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Abstract

This paper discusses the synergistic governance of urban traffic congestion and carbon emission
reduction, analyzes its causes, current situation and challenges, and points out that carbon emis-
sion reduction can be achieved while alleviating congestion by building a low-carbon travel sys-
tem. The specific governance path includes: optimizing transportation demand management and
encouraging the transformation of low-carbon travel modes, setting emission standards and re-
gional controls to limit high-emission vehicles, increasing the promotion of new energy vehicles

SCEGI M R, Wi, R SRR, BIERE. WSS S BORHE T R BT TT0]. BRI, 2024, 13(3):
133-137. DOI: 10.12677/jlce.2024.133013
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and improving infrastructure, implementing preferential travel policies and improving the attrac-
tiveness of public transportation. These strategies aim to alleviate traffic congestion and reduce
carbon emissions by transforming transportation patterns, which can provide lessons for urban
transportation governance.
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Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

T RS AR A 1) H 2™ B A R ELAS A, AR T L0 BRI T AT RS R R A — K
SR o, PR AT AT AR AR B A BB HE RS A B T RN 9.6 A2, X —HfEE E R %
Il HEAZ B =, T R A B AR IR T %5 2 R B TR E R X7 SRS B bR, W rE
A RO AR I T A IE A S T (R I R rp, R BAHEEI TT 308 i R IR AR, AR A E YIRS

B P Ah 22 AR 6 A8 @A S B HE S AT T T HIRAN IR TS . Ferrara 2542 HY 7 Q)9 I 18 42 1l 17
A, BT R A BRI, A AR SRR D HERL[L]; Bosurgi G55 2 3 T Ik AN S 2 T S 00
IR TS TEATI, CO HE. S i B 5 25 3 AT NI BB R [2]s Imam R.LA%E 2 1, IE T 3T
BRT &G/ MK A SASB I, A AR 4 5 3088 R T A8 @ i v 7 2 [3]. 5k A R&5is i E -
ERREEHA TR, AT T ENAMES . BRRGEHFIRNER, SREIRG G R BN 2 M Febridt AT
TIRNEGI[4]: o2 W 4 A S M B, WL 0T T B ER 4 SR B AR B S HER -
RIUS]s 2R T BN Ty 1 5 R T A8 @ B HE S O S (R, A T 7 i 2 R I R 2R A AR 55 K
(30 T3 A BB HE O FE (6] Vit 555 N 45 & IR E S IB BN, SRR E, MRS T3 1Y) CO, HEUA 45
A, HE VISSIM B A A AR T i, #ERf S AR SR R BIORRHEBCR 7] st K
BT A IBHEBORAT TR AL 8, LR R R RIS SR LR 2 S 18] B9 RS AW A 1 2 il b
B BT F) AR A BRHE R 520, TR T A IRcHE 547 B AR X AR Y, Bl RS R
R, FRE S RAIE TR A RE[9]s FE T MR T I B I P A T T R AR R i
o A Eh B H A BRI HE TAE P22 T SeBREM[10];  ZERESSE N R GUIHR 1 18 H 288 Bk HEOBUS 5 I e B
XTI T S RECAUR N B VRN R AR 1]

SRS, DU SCHR 3 B4 P eI T B AR HE RS AT SR T SR R R . R
SR T A BHHEFBOR 35 T LA AN [FI 2SS AR T i & S 2 AN BT . SR, 75 Qe {528 i@
BRI S O SO R, TR RS SRS EARSEHERIOR R, T SEULR Sl T84T 80K 5 R
B8 AR OO B AR ST, B R SRR T . DR, A SOREIT U AR A R T T 5B A 2 1
TS IERRIEHER K, BRI N TE R, BRT- P [FE ER IR SRS AE LS, 05 B2 HH AH L P 5o SR A 38

2. T 2B IRIE SR RHEEIR 54T
2.1, i 3E I R BT 53 A
S T AR A A ST LR A A AN LT A A S A R ) B A B

DOI: 10.12677/jlce.2024.133013 134 {RBR T


https://doi.org/10.12677/jlce.2024.133013
http://creativecommons.org/licenses/by/4.0/

