5541 B 21 W) *E &~ 2 Eild Vol.41,No.21
2021 4F 11 A ACTA ECOLOGICA SINICA Nov.,2021

DOI: 10.5846/stxb202002180289
TRYERE ARG, 2R B0 P [ AR R AR N 2 G S HAR Bl 3R A 5241, 2021, 41(21) :8364-8374.

Xu W X,Zheng J H,Li X S.Spatio-temporal evolution and driving factors of agricultural environmental efficiency in China.Acta Ecologica Sinica,2021,41

(21) :8364-8374.

PEAKVIMEHREZTET R ERKFE R

IN M 221 2 gl x ok 992
e R S Fow - RAE =
1 WL Tl KB 2524 Be, Bl 310023

2 WL K22, UM 310027

FEE A A SR i 25 5 W IR A B U & R R ZEHE b , WIS ARl PR A x]SRl 9 U A e AR A LA
S, T 2004—2019 4EHE 30 M4 (T IX) EAREEE , 12 FH SBM( Slacks-based model ) 5181 23 ] Th /R Bl i | GIS H A F2s[A]
TREASHRL AT T AR IR M I 23 AR RRAE B 9T T AR\ SR A s Ik sh I 2, 455K . (1)2004—2019 4, 2% 4k
R S A R RCR AR T A BRI A5 00, S B a3 X8 S g fA R 8]« v B AR a8 AR v O ) ik
W, EEAL T [ R U” AU SRR, (2) HF EAS RIS A IR AR 245 ] 22 5 U 2, M B2 (B A% JR) 7R 2 ) e AR i P HL A E 2R
PR, 28 (B SCIE MR 0 32 S W) 220 (VAR AP e i 3 R 23 18T o (3) P RO IR R A5CR AR A 45 8] 38 1 38007, ARl 28 55 7K F-
IREH Al Az 7 e 1 R 3R A PRI AR A DG R 3 W B SR KT\ Tl A A AR AR 25 | Al AL R 5 D0 2
HRORIETHNARE R,

SRR AR IR ERALER 5 SBM AR 5 Biof 24 AREAIF: 5 225 ] FE AR 8

Spatio-temporal evolution and driving factors of agricultural environmental

efficiency in China

XU Weixiang' ,ZHENG Jinhui" " , LI Xushuang®
1 School of Economics, Zhejiang University of Technology, Hangzhou 310023, China
2 School of Economics, Zhejiang University, Hangzhou 310027, China

Abstract: The agricultural environmental efficiency which combines both economic and environmental performance is of
great significance to the efficient utilization of agricultural resources. Taking 30 provinces ( cities and districts) in China as
the research object, this paper used SBM ( Slacks-based model ) model, spatial Markov chain, GIS technology to depict the
spatio-temporal evolution characteristics of agricultural environmental efficiency, then analyzed the influencing factors by
using spatial Durbin model. The results showed that; (1) The agricultural environmental efficiency based on the non-
expected output was lower than that without the non-expected output, which presented a continuous upward trend. The
regional difference indicated an overall inverted V trend, the agricultural environmental efficiency decreased in the east-west
direction, and the south-north direction showed a U shape pattern. (2) The different levels of the agricultural environmental
efficiency had obviously spatial differences and spatial correlation characteristics. The geospatial structure played an
important role in the spatio-temporal evolution and the spatial agglomeration was significant, and the evolution of different
efficiency types had significant temporal and spatial inertia. (3) The agricultural environment efficiency had spatial spillover
effects, the agricultural economic level, the environmental regulation and the agricultural production capacity played

significant roles in improving the agricultural environmental efficiency, while the agriculture financial support, the
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industrialization level, the crop planting structure and the agricultural machinery strength would inhibit its development.

Key Words: agricultural environmental efficiency; SBM model ; spatio-temporal characteristics ; spatial Durbin model
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Table 1 Variables and explanations of agricultural environmental efficiency influencing indicators

URBA R ] TEPRE X Likhs
Driving factors Abbreviation Definition Unit

W B 5742 /K Agriculture financial support AFS LMK F155 3 /b 7 B — e 5 S %

AV 235 K- Agricultural economic degree AED VLRI NS ES T (N (x10*) 78/ A
Tl AEKF Industrialization level IND T AL X A 7 B %
WRAEPFIAELERE Crop planting structure CPS R EFIVR TR/ B AR B A A AR Y A A T AR %

R MK Environmental regulation ENR IS5 Gevh B T/ Hb X A 7 B E %

A A =B 71 Agricultural production capacity APC P8 e MR (Ve A E YN %

AV HLIEAR # Agricultural machinery strength AMS LMK BN T/ A AE Y% AR kW/hm?

