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Spatial-temporal differentiation and its influencing factors of agricultural eco-
efficiency in China based on geographic detector

WANG Ya-gin®?, YAO Shun-bo'?*!, HOU Meng-yang*?, JIA Lei?, LI Yuan-yuan®?, DENG Yuan-jiel?, ZHANG Xiao'?

(*College of Economics & Management, Northwest A&F University, Yangling 712100, Shaanxi, China; 2Research Center for Resource Economics and
Environment Management, Northwest A&F University, Yangling 712100, Shaanxi, China)

Abstract Exploring the spatial-temporal differentiation of agricultural eco-efficiency (AEE) and its driving factors is of vital
importance to achieve high-quality agro-ecological development in China. In this study, the super efficiency slack-based
measure (SBM) model was adopted to measure the inter-provincial AEE based on the relevant panel data of 30
provinces/regions/cities in China from 2000 to 2018. On the basis of the time series analysis, spatial visualization, and trend
surface analysis, the geographical detector model was further used to identify the core driving factors that affected the spatial-
temporal differentiation of AEE. The results indicated that from 2000 to 2018, China’s AEE level maintained stable upward
progress, but it was still at a low level with much room for improvement. The AEE in China exhibited a significant spatial -
temporal differentiation, presenting higher levels in the eastern and western parts while lower in the central part. The spatial
differentiation of AEE was influenced by many factors, such as agricultural resource endowment, socioeconomic condition,
and the natural ecological environment. There were obvious variations in the influence factors on the spatial-temporal
differentiation of AEE, and the interactions among factors would enhance the spatial differentiation of AEE. Therefore, due to
the spatial-temporal differentiation of AEE, emphasis should be placed on its core driving factors as well as the inter-parts
agricultural cooperation in order to achieve high-quality agro-ecological development in China.

Key words agricultural eco-efficiency (AEE); geographical detector; spatial-temporal differentiation; influencing factor
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HEAE N —AARKE, R R ERFRERE. B 1978 FHECEEIF UK, ER A R
AT T 2 E MUk, 2019 FARNR B A7 BT 6.64 12 t, (S FRE ST BN 24.4%. RVKKE
NE R AT 2 WA Rk R4 T omA I REs, HFEN dTIE. K2, R CEME A thig
BT — RSN BEIRIR B A g g Al (AL AT 8k AR (2015—2030) ) Mrfsii: H
AT EEACAER 2GR A 13, RIEFICREAE 2/3, BE&EIITH I ERD]—F, R
FEEE SR, AT R FBR N, EEN AR AESRER . 2016 F i RN TSR T
A FF B R R AN s SE i LRI AR, AR 5T, U L AN ERAT 2K 1L
SRS, BT RO I A ST BRI 2020 P RSSO EE P g T EREAK
Wt R BB T2 . AR RN, AR, LI EE T LM RS, (LRl TR
B e By T LAY 21T KA Ja R e b IR Ik