AR 5

NGfRT R PR [12]. AR R, W ECRIREE, — 7 sh E68EH, 5lestlifr; 5
Jr, SR AT, DA AT R RN A B AR R ARSI, G SN S ) A R AL I R 4
PR Z AL AT TR, ISR JE R A0 AT T R EEATAT R Pean 1G P, 388 4 2 i i SR ) /NR
AT ATk, AR BT R AR, AR R B A 1 LR T SO 1A ORI T B
Mz s A A RBHRFEOR, WEBSOEAR AT FU, — BRI P A, 8 SR
PR R SEMTR, TSR E. B & FaEECERTFBIIZH, @R a Frg g,
{ERATY IR T E N 5 8 BRI 2%
2.2. WAz iEBAHER)RE 534

A IS 4 B AR £ BORIRZ —, W FOR B SCE U ORI A8 FLAE A, X R 20
By TR E S X7 H AR B RSEFA AT [13] 0 FRE KR i 73 A AES T A e AR N Vs A
AT TR ZETH 2 BURFAL,  F U R A A8 AT A (B HE O BB S A B o o -2 38 L g T 53
gk /N AT LR R, BB BUNA AR S B A R ORI 208 T, IR 2R AT AR KRB AR
REVRTHARSSH LA BRI DN 0 E 1 BRSO Xl LAY o B 5 9k T Sl o HE J3C ) FEUREOR AR M, BURF
FRITARZE & 7 — RV IR B, (HUCRE . B, 6 A SR 22 B g i el A, Hh B 5C
FRAE BRSO BEUR R A RO, MRSk B AT 4 8] DA AL A R A 3 T PR Bt R s, (H
2l P ZIR I AR R R BE U OR P AR B, 1 BLREE R R IR R 2, N EE I th S 2 I EE AT
I

2.3. W XERESHBHTEGENLZE SIS

0 SIEAESS et “ X0 HARMISEIL,  (COmmENE) hoimdal, #2035 4, ®EE. F
% gt WENASEKR RTINS A G A, (ER TR T SOE I S RO
K@ R IE, BOA LS MRXHEATE, HRZ RS N S i IRIG . HE R, A—iaH
FBUOR SBOPERAS, WO REIRITAEHE A B T e e, A AT RERE] B AT BRAS BRI [ BRI .
Ub, VG SR RV B AR LB, AR AR .

I T S SR B AR U HE ) B[R9 B — S IR AT P, I8 I PO B 32 B i TSR B BOR Y A2 T T
HMER, RRESERAMII AT IR AR, BHEAR R FIVLEC 25 2R A AR AT 3, AT
DAZE Mo T S 1 ), 3 mT AR Dl i 2 e i, SR =35 K U R R e

3. Wi ZERE SRR H T EEIE
3.1 JRIEB K

€O BURGEE Al ik RO M) 458 HEATIE 2 RAMHE A RS, HESIHUESR
W WA, BATAE ML SR, S SOE R RAR 2 TR S, AU R BEIEURI i AE IS
A . PR E AT AR LT e, AEORIEASE AT R SR A AR T, M@ e BRI AT R R, A A
FRCER 5 e HL A 5 S BUSE S N A AT . 5, AT HIE B IR T, DU
B EEE. R HUESOE IR T S8 AT K, HRE E B AT R R K, FR A
AL AT ZZ I, BN M R A S IR A e AR, O TSR S5, RO T A
WA B )5, e R BRI B A E A S 4R AT H R — 2 B DR
AT IE B2 AR T AT IS5 B AR AT AR &R, DU ARG K HR 5 S BRI
i, MARIR LB BRI 2 P R S8 i 3 AR HE ) AT AT 2 B o

