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Table 2 Evaluation indicator system of urban-rural integrated development
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R G55 K/ (TTTTIN) AN BB S AR T L 3404.329 1951291  475.146  12753.390
W B A K-/ (T3 76/hm?) M7 WA MR K 2 55 3 S AN E R S RE R AR Y 2.112 5.744 0.061 66.021

FOAH

4 ER55H
4.1 HFEEX

AR AreGIS10.8 B A2 T rp 3 £ il
B KA A SRR B 25 0] 40 A7

14 2006.2010,2015 12020 4 = 35 £ fil
G R IR 23 [ 43 A, A4 4 [ 7 4 {6 53 S
X BT ATHL IR 2 filG Kk A3 T2 E
EL Y 2 R AR TR M X, 3 1] g S PR R 4R 30 b XA B
2205 R IR R ik AR S R B R i B T
gyl . BAREAAEG = T4 EE A E A b XA
Ji AR Ak AR 2 Al A &K — BT AW T
FA# 2006 .2010.2015 12020 4= H [E 31 445 17 3k
2Rl R JEIK - YE 40 0.164.0.213 ,0.307 F
0.490. &2 42006,2010.,2015 12020 4 [F 4R\l
AR AS A oA R REAR B 4 P 24P 34 (i 40
R, M2 AT A [ F B4 A L IX A A
BN, 2 AR A R X . 2006.2010,2015
F12020 47 [ 31448 1 Al A SRR IBE 53501
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0.481.0.461.0.465 F10.710, Bl 2006—2015 4= 4 I
B EPEBHE AR K, 2016 446, 2
IS WS N A S A X AT e 5 8k B A
gl o L A 5, [ 2016 4 TF iy, Al A A 3 45
BUFFRTTI 6 T K& i AH SRk 48 ARl ¢ 4
4 E
4.2 FEERIABR S

F 45 (1) A S fllG 18 EO Ol A= B ECR
A2, 5 R oK I 2 G 8 B (UR) Ak i
RBOHIE BT 1% 0958 F MK, BIFG #3992 fil
BRI EE T, b Al Az R A BT 42
e UL HL AR B IE . X R, W 2 flG &k oK
MIFETHA B T3 & Z [0 228 WU a) i 8l , 38 3 5% ) A=
7E 7 MR R A A A PR B R A S A
SR E AR, SO AR P AR R,
T B AW AR AR B 2 Rl & st All A
BRCRP T HA B EWREEH. X5CA6%
UESCHRH O T AL S5 RO AR SRR 2 G S
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a. 20064F
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c. 20154

0 UR<E¥E
m UR=FHMH
) R [

b. 20104F

= UR<TH(H
i UR=FH{E
S
d. 20204F

= UR<TFIE
= UR=FHHE
T Q300 km

1 2006—2020 FHEWH 2 R ELZRKTZE ST
Figure 1 Spatial distribution of urban-rural integration in China, 2006-2020
T ST [ 5 SR BT IR o b PR IR 55 Dl 4 ) o 1155 G (2023) 2767 5 (R B il BT i PRI A

MV RGHE SR T LB AR L

BEAh B30 2 Bl A48 5 (UR) 2t AR Bl & 45
5 (URP) .+ 1 Al 5 168 2L (URA) P82 A Wy il & 45
B (URC), [MIHEE RANR 4 195 (2)-(4) FiR . i
(ARG HEE(URA) R AR R A8 8 (URC) kT &
B4 0.738 .0.198 , 75 1% 1 5% B9 4K F |-
N IE U BA = M A RS 4 I S R RO AR RS
BRI OCHE . nTREMY R PR 2 , 1 Ml il O
FE TR0 8 2% IR, S 22 38 0 801w i sl B 1t
T3 RO, AR PR FEA A AR o A D )
T & SRR T AR Tk &R T R R4 Ak
v T RS K R TR A SRR i B nT DA A kb
2 I SEEAERIN , Al A= AR I R KR
BENA B Ty, FEBEARRLG Ty 1, 8 2 R Ak
KA R R S A T SRt S WA S 50
SRR BT, A BT AR HEml i it g i Al
Ar R EAF AR G HE, Aol A SRR R R R T