AN AR R TIEE2# Schaltegger 253 H AR SRR B0 ETIOR A, H AT AN [F 22 25 %
AN AESBCRM S B ZS, WART G W e (23 AR I AR A SRR R 38 £ fRAIE
R AR S FE AR T, DU (0 B AR ST TS e B BUR AT REZ 1AL . H AT A
M A A SRR O R TR HAER 3 AR EEIIEAT 7T Z RN, EE
W R PEE 2] 7 57 1000, i S PR D121 DL K g PR 3 (3-14148 o gt AR b AR 25 RGN E D7 vk T 5
TP A A A A (LCA)ESL, BEAE ik liel, A a5 Rk D. BENLATHTVE (SFA) DSIAIEUE .45 7
#riz (DEA) W5, HARAT NiE M B3R T ik a AV AR SRR M 1 B2 IS, (HRA IR — 1
BRig. Hof, LCA HFAT R E MR, WHAa Rl B & 250 RED IEAAFNIRIRE T
B (R R s RS R IR 2 % I SR IR, A S AR IR ZER], SFA L BR] DU S AN T %
DE RCRAR T 2, BE —UE R T A 2 AR 1840 DEA BRI 7 T A8
i R B T 32 PR LA T R A5 2 1) 2 A RO, (HR AT AR AE BT X 2R 08 1 IR TT
(DMU) TG — 20 X 2 Bk e . ST, AR SBM R R LA CCA R4 T ik 75 iR AE 1 1
ARGk, T E B SCR I AR N RS S EL B, IR REA ROORAMESE DEA BT
AN 1 H) DMU JGiEfsE — 2 X fskiE, U SO R LB X SBM LRI 2 b [ 4 b A2 25
MR WA ESHCER AR 7y M, O SO T BRI AR A SRR AATHI L, X2 5
BEATHIR 73 A, R Ol AR S AR Y AR TN AN R (8] o) AR A S ) Hr, B, AR SR T
T 7 AR PR LA AR 2SR A 8] o S AR AT IR R o AR AR A 25 R 2 8] 4y St 5 R TR AR R 7T
M, O SRR 2 SRV B A AR RCR AR, X DA RE 75 D 3K 1) 22 8] St Jo 1k DA e 4% DL 3% T W RE A7 AE
o R BAE PUAE AT, T BRI 28 AT DAL T S SRR AL A o 2 ek e . AR RS AR ERNA
AV 1) DA R s BRI 22 b A R SR T (s i R 7 2223, TR, AR TR R B PR 4 6 5 [ AR L
A RS R AR )y S S R R AT AR . DL 2000—2018 4 [E] %44 XTI THI AR B R TR A, KR
b B HE SO A T 5 B SE RO AR IR 7, SRATERCR. SBM A8 ALt rp [ A ol A 25 28R 2 47
FE, EPRTUSLI (R U . 2 (8] 20 A5 Aoy S DUARE (K0 it B, R P b BRI 85 PR U2 i o RO A 2
R A 8] o S R R R SRS BAR R, DU AR B RO A 25 R S TR SRS A 3
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1 1) DMU #EATHE—25 X4y, Nk, Tonel%: T SBM iUk 7 MR SBM FEAY, H 3 BUK I
GRS E P N HAR R 2, 30 X A 2% DMU 2 [ 2 5, TH5 45 AR SR i . L AR
R -


Administrator
高亮


VRNV ER4E T i P PR 5% A e A A 5 RR I 2 00 3 T LR DR 3R 3

1 m -
;Z L xIxg)
2

S r _u u
r(Zkﬂdwi+Zmﬂ/ym
2

Minp = 1

r +

xzx;ydsy:; eyl @

s=12,,1;9=212,-,1,;

b n oy DMU AN A3 A DMU; kORISR ES kA DMU; x TR BR: m
RBNTESRIIBCR; | FORE | ADBNIRRR: YAy RO I AR AR ra A 23 )
R AT AR IR R sv q RS s q MR AR R AR o N
RNV AESRCRAE . AR
1.1.2 HEBERI 28

PRI 252 0 ST PRI R A (6] o e, RN O R B IR M — R geih s Uik, BRI 2%
REARRBR: — MR X AT, R XEG 2 MNT X ET %, WA 7 7
P, WMERWZERTESAAET 8, WHEFES I KRB, &0 R WREA 5 HAE
B EZW, A H AR AR 5 1) 45 18] 70 A N2 B A R AR 22, A A 455 DR R0
PR RN« 22 HARDAAEZS R 4 A7 PRI E AT FE 32 B A8 2R R0 A0 5 B R0

D FFHEM. AR HRMNES RS ADNET0 g 8, HkREED AR AESRE 2 2 7
P, FFRINIE R TR 2 KRR E AR T R SRR ) 5, HEAHN:

L

q:LZ%ﬁgl ©

Refte n=l, 2, e LR X ARy B REANK: NyFN 0302 h A B 5
Mo ol Mot BRI Y B, o (R RITR S, S0 B0, o KA
REEE X ARy (AR, 22 IR,

2 AEHARW. A 2 3 F A, RO R 38 R A 2
W AR MR, B AR TR A v BT R AT LT 0 . R ) LA o
Reo DUIEDIE T x M x, WL, 2564 BB B AR A B v AOMERE T a(X,) + acx)» JEK
A S LA FIEA TSR BOARRE 1 q(x, x> VUG HLRE 3 AMEHBEERZ IR,
A R 5 TR TS B WA TS R R OB B B3 2. I R0 e
1.