DOI: 10.12677/jlce.2024.133013 135 {RBR T


https://doi.org/10.12677/jlce.2024.133013

pgiis

farey
=¥

3.2. JREBEE

(1) BT RE S B A7 07 R PR IB AL 7 R A 5 R i, 1B IR E AR 477
W7o R B R IE A @ IR, B SRS, 5 5 R AT e B A ST @ A L IE
A5 T RHAT IR B A SLASIE A AUE AS @AY AT LA A FL AT 7R, R R e KR kD 1 R U
SRR T A B IHIE I A, 2021 4F, IRV A28 4 Bt ikaR & 20.7 L NIK, AT AT B HE
ik 60.4%, FHEL—MTT A AT, Ferl Bk iR AN BnT g/ 46.8 8 T EAERHERG  IRYIHhER B HEAT A
YRR R 2000 W, 2021 A4 LS I B R 78.4 JiN. X A2 UE H B0 28 @ T kD BkcHE
I REBETEIE R . BRICZ AN, SUASL A, RERRIEIIE ™ E IR, DAORANASLASE S E, fRkTl
RHAT “Ba—2AH0” FITR, A R S B

(2) WAL AEHEBObR e 5 X 1% o FERIE I BLSESL 4 KA MMRHEUX , S TR AT & B b v
{10 30 N L DX Sl B U B FIE TS B SR 2R A0 A S ) s U B B N G 288 DX el U B AE Wi a9 L, 9
PRAE X I P A LGB i@ AT o R PR TH ¥ G ZE AT 3, LAYS/D i B L 3h ZE I A AR HE . T
A3 s B SR BOAT A, SEAT ™ D7 AL TS B, DAARSIEECRE BRI SE4T o 4850 E 2019 4F mlk T 4k St i i HE
X B, HES T —E MRk 2019~2022 4F,  “HBEHKIX " (ULEZ) il KIS #h X 224 CO, HE
TR T2 80 JMi(3.2%), TEACZHTHL, SR ZEAT I A BLELGIAL T T 32% T P 212 25%. e
B HR X 250 FroR, @A K EEIRAS, TR TE S AR LL ], T AR B A
o FAN, ik SCEIAS @ A AR YR HE B [F A R H Y, TR RN 3 5 T s i ARV A,
TN AT SRR R A, SRS B A S X -

(3) MUK HTREVEVR AR S o LB IEHIE 7 i 2 A S e BT REIRIR AR KA b R TR A SR Bk
IR (1) 45% %8 50% 2 (8], BEAS b2 A8 I@A T sk, #07 EAR SR BRI R AR Ve . B REJRIR
T B VR ZETEAE F I BB HEROE 35 B R o an SR 4% B 2030 42 HLBNVRZE (5 A 2 200000 5, Je B AT ek b ik
HEBUEEZ) 4.86 120 . BT LABSUR L 4% SR I am B e IRV ZE B HE T 0%, BB R IRV ZE P i bR R e 4
ARIEF. T4, SETT U 22 5 Ui ) T BORMEZERT BR IR 10HET T, B0, St kMU S50 R R
HEShHT BRI BURAE GE R 22, DI A BB HE . IR, 158 B U 4 AT AR AT BB SR ) 22 8
Wk, WK EHERIEALAZIE, RIEHHRIREMMRPSEA T RS 26 A RGO H L
% RS, HEFREEEEYI N R RE, I TR T R NR E AT EIEAT B, SRR
Feih B A SEAZIE, N E AT .

(4) SEEIEANBEE S ECR B . IO REVR ISR B 1, LR A REVR AL AR R 5 i T e L4
E AT B BETRIR I B IR L4 1 B l ) FIARETR, (HR E N FR A AN A AFEFR s 0K
S Ay S, ARYE E RS EE BoR, 2023 45 5 A, AJLFEHEMEL Y 33%. R FEHIEZ) & 67%,
XA HT BRI I AT SRR AN . BEARE HEHT REIRVR 42 S RS RE SR, 06 200306 2 B e JRVA 4
TSR TER, P AILFE R it W, LTS R BT o IR B AT A B, i < i e
Tt RE R B R SR A4S, 45O iE sl S HA @ i (I ) M TE4E 5 2, $ETH A RSl
5177, W [ 3 2 A 1 G A AN B HE RS> o