PSS . i N LA TS 5 (URP) Al iF R ECH
-0.110, AJE 1T 1 2 KPR 5. AT RE Y i R 78
N Bl 3k A v T BB AF AR AN 57 30 7 1) 38T I B
LG, il 57 30 1D, e 7 ol G2 Al 55 5
FIAS XA A 77 1) 7 TR M), $0 Al B 2 4k
A HUAR AR IS S5 A = 2 2R i — 20 B AL T Rl 2B 3
M8 AR A SRR o

h T2 IR S AR AR AR S ORI
SEMA) AR SOR AR A 7= R B RSCR AR AR A5 A BAL
RO AFEAE RN A2 SR a6 5 PR
AR A 7= B R B (APAE) 38 % Ril& 8 8L (UR)
A1 b 1 fl 548 5 (URAD A T R B8 IE , 439 7
5% 1 1% M9 G2 1 /K SF b 35 i N 1 Bl A 6 4
(URP) MG A Rl A 78 50 (URC) X ARl A = LR A%
AR A R, AT S . AT R SR A
T X — B B DR B R L D
M7= A A R B, 1 A i ) A 2 e A5 R ) R
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Figure 2 Spatial distribution of agricultural ecological efficiency in China, 2006-2020
T TR A AR G FbR A AR 55 W T 21 452 GS(2023)2767 S bR & 7R i E B 2.
F4 HEEEVAGITERI
Table 4 Benchmark regression estimation result I
- Ll &SRR AEE
A2
(1) ® 3) )
UR 0.663**%*(0.215)
URP -0.110(0.145)
URA 0.738**%(0.231)
URC 0.198**(0.096)
il A YES YES YES YES
_cons -0.494%%(0.239) -0.121(0.274) -0.643%*(0.257) -0.206(0.226)
AN [T RE RO YES YES YES YES
i i 5] 5 20 17 YES YES YES YES
R 0.793 0.788 0.793 0.790
N 465 465 465 465

xR ERIR 10% 5% HT 1% 1 E KT 365 WEU A bRt . R IR,

BRI, FEAR A 7 52 5y AR , T R ARl 2E )™ R85 9 0.803 F110.387, B35t T 1% Y 1 25 1k
BERBCRA PR . A AR BB BE(AEME) . JKF 5 T A RlA 48 20 (URP) F1 4 b 11 il & 48 5L
W2 Bl AR EU(UR) MIBEA R AL S 18 B (UROGTT  (URA) T RBO A 1 & KB, R 50
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Table 5 Benchmark regression estimation result II
. A A PR BRCR APAE LA BTG ECR AEME
A
(1) 2) 3) 4 (5) (6) @) (8)
UR 0.375%* 0.803 %%
(0.165) (0.300)
URP -0.012 -0.267
0.111) (0.202)
URA 0.908%* 0.510
(0.173) (0.323)

URC -0.058 0.387%%*

(0.073) (0.132)
P8 i) A5 i YES YES YES YES YES YES YES YES
_cons 0.036 0.193 -0.318 0.171 —0.588* 0.006 -0.558 -0.214

(0.184) 0.210) (0.193) (0.174) (0.333) (0.380) (0.360) (0.312)
AR [ 2 R YES YES YES YES YES YES YES YES
Fis ] [ 2 25507 YES YES YES YES YES YES YES YES
R’ 0.836 0.834 0.844 0.834 0.775 0.772 0.772 0.775
N 465 465 465 465 465 465 465 465
AR RNE . PTRE IR RTE T, Al A TR BB B ArEH,

g XoF o — By B 7 dh AL T HE AT PR UOT R A 18]
AL F AL LR BN (R (B A, 75 2800 B
SRR NI, B R B K 2 i B B it
FEAREAYGE A, M S B AR AR BEACR R T
4.3 fERNERE

N TR EIR 2 Rl G R ROl AR S BCR YA AL
i, 73 K IR 2 Rl 1R RS HORSES HORB R

H12 6 (1951 (1)~ (4) ], 768 A Bk 28 4 TR
i, IR 2 RS 8RO R TR A T R B IE
(R 38 o 2 5 PR KA B B 6 H2 R AT B 5k
X RIS fl A X i kBRI A B
J R E R A P R A 3 (0 A 7 BOR Y SE RH)N
ATRERY SR I Rl Al R R EE RN
Yy Jy , 00K 2 B0 < T Sl SO BRI AR A F 2

