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Spatiotemporal dynamics and optimization strategies of low-carbon policies on

eco-efficiency: an empirical study of 286 cities in China

XIAO Ruike, LIU Jiarui, JI Yutong, LIN Tianyi, LI Xiong, ZHANG Yunlu”
Betjing Forestry University, Beijing 100083, China

Abstract; Against the backdrop of intensifying global climate change and worsening greenhouse effects, the development of
low-carbon city models has emerged as a critical breakthrough in mitigating the climate crisis. This study utilized panel data
from 286 prefecture-level cities in China from 2012 to 2022, employing the super-efficiency SBM model with undesirable
outputs and spatial autocorrelation models to measure eco-efficiency and characterize its spatial correlations. By integrating
static and dynamic spatial Durbin models, the research delved into the spatial driving mechanisms, dynamic temporal
effects, and regional heterogeneity of low-carbon policies on eco-efficiency from a dual spatiotemporal perspective, thereby
addressing research gaps in quantifying spatial spillover effects and analyzing time-lagged characteristics. The findings
reveal; (1) From the spatiotemporal evolution of eco-efficiency, the overall eco-efficiency of the sampled cities exhibited a

fluctuating upward trend from 2012 to 2022, with a distinct “high in the east and west, low in the center” gradient pattern

E®WE U A BRI AL D R EFT 0 ST H (2024132042)

Y75 B #8:2025-03-20; P £& H AR B A : 2025-10- 15

# W IHAEZH Corresponding author. E-mail ; zhangyunlu1986829@ 163.com

PR 1 P RO | A I 0 R 3 P IR DU B A X R BB B R AR RN R A =T e R

http ://www.ecologica.cn



788 xR 46 1

and strong spatial agglomeration effects. (2) The impact of low-carbon policies on ecological efficiency has the dual
characteristics of “local gain-neighborhood inhibition” , and there is significant regional heterogeneity. Specifically, the
positive effects of low-carbon policies become increasingly significant as the economic level of cities improves. (3) The
empirical results of the dynamic spatial Durbin model show that urban ecological efficiency has a significant “time lag”
effect, and the long-term impact of low-carbon policies on ecological efficiency is greater than the short-term impact. In
terms of regional heterogeneity, the long-term impact of low-carbon policies in the eastern region is greater than the short-
term impact, while the short-term effect in the central region is more significant. (4) Mechanism analysis reveals that green
technological innovation and overall industrial upgrading contribute to strengthening the promoting effect of low-carbon
policies on urban ecological efficiency and have a significant threshold effect, but the promoting effect on adjacent cities is
not significant. This study has promoted the paradigm shift of the impact of low-carbon policies on ecological efficiency from
“presence or absence of effects” to the multi-dimensional coupling effect research of “intensity-space-time series” , forming

a complete research chain of “efficiency measurement-effect identification-mechanism analysis” .

Key Words: eco-efficiency; low-carbon policy intensity; super efficiency SBM model; dynamic spatial Durbin model;

spatio-temporal dynamic mechanism
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(2) AFPBRB BEEERALE ARG 2 [ 3 B R Hp [ O O 2 B X sl o IX A A RO 2 il 9 3 2 18T (11 2) T
2012—2022 AFHE IR AR AR SR s BTV, BAAOKT-ih 0.407 BRTT 2 0.679 (RITHETH 65.8%) , AF K
KR 6.6%., TEHE 2020 425 H: AR MR TH AT REIA T T WU L BR 9 B 5 AT , 53 7T il B ok 25
128 PS8 A B LAY e ORI O R GE PR [0t 52 35 = 9 B a4
(D) FEEE I (2012—2016 4F) , A RCRAF IR 5.6% ; (2) S (2016—2020 4F)  RCR(E R E
F0.5100.03 [X[1]; (3) FCREKTHY (2020—2022 4F ) AL BHCRMEAFIIRIKRIK 15.7% , LS BORBEK 3 W]
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JEWH5E X480
R (0,0.500)
= A [0.500, 0.750)
AR [0.750, 1.000)
AR [1.000, +o0)

