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Abstract: In the face of the challenges of global climate change and environmental governance, the coordinated promotion of carbon reduction, pollution reduction, green expansion,
and economic growth is of great significance for promoting the construction of ecological civilization, achieving high-quality economic development and high-level protection of the
ecological environment. Based on TOE theoretical framework, 30 provinces in China from 2008 to 2023 were used as research samples, and the modified coupling coordination degree
model and panel dynamic QCA method were used to analyze the internal relationship and coordination mechanism between carbon reduction, pollution reduction, green expansion,
and economic growth in China. The results showed that: (D) The coupling synergies of carhon reduction, pollution reduction, green expansion, and economic growth in China showed
an overall increasing trend from 2008 to 2023, with the highest degree of synergies in the eastern region, followed by the central, northeast, and western regions, forming a spatial
differentiation pattern of “higher in the eastern region and lower in the central and western regions”. @ A single antecedent condition cannot constitute the necessary conditions for the
high-coupling collaborative development of carbon reduction, pollution reduction, green expansion, and economic growth, but the necessity of enterprise governance empowerment
showed an increasing trend year by year, reflecting the characteristics of time effect. (3) The interaction and matching of various elements produced six high-coupling collaborative
configuration paths, which could be classified into three modes: technology-driven, structure-social oriented, and system collaborative. Among them, technology-driven was the core
element 1o realize the high-coupling collahoration of carbon reduction, pollution reduction, green expansion, and economic growth. @ In terms of time, the configuration based on
technical competence and technology application efficiency showed an obvious upward trend. In terms of spatial distribution, the cases that could be explained by the configuration
based on technical competence and social participation and cooperation showed obvious regional differences and were more distributed in Northeast China. Exploring the configuration
path of coordinated development of carbon reduction, pollution reduction, green expansion, and economic growth is conducive to promoting the formation of a green, low-carhon,
circular, and sustainable development model and provides theoretical support and practical guidance for formulating scientific and reasonable green transformation policies.
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Table 1 ~ Carbon reduction, pollution reduction, green expansion, and economic growth coupling coordinated development evaluation index system

SR bR 2 FERIE bR ¥ JEE" &
N 5l ik CO,HERCE AR W A H N - 0.080 5
Kk fitk T HE T3 B CO, flFilt &/GDP - Jioe! - 0.184 1
T R I i e B AR T ) A A + 0.735 4
R ALY HET AEAL W HE R B 10* 1 - 0.1943
- AR HE R AR HE R 10* ¢ - 0.2315
T 7K HE T TR 7K HE I 10% 1t - 0.166 2
— P Tl AR e A — e Tl i A A 7 A 10* 1 - 0.1737
PM, s BAE PM, ¢ T ik pgem™? - 0.2343
A el e i v AR YNTE SN AV SN S| m? A + 0.198 9
AR X Gk TR AR X T A AR 1 e LA TR/ Al i A % + 0.091 1
EIE S e
PR 35 % % + 0.388 0
235,43 Wil 45 4L LERIERESIK=S % + 0.3220
N8 X AR 7R R GDP/AE ¥ AN Jc- N7 + 0.279 3
WK NS W ON N ] S B A gt N7 + 0.298 1
eV RS A TR L RIERESIKN % + 0.4226

D)+ R I B AR AR =" R R G AR

1.1.2  JE T TOE HE 42 B fi -9 15 -4 & - 35 K 19 5%

ARSI TOE BUR M £ T B e -8 15 -9 4 - K
PR 4 1 A 2 T FE 4R (P 1)l a4 R 4L ZUR 3R 8
X3S SCHEYE B FHE R AR BT PSR R K A R
W e (R H A H 20 LA B AL LA T A1 8 B 8 5 R
e 71, 8 78 BB - 085 -9 S -3 K 2 1) B 2 A

i N LS s N DA 2 1 R E 5 NIV E B a2
VE R A 3. H R BE 77 35 Rl A0 15 BIF & 5 A58 8 RN
SRR KOE T H R B8 7 I R 4R T AT LLFE T U AR
TR B A A 4R 5 35447 45 PR F AR S A T 2 %8
1, kg B b B (A it A 0 ) B R S L B R I Ak R il
B 2205 & R K RN T8 R K-S R A, 18 1 4
FHEARM N TR e 55 e o R K pe P53 A 3, $2 7+
B 6 FRALRE , P2 SR 05 M AR B bR A9 S2 B . TR, 4
FHOR N F AL S AR SR R R O &K AR
BEHT I 2 IR SR, JE T S ELY a SHEK H AR

