W3t = 3R
MOUNTAIN RESEARCH

XEHE: 1008 -2786 — (2024)6 - 865 — 15
DOI; 10. 16089/j. cnki. 1008 —2786. 000868

Sl AR AL, 2257, SRR TR R TS (O-FRIE T UR R R R K ST BE B B A A L O R ——FE T U148 21 ST Bdl (9 Sk o A

[J]. 1thae4f, 2024, 42(6) ; 865 —879.

YANG Guihong, PENG Li, ZHANG Huijuan, ZHANG Xinyue. On the measurement of coordinated development level of economy-green-environment and

their dynamic interaction relationships; An empirical analysis of 21 cities/prefectures in Sichuan Province, China [J]. Mountain Research, 2024, 42

(6): 865 —879.

“E-Ze-RREHEXRBKENERNIEZTERR

— & T W) & 21 A N B3R 6y 55E o AT

+ Yook E
mEL,Y LT KEE KEA
(PUNIBE R 2 a. MBS BRI 2B 5 b. PR o B IR -5 M A A A S 0 2, AP 610101)

B E: 290K SOREMIFECRIUEIT A2 K R BRI =AM B R . RS Ok B, i
REFERERTE GO IR MBI FR 0 =35 22 [ (4 B A5 BIL ] DR SR 0BG R B S8 AT g o, o R S —
ERENS A2 1] WU - (- R R G MR BER DL S8 — PN R AR IR & o 18 3CHE T 2000—2021 AE 01145 21 41T
A TR AR KAl , R 2 DK a8 R REFNFR SR DL A8 b A & 12 T CRITICR A A & ARG B DI 58 A T
M iy i [ EERERY R 22 K ek R i FREDIR DL HORE S DR AR B, B R ARG sl S LR R
LERFM (1) WA 2 TR AR R RS FIR UL 1 S SR KT B R, ORI 3 bR V- 22 BT, 320 1) B oy
B A e B BETLHE , 5 H5 2 TRk S S R 3 AT B 19— Bk, 2 TR A IR Rl 3l 1 4% (0 & S AR BAR
DU o (2) PR SRR FREDIROLZ ] 2RO 2 5 0w FL3l 56 & B3, IR L T — A A 3 5 &
48, H=A ARG KR AR R B — 5 14 19 B 550 280 0L, 98 55 2507 B 5 k) Py R 8 D 55 o T 98 45 2R

N SEBUX AT AL FEREE A U A Ji , Sl v I e (8 T R i J A SO AR IR IR S %
KR T ACE SR O R FREDRDL #7508 s PVAR 4558

hESES: F129.9

SUFRIICIF YK T & A AR TR 5 BB TG 3
S5 AR i 22 U A S B R 4 Z A1 JE B
TRISE e S JR SR — T DL AT RRAE R R O
BRI R AR B AE A U U5 AR U5 Y R AR
T HE ARSI 1 S BE PR AR R T AL 2 R R Y
RS . BHKF SRR RAPAEDIRDL, X =
ZIEA SRR AR, BT E RN A Ak A
HH 2, AL AR R R DR K T T Rk
K LB A o AT PE DR 522 T 2 S At A2 R P

MERARERS: A

$2°F  HEShER RIS , 2 F R A Jg it
T T T ) B R

P P N AL T (I AL Re R T 1]
AR e, FE DK T T A R
EWRE T AT SRS ISR CR R
[ AT 5 5 2 R DX SR ARR AL, 73 5] SR A 5 By 9 A6
OB R G Bl A R Tapio 44 R
JRACSCIR FERRIRN ) 250530 Wy 2 R T AR Fi5 A
Fo REEAEPRIR R Z M AT TR JE

155 B B3 ( Received date) : 2024-07-13; P[] H3#H (Accepted date) : 2024-12-11

E £ I B (Foundation item) . JUJI 47 < VT3 ] - i A 25 e W D AT 50 80 P2 O i R 8E (202309 ) 5 )1 48 )45 31 3] T H (2022JDJQO01S ) o
[ Yangtze and Yellow River Upstream Ecological Barrier Construction Think Tank Program of Sichuan Province (202309 ); Science and
Technology Program Funding Projects of Sichuan Province (2022JDJQ0015) ]

{EZE® 71 (Biography) : #HELL(2000 - ) , 22, 7 PERE N, AL 504, EEWFFE Iyl ASCHLE . [ YANG Guihong (2000 - ), female, born in
Laibin, Guangxi Zhuang Autonomous Region, M. Sc. candidate, research on humanity geography ] E-mail:20231101039@ stu. sicnu. edu. cn