1 2012,2015.2018,2021 FLEEEHHTESYESE
Fig.1 Spatial distribution of eco-efficiency in 2012, 2015, 2018, and 2021
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Fig.2 Line chart of urban eco-efficiency in China’s national and regional dimensions, 2012—2022

i, TR AS DX 3 22 B S B KR 3 T S 30 P A 3 DX A 2SR 2 3 i s 0.287 , B2 i T8 0.216 4t
0. 188\ I, AR HHh DX BT W T AE RO A i (6 R AL 23 (A% ), 5 rh P b X o TR 2208
3.2 T AR AR A [ SR HIURAAE

Moran’s I 5 EF Moran's T #8507 7 37 A= BRCR B9 23 [0 S P, B R me 17 W8 31 i X 3l AR B 5 H:
23 [B) U I T2 [R] A OGP . Moran's 1 IS B4 S DUAS G BR, 43 AR 2 DU AR 2 0 g 46 38 B -85 (H-H) " Y
“AK-rE (L-H) 7 B AR (L-L) " BRI @A (H-L) " 84

X 4 [ R AR SRR I 25 0] AR DG b (32 3) , JL P IR AF-AR 1Y Moran’s 1 {H3 8 1E(A H 1 3 X%
B T A SRR B A TR R A 25 (A B AE RN . Moran's [ {E7E 2012 4E 2 2022 4E[A| & 7 T —Sei g (H B4R R R
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R3I HHESHETHEAXER

Table 3 Spatial autocorrelation results of eco-efficiency

Ay 42 J7) Moran 484 z p My 42 J5) Moran 54X 7z p
Year Global Moran Year Global Moran

2012 0.0890 *** 3.7112 0.0002 2018 0.0748 """ 3.1233 0.0018
2013 0.0816 """ 3.4207 0.0006 2019 0.0710 """ 2.9646 0.0030
2014 0.0761 *** 3.1941 0.0014 2020 0.0635""* 2.6656 0.0077
2015 0.0764 """ 3.2046 0.0014 2021 0.0260 1.1724 0.2410
2016 0.0976 *** 4.0478 0.0001 2022 0.0653 """ 2.7297 0.0063
2017 0.1128 """ 4.6458 0.0000

wxk wk | # PHIFRINTE 1% 5% 10% 0 7/K - i 3

201220224 ‘

0 1000 km
[

FEWFIE XI5
RRRH

- -

m fK-1%
K-
=&

ENTE A

3 £EHETESKELN Moran = E

Fig.3 Moran scatter plot of eco-efficiency

2012—2022 4F Moran's I BRI AT s (18] 3) , i ST AR S ROR B W 38 =S (W) o SRR Ak . AR R i g
LPPIE A H-H X (15 AT, b7 1E 9.9% ) , LA iR A5Ah 1) B 22 Bedni i o AUSE , MBS v BoR 9 il
PIRIRIZEORE 5 #E A 3 DU B A L DX (56 AN, o5 L 37.1%) , BCHESE i DXAE 7l 45 44 ] B8 A 2 )4 B
DAL R, BRI T 1 I AR AR B I 25 5 75 PR UKARSE S M A5 IR, o PR T o H B SE
SR L-H BRI A T H-L RIS I B HA F LL DXCAM L, 33X n] E il T4 B DX R BE 22 4 1 25 18] By [7)
RV EL

4 REREUR I T A SRR W = B AR 5 116 547

4.1 RS [ AL FEAR Y B9 73 AT 55 RS O i
FLTHISC Moran's T 580656 , AIFFEUE S AR A8 RICRAFAE 35 19 25 [ ROBURS AL, PRIk, A 200K 32 2% 1
73 AV ) 2 )Rk TE AR | DL 47l i A AR B A ) 28 1A% e A SO PR R st B2 38 i A SCHR P A 46
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(F4) ,SDM KR FAELER Ay SAR I SEM SR IR TA]4S AU 12 2500, Y 25 18]+ TE AR AU P 5 A 2583 1 0K
BALE . PR AEAE S RIS IO, ik 22 B 24 AR (1 [l R O R B T ROV A R A B Bl 2 7, T
FEA A T 5 DR 3R 3T A S A0R I 25 G 1 RO0E , AR SCARIE Lesage il Pace ™ H2 1 14 0 26 53123 3+ fif 25 725
T A SRR, S TR 5,

R4 TEAHERBLESHY

Table 4 Test parameters of the spatial Durbin model

BRISH et Hodi p EINE S AR e p
Model parameter Statistics Model parameter Statistics