1 REFAEEAR A T7 KA H WA
Table 1 Basis for judging two factor interaction patterns

JI W Basis of judgement ZHAFEF Interaction
a(X,n X,) < Min(q(X,), a(X,)) £k 9k 55 Nonlinear weakening
Min(q(X,), a(X,)) < a(X, n X,) <Max(q(X,), q(X,)) R T £k 455 Single nonlinear enhancement
q(X, N X,) < Max(q(X,), q(X,)) UK 73458 Double enhancement
q(X, m X,) =q(X,)+a(X,) BlS7. Independence

q(xX,  X,) > a(X,)+aq(X,) Jl:£k 4455 Nonlinear enhancement
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1.2 Ml 4 A E I FRIE BN
121 AL 2

RMEAE) SRR AR RGN, RS ESR YR FE R . AT 50 3% HURP AR LA N AIF 785 Gkl
FERN AR R, fAERKZE (agricultural eco-efficiency, AEE) MAJR bk ifff& 45 4 b= i 5 4k
NI EGAR,  BE DS/ IR R B AR R B A 1 B R P NSRRI AR ML 2 56 7= . N EE B B el &
Grre . BHIRTHRE IR AR YT = 2 M H I, 23 O B 5 R8T S R Ml A A R 1A FE AR bR A
R, ARIER . HERRTE . BRI AR R B R, R Ak BERE. IR RZG. R
AR R, DURO R B O AR, AR R RO B HETBOR A b THT IR 5 e HE Ok 3=
fE, o, BRHEEBUR AR, RZG. R, RS RO EEBERR MM 6 A8 bR I 3R LU R HE
RECRME, BHNARLSHE OHE R, R EG JE e (R WRE. RAGRELH
BERFME. BT UM B BRI A SCRME R R (K2

2 R AR BN R

Table 2 Index system of AEE measurement

FEAE Bzt e/ 11 A AN
Primary variable Type Secondary variable Variables and descriptions
EEZ PANEE 4 FESIBN VTN YN
Labor consumption Labor input Agricultural population
TH N RAFVRE A SR
Land input Total crop sowing area
HUHBE RAV WU S 7
LYibabicE=4 Mechanical input Agricultural mechanical power
S Material consumption KN B R TR
TR Water input Effective irrigation area
Resource consumption TN AR S &
Energy input Agricultural diesel fuel usage
(IS IN LRI 2 (dratis)
Fertilizer input Amount of fertilizer applied in agriculture (Refraction)
IR AP ES RUIN R &=
Environmental cost Pesticide input Pesticide usage
APEBN A AL &
Agricultural membrane input Agricultural film usage
W gl g gl gl 78
Expected output  Agricultural development Agricultural output Total value of farm output
{755 3954 ANV RO
Carbon emission Carbon emissions from agriculture
AR 15 ek LAWY S s
Non-expected output Pollution emission AV THITE TS YL AR Pollution loss from fertilizer production
Agricultural non-point source pollution emission RLGA N &

Pesticide and farm membrane residue

AEE: Agricultural eco-efficiency. T [7] The same below.

1228TE

PN AT BRI DRGNS, 2B R AE = B B B A S5 N SR SR, k2
ZEMSATRE. HRESHBESINBEMGMHZ . STk, AHFRMNRLEEZR. oS85
FARAESHE 3 NI ARG A4 &, HTEMBENRTAREERLRMAE, Fik, AR
Bk AR EHAIT . BARmT: 1 SR 2EZ MK EMEECRECN: Kbt
WX KHEB 3 E 100% LA R w3 LAk KIR AR X 7E 120%~150%; KL LPAdb. B3 PArd X A
150%~180%; FU&LAIIL. KITLAFFHIX v 180%~200%. [Flitk, LA 100%. 120%. 150%F1 180%fF
NE R R I R T A, K SRR N 5 AN 2) PR S M A A HLA AL 8 BE R AreGIS H
ISR PRVE 0 8 NI 3) R ERATSCHCIRN . 2R E ., BN ARA H B 3 AR R A
F ArcGIS i H AR 23270 9 6 AN 00 . 4) WHIBCSCR /KF @ i WA HE 457 DL 4%, 6%, 8%. 10%
1 12%E N KW S5 6 AN2E0. 5) N DB R 2% CA 7 PN 10%. 30%-. 50%FH
70%1ENE T s A 5 AN . 6) R AL AEAE & LA 300 A1 500 fF M [EI T A 438 3 ANEHIET, 7)
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V22 HE F IRAK R BRSS9 5 AN X ARBIAT R )G, 1BH ArcGIS Hr M R
FEZh REAN SR B R D REHE %% 70 285 IE SR IO R AR Dy 3 B PRI 25 O fag N 22 . R B BLih Wk 3.