6 EANBIREM/ITER

Table 6 Mechanism of action test result

.. HARMA TC FARBEEC
Af
(1) (2) (3) 4 (%) (6) (7 (8)
UR 0.467 1.096%*
(0.422) (0.533)
URP 0.046 0.144
(0.282) (0.358)
URA 0.549 1.849%
(0.452) (0.567)
URC 0.111 0.074
(0.186) (0.236)
s ) AR o YES YES YES YES YES YES YES YES
_cons 0.837* 0.968* 0.716 1.036%* 1.000% -0.257 0.410 1.435%*
(0.468) (0.532) (0.504) (0.440) (0.592) (0.316) (0.632) (0.559)
AR E RN YES YES YES YES YES YES YES YES
Fisf ] [ 2550z YES YES YES YES YES YES YES YES
R 0.232 0.230 0.233 0.231 0.146 0.137 0.159 0.137
N 465 465 465 465 465 465 465 465
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KRR 3 B 7 R ot A AS R R 0 B AR & 1Y)
A, BB & AlG xRl H AR SR L R FHE AR
W, F6mFN(5)-(8) R, IR % &85 (UR)
X AR BCR AT R BN 1,096, 38 55 T 5% A B 3
PEACT A5 5 + 1 Al & 48 55 (URA) X R B
T 2800 1.849, 38 33 T 1% M & 3 MK A 56
XRUIE Z alG&A B T fe 2R E o2
- b 8 T AR A B B G AR e SE B T R A R
ARBCRW T, 5 00A R T A A SRR
P IL, 3% 2 Al AT D ok i i R AR gkl A
AR AR AR, B H3 15 250 0E

4.4 RIEMEDHR

4.4.1 ZHAFRAER

R EALnT | B R ENE PR S UK B
7, A i 5 A A 1 22 K AR 4 B
80, IR B T AR, RO TRE AL I R T
B8 (1) ], [l 25 5 358 0E , Halad 17 1% 1)
B PERE G, 10 B AT SCHEVE R 45 5 L AR A
4.4.2 ¥ 358 E) X 6]

T SCAIF ST ] 15 5 oA 2006—2020 4, {8 % 5K
SO A 3 A T ] DX ) A A — A A 56 I o
45 5 S 2010—2020 4F 4R 74 B4 5 397 7
AT, A SR W 7 09510 (2) . ISR AT, 3
XSS IEER QO 2 ¥ S a2 o Y A EP =LY
5% K 1M IE A X B SCAZ O 2518 1 B 8 o
i ARSI A i R
4.4.3 F A B2

M ESCRYRE R TESE T AT LA W 2 s &R
IKFECUR) M A= SRR (AEE) FHAD AR 5 () e/

LI B KA 25 5 388 K, AR SO Jor A 45080 1 47 5L
1% A 45 2 A 35, DA AR (8™ AL RS2 e . 334U
AEAZE R R THH(3) . NGRS mA
()52 1) R B8O TH I 28 R 1, AR SC IR & il vl DA
PEAME A BB IR O S5 A B
4.5 RRMESH

BAR LIRS R R S ml A A B T4
Al A AR H A A () DX 7E M ER AT B 2 T
Sty o UR B AR A 25 4 A5 T AR R R E 5,
Y% BB R KT AE AN [R) i X2 75 25 7= AR AR ALY
A b A= B RCRIG R AR T, R, AR ST
iy 3 DX A FURE £ A 7= T B X 2 AT T, X IR 2 il
(A b A AR BN AT 5 T 4T o
4.5.1 I8 X {57 bk