LM error test 22.701 0.0000 *** LR test (SDM&SAR) 39.93 0.0000 ***
Robust LM error test 9.089 0.0000 *** LR test (SDM&SEM) 28.22 0.0002 ***
LM lag test 19.508 0.0000 *** Hausman 88.89 0.0000 ***
Robust LM lag test 5.897 0.015""

wkx | wx | x APIFRIE 1% 5% 10% KK I 2

x5 ZEHSTZEHLERRER
Table 5 Results of the static Spatial Durbin Model

I 4= [ [ 2S SDM i L LA SDM
fife e ik Static spatial durbin model i R b Static spatial durbin model
Variable o N Variable s .

EL B IS e LR AP $ok ] BRI
WLP 0.011** -0.052*** o 0.343 %+
(2.14) (-3.57) (9.54)
InPGDP 0.189 7 ~0.2297 Sigma2_e 0.024
’ (8.01) (-3.59) lemas_e (39.44)
46377 -0.285
InPOP (()642%) (-1.21) Log-L 1621.1389
1uIND 0.048 0.139 AN B[R] XL 22 - o
(1.34) (1.12) Two-way fixed effects = =
-0.080 -0.147 FEA
InURB 314 14
nUR (-1.53) (0.41) Sample size 6 3146
-0.004 -0.036
InOPE (-0.63) (-1.38) R-squared 0.18
-0.014*** -0.026
InTECH
! (-3.10) (-1.42)

5 N RREPRHETR ; + %% |+ % SRIFRIRTE 1% 5% . 10% /KT | 3%

NS 23 () AL TE R 25 SRSl | 2 (8] [ AR 8L rho 4 0.343 , 6B ABIT I T 19 A 258503 0 X6 A s 3ok 117
A BSRCRFEA: 34.3% M52, AR AR IBOR X A 25 R0 % B4 5 T 552 0 3 A < AR b 3 25 - AR Sk ) R AE
WU R A IR SR 8 B (LP) 1 228 0.011 78 5% /KK 1 5 35 50 1., UE S b T3 B AR RAR 9 Tl B30 5% %o A
HBRCREA HEARIEER T LP (2858 RN R ECR -0.052 HAE 1% /K F 83 X B E Y AL
TR BCR B 1 AH SR T AR ORI B 5, A 1 B e B TR BOR A2 A 25 [l s, A HL Bar, it
— 3L AT R IR, AV IBCSRE P T A 08 3a8 [ 12252 M) 2R 508 3 T R U B e e R B, X — I 1T e R TR UK
W I8 AT 3R T 9 R R R A 5 S TR R Ay AR S B L ) A R ol T e M 1) BB TS XU RO R
AR SR IRAR STEE 7= 1 , anyer Je AR LA e #8 Wr bR PM, R FE i v T 5 A e X, — @ # B T EpiE
T ORI W15 Y57 L

M B f A B i i 2t Rk B, 2 Bk 2 K (0.189) AT 45 (0.463 ) B E L R BAER (P<
0.01) , 2%k KRl HAs R W A BE PRI R AR 7, vl A B S R s 0 F St A A B 2 TR N TR
3 o RASERION, DL A GE IR A, T s 23 F 5838 43 40 2 i AR REAE SRR HAR N 7T, 5 Tolk B A B
A RO REDSCHER e X e = SRBE DA 4 T SO IR IR 2 AN YL fe 24 AR AROR
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42 A AR AT S A S

S Flhorst %7 (015 51 AR ok RV A 6 k2 60 RG] B)— I 780 0 25k 0
VAR, TRIREHD TSRS SN FEI VAL FE L AR SIS 22807 B 3 ST 43 e B9
KI5 R 5 562 25 40 4 o B BB 1% 1 05 1 K A (3 ) ™) B —
SR T 2 AR I O T (0.647) , LI T 190K T 9 5B DR 1002 A3 b T
ik, 301 A R K T T R, 2 I 2 WA A S R b

®6 ECEBTZEAMHEEBHMLER

Table 6 Decomposition results of dynamic spatial Durbin model

. 23 SDM A1 2 SDM K3
% 7
fir e ik Short-term effects Long-term effects
Variable - N N N - N
HIHRU A AL HHERO RIS SEIE 2 v
0.018 "~ -0.056 """ 0.022 "~ -0.065""
InLP
(2.59) (-2.58) (2.62) (-2.45)
L.InEE 0.6466
(40.41)
tho 0.267 """
(7.48)
0.018 "~
Sigma2
Ao (41.47)
Log-L 1611.8627
R-squared 0.56
Pl B A e S N
Control variable 6 61 61 6
A ) 2
P~ R T X[ 5
2 P 2 2