F3 RSB I B 3R R 3
Table 3 Influencing factors and classification of AEE

RAEEA iR Influencing factor 4y2% Classification
Type of representation
IXZ) AT A i (iREE %N F B BN
Driver Variable Symbolic Number of Category description
declaration representation categories
QA9 IR E kil 1 AEFE A — M bR X1 5 <100%; 100%~120%; 120%~150%;
B Multiple-crop index LR ARG 150%~180%; >180%
Agricultural resources SERIREL
endowment
PR EEY AT X2 8 S N
Planting structure FARREEY
PR THAR
TV HURAFR LB 2 71 X3 8 SN
Degree of agricultural /
mechanization(kw hm-2) LAY IR
{n]
AW AL & AR Xa 3 <300; 300~500; >500
Fertilizer usage per hectare(kg hm-2) B AR
HERG N Fdgifn WEN R Xs 5 <10%; 10%~30%; 30%~50%;
= Population urbanization EAEND 50%~70%; >70%
Socio-economic Factor rate(%)
A ER AT B R AT SRS Xs 5 H AR 2
EZION ['ON
Net income of rural residents
0 B AR K o BUR R IK F ) X 6 <4%;4%~6%;6%~%;8%~10%;10%-~
Financial support for agriculture level ) 12%;>12%
(yuan him?) LAEW) B AEFPTH
{n]
S35 52 20 E A PR N NHO6+ Xs 5 <6; 6~7; 7~8; 8~9; >9
Average years of education LN
P A B2+
LN
x16) L A%
HARAEA S RE RAEWZ KA Xo 5 R
Natural ecology Disaster rate /
environment KA o 3B FHTH
#
Rk Rk & X10 6 R
Precipitation (mm)
SR iR Xu 6 R
Temperature(‘C)
H i H R X12 6 H AR 2
Sunshine(h)
1.3 #HERIR

FEAR 1 E 30 48 X T 2000—2018 F 4 PR A 88 (AN E IR G ), SZFR T80l i AT 3R K
P DL K5 18 21 V8 5 G DOBURE I AOW A 7= 26 1, R G NSSIERIE I o ARMb AR 77 Rl A 2 22 B U4 30Kk
BT CPERMN SR B8 (p ER A SR L) P R EX TR ITELE M S E X FHIT AR,
X TR O O R R S VA SR T AN . AR B (R BRI H IR SkRIE T B S SR M
(http://data.cma.cn) i [ B 1 A=A 05 RF AR 20 4. th B S SRl AlE (B AR 4k A A4 kiE T
FHbFRAT 2O B 1 A 1 1:100 75 2 it b B 2R HE B (www.webmap.cn) .
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2.1 FERWAESYERNE R iR TSR
T DEA-SOLVER Pro #ff, AW 5K HEE 1) SBM ALY 5 4+ [ 2000—2018 4F 30 M4
X TR AESRCR, HRBHESFENME (KD

#4 PEOAN X AR AR
Table 4 AEE of 30 provinces and cities in China

Provirﬁe//lryég?zn/city s s Provirﬁéﬁg?zn/city R R AR
{8 Average value HE4 Rank )18 Average value HE4 Rank

it Qinghai 1.10 1 {75 Jiangsu 058 16
k5t Beijing 0.92 2 T Henan 056 17
£ Hainan 0.91 3 tlik Shandong 0.55 18
g Shanghai 0.87 4 #1AL Hubei 054 19
¥ Xinjiang 071 5 #IL Zhejiang 0.54 20
K-t Tianjin 068 6 IR Hunan 053 21
J"" 7 Guangxi 067 7 L5 Liaoning 0.48 22
VU1l Sichuan 0.67 8 2 4k Jilin 0.45 23
J“ %< Guangdong 0.65 9 L Hebei 0.45 24
59T, Heilongjiang 0.64 10 H7f Gansu 0.44 25
T & Ningxia 0.63 1 A% Inner Mongolia 0.44 26
[ Shaanxi 061 12 L75 Jiangxi 0.42 27
gk Fujian 0.60 13 it Shanxi 0.38 28
i [} Chongging 0.59 14 2 Anhui 0.37 29
#H Guizhou 058 15 P Yunnan 0.10 30

