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Spatio-temporal coupling and influencing factors of urban green
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Abstract Exploring the coupled and coordinated relationship between urban green innovation efficiency and
ecological resilience is of great practical significance for promoting ecological protection and high-quality devel-
opment in the Yellow River Basin. The Super-SBM model and entropy weight method are used to measure the
green innovation efficiency and ecological resilience level of 78 cities in the Yellow River Basin from 2010 to
2020, respectively, and to further analyze the spatial and temporal evolution characteristics of the coupled and
coordinated development and the factors influencing them by using the modified coupled coordination degree
model and the Tobit regression model. The results show that: (DBoth green innovation efficiency and ecologi-
cal resilience of cities in the Yellow River Basin in 2010—2020 show a fluctuating upward trend over time evo-
lution, but the development level is low; both show obvious spatial variability among regions. (2The coupling

degree and coordination degree of green innovation efficiency and ecological resilience in the Yellow River Ba-
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sin during the study period showed a growing trend, in which the coupling degree as a whole was in the stage

of friction, and the coordination degree as a whole was in the state of general coordination; from the perspec-

tive of spatial pattern, it presents the characteristics of " upstream-midstream-downstream" step increase. (3)

The level of economic development, transportation infrastructure, degree of openness to the outside world, and

human capital have a significant positive contribution to the degree of coupling coordination, while the indus-

trial structure and urbanization level have a significant inhibiting effect on the degree of coupling coordination.
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Fig.1 Coupling and coordination mechanism of green innovation efficiency and ecological resilience
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Fig.2  Study area of the Yellow River Basin
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Tab.2 Evaluation index system of urban ecological resilience

HieZ W2 fobr )2 oy <3 L
o GDP Tk — A b HE ik it t/km? - 0. 006

Hfsi GDP Tlb HR A HE B v/ it - 0. 006

Wi f B GDP Tl Bk HEc R 10°v/ 5 76 - 0. 005

PM, s pg/m’ - 0. 055

HE VS BRI I8 B 10%t - 0. 008

A G B TC AL AL AR % + 0.016

. V5K AL HR T AR b P A % + 0. 008

i’ifgi BB v kB 4 % v 00
ERELRE % + 0.038

A— AR BEAE H(NDVI) + 0.053

PN EUNTE S LA IN + 0.073

- AR A B % + 0.012

D e o . 0.307

BN TR AR IR B m’/km’ + 0. 261

BERR S o b W BT S LR % + 0.101

1) HEHT 7 2 A8 Ik it A 28 PR 055 11 0 AR 77 AR T
T AR TG G SO S HE R RS R R
£z GDP Tl — Ak fiHE i L Bz GDP Tl 4
AHERR B GDP Tl K HE i R T
M5 Bt O I PM, s ¥R B2 A= 16 by T 18 ok
PRI A 7 A T A AR ER I A s T

2) 3 W 7SRRI T AR AR R G A T X K- -
SRR TS vhi PR TR R T o i
A TR B IR TG A AL B AR T K A B3 A v b 3
B O R EDZE R R B R ELR
RIIRIRT A S RGE 32 B A P A 06 P R iy oy
Jei B AN R TR T B R R A W3 N )
§§L27,33j .

3) RS TR I T A A R G A 4 g opdi
SR Z JE 0K N  o  BUH — fhoE B 4 AR
(NDVI) | AF47 el gt st 1o AR L 2 B IX A0 25 56
Pl g o T R e s A A B S BE 15 R R
T BUK G IR R K IR B Y S W AR R
PRI HS 7 b7 WA Lo AR B T A= 28 3 5
BHRR
2.3 MAIRFAE
2.3.1 Super-SBM #£#!

B2 7 M i ik (DEA) J& —Fh Z 46 hr 4%
NP PR SR BT A ORI T . A%

Buir) DEA SERLLEEAR [0 R AR B (0], 5 3004 SR Af
TERRIRZE . AL, Tone 48 M 1 356 T4 5t 2% 01
FE HALE AR Y SBM ARHY | HZ AR R e 1
XPROCRAE A 1 A R OR oo 47 i — 25 X
Fet . 2002 4F Tone X4 H T Super-SBM A5 7 |
ARSI A SRR BT B2 o g T HE
JF (4 SRR AR B R Y . R, AR e
K Super-SBM A5 A 0 5 2 Y] 7 Jal bk 1l & €4, €01 35
B HEALWT

min 0° =

s. t.