Two-way fixed effects
FEAHE Sample size 3146 3146 3146 3146
L.InEE Syt 5 — W B9 iy A 25 R0 A 3R 8

FH 2R 6 AT AR BUSROG AE 8RR M 2 E R F S 3 I 25 0 2 SRRRVRRAIE | L A T 2300 2400k 0.018
(P<1%) , A B30 REONEETH R 0.022(P<1% ) , X A T BUR SCR AT A B [R5 1 A9 3L R L
WE 7R 1 AR BCR G I H R B 7 M T RN PSR 3 0 1 5 S 22 AL 0 W i R AR R AR BUR AL
SRRET RS MRS, 51 AR A RIBF ST 2598 35— 27 AR SR H2 a7, IR0k iy K 00 8 3 A L
FEHES , v RB YR T S FERR O ) R AL RS Y < V5 YLk E T AN, A1) AR ) SRR AR (AnER A 48 TR IR
PR EDYLSE) [n) ] PR XA RIAT Ay 70 i 0 A A5 A I 4 T A b s8R Bt DX IR 58 R o ™ R ik
LR BUORTRAL B A Tl
4.3 FafEtER L

RO 2S [ RE R AR A S5 A AT SEPE | S8 A OC SR, A 90 A 22 3 4 B I SR AR M A 6 B — B AR
R rh 1) V- Jy S B A R A 4t Ay b B SRR I, BT A A ) 2 R LA HE 3k 25 1] DG IBASE =X 174 150 A 1 ( 471
1) 355 = g kb 75 PEARBR PR L ] 5 28 AR 0 MR, R R T %00, SRR 69 1~ 1l R Ak 1
ST FREAR TR EAT S0 (5] 2) 5568 = R FH G 5 — SRR B 0 B A S e e B it AT A T (3 3) 5 5
VU % T A i 27 e St 5% B 46 FE AL BE B R ZE RS2 S b WA AR B (5] 4) . RIVK 5 R INE 7,80
i AR T I R BT 1) S MR R B B SR R AR S iR AR AL TR SEE R A e BT e ik
4.4 RARBUR 3R BE 52 M A 2S8R Y DX B e

M 1.1 95004, A SRR A ERE R N A W 22 5tk . R A BRS04 R 4 [ 22 35 D K X3 03 X
[Fi] s SR PH 5 25 (B A AR RN B 28 2 TR AL FE AL S0 Sl AR il ARGl AT PG w3 2 ] sE i B L]
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Table 7 Robustness test results

(1) (2) (3) (4)
e 48] 4] 4] 43I
Variable Al < Al Sz S d i 75l I Nl
EERUN B EAERUNY B E R B R S
InLP 0.011*" -0.022*"*  0.009 " -0.028 "~ 0.010 " -0.037*"*  0.024"" -0.074"""
(2.11) (-2.92) (1.66) (-2.26) (2.01) (-3.28) (2.41) (-3.50)
ho 0.228 *** 0.305*** 0.350 *** 0.353 """
(9.82) (7.59) (9.30) (9.83)
Sigma2_e 0.024 " 0.025 " 0.022"** 0.0226
(39.47) (34.38) (37.60)
RHTR 64 64 64> 61>
Control variable
AN B[] X
A R o 2 % 2
T'wo-way fixed effects
FEAE Sample size 3147 2387 3147 3147
R-squared 0.07 0.17 0.09 0.26

B 1) 3 S I T A A A 4t oA b B AR B B4 5 31 (2) - BIBR 69 A~ B R AR A3 30T FREAS 511 (3) SR I i — IIG il BB 358 4
AR 3 (4) ELEAR B S 5% B4 AL HL 355 PN BRI HEDR 5 v | 5 PIRIRTE 1% 5% \10% /K L B 3%

*8 BMETEMHEEBYNRRESER
Table 8 Heterogeneity results of the effects of the static spatial Durbin model

s - ZREBHLIX s X PG HRH X ZRLR L IX
B KT R It AR i i i ARt

) . . . Eastern Central Western Northeastern
Effect type Variable Nationwide . . . R

region region region region
EHERON nLP 0.011** 0.048 *** 0.009 * 0.016* 0.004
Direct effect (2.14) (2.64) (1.65) (1.70) (0.29)
RS EIES 3 O P -0.052*** -0.069 ** -0.054 *** -0.033 -0.026
Indirect effect (-3.57) (-1.99) (-2.67) (-1.18) (-0.90)
§5%4 I e -0.040 *** -0.021 -0.045** -0.016 -0.022
ni.