* @ L1EZE ( Corresponding author) ; ¥£37.(1983 — ), 55 it ##7, FEMR 5 ASCHLEE, [ PENG Li (1983 - ), male, Ph.D. , professor,

research on humanity geography ] E-mail: pengli@ imde. ac. cn



866 1

¥ o 2564

o3t K AR B AR SR R ECR B R ER
R+ ek B I Sk v Ree Sekice s I Sulacha
SRS YR R IR Rt 4
SIMTIR A 25 R I R A R S B 4 A VAR
SR, o TR AR A XE 5 B Tk i R BRVE 1 %
WFFE ERSIE AT AR (K R R BT 2 [] B 1 5%
F LM ARENL —ERE I A T S T -4k (-1 B AR
GEOMA A AR DL I GE— PRI HR AR IR R o LAN, X T
SV LR KR FREDR L= Z 18] 1 B A5 L)
FIPRRER 2, BT B0055 , Fr ) B 2 6 T2x (K i
SRR Z 8] 5 R TRART . XAl g FHO 4
TR 0 4 5 55 PR BEIR DL =2 1) 5% 2% 1) BRA A1
M2 , XEAMERRIETR & 1] 2 18] 9 52 2 36 R AR 152
Wi, 95 BRAE BE TS J2 1T A ST i A R TR A
VU A b 5 v [ 3 T B — B A (95 9 D)
FEE BB AL T WM REZ AP, 8 AR BB 5
S AR BN T 23 AN A | DX IR 5 K e K-
ZESE R, WL T NI 2T B R A g Y
N SR VLB 30 2 (K R 7 DX R 25 i
0 X AR TR ] i B A 25 2 v B R B g
WL, (A 25 R GUAR 55 I RE R E R TS AN A [, FLAE
RATZBF K e ] A 25 DR3P A0 ey o 6 e Mg
it DX 0Ok 22 5 P At 5 = R s B SR X, A
A AT A TR R BAT R N 07,
S BAL S 25T R AN AR S PRI 4 22 1] 64 P30
U130 T i 4 A R TRt T ok 48 7 22 5%
KA B KR RO Z ] B S A S H R F
SEEL = DM R HE Bl A e e R R A R
AWFTE LAV 21 AT R AT 50, 4
SRV 2K R A e FREDR DU 255 PR
EARIR AR, IR AT CRITIC-HR AL WAk Ji T 25
B VRHT s MRS PR JR BERCR RN PVAR #5870 5
Hr 2000—2021 45 U I 4 2 T K- e {0 4 i BRI
ARBC A Bip I8 At J3E A 25 38 A0 AR A1 B 3 25 58 B R
B HE T WFTCAS SR ) e s AN BRI, S
DXttt 2 22 T R P AR AR AR 3P 2 [ A5G 2% L
A SO R | 52 B0 DX R R 2 e T i Ak PO
LA o

1 W5 KIS P ik

1.1 HREXER
PUNAE LT E VO RS &R, R VT R X 1 EE

LA RN AY, M FR 2 48. 6 T km® | 2 v [ FH
FIRIIERY . BN 2R, FE LI
JEORTLL A 3, A B R P S AR (R 1) o A
ZE 5, VO L DX R A R, DA R
56 R 3, B K AR X /0 s AR 88 el T Ak, & T
R 2 R AR R 16 °C ~ 18 °C Bk
BoRFEt A TR 18 A g3 A EA
LA K 183 AN ELRATIEX, FoAE N 124 8367.5 1
No 2021 4 py JIf = 9 A4 7= B {6 ( GDP) ik %
53 850. 794275, Tolb 283 iyt 1.5 7 feos™ .
1.2 BFRAE
12,1 Bk iE SHabnik R0 g

ST ABTE MR RS et Bl
PRI, N3 K F (G B 8 AR =4 R
GRILVERE 22 WHRIRER AN PN RIRA R (R 1)
BT bREE K B N AR AR ()i
BB ERIROLATR) ) (WU B G4 %) 2 Fi
I R 3 A 2 2 RS IR (b I ek 46
AR PSR TEZBACEIEM R R, AL
HBA VBRI K U, R M AT R 5 A
AL K AN GDP GDP 343 | A 34 0] SZ Bl A |
B A SR BRI R N AT R R . 7R
RIBVEM IR Z T, 5 IR AR & R A O B K
£ GDP REFE  HHFE5 R AL 4R (0 42 3% S (0T 2R 15 b
AT X FERERRICPEM A R, 2 58U
BRI AR w8 1) L30T B 0k = PR Y5 Y
WIHER A 5 S A B AR AN A PN R R
1.2.2  CRITIC- L 20 & WAL

PUA W 58 38 H R B A B 8 48 bR AL
TP CRITIC B+ WA T $E b7 v, i — 4
YR T RCERE IR )R, % B 8 An 4 Lt
JEE P [ Bsf e BT 48 A 22 18] 1) 7 J - CRITIC-H AL 2
BIRBGE L B bR 15 B, X% IR 4G bR Al 1A
Sk AL EE B o B AN P
T ] A i 49 25 57, SR IR (A o Ak 7 1 %0 8 3F
FTIA—Afeab