(1)
K07 NEREOBIHHCRIE ;A R R FICH)
BUEE 557 o) s, 0 AIFREEA U™ i AR B2



F4H

PN , 55 - BT 1 4 (0 BB AR 5 A S P A N S R i SO i DR R <777 -

7 AR AR 5 Ly, by o AR DR AR S
¢ IR 2 BT ST H AR EE 7
{H 5 n o BMABSE ICRUR sm g h FRBEA H]
G AR B B A HG T s BRI
WA -
2.3.2 WAk

WAL IS — PRI A HE R A 57 e BE B 2 45 b
R 1) 2 WA 12 o AR SC S 25 SR (8 ], SRR A
ESUKE R RGN RE € s Ra e 2) 6w S S S P )Y
B AT AR A AL B, HOR B 45 FE AR OB, e
JE LA IMAGE TR AL SRR & F0r
HARLBRT .

1) ARFEAR bR JE PR B Ss AT b AL Ak
H LATH BRI 6 500 12 20 A — O 45 R AR

NAGEEIE
X _Xr.r.nin
Zy = b (i = 12,y = 1,2, m)
ij _Xij
(2)
U CIEEL A
Xl:!:mx _ Xt.l.lih
Zi' = U- L]' (I’ = ]927“'9m;j = ],2,"',”)
Y X::;ldx _X;;lln
(3)

S IR 3 WAEER 2, F1X, 43 B bR AL
I X X 40 H R I 5 B
ML s Hy REAR ST R s 2 25 B 9 A
i&o

2) HFEEHER IS B e T AR

Z,
Py = ’ (4)
27
1 m
¢; :_lnm;pijlnpif (5)
1 —e.
W, = (6)
Z (1 _ej)
=1

S, AT § T AR T e,
FHE W, A ERRE.
3) WA R ER AR (L 5 TR I
SR AT 12 5 R A VA
WA (7)
S, I A £

2.3.3 M5 EARS VA AR

G DI 2RI BEAS gt B 2R (L QBT R S 2
ST R 5 OC R AR BE DL R K AR DL, SR 1
TG RIR A DIMR BE R h R 3 B2 € R BES 2100
AifE[0,1] Z 8], 5 0 3 i B3 A1
I, AR SR FH E USSR 18 TERB & B
JERETII B PR L, AR

Z (Uz - []/)2 n Ll
C = e —Ix ( H U, )”’
"z',i ot max U,
m
m=1

(8)
7= YaxU, Ya -1 (9)
D=./CxT (10)

X(8) ~ (10) :CERIEEE; U, F1 U, 43514
AREREATHTRCE 5 A S PITER HEAL S R, H U,
e [0,1],C e [0,1],C fHMAK, % T REME
B THRORER G AT EG o FORAE ;D FR G
hEEE, H D e [0,1],

M =20, BE max U, H U,,

U
c:JU—<m—MHxU‘ (11)
2
T=aU +,U, ,00 +a, = 1,0 +a, =1
(12)

AW AT RGFASTEE, Hit o, ., 1K
EAFE, B @, = a, = 0.5 A5 %IRRT,
R REAN A 4 ASB Be R R A Y BE0,0.3) |
HPIB B[0.3,0.5) BEA B BE[0.5,0.8) | 5 ¥
HBA[0.8, 1. 0] K HR A U R BE 43 S Fhe oy . ™
FHRPA[0,0.2) EEAEKTE[0.2,0.4)  — b
[0.4,0.6) RLEFHE[0.6,0.8) AL HMHLO.8,
1.0].

2.3.4 @4 Tobit & )2 AR

TS U BUE [0, 1], BA p
(RS A5, 3 FH T2 B PR A 5t Tobit [1 ) 455780 , PRI it
IR A Tobit 55784 Sk F) M 5 10 V7 S 53 €0 60 397 sk
5 2SR R PR B SR R L SR A
BFFE ) A SO TR A R B ATl 2
H FRBEHLH SRR 52 HERISEE SR T
TRORRRE | N3 %A 26 PR 2 X £ PR P S0, L
A i Rt B AL 2 3



- 778 - VUL R 2F 240 HARBRE AR

555 %

3 BEISITT AR L AHTRCR S AR A A S PR R i D R

Tab.3  The influencing factors of the coupled coordination degree of green innovation efficiency and ecological resilience in

Yellow River Basin cities
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Fig.3 The spatio-temporal evolution of urban green innovation efficiency in the Yellow River Basin
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