S % T RAFDIBESE  H SRS A T
A ARFRAIP PG X Al 25 LR 8 FE AR M
X, 3K filA (UR) NG (URP) FI 4 1l i il &
(URA) WA R B M IE , WA Bl & 45 5L (URC)
BT R BT B AN E ST B R
FEFFPET LI, 3R £ AlA (UR) A1+ Hu iRl (URA)
XA Ml A 75 A8 3R 1) 42 3 A 23 AR 5% 1% 1Y i
FAEKOF W A (URP) FIE AW Bl A (URC)
A W E AR SRS H , R IX 5
PR XA L, A8 B 22 0% KRR K3k I %
R s Y. G S G r i —P
KR I e W Al AR AR ARALUNE , KT 2R S b Xk
L AT REJE “FRIK Z2 357, (G o 7 350 dth [X R A0
“Ehk s, B LR P SR b X R 2 Bl A R A
A SRR IR BN AT IS B FE A R -

R7 RBERRMAEITER

Table 7 Robustness test result

Rl A= AR AEE
Akt PRSI S A i) X ) Blm i R A H
©) (2 (3)
UR 0.900%%*(0.252) 0.735%*(0.315) 0.779%*%(0.197)
A YES YES YES
_cons ~0.574%%(0.270) ~0.249(0.364) ~0.508*%(0.224)
AR [ 5 0 YES YES YES
FRF [ [ 5 500E YES YES YES
R 0.777 0.809 0.817
N 405 341 465
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Table 8 Heterogeneity estimation result I
ANV A= SRR AEE
AR ZRASHL X o P S X
(D (2) (3) 4 Q) (6) @ ®)
UR 0.330 0.745%%*
(0.357) (0.364)
URP 0.056 0.046
(0.289) (0.199)
URA 0.575 0.990%**
(0.355) (0.373)
URC -0.018 0.093
(0.192) (0.147)
P AR o YES YES YES YES YES YES YES YES
_cons 0.184 0.300 -0.003 0.344 —0.863%* —0.753%* —1.190%** —0.668**
(0.446) (0.465) (0.462) (0.415) (0.333) (0.360) (0.369) (0.338)
AR i 7 U YES YES YES YES YES YES YES YES
Fisf ] [ 7 255 17 YES YES YES YES YES YES YES YES
R 0.808 0.807 0.810 0.807 0.792 0.788 0.794 0.789
N 165 165 165 165 300 300 300 300

4.5.2 BEEFHREF A

B2 FIMAECIT Y 8 3148 FA T B TTR
P EDHR B AL P DD RE R R A FAREAS R X
FEERE 7= X, AT £ BlA 1Rk AR 53K
FARFHON AT AR WK 9. ATLUE Y FEARE &
PRI S RS FREL(UR)TE 5% 7K I8 350 0E

HAGTFRECN 0.749; fEAE R B 377 X, IR S Al & 18
BOUR) IS 200 0.905, Hidad T 1% i &k
Ko BRI, IR 2 AlE Rk RACE R S 77 X
AL DL A B R A A P2 BOR R TR . G LR
PR B RO, AR A B 7 XA v R B A
A% O X B, AR FH 2 70% LA b AR £ o, Hi )

F9 FEMMEITERI

Table 9 Heterogeneity estimation result II

Pl A= SRR AEE
AR FREFT=IX R Fm X
(1) (2) (3) “4) (%) (6) (7 (®)
UR 0.749%* 0.905%*
0.372) (0.285)
URP -0.355 0.372%%*
(0.250) (0.173)
URA 0.874%* 0.625%*
(0.448) (0.280)
URC 0.336* 0.250%*
(0.173) (0.126)
s 4l A YES YES YES YES YES YES YES YES
_cons —0.866%* -0.546 -0.960%* -0.696* -0.007 -0.075 -0.015 0.363
(0.387) 0.417) (0.397) (0.386) (0.300) (0.338) (0.321) (0.288)
AR E R YES YES YES YES YES YES YES YES
Fisf ] [ 7 255z YES YES YES YES YES YES YES YES
R 0.875 0.873 0.875 0.874 0.799 0.795 0.795 0.794
N 195 195 195 195 270 270 270 270
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7 AL AR 2 ORIIE , (ERR R 327 XA b i AR
BOR, SCRTRE 2 1 25 40 i A AR JUT 2R 7= i AR A B
SRR . MIARME 7 KBk 0 R
TR R B R BN HOR B G L RE RS
6 A2 12 M DX A Al AR 7 2 i DUAR R 7 XK
Z Rl E A AR ASRCR I TE 1A 5
4.6 AL