Total effect (-2.67) (-0.83) (-2.19) (-0.58) (-0.79)
s il A
ksl 64 64 61 6/ 61
Control variable
At IR . ; ; . ;
Two-way fixed effects A= = = = =
FEA A Sample size 3146 1111 979 620 374
R-squared 0.18 0.16 0.21 0.01 0.05

M 8 DX i i A5 2 ) AL FE AT S5 SRR R (R B BORN A2 AR R M A7 A 35 A2 5 . R B HLIX
ERBRBUR (Y AR MR 3, R BRI IA 0.048 , R HBUR S AR et 1T A SRR $E T, il s i i
b IX A8 T2 5507 DO S0 S35, AP B @Bl i A 4 T X — B GR 0 Ji IA AT RS A 4 T AR AR ML X
RIR LG IR | 5E 3 1 Sl Bt R I ) BE PR A5, S BOR S B A T ) S (5 Luo 555 BFSE—20) .
HAH . DX 32 R T 22 B R AT X I 7 L 2 Ry i EE A TR R, S BT R B St i A v, 3 4 P 2 [k 2
JO7 SIS P e ARG B IR SR 14 STt A5 RE T BB Il TiT 22 5% e B AT — JE R DG, B2 57 il 15 B D 2L
WA 583 (R SR T, ARROAR B SR F A 25 23R 14 B P A AR T A ik i X P 2 R

AN 9 B 7 AR BR BSR X T AR 25583 ) I ] gt s it B AT 4 DY 22 5 . RLAOR B, R IX 5 42 [
T B 2 R R v B — B, BRSO A KISCR AR A TRIRCR A GE i B, EAUE B T
JEL Y BRI 5 vt DRI B SRE 194) A A0 S B S 2 ) Ul AR, 48k ) e 258 R ) e BT R i 14 A
W XBRIXIE S AT RE R AR B X 285 A ik B GE B TE AL, IR B SR T i B CLBOR BT (e A
PEAREETT) ML 5635 (ANBRSE 55 16 BRBEIE ) S5 SORE RREe AR, 2 R B S R T Hh it DX I
AT T A TR U A BEARCRE P S5 ML 91 P4 24 S (AT b e 525 ) AR M0 A PR 25 BB 45 T B (H
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SZFRTHARMISCRE 7 A B Al A A, BRSO IR S M 55 G 0 A 2R I 0 ) AR DX D A
E%o

x9 BBTHMEEBYNSRMELER
Table 9 The results of effect heterogeneity of the dynamic Spatial Durbin Model

[X 35 h7x SDM £ Short-term effects 2% SDM K] Long-term effects
District FHAT EsoqETEP 2 HLEA ESa kRS
4 i 0.018*** -0.056 *** 0.022 *** -0.065"*
Nationwide (2.59) (-2.58) (2.62) (-2.45)

ARAR X 0.040 *** -0.067** 0.119** -0.248**
Eastern region (2.79) (-2.39) (2.73) (-2.01)

Fh b X 0.008 * -0.040 """ 0.017 -0.248

Central region (1.92) (-2.95) (0.13) (-0.40)

FER X 0.006 -0.029 0.011 -0.070
Western region (0.60) (-1.27) (0.53) (-1.18)
At b X -0.015 0.005 0.411 0.886
Northeastern region (-1.63) (0.24) (0.04) (0.04)