MELARE, 2000—2018 £ [E 30 N X AR AESUEFE L AT EAKT, 258 XTERME
Wi TE 0.4~0.7, MFER S MIRTE 2], 1245 B 5 M TR R 70 b s il . Hodr, Rl B3
REHEMREFERS, HBCREET 1.10, 7TR8H0 R R 2 T8 78 0 K FCURE I 1 2 A7 B R0 <0 25 1
138 TR B s . IR S R A LR =, 1298 T E R R, MR T
P, Hkagdest (0.92) . #r (0.91) F L (0.87) , HARMAESMEMIAE 085 L., A
PSR T, Ak at Rk A= 25 380 B vl g e B R 1 XA 26 R DL i IR & 5 R B KPR 8k TRk AR
Sk RE; Wit b E &R, B TREEEEXNSE, RRAL, WREEFEE, JFHBHADN
WromAb Aol 3SR . . AL, KAREBESER, #5 7T RIASSE; LEgEmrRlkAt
AR R F B KR E T K KB I B B AR AE R A A = 18K i, 2 RO = e 1A
WA B BCRAEAANT AR, WAL 0.4, HPMFHHMX A amEE, HRAESIEMN 0.1, FHEE
HEA AT &K, FEERTREEamATHEE -, tiEs, BT ILX RN, S@EAE, TR
PRy KRR E, A7 KRR KRG o 3% 3 B Hp [ 4 b A= 2540 R R A7 78 R I BRI T
ZIFIRES P32 TE A 18], B N E A A IR . AL R B, IR Al A=, BYR T 2 RIR s R 50
AN Al

Rt — BRI E O A SRR RIS A AR A, X AR, By T 3 AN IX IR A [ R Ak
AT TR AT, X3 555 O SCk[31] (K 1), BRI 4 B % X3k 2000—2018 (1Al
EBMERLEERINAE 2.
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&1 X3R4 e e
Fig.1 Description of regional divisions.
% P I 500 4 b B A SR A 4 b T Al 2% D9 3 R 0K A7 5 GS(2020)4634 5 1) At b B IR, KB JE#E X The map was based
on the standard map with the drawing review No. GS(2020)4634 downloaded from the standard map service website of the State Bureau of
Surveying, Mapping and Geographic Information, and the base map was not modified. T [7] The same below.

1.20 r

el A= & CEA AEE

0.00 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 J

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Ay year
== 4[] Whole China — i X Estern part

e 1 [X Central part e 15T X Western part

2 2000—2018 4 v [ o ol 2 25 R I () ¥ A
Fig.2 Temporal evolution of AEE in China during 2000-2018.

AEE: Agricultural eco-efficiency. T [A] The same below.

I 2 mrsn, s ERMAESBCRIE 2000—2018 F R H e BRI, THEZE 2010 F£2
Ja, BARSF7KF M 2000 4EF 0.35 HEK F] 2018 4R/ 1.01, $RFFEE R E N, XK 2010 FH g
— 5 XM (CGRTMKRAEEW S KIEER— I RR A RIS T2 L) B2y k4 et
PV K T7 RIEAS RS RA1E T EBEAE . B X b &L . T 3 MR R A SKERE, K
TRAR BB X AV AR A R SR K s B T K, mlRE S i T AR b X A8 W A A4k ki
it v iil) B B T A PAT B LA RS, IR HAEA R AR RN B AT m K P X IR
Z, {E 2013 S22/, PO XA RO AR 25 2R A4 [P I K KR —2, 7E 2013—2016 4F, i
X H ML A A R B KB G T A PR, (HAE 2016 2 )G, Edim T 2E T8 AKE, EE
Al RE A K G E S M O B A AL A e R A A R R R TR THE T . T B X



8 IASERGER o 11

PN AES R BT W %G, HAE 2016 2 J5 2HHE M T FREEHA, UL DO &l B2
R R IR B R B AN
22 FERIAESHENT BN RSFEREETHE

MRAE VB P E 30 M X AR AE SRR, JEEL 2000, 2005, 2010, 2015 1 2018 4FiX 5 4
B B [P B 8] £ Bz 2000—2018 4F R {E B FE A N 2L A, A Bh ArcGIS B AR 24 il H B R Mk AR S 0R =5
m oA (E3) .

[ 3 o [ Rl A 2 R 8 () 4 AT
Fig.3 Spatial distribution of AEE in China.

BARKRE, PEEVAESHREZMNHFEDRINES, EERIOVR ISR & X $0E
Whn, SECH 2000 ) 6.7%8E N3] 2018 EH 66.7%, KT 60%, MAMEEIRE, {HECA X KL
B CRB R BN = KT AR, A4 SRR TS E 2 T RE&E, A
2000 1) 76.7% F £ E] 2018 4E1 3.3%, [FMEIAR] 73.3%. LAk, B DL B A 25 250K 230 H
B KIS, RIS BCRAKER E (0.9,400) [ X 35k 3 B by 174 1 3400 326 47 1) 2% 300 1 X 4 B0
hns RN AE S BCRIKTFEAL C-o0,d) XA FZ A 7ETEAL . ZRAC LR RSB X f 38 0 4 X T
BARFEAERE LT, Wb, TEAHEK 4DEXTT, G Z #4605 .