NAGEE VR

X'y = (X; = minX;)/(maxX; — minX;) (1)

UAEEER ISR,

X'y = (maxX; - Xij)/(maxXij - minX;) (2)
Ao X A BRI IARELE s X,y IO )1 48 45 T JH 26
AEER A EAR R AR



Vol. 42, No.6 “ R4 FRBE” R KT IE 3 A5 58 T X R —— TP 11 48 20 AT M B A S 43 867
99°0'0"E 102°0'0"E 105°0'0"E 108°0'0"E
g
g
g
Hl HRREGE
Fig. 1  Location of study area
BRI AT JATRRREAE B w, WA j SR FRAY CRITIC L
Z " (x, — 97)2) Gl ¢; R ] TEBR AR 5 wbjjg%]/l\il:ab*/%Eg{%‘;%\‘kﬁ
S = (T (3) LT W, Hsfs j AR AR CRITIC-HRLAL A AU
T ) ( ) 1.2.3  FHEPhRRER
nx. — nx nx, — nx
py = L L A IRk B YR F8 A B 2 APk 2 18]
I Gy ) Y (e - ) FEPREITE A o A D TR 30 2 2 0
(4) AP RO BRI = A RGE RS PR
R} _ z:=1(1 ij> (5) ‘@o *%%Wﬁfﬁ@ﬁﬁﬂ?
C. SR ) { S(x) xg(y) xh(z) 47 (o)
Wy = ST o 6 C=31f(x) +g(y) +h(z) 3} 10
ZHCJ‘ ZHSJR; [ 3 ]
" ; . T = h 11
. :"Il* §:i=1[ ﬁ? Xln( % )] 7 af(x) +pBg(y) +6h(2) (11)
nn Yo V2 D= /CxT (12)
1 - (8) K, C AT G K8 FRECRI R GG
Wy = .

Yo (1-¢)
W, = et (9)
Zj=1 N Wi Wy
K, S, x4 0 56 j A H8AR bR i 25 RTS8
pi N ] A EAR S kAR ERZ A A 5 R AL R,
HE AR S HEIRIR Z M A SC R A € N

BES(x) () 55 h(2) GBI VKT SRR
SRERRBL R AR/ (x) +(y) +h(2) =1, %185
SAFSRETE, WE f(0) =2(y) =h(z) =5
T RGHOKT S IRE SRHORL 3 AT RGN0
EUMBSHL, W KT SR K B
XEEMHEE A5 o 5 8.5 413100 3 A REALTE



868 1

¥ o 2564

F1 ZFKF-FEARFMERRERFITEEFERERENE
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environmental conditions of Sichuan Province from 2000 to 2021
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Tab 3  Results of Granger causality test
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On the Measurement of Coordinated Development Level of

Economy-Green-Environment and Their Dynamic Interaction
Relationships: An Empirical Analysis of 21
Cities/ Prefectures in Sichuan Province, China

YANG Guihong, PENG Li*, ZHANG Huijuan, ZHANG Xinyue

(a. Faculty of Geography and Resources Scienc; b. The Key Laboratory of Land Resources

Evaluation and Monitoring in Southwest, Ministry of Education, Sichuan Normal University, Chengdu 610101, China)

Abstract: Economic level, green development and environmental conditions are three key elements in the path of
urban sustainable development. Previous research was conducted mostly on the pairwise relationship among the
three of economy, green development and environment. However, research on the mutual feedback mechanisms
and causal links among the three element systems remained relatively weak, and a set of unified evaluation index
system that can comprehensively reflect the coordinated development of the economy-green-environment system on a
regional basis had not yet been established.

In this study, it constructed a comprehensive index system integrating economic levels, green development,
and environmental conditions based on panel data from 21 cities in Sichuan Province, China from 2000 to 2021. It
used CRITIC (Criteria Importance Through Intercriteria Correlation) -entropy weight combination method, coupling

coordination model and panel vector autoregressive ( PVAR) model to measure the degree of coordinated
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development level of economy-green-environment, and revealed the dynamic interaction relationships among the
three element systems.

The overall development levels of the economic level, green development, and environmental conditions in
cities of Sichuan Province were relatively good, with their coupling and coordination gradually increasing and
moving towards a higher stage of coordinated development, which was consistent with the development trend of the
economic level. The improvement of the economic level drove the improvement of green development and
environmental conditions.

The causal and bidirectional interactive relationships among economic development, green growth, and
environmental conditions were significant, forming a complex dynamic system. All three element systems exhibited
a certain self-reinforcing effect during their development process, but this reinforcing effect gradually diminished
over time.

The research provides decision-making reference for realizing the coordinated development of regional
economy, society and environment, promoting high-quality and green sustainable development, and ecological

civilization construction.

Key words: economic level; green development; environmental conditions; coupling coordination; PVAR model
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