4.5 fIRBRECEHLEIR TS

h T KB Lk R BT A 25 R TR AR 3k T A AR AR P AL, 20E 252 iy SO AR e A% ) A 0 1 SR

% AR SCRHTS | FEAE SIS 128 (B RN 114 2 (B R [l AR =0 F

InEE, =pWxIn EE,+B,In LP,+0, W XInLP,+B,M,+0,W XM ,+BIn LP,xM,+0,WxIn LP,xM +yX + e, (11)
X M R S AR R R L 25 TG, AR SR RIS, DL (L R PRV e et
AREIH(Gui) B bn , L= R T (B — 3 i 5 GDP L x 1+58 k3% e 5 GDP LhEEx2
+55 =PI INE & GDP e X3) i =\ &5 T (Oui)

10 950 (3) B (5) AR (1) ARG ERAE R, 511(2) o InLP AR ZR E00E [7) 5 3, 26 DERRR IBUOR %o &
R QDA FEIEVE , X St AT A R — 2, P —2P b, 51 (3) A I InLPXInGi [ R %
1E , R BILERBOR 7] B A3 4 T A b SR (B AR QI L TR T A SRR . RIAEHL, 51 (4) ' InLP 1) R EE 1) 2
F  RWRER BORX ™ P B AR T A ST, 25551 (5) 2805 InLPxInOui 1Y 1E 7] 2 2 R A, W RBRECR
T BB 7\ AR TR T I T A2 5803, WXInLPXInGti 5 WxInLPxInOui 3 22 50UR .3, 2 W AR B
i SRR BT 5 77 b 25 A TR AR TR T IR T A SRR SZ B, S0 UE T R 40 A R < ] ARG ——
BRI AEBETH AR LR 1l D803 0 [ R BT IR oK G T B 29800, Rk H3 1 8]500E

R B IR 5 5 5 o A 2S8R B AL A0 2 22 448 B ), RIDAPRRAR S 5 3 P8 3 ook AR 180 &5 4 10 1k 2 i A %ot A
BRCRAHPR TR AT e IR AE AL, RBL SIS ARAE . O TR X FhE L SC R, R Hansen™ $2
S B TR DR [ AR R A TAG G A [ T — b AR R AR A O 1 i R UK s Oy A T TR A
A P, AR IR AN [ BEAR IX 0] ARSI S R0 38 P 22 5, DT 48 /R 728 e ] ) AR 2R e R R O RS TR ]
il [ A A G T

Ya=u+B"\x,1(q, Sv) +B',%,1(q,>y) +e, (11)
Ao, RoRHLIX ¢ FRIREMNY g, AT IREAS Iy SO E AR AT I, 1( - ) HTehnsREL,

53 AR R QTR L 25 AR N T TR AR i, AR S RCRAE 9l i R A & 3l 3 B A 300 Yk A
A ARG I ST R Y P A, IR A7 T TR, K 54 SR L3 11, ] 4 R THR (B AE 95% {7 X 17]
TRIRIR LE sRETE . FHER 12 T, SRR AR M A5 R TS A A L A T TR RO, Yk R
BT BARET (InGti <8.0662 ) , Ak UK 58 B2 X A= SRR M0 R ECH 0.005;5 112 InGi B | AR (R (8.0662) ,
[l R B 5E 22 0.0785, BAME IR 15.7 £, X PS5 F R 28 ARFF 5 BB SR RN B VR PR AR , B & (5 R WiF & A7
TE T/ MR E , M4 O BOR A R Z0ET TRS(E T, A fig S I A BRSO 8 BB T, 77 b 4548 T2
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46 %

XA A B 11 A 2S8R R i s 2 S 3 R ZR M T TR IE ( P<0.05) < 247\ T R X InOui <0.7557 (6 g
AR TR 2.1296 40 F Tl AL J5 H S BB B ) i), AR IBCR X A= AR RCR 1A 1 VE A58 (B = 0.035) 5 54
T 24505 =72\ b AL 4R TS B TR (InOui>0.7557) Ji , BUORASOW KM 2 0.005 , iZ 8 al G T 7=l
SER R AR T R A 2R ——3 =R A & R A B 7 Tl (o A B IR A Y s HE Bh BEWTZ | W)
At S HEA T b 55 59 58 SR A B RERE P L e R 5y | SRR AR IBCSR A 01 PRl 25 2o6 D IX 1]

F10 FEEAUFSEUERFARIERRER

Table 10 Test results of the mechanism for green technological innovation and technological upgrading