R RAESR 2 FilS X Al AR SRS i ] REAT

FE B XL PR SR G 2, 2R FH TV-2SLS 5 v 0B A7 3 34l
The B8, EBOR 2 a8l A WA 5 — WA P AR B
YRy T H ARG AT TV-2SLS J7 B 1 45— W BE [
1 HE3S T BAER 5 FE 5518 29.51 F129.43, 1
PR T 10, 4 155 TR, R FAES TR
AR P, R GRS B B, R 1051 (2)
F(4) By [ H R B B2 e, B, I 2 G A
My A SRR RERIE R

#10 IV-2SLSffitsE R
Table 10 TV-2SLS estimation result

A ©) (2 (3) 4
UR IV 0.859%%%(0.026) -0.218%%%(0.015)
UR 0.710%%*(0.252) 0.567%(0.296)
A8 YES YES YES YES
_cons 0.013(0.029) -0.512%%(0.245) 0.529%%%(0.055) -0.457%%(0.223)
AR R 7 AU YES YES YES YES
i ) ] 28507 YES YES YES YES
R 0.993 0.792 0.972 0.788
N 465 465 465 465

4.7 1RSSR #6256

R SCHY AT IESE T 3% 2 Rl & R ol 2B 7
RORFEAE T HAERIE 52, H 3228 o fE m R
OB A A BRI R o F BRI S fl
B Xt ARl A SRR B R R T BEAEAE AR Sk R i,
YR 2 G R AR 1T AR St 38 2o 7 1] [l
ISR TR B TR IR & fil G % ARl A= 25 3508 il 2R M Ak
o FESEAT I TAR RN 1] U 22 i, B R T T A AR
AL, FE T 53 A A S, >R JH Bootstrap 5
R AMEE 1000 1K, & BUAFTE S — TR (R 1),

FK129R TTIMERIEMEE R . WS mia (UR)
T TREE R 0.136  BEREAKI 43 T30 2 fillh & AR
JKF X (UR< 0.136) Fl3 £ Fil & % Jé i KV X (UR >
0.136) . Y IX I £ Fil & A& KPR T0.136 i, 41
Z A 2R 2R B 20 T (1.469) 5 X4 H X3k £ Fil
B R KT 0.136 B, 30 £ il (14 5 i Z2 00 2
RIE(0.565) . X ULHH, BEA IR Al G & EAKE
1R KA A AR AR I T R 50 2 TS o T RE Y
JE DR, M 2 fl A & B KR AT, 3% 2 il X
BEARBCRA BRI HAVER ARSI 2 G 1k
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Table 11 Threshold effect test result

B o THE

I THE(E 0.136
Fii 22.650
PH 0.030
Il S

10% 16.934

5% 20.468

1% 27.763

F12 NBERETER

Table 12 Threshold model estimation result

AR Ak SRR AEE
UR<0.136 1.469***(0.410)
UR>0.136 0.565%*(0.244)
fictilei YES
_cons 0.319(0.191)

R 0.353
N 465

JE N R GEA A Y FE I 2 Rl R E B
FORBCR AR THH D8 ZE , I S RlE XAl AR 258K
AR A P .
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AL 2006—2020 4F 1 [E 31 4~E G ATIELIX
{14 T A BRI, LS RN SIEUE R 5 T 5 48 T IR 2 il
XA A AR RE M SO . ST AT,
AR SCHIFGE BN -

(IR 2 FlA AURT LA SO0 HE A0l A B R0R
() g, T LAl A= 7 R FR AR A A AR AR TR B
RGBS 35 e SRR T, AR 4R P 2 2 id i
RGN &Y NI O 2 SO @ Yt o -1 I PN
W A o R ITUOR M Rl A A A A
Al A= SRR T O T AE

(2) A b B DX A7 RS £ A 7 T RE X 57 o 4 ok
B, TG EBHLIX IR 2 filA R ARl A S RORAT i
PFETHER A AR E 17 X S A e AR S
F 7 DXCAT DL AE R AR AR SRR R T HE .