Rt — R F oy i A AR M AR A R ) S B A AR RRAE U RO A S R I S A S s 45 4, A
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A ArcGIS Hi#as s T A, #HL 2000, 2005. 2010. 2015 Al 2018 £E [ b E A A SRR N
WERREA, DL X, Y Ml Z Sy R onIEA 7 A, 1EAL 7 MR B 5 m AR =i A (B 4, Kb
(] Ml 2 25 8506 T 4 BRSO A T 2 [ 1 2 TR A AL AR R AT AT MR R IK

Vel 4 o] M e 2 200 TR 7 10 98 2
Fig.4 Trends of spatial patterns of AEE in China.

X Y FZ & BIF R IELE TR, EJL A mAMEE A X, Y, Z axis meant east, north and vertical direction, respectively.

HE 3 arn, FERMAEBBCRERTE T M LA LRIL: 78 2000 42 LB, PR
R EFHALE; FEER W HER HZE 20 B cURES, WA ZRER; (HEE
E I A HERS R PE A AL U R R HIB W %, 7E 2018 AEARME & T /8. fErdbJrIA ., 2000 4 28 H
B R U, WIS M ZE R R, BT 2010 4, mibEBLEIE MU Bigs, =
RIFAEZE, W X ZE L0 E eIt s . NERETHKE, ST SE Z fl b sk
R, R IHRM A SRR AR R, R EROL A SR ROk L . NEBEARTRE, ik
RV G LRI 2 B b 3 2 FE AR 5 B W i MR B S RS 1 A RO AR A OR B B A A 4y
St
2.3 HERIESHERZESRHEZEIZF

A FENAONFERE IR . S B5F . HARAESIAEE 3 ANYERE o AIEH T 7T AE R Rk AR A R0R =
[B] J3 S A TR 2R 38, ) ) LR N 28 25 2 L AR AR S R 2 8] iy R £ B R A HAZHAEH .
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231 RUEBFTYERZTEAFEHESEZIRA
AT 7 A FH R TR #4551 2000, 2005. 2010, 2015 A1 2018 4Fix 5 > LRI A1) q {8 % Hoik
TR (85, SANREFRMARE I8 T 19%0) 53 KR .

K5 AR AR AR A 0] 53 5 ) R T R 2R
Table 5 Factor detection results of spatial differentiation of AEE in China

¥ 2000 2005 2010 2015 2018
Fact . . . . .
actor g H¥Rank q HJFRank q HJFRank q HJFRank g HEJF Rank
—

Eﬂ].}“ﬁ . 0.22 1 0.44 2 0.56 1 0.29 2 0.06 1
Multiple-crop index

s
*ME.’”*@ 0.21 2 0.16 6 0.06 1 0.02 12 0.10 8
Planting structure

.
AL HUBRALRE . R 0.09 9 0.49 1 0.49 3 0.14 10 0.46 2

Degree of agricultural mechanization
V=WAN =N
B FWMHE%E 0.10 8 0.00 12 0.10 9 0.31 1 0.07 10
Fertilizer usage per hectare

4 =

INCE T U2 008 11 00l 11 003 12 018 8 005 12
Population urbanization rate
%{HEE il ﬂm}\ . 0.15 6 0.03 10 0.14 8 0.15 9 0.27 6

Disposable income of rural residents
it ,
M Eﬂlii%_l:[:i . . 0.09 10 0.13 8 0.55 2 0.25 3 0.29 5
Share of finance in agriculture
TS F R . 0.01 12 0.15 7 0.06 10 0.19 7 0.52 1
Average years of education
»’?T‘K 0.16 5 0.42 3 0.29 4 0.07 1 0.30 4
Disaster rate
2
¥¢7J<' _ 0.13 7 0.11 9 0.27 5 0.19 6 0.11 7
Precipitation
J=N=|
U 0.19 4 0.21 4 0.24 6 0.25 4 0.09 9
Temperature

i)
Hk . 0.20 3 0.18 5 0.18 7 0.24 5 0.35 3
Sunshine
BT R A R R, AR BR R AR BRI H AR SR 3 ANE L A e RO AR S AR