Ak (1) (2) (3) (4) (5)
Variable InEE InGti InEE InOui InEE
InLP 0.011** 0.017* 0.009 * 0.0013 *** 0.010*"
(2.14) (1.66) (1.73) (2.76) (1.98)
InGti ~0.025
(-3.33)
InLPXInGti 0.004°
(1.75)
- 0.002

WXInLPXInGti (0.29)

0.096
InOui
o (0.55)
InLPXInOui 0.130

(2.18)

0.165
WxInLPXInOui

n nOui (0.80)

Zag-=o|PAINE =1
R 64 61 61 64 61~
Control variable
I ) 2
(NN PSR . . . - a
Two-way fixed effects = = = = =
RAR 3146 3146 3146 3146 3146
Sample size
R-squared 0.19 0.34 0.19 0.24 0.13

Gti: 2 (635 R Green technological innovation;Oui;Fﬂé’ﬁ*@ﬂ‘?& Technological upgrading

R11 ERIERBGEER
Table 11 Test results of panel threshold model

I (TR F 0% RIATE 5% R 1% KT
variable thresholds F-statistic P-value 10% Ciritical value 5% Critical value 1% Critical value
InGti I 112.94 0.0000 *** 25.9977 30.9936 38.7434
InOui T 57.34 0.0033*** 28.8179 37.0437 47.6533
®12 ERNERBESEMGITER
Table 12 Parameter estimates of panel threshold model
IR A fliiHE IX 18] EIEEN ¢ P 95% 17 IX [i]
Threshold variable Threshold estimate Regime interval Regression coefficient 95% Confidence interval
InGti 8.0662 InGti <8.0662 0.0050 0.059 " [-0.0001,0.0102]
8.0662<InGti 0.0785 0.000 *** [0.0560,0.1010]
InOui 0.7557 InOui <0.7557 0.0350 0.000 *** [0.0225,0.0475]
0.7557<InOui 0.0050 0.068 * [-0.0004,0.0105]

155 A N R AR R

5 SEIEFNIEUREW

sk 3k 3k

Ca |k SYRIRIRTE 1% 5% 10% K B35

(1)2012 4F—2022 4F 4= E Y5 3T A B8O B i 8 b BAE SROR KL R A, 25 (8] 58 B3
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SRAABRGIHE N TR 5 POl BRI AR S IR AL
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Fig.4 Likelihood ratio test plot of threshold variables

IO A 3 (E A N ) HE RS | 25 ) 58 SRR A Sl o 4 R 3 T A A3 A A7 A ) Wl 18 25 RSP, 5 0 Wl
IR PG - D OB R 2R SR

(2) AR BR BUROOA M 7 A SRR AT 0 35 ARG W) (EHEARONE 0,011 ), X R 408 3 i 200 22 i 4 [ 22 5
Wi (=0.052) ,FFAE A M 5 -SRI )7 FRAE , ARBREBCR X Az AR AR A7 AE 35 1 DX 22 57 < AR AT
DX ELAE BRI 2R 0K 0.048 M 42 [E M 0.011, AR PRV Z o T4 ] 08 300 3k 7 F) i) 2 2 7 b 0 4 X e o
IR

(3) shasas Al FE EERRNIE S T A SRR A B3 R T IR EOR X AR SRR I K IR0 B 258 T
ST, ST SRARAE X T BE SRR THOR T L A LRI A T AR OR 1 RPVBE G AR
P4 DX 22 S PR 2 BRI AR B IR ) B 22 M IR SN B ., v S s DR AR S (2, 5
Fays2e AL R BOR SC i sh A TS FE AL

(4) S OB BB AN b 5 T B T 58 AR BR B SR A 2R At VR T (EDGE R &I 3uk T e 941 55 4R
I ARBRBOR I i 4% R QU 5 7l 25 F TR A 25RO M P A7 A S 35 A AR PR T TR AR A, {H
EIZESF LSS, SREEORBIHT Y EUR AL T80 B BT K- 312 T S B 3 g i A A (B ML (LS
Wi ORI T ), 1007l T2 ) £ A P 7 5 s (S HE BRI PRl A i B R . e, aod i 4 2 1)
G Rl v VR R S = )R T L B Y - A

ST WIFEEEE , N i — A0 R AR B RO S i g o A R AR 4 1 LA BORS 7 « 5 — |, R A
B A SR At 3 i A 2583 0 T A BB SOCR, , DU EE R BOR B I SR ME AR E P 58— S TR R
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