Y1 3 B B QI8 51 RN Al v T g
VB Ay 45 e s o ) 8 QI 5 | 5 o RORF S T R

https://www.cnki.net

R S5 0 o R RE SR A B 3 o R S A Y
PR 85 W AE BOR, 51 S A lb R AR B PR G A2 5 05 5
Wk /0 15 G Wy ) HE R, 52 BRI TS H A . R R i
B A0 ORI U B A I R R S AR B S Al i R
HORBEA  HE SRR B AT S F AR 095280 . Aol if PR
FE DU 55 8] il 7 S 00 0 R v ) AR ST O 4R
Al 2 (8 4 B A AR BR R BB AL, LB A T
BRI R AP B B K

PRIEHE BT, 8 A H T R RE AL 2 2 5 PR
K RAL . 454 T 90 3 RE A 455 77 Ml 235 4 w85 0 1 1 4 [
Go— K5 % KPSl A 7 Ml 45 4 A i 22
D 1 AR B 08 5 1o e 28 sl /U e RE RE L v 75 e ATl o
LU, O B R T P (I A ) SHE L TR R g — T
Ty AT B TARAL U IR C &, B o T R0 fle itk
@l FE AR B BCS R, SE B gk S R H
B Ak 22 2 5 1 ) D00 55 R R Al A AR A 2 (0 A
Ji& v iy S R BT AT 8 S B TR O BRI O T BRI
AR R TR T O R R AT g A 4B el Al i Sk
@ P RISk 0 A 3% 7 sURE A, O a0 R JE Bl i R
U FE 2 PR



r [ %71 Y

1612 w o B % 47 %
FoRFLE
e R
B UL B2 DA
W
Wi ) et (B
DL A
ﬂﬁ@%m¥| |ﬁ%%@ﬁ% %Mﬂﬁ%%| |ﬁ%§5m@
1 ESHIESR
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Fig. 2 Coupling coordination values of carbon reduction, pollution reduction, green expansion, and economic

growth in China’s four major regions from 2008 to 2023
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Fig. 3 Coordinated spatial distribution of carbon reduction, pollution reduction, green expansion, and economic growth in 2008 and 2023

hEXIM  hitps://www.cnki.net



1616 woom B % 47 %

x3 TEUHASKE

Table 3 Description and calibration of variables

75 g A A — I8 bR it Ei R ) 25 Pokes 301 L BRI
W& 5 A i
AR fE 3Rl (X)) - 0.408 3 0.073 8 0.023 4
A LA HIK T
L
ROF 205 R KT
BB AR (X,) 0.524 4 0.183 3 0.032 1
U ATEREAT
X T35 00 ] 56 57
L B 5 1 2 (X5) . - 0.343 6 0.137 4 0.056 3
Py o BURF SR )
N AL E ==
All 2 (A, A R A R
Al 6 PR AE (X)) . N 0.8935 0.4757 0.126 5
fix Il 25 (5 35 LG AL
77l 5 4 v Ak
SEH TR AR (X5) n . 0.468 8 0.162 9 0.0376
i EERNIE75-3 3/ S0
AT
BRF PR 558 6 1 2
L2 5 PR (Xe) o 0.538 5 0.252 2 0.044 7
2RI IR
AR A R SRS A PR (YY) RS PR 0.668 7 0.511 1 0.3308
x4 DEEHHWT
Table 4  Analysis of necessary conditions
Wee Bl -l 75 -1 -1 K 5 P ) Wi Tt -k 775 - St -1 A )
FRAFAL gl —=E AN — B B N —EE
WS —EE VB 55 S - CE—FE ICRERE o
ﬁ e LT # B s e
X, 0.799 0.898 0.066 0.305 0.432 0.482 0.337 0.592
~X, 0.539 0.489 0.241 0.483 0.908 0.817 0.031 0.184
X, 0.809 0.892 0.219 0.190 0.457 0.500 0.560 0.466
~X, 0.546 0.504 0.372 0.403 0.901 0.824 0.136 0.127
X, 0.526 0.556 0.306 0.403 0.769 0.807 0.136 0.236
~X, 0.818 0.781 0.144 0.184 0.577 0.547 0.267 0.408
X, 0.755 0.779 0.477 0.196 0.519 0.531 0.621 0.121
~X, 0.545 0.533 0.586 0.167 0.784 0.760 0.442 0.184
X 0.796 0.882 0.153 0.219 0.469 0.516 0.446 0.477
~X; 0.563 0.517 0.297 0.408 0.893 0.813 0.066 0.247
X 0.791 0.828 0.166 0.288 0.505 0.524 0.280 0.495
~Xq 0.546 0.527 0.363 0.477 0.835 0.798 0.127 0.242