KL E R N B ENER .. GERE, MRS BE DR 7 F 208 KR B 720 5 2 Fh a5
RN FEEE . MBCCREE ., ZRFMHR, X 5 K7 ARl A SR E SN
T, H g EH¥YAKT 0.2, FESEN . BAWLIEM AR, KA E RSN . FRZHEEFER. %
IRV BT A AR S WOR 25 18] 43 S R B DA — %, 3L g AT 0.1~0.2; FHrp B RN ZEE
AR i S ZK S AT A A2 AR S i Ol A SRR 22 0] 4> S (W E ZE R &R, X #H q {H1E 2018
SRR T 0.52 1 0.27; A FIRBUL R RO AR SRR IR R A 5059, 5 AN LB S5 o (ERR
2015 FE4 /N T 0.1,

BTG nt AR A B, BEE TR RS, BRI A T R MBS . we, NER
7P KRE, RAHBATERE . MBEOREE., Z2REMHEIX 4 NE TR AR ERS. B
R REWIBALTEREE ) g {8 2000 4E¢) 0.09 F 15| 2018 4E (1) 0.46, filR: )1 HARIR THIG B -1 4%
B WBCOREE R g {H A 2000 4115 0.09 $2 73] 2018 41 0.29; 52 9¢ KA H XA HARH &R
f q i, A7 M 2000 ZEf 0.16 $£ 7+ %] 2018 4EfY 0.30, Jm & MM 0.20 $£ 7+ % 0.35. X F KL F AR
KPR EIREE . B SR EE (ATECT D 778 BA R 18R R 55 06 Al 2B 285 2003 25 1] 43 St 14 5% i 7
BemAL, R AR BN R AR R AR R T RS, EMfEEU B R R, RIES
BE A HFE WSS 7 AR AE S BCRAZ04 R ah, ESRE PR T AL TR KAR L,
HrERIEN 2000 FEHHELSE 1 FRE] 2018 F05 11, BRI R, AR UM AL TR FE R0 B2
AL E R AR AL R AR T W R BIE, BT M 2000 EEE 9 ETHE] 2018 AERIE 2, J5# M 2000 4
15 10 EFH2] 2018 4ERIEE 5. HIR, KyEBIMRE I — MBI LA EmE T P2 208 IR MR 71 HE
J¥H 2000 SEE 12 EFFFE] 2018 FES 1, BN TR R AE SRR A A o R BT, R
HAR I E & SR CRVIEAR KR SR ML A SRR 25 0] 40 S5 7= A 1 R OREEI . Bk 45 440
SRR 1 R e ) 2 Rt s HRRIEI ., SrkE R BN TR Z5 0 LR AR 5 I A AL X &
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WA B RCR A 6] R H gk Es; HAh 3 A4 (FABCIEMH &, R ERT SRR KD
IR R [ ff R 7038 0 H VR Bl AR AR AR, 7Rk SR AN R B2 B, (EE N B M 7 HE
PALE AR N AN, N I AL ZE RO A 2 RO A 8] 43 S AR 0 I L HE P AR RS e, R,
AL R IR B AR A 55 8 D1 HEAR e R 3X — B X Al A= 7= e AR S RS2 A/
232 RUEBTHEZEDRHZTEIERIRS