(3)BEE I & fh G & A B HE 5, Ik & i
X Al A R 850 B AR AR P AR AE 4 0 3 1 T TR &%
N Y8 % RlG K KA B — T TR, TR (B R
0.136, 51 TARME 5 AH LE , T THEAEL AT IR 2 @il & X0 4Rl
HERBCRIREEHE R,
5.2 BIREIN

BT AR ESS A SR T BOR S R

(1) JAI RN S8 Jah 2 £ A B R AR 1 [ =T & F 5 |
i o BURF A 353 FE B S Y SRR AR A1 A
ZRE M INTE A, 4 m Ol sk L E AR BT AT
AN RE B IR — AU RLE B A A, Ok H A
CEWARS

(2) FEST 225 Y3 2 RalG J Jre AR Tl BIL 1 R B
FARZR . A b X AE M B B 2 T Al e R L
IR b 245 4 25 5 T A6 B 10 25 S, BURE VL 3805
JECH ML DR, PR Hi ) B HE Sk 2 fil G A T, AT
S A SRR AR T

(3)HEBN N Hb FEA SRl A, SO R
MZTR KPR & . Freeft sk P oA itk
55 8l 1M S5 48, 5838 S0k BUE R T A A 2R IR
SRR, AU & — IR & S 54l A2 Hbrde
Bk B . 7RISR 2T =l R SR I [R5 1 Ak P
gra oA A NITTHE Sl AR 2 €5 7 M A i A
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Impact of urban—rural integration on agricultural ecological

efficiency in China and mechanism

ZHANG Zhenwang, LI Jiangiang
(School of Management, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: [Objective] Urban-rural integration is a key factor affecting agricultural ecological

efficiency. This paper clarifies the logical relationship between the two and its mechanism, hoping

to provide policy enlightenment for promoting the steady improvement of agricultural ecological

hitp://www.resci.net



SRIRMEAE 3k 2 Fl 5 X r Al A 203 A 52 B AL 1587
20244F-8 H

efficiency and promoting the green development of agriculture. [Methods] Based on the panel data
of 31 provinces in China’ s mainland from 2006 to 2020, the entropy method and Super-NSBM
model were used to measure urban-rural integration and agricultural ecological efficiency and their
sub-stages, and the spatial distribution of urban-rural integration and agricultural ecological
efficiency was compared and analyzed. Then the fixed effect model and threshold effect model
were used to analyze the influence of urban-rural integration on agricultural ecological efficiency
and its mechanism. [Results] The results show that urban-rural integration could not only
effectively promote the improvement of agricultural ecological efficiency, but also significantly
promote the agricultural production accumulation stage and the agricultural ecological management
stage. Urban-rural integration had an impact on agricultural ecological efficiency mainly through
improving technical efficiency. Based on the decomposition of urban-rural integration, the
integration of land and capital was the key to improve agricultural ecological efficiency. From the
perspective of geographical location heterogeneity and grain production functional area
heterogeneity, in the central and western regions, the integrated development of urban and rural
areas played a significant role in promoting agricultural ecological efficiency, while the effect in
the eastern region was not significant. Compared with major grain-producing areas, urban-rural
integration in non-major grain-producing areas can produce a more significant and larger effect on
improving agricultural ecological efficiency. With the improvement of the development level of
urban-rural integration, the promotion effect of urban-rural integration on agricultural ecological
efficiency had a significant threshold effect, that is, the positive impact of urban-rural integration
on agricultural ecological efficiency was characterized by diminishing marginal -effect.
[Conclusion] Rural-urban integration had a positive impact on agricultural ecological efficiency in
China, and this impact showed geographical location heterogeneity, grain production functional area
heterogeneity, and threshold effect. To this end, the independent development and introduction of green
innovative technologies should be encouraged, the application channels of green production
technologies should be broadened, and the efficient integration of people, land, and capital should be
promoted through the establishment of differentiated urban-rural integrated development systems and
mechanisms, in order to realize the coordinated development of green agricultural production and
economic growth.

Key words: urban-rural integration; agricultural ecological efficiency; technical efficiency; Super-NSBM
model; threshold effect; China
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