D =" RR BB R AR”

CUFORERIBE R AR
B4 DEHEEREX-VHAE
Fig. 4 Necessity condition test X-Y scatter plot
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Fig. 5 Changes of inter-group consistency levels

of X, and Y from 2019 to 2023
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DRI B 51

R AR WAL 1A I hA 2 56 B2 4 v, R WTEOR IK
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Table5 High configuration analysis

S AR A1 HE52 A3 4754 &S A6
X, ) ) ) [ )
X, ) ) ) [ | ) O
X, O ] )
X, | | | | O
X, ] ] ° ° O
X, ) [ [ | )
— &tk 0.961 0.968 0.983 0.980 0.978 0.946
PRI 0.922 0.938 0.967 0.958 0.925 0.715
J ik A 5 R 0.596 0.586 0.567 0.551 0.334 0.295
M — 7 55 0.029 0.009 0.023 0.048 0.005 0.041
2R ] — 50 R A B 0.026 0.017 0.013 0.017 0.017 0.057
20 N — Ok R R 0.104 0.104 0.075 0.104 0.086 0.109
SR — St 0.939

SR PRI 0.883

SR S 0.781

1) @ Ll S5 TE , METR DGR, O R R AFATAE , O RR LGSR AFAATTE 3 25 H R A F 0] BEATAE (L ] BEAS (77
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Fig. 6 Consistency level changes among conditional configuration groups
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Table6  Test results of normal distribution of configuration coverage

£ 7 Kruskal-Wallis Bk 4636 45 2
Table7 Results of the Kruskal-Wallis rank sum test

r [ %71 Y

i H FEAC R (Obs)  ARiEIR(Se)  Giita(w)  BEHP)
WA 30 0.0362 0.9800 0.8260
A2 30 0.0349 0.9793 0.8064
A3 30 0.0393 0.9718 0.5887
A4 30 0.0363 0.9778 0.7631
AES 30 0.0375 0.8805 0.0029"""
A6 30 0.0269 0.9715 0.5802

1)##*F /R P<0.01
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¥iH P 22 77 (Chi-
i} [ER
H (Mean) (SD) square) i HHE(P)
S 0.3933 0.205 2 2.653 8 0.448 1
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Table 8 Results of one-way analysis of variance

R

HE1 0.590 9 0.198 2 1.519 0.233

HE2 0.606 6 0.191 4 1.74 0.183

HIE3 0.5615 0.215 1 1.246 0.313

H4 0.600 5 0.198 9 2.033 0.134

A6 0.328 2 0.147 5 3.565 0.027 7"
1)#%P<0.05
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Table 9 Average regional configuration coverage
X 45} Mz k2 HE3 As4 dEs dde
ZRIbHIX 0.3950 0.3867 0.3950 0.5867 0.2867 0.3900
hEHLIX 0.6057 0.6732 0.6688 0.6730 0.4482 0.3850
RiBIX  0.6613 0.6308 0.5830 0.4851 0.3216 02175
PEHRHLIX  0.5722 0.6084 0.5287 0.6697 0.4571 0.3809
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