAEARYE IR BHEAGERE B9 TR R R
(EREEES
Table 12 Threshold model regression estimation results of ag-
ricultural technical efficiency on agricultural carbon
emission intensity

o FEAGTHE bR
Vériable Cot?fﬁci.ent Standard Statistic
estimation error

Urban —0.480"" 0.074 —6.46

Ey -0.011 0.009 -1.15

Edu 0.369 1.008 0.37

Disaster 0.1078"" 0.033 3.30

Area -0.003 0.003 -1.28

ATE (ATE<0.0746) 0.496 0.309 1.61

ATE (0.0746<ATE<0.2590) -2.122™ 1.150 -14.16

ATE (ATE>0.2590) -1.538" 0.130 ~11.84

Constant 1.082"" 0.056 19.30

Observations 620

F-value 54231
R-squared 0.8819

tensity
I FH Critical value
TR K5 Threshold test F
10% 5% 1%
Hi—|JHi Single threshold ~ 197.94"  46.5580 51.5043  65.6828
X THE Double threshold  118.84™" 31,6226 35.4662  45.8873

=[] Triple threshold 7639  81.7964 94.8090 111.1802

R L IRIE1 %K 3 . *** indicates significance at 1% level.

1" R 2050 17 G 36 45 SR A s A5 A e 3 B — [ R A X
ARG S, R = RS, RO H AR
ARG ARV BRI 580 A7 UL [ R
3.9 RUFRARRE xS Rl BRHE R E B TSR

HERDH

AR 1T AR 250 A 36 4% 2R T R, [ U A TR Ay XU
IR AR, ke A 2 (10) T8 S BT, X AR
B g AT TR D3, FrAg g Rk 12 fs.

ML ASE 7R A ] 09 5 2R SR B, 2 Rl BR R

R IRIE1%/KF- . 3%; Urban, Ey. Edu. Disaster, AreafIATES:
ARFIMBUL S | B FF LA . ATTBEAKRY . el 2R FEEE |
NIHE b TR AL F AR R . **#* indicates significance at 1% level.
Urban, Ey, Edu, Disaster, Area and ATE represent urbanization rate,
agricultural economic development level, human capital level, agricultural
disaster degree, per capita cultivated land area and agricultural technical
efficiency, respectively.

(ATE) IR T4 — I THEAE 0.0746 B, £l AR &
B THE Dy 0.496, 3X B AL B AR R A T i i
P AV BRHE R B, {H RS R B SRl
e ARBCERIK AT 0.0746 F1 0.2590 2 [0] if, I £
RBETHE A —-2.122, 3% 36 Y 4Rl 4 AR O 15
RGO AR M B HE O B 1 B2 MK AR A ) 2
LN T AR SRS E ) 02590 LLE R, REAGHHES
R 380 —1.538, d W Al 52 AR 03 3K B A8 Sy i B
i 3B VR A I LI, Al 5 AR R X A M Al HE AT
SRATIRHEVE F, (A2 ) © e A an B — AT TAR By
BE, H e s 3 15 2 KIE

PATTHRAELAE R 43 25hm i, % 2015 4 31 M8 . |
FETT AN AR X (IR A X LN £l B RFCR AT
Gy, AR AN 13 fim . A REE R IR, BRsK
FELE (ATE>0.2590) [ # X 34 0 45 30 v g b X,
48 s o T8 — B B TAE XA, kA Bl 3
ARERFAT R A BRI HE 1) K J X (1]

g5 BRIk, AR H AR RO 1 $2 T 2 2 AR ik
HE o B ) BEAR, (R LR 2 AR R M . AN TR X
V] P, A4 Ml 52 AR I3 0 A Ml s HE T 1 5 A AE AR
2i5 . Ho, AV EARECRILT 0.0746 B, HARRL
6 AR Al HE BR85S B )5 2 = 0.0746
S, W2 70 Ay Y 2 A0 1) BN 5 E— 2D 4 v Al AR AL
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T 13 RUBRARBERITBER BB (2015 F)
Table 13  Agricultural technical efficiency threshold and provincial distribution (2015)