R2 HERMAEHEERER

Table 2 Index system of agricultural environmental efficiency in China
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Fig.1 The trend of agricultural environmental efficiency in China from 2004 to 2019
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Fig.2 The trend analysis of agricultural environmental efficiency in China
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Fig.3 The spatial pattern of agricultural environmental efficiency in China
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Table 3 Spatial Markov probability transfer matrix of agricultural environmental efficiency

Heoh et 2004—2011 4§ 2011—2019 4 2004—2019 4
Type 1 2 3 4 1 2 3 4 1 2 3 4
1 1 0.783  0.217  0.000  0.000  0.000  0.000  0.000 0.000 0.783  0.217  0.000  0.000
2 0.009 0.724  0.267  0.000 0.000  0.000 0.000 0.000 0.009 0.724 0.267  0.000
3 0.000 0.009 0.782 0.209 0.000 0.000 0.000 0.000 0.000 0.009 0.782  0.209
4 0.000  0.011 0.000 0.989 0.000 0.000 0.000 0.000 0.000 0.011 0.000  0.989
2 1 0.000  0.000  0.000 0.000 0.000 1000  0.000 0.000 0.000 0.000 0.000  0.000
2 0.000 0.750 0250  0.000  0.000 0.560  0.440  0.000 0.000  0.750  0.250  0.000
3 0.000  0.000 0.667 0.333  0.000 0.016 0.774 0.210  0.000 0.000 0.667  0.333
4 0.000  0.000 0.000 1.000 0.000 0021 0.000 0.979 0.000 0.000  0.000 1.000
3 1 0.000  0.000  0.000 0.000 0333 0.667 0.000 0.000 0.000 0.000 0.000  0.000
2 0.000  0.000 0.000 0.000 0.000 0.696 0304 0.000 0.000 0.000 0.000  0.000
3 0.000  0.000  0.000 0.000 0.000 0.000 0.780  0.220  0.000  0.000  0.000  0.000
4 0.000  0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000  0.000
4 1 0.000  0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000
2 0.000  0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  0.000
3 0.000  0.000 0.000 0.000 0.000 0.000 0.333 0.667 0.000 0.000 0.000  0.000
4 0.000  0.000 0.000 0.000 0.000 0.000 0.000 1.000 0.000 0.000 0.000  0.000

PE— 2D 2 1 A% B 25 RIS ARG Sy (181 4) o H 18T 4 R R0 AR SR A 00 1O 56 B HAT B [T P AE | A 90 3 X 3K
AT PR RIS 2004—2011 4F, [ By FISRIET 0] LR BB A 25 45 A Bl b SBEA AR 14
() s A BN AU ERA 3 A CHOM AR ) 5 A S A A A 1A (TR) . 2011—2019
AR H B AR 1) R A 00 A 25 s A BriA) b ABEUN R 3 AN CHOMN FIR TR s A B AR
o] EAA 2 A (AEST J7PE) o 2004—2019 4F 1 B RSB ) 1 )48 a1 28 A5 1 B ) b ARBCRAZFTA
B ABBKIE TR 1A (R T R o Ak, o E A 1 2 TR A BP0 B S A T R R R 1
PR AR ) EARZS A B R R LR LA

2.4 25 CHRARE

i g Moran's I 5% 2004—2019 4F rp R4 FRFACAR ) 25 6] A AHSCRRE (K 4) 45 2R Bon AR 1Y
4 Moran's [ #8804 HE N IEMEL, HLd 1L 1 B VERR S, 1 A v Al PR BT A7t 35 A TR 25 [ A OGP
F4 RERLIREREME 2 EH

Table 4 Moran’s I index of agricultural environmental efficiency in China

FAY Year 2004 2005 2006 2007 2008 2009 2010 2011
Moran'l 0.292 "~ 0.313 """ 0.363 "~ 0.248 " 0.163 " 0.130 " 0.118" 0.115""
A Year 2012 2013 2014 2015 2016 2017 2018 2019
Moran'/l 0.098 ** 0.025"* 0.016 "~ 0.079 *** 0.049 *** 0.069 *** 0.094 " 0.104 "

w ok ok ko Hl o AP PIFRTE 1% 5% 10%KFF B
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Fig.4 Spatial of agriculture environmental type transformation and neighborhood transformation
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FH 5 A, 25 ()3 e A 2 A R A% B9 H 361 ( Lagrange multipliers , LM ) K6 56 A3 1o i 5 PEAS 56, 150 BH 25 (6]
R ZE AL T 25 )i fe A A 5 245 (AR TE A AY (IR JR 78 ( Wald ) FIRLAK LE ( Likelihood ratio, LR) #3075 48 1 ik
R, BIVHE £ T LA Ak 0 T A, 6 1 238 ek e AR RS T 5 Ak oA 7 [ i A R kg 25 i) 152 22 BN 22 by
Hausman 4t i1H 75.729 H B3 (P=0.000) , 7] DAAH E [ 58 R0 485 843 0