Nt — R TR [E 9K 5 R 7 2 8] e A2 A8 AR ISk ARl AR 25 R MR I A AL i, BB S s A
TR Hp 7 32 ke 1) 3 T R 7 DA RS SRHET BN — B I S2 0E AR 2 AT RS AR sl A 7S KR A ]
S REAE B . [FAELL 2000, 2005, 2010, 2015 A 2018 4FixX 5 MNMEMAE AW REEA AT M, &R
MEERERH (R 6) « AN, FAHET AR EENER, MAIERMTIIER,
KN H T A2 EAE AR RN g EYRIEAFREE RS, XTI ER SR e RS RE
I IR ). MMERRERE, JINESFHE TR GAEHRE A BT 65% & k&g, H
R FIG 58 . AR R, &R T BB IAF A2 5, FLEE A i a) (4R 230
AR . BARSKRE : S FaECS ROV AL BEAE FAE 0 A A= 285 3003 1 i R 00 B o6 1)
(B R 2P B A %A, B 2000 4E11) 0.25 K 5| 2018 4Ef1) 0.88, FHAEFZEMIL [ T «“Jesk
5 — XK 7 3G 5 — JE LR PRI SR AR et B, X FEE R B T EMIEECRE A T LT R X
AR . SRR R S W B AR b B RS EAE BB RE N 25 BT S N BRI AR ARAE, 1R A
L I AR A XU T3 5, X R B S ERIRECRN TR A K. MRS PSR EFERLH
YER IR 28 BT S, MERZRAR ARt on, XA R T E RN ZHE KT 73R
b Az 75 305 3 ) 43 S B S R ERSR R K . ST RPHE A 2 e A H IR KO A R TAE R, fE R B &
P 7 “RUA F- 3 50— A LR P3G o 1) A8 1k, R EFFRECS X PR B AR 1 s Al 7 A AR ES
BOR A 43 o AN AL FE FE 5 W B AR L A2 R R i 5E R B AR e 8 fh, BIAdRE )
Mo BT A N B, HORBRE AL, AR R SR G I T A R 1 Y 5 — XK 1 s R 2R PRI 5 —
KUK -3 5 () A4k, X 3B TP 8 E A R RN AR R 1 AR A2 B ), T A LR A AR
IR I T % B E TR AR . LU TR FE 5 13 2 20 F - BR 22 ELI A BE 73 AL 2000 4F
] 0.14 4K 3] 2018 4F[) 0.82, MRS, HAEFHRAAEXT AR E, BT 2018 RN A+ 1Y
AN, HARWAAEL MR g . ROV FEFE 5 52 5k 2280 H R K 52 BAE RIS & 7 1 <Ak 261
T 5 — XA -3 o — AR LR PRI 5 1) AR 1k, R 1S 2000 SEAH LA B E B, R TE
5 BRI B R 25 28 TAE B 0 RO A= 35 3505 23 (8] o S g oy BB . WP R L S AR LA £ 7
722 BAE R R AT e B, [HMNEEMAERE, RIS 2000 FAHL 2808, §H
—RERW T MBCCRI R SRR R EEN ., BRERZRES H IR KA B AE R Rt
FAWIERETE, 1EFHER MR E, BT 2018 S AXUA TG 5m 4k, HAFEAD Y AR 28 M 1 5 .
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F6 HE RN AR A6 5 7 A AR S5
Table 6 Interactive detection results of spatial differentiation of AEE in China

- 2000 2005 2010 2015 2018
A7 H

Factor interaction

q 27 Type q 27 Type q 7 Type q 7 Type q K7 Type

X, X, 0.35 NE 0.77 DE 0.69 DE 0.83 NE 0.88 NE
XinX; 0.35 NE 0.82 NE 0.69 DE 0.50 DE 0.38 DE
X, X, 0.36 NE 0.75 NE 0.73 NE 0.66 NE 0.80 NE
X, nX, 0.31 DE 0.82 DE 0.73 DE 0.38 NE 0.62 NE
D aP. ¢ 0.40 DE 0.53 DE 0.79 NE 0.58 NE 0.76 NE
X;nX, 0.27 NE 0.74 NE 0.70 DE 0.71 NE 0.56 DE
X, nX, 0.14 NE 0.77 NE 0.57 NE 0.44 NE 0.82 DE
X;mX, 0.36 NE 0.77 DE 0.57 DE 0.56 NE 0.90 NE
X, X, 0.33 NE 0.63 DE 0.88 NE 0.90 NE 091 NE
X, nX; 0.20 NE 0.26 DE 0.69 DE 0.40 NE 0.55 DE
X, nX, 0.34 NE 0.57 NE 0.67 DE 0.52 NE 0.47 DE
X, mX, 0.35 NE 0.57 NE 0.90 NE 0.49 DE 0.71 NE
X, X, 0.24 NE 0.77 NE 0.56 NE 0.52 NE 0.82 DE
X, X, 0.27 NE 0.43 NE 0.48 NE 0.82 NE 0.71 DE

DE: XA 714 5% Double enhancement; NE: JEZE P18 5% Nonlinear enhancement.
3 i

AW FHEET 2000—2018 FHE 30 AN X T A A = TR ZcE, SRR SBM IS A [F
30 N X T B bR RN A SR SAT R, R BHRWES T 726 75 Rk, FER) 3 2R 0 35
PRI T s A B RO AR SRR I R, SR FEESRNF: 1) 2000—2018 A [E R A7
RRIEAR B YR E BT, & ETEKFE 2000 £RAF] 0.4 $2THF] 2018 £ 1.0. HEZH
B AN A ST RALKY, MEER KR 2) R ey 16 3 AN R AE SRR
Wy R A L ARES . HE 2010 25, RAAESBCRETHEEE IR o ERIAEEL
RAFREMWZNS R, SR LRI H R X B R P XRS5 mgR. 3) &
WA BRI 26 R B R IERE B . S5, BARESHIES 3 FmEmsm, HAE KXt
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