TR AR IX (1] By
Threshold value and interval Province
ik Low (ATE<0.0746)
B . VUL, WImE. AR WUNLL WIRE . CHOR L EEPC. BRPY. RIRYL. @ik, JUVE. Y0,
H14% Medium mpg. WV, BN . TE . BRL SN
(0.0746<ATE<0.2590) Xinjiang, Tibet, Hunan, Jilin, Sichuan, Henan, Gansu, Chongqing, Shaanxi, Heilongjiang, Hubei, Guangxi, Jiangxi,
Yunnan, Shanxi, Guizhou, Qinghai, Ningxia, Anhui, Inner Mongolia
1= High demt. B WL R fEEE. TR L LT R LR, Wb | TIOR
(ATE>0.2590) Beijing, Shanghai, Zhejiang, Tianjin, Fujian, Guangdong, Liaoning, Hainan, Shandong, Hebei, Jiangsu

FIF T 0.2590 JF, N S35 . 455 AR 13 1Y
SrREER, MR 2015 FETEIAE M CAEL T
i, RBNRGE I THE A 0 B S AR S A0l
FORBR, RAEL N B ARTEAR B A & T v ) 5C
PEFER .
4 it5%ER
41 Fig

ARICEE TG HIX IS, 314 HEE
A A YA X 2001—2020 4F 1) AR, X Al e HE
R AR AR R R RN A AR R ST T
SR, FUAT T A A HE 5 B AN ARl B AR R 1) 23 ]
ARG, R 2 1) Ak S AR R R TRRASE Y, 23 R 5T T
A Ml A ARG R A b B HE R 3 1 4 [RD 4 3 200 A
Al B ARBCR G FO R HE R B AR R, T
YANG 5. w4t 2o S AR e AR 2
IR b, A SOMNBOR R 0 # B s A,k —
ARGE T AN AR AR M Al HE 05 B 1) 25 ] 3L
NEFTEAEZMEOC R o AT AF5E R 20800 55 1 1Bl R R
T SCR AR B2 s SCRH AR 2, b X R
RORHATIRAIRE, A SO LI AR 7 e
HI AR BCRAE A%, 3 — 2 B0IE T H AR 25 XAk
b HE ) 23 8] 52 W L] 5 11 BRASONE, A R SR
BB H AR I fi AR R AL B S Aty 5 R A i
42 ZEip

AR FELES 1) BAR 4 H X Al B HE R
ORISR E R ILH T FE A, ZS 40 A b X
A b B8 T v T AR S M X, R S i XA A
HE R B AR T PSR X . Al B AR SRS I it
I A] 320 4T H2 18, AR 3 ot IX Al 43 AR kR 8 2 8 T oh
PGS b DX, T v S i XSO A v T PR A X . 2) R
b He ARZCR 5 A B HE I BE LA 1R R A [E] AR OGP
IR LR DY RRE, R R DL R AL FUIE
R ] E . 3) 25 A AL FE LAY S5 SR R B, A ARl
B I TR B8 P 8 o 2 AR T A 4 A AR b Bk HE T 5 JE 1Y)
L TFF, B IE WS ) RO, 1 AR AR RCR X R

M Al HIE 55 ) & 3y 71 ) 4% VD Y, AR R
AR F IR ARHE R . EAMR AL . A Ty BEAK
SR B b e ARG A b A HE T B LA B ) 2,
ARl 8 5% K R K FAR Ml 32 G ) Ay I ] 5 )
4) A B AR5 Al e HE TR A AL TR 500
gl 4 AR IR L <45 550 (0.0746) S5, XAl B
HE A 0R B 1) 5 e A O B, 2 — 25 B TR B
ARECRKT 5, FLRZ 0 7 2 PR 390 R A0 386 9 7 9k 553 o

X SR A 1) A48 T R IR F B Rl & R 52 B
T 0L, il 2 75 A ARSI M EREHE bR . AT
A A HE R S 14 78 Ak, T 2 4 AR b i HE e B AR
Shy A b DR HE R A BR o o 2) ARURR A Bl S A B A
JE FAR AR PRI 2R G5, 7 FH Ml B A 8 38 R AR A
CRVINCE S5 EVE o N 3 & T &5 % W %53
A I EEMEAE F, $2 Al B AR B, e il R AR
FAR Ay, Hesh i gAMb 3 m AR ALl . 3) AR
A B 7B AR B AR, AR M X5 Y Rl e R
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