£S5 ZTETEHEIEER

Table 5 Test selection of spatial econometric model

. [& 2t () 23 [ 1 NN " ety "
st LU e BRUEER smpneon s smiomon s
1) LM K56 M i) LM 56 IM B ) Wald 4656 B LR K3 I Wald K36 i) LR #:46
LM spatial e LM-spatial e Wald-spatial LR-spatial Wald-spatial LR-spatial
] Robust Robust L ) )
a8 LM-spatial lag error LM-spatial error a8 a8 erer error
0.051 16.343 7.370 23.662 24.814 24.272 25.171 24.273
(0.882) (0.001) (0.007) (0.000) (0.000) (0.001) (0.000) (0.001)

LM . Fit% B H 3 F Lagrange multipliers, LR ; f1#& Lt Likelihood ratio; $5%5 P~ P {H

3.2 RS

G 6, %5 L [ SRXTELUSR A ( Log-likelihood ) FHLLA L EE (R ) W N, [8] 2 204 W A5E 784 1) UL 45 S50 44T
23 (0] A C R B p A THESN 0.160, HIE L T 5% W MR, F 00 T A0 PR B RCR A7 AE 1o 25 1 23 [ 36i
RN, 2578 5 R AR W B AR KT R A b PSR 503 7 At 285 1) £ 1) S ), i DRI AT 2 B AR WP B S A fig
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SRR EOR B M A5 R 5, R T AR B9 R S B HE B Y38 KRR IS5 G4 B4 J L, 3 86 RS Tk
W FRFRCR IR T, EREEAL AN AR 7 BE ) AT 385 A TE ) 520 1 R S5 ML 5i 2 Al A= 7= BE T A i
THRERG R AOMY PR = A B, Ay UG S5 BAT S0t 35 10 B0 ) B2 ), R SR A WU et P 5 B2 1) 2 1
4 i 55 s A7 AR ES R E T A HUAL A= 7™, 200 T 285 BRSSP 00 P A Ji | PR 7800 e ok
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Table 6 The estimation results of spatial Durbin model

A KA I 2 0 A 5 I BEHLAL I 2 2R

Variable Random effect Fixed effect Spatial lag Random effect Fixed effect
AFS -0.006**  (-2.028)  -0.006"" (-2.183) WXAFS 0.011 " (1.922) 0.015 """ (2.583)
AED 0.033 (8.025) 0034 (7.881) WXAED -0.001 (-0.094)  0.012** (2.445)
IND -0.537*"  (-4916)  -0.682*"* (-5.637) WXIND -0.237 (-0.959) -0.497" (-1.939)
CPS -04637""  (-3.797)  -0.895***  (-6.123) WxCPS -0.081 (-0.401)  -0.600"" (-2.062)
ENR 0.019 " (2.095) 0.023 "~ (2.589) WXENR -0.037 "~ (-1.977)  -0.031" (-1.744)
APC 0.021 """ (8.920) 0.023 """ (9.131) WxAPC -0.011 " (-1.964) -0.013** (-2.155)
AMS -0.012""*  (-2.620)  -0.017*** (-2.972) WxAMS 0.011 (1.334) 0.006 (0.535)
R? 0.698 0.863 p 0.107* (1.661) 0.160 ** (2.464)

AR B E

418.735 483.867
Log-likelihood
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Table 7 The direct effect and indirect effect of spatial durbin model

A5 Variable BV Direct effect [ 34 N Tndirect effect SR Total effect
AFS -0.007 ** (-2.228) 0.014*** (2.768) 0.007 (1.409)
AED 0.034*** (7.485) 0.006 (0.889) 0.040 *** (7.570)
IND -0.672**" (-5.465) -0.351 (-1.582) -1.023 " (-4.410)
CPS -0.878**" (-6.128) -0.422 (-1.625 ~1.300 " (-5.458)
ENR 0.025*** (1.828) -0.032* (-1.944) -0.007 (-0.403)
APC 0.024*** (9.408) -0.015*** (-2.868) 0.009 (1.525)
AMS -0.018*** (- 3.131) 0.008 (0.730) -0.009 (-0.736)
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