4, 85
4.1, ING

ARSCE SRt A A AMH I T RCR AT A2, AR5 X Sl T S 3 (e UM T el il 7 il i
PAapdir, g HiaELB R, fRt T U ENA B SCIE R RE LS AT T A, BT HE bR

DOI: 10.12677/jlce.2024.133013 136 {RBR T


https://doi.org/10.12677/jlce.2024.133013

WS XE, MR AT 1, TERARESBURR . EAIET RBEAT SRR T,
S AZ I 3 S R P VA EE
42. FEZA

AT Z NS E AT 81, BT = 2200 7 A G- 2dE, WA BEE SEE 404 5 T AT
IRANBE . AR SR FUIE 75 N SR E T 25 AP Ve BRFS B R A T — 2 i 7T, DAIHHR HE En & AyE
P, SbAh, TERFR AR NAZZES Z AR, N Z ML AR R IR, 3 A8 @ Rk iR 7
P IFVE E R AL T 2 )

E&UH
[R5 BT RNV IR RIS 313 SN S5 R B ST (S5 202211058018
S50k

[1] Ferrara, A., Pasquale, C., Sacone, S. and Siri, S. (2017) Congestion and Emissions Reduction in Freeway Traffic Net-
works via Supervisory Event-Triggered Control. IFAC-PapersOnLine, 50, 4240-4245.
https://doi.org/10.1016/j.ifacol.2017.08.827

[2] Bosurgi, G., Marra, S., Pellegrino, O., Sollazzo, G. and Villari, M. (2022) Relationships between Road Horizontal
Geometry, Driving Behavior and CO, Emissions. TRANSBALTICA XII: Transportation Science and Technology, Vil-
nius, 16-17 September 2021, 806-816. https://doi.org/10.1007/978-3-030-94774-3 76

[3] Mam, R., Kang, S.-C. and Quezada, D. (2020) Exploring Low-Carbon Bus Options for Urban BRT Systems: The Case
of Amman. Journal of Public Transportation, 22, 57-75. https://doi.org/10.5038/2375-0901.22.1.4

[4] kAR, BB, Gk, B, ESOHT, Vs, FROCEL BROPATH bR T IREIR BT R kAR S EURTAE[)].
it 5%, 2022, 38(1): 35-66

[5]1 ™iH, BRAT. fimshiR AL GeiR 200 R B AGS et 72 [3]. Qi EE TR 2= Sk (L@ R 5 5 TFERR), 2021,
45(1): 177-181.

[6] Z=¥RT:, BYl, 85/, X SRS EmER CO, MEEE I E R[] KBEMAK LESER,
2020, 20(2): 8-12, 19.

[71 EilgEE, T246, Bk, %, WA mEirm R Lsh E s ma 0], LB RA TESEE,
2022, 22(4): 167-175.

[8] k. ROETTACIEAHER S TR AT (0], BN R A 22 KSR (H SARH#AR), 2019, 25(3): 73-78.
[0 HE®, H/NGF. R AEE TG R R [3]. Tk TR 5% 3, 2020, 25(3): 75-85, 93.
[10] FESM. A ExZmE R HE I E s R 2R 3] A BASE BN (W H B ASR), 2018, 14(8): 311-312

[11] 2=, 20, BEEE. E B SCHEBRHEORUE 5 0 SRS R B[] [R5 K224 (B AR BHARR), 2018, 46(4):
465-471.

[12] #z%. HFERWITCELE SR AIN]. AR B#R, 2024-01-11(007).
[13] EFF, WA SRR ARG S SRR SR T —— L B T A EII]. IR ER S, 2022(4): 3-14.

DOI: 10.12677/jlce.2024.133013 137 {RBR T


https://doi.org/10.12677/jlce.2024.133013
https://doi.org/10.1016/j.ifacol.2017.08.827
https://doi.org/10.1007/978-3-030-94774-3_76
https://doi.org/10.5038/2375-0901.22.1.4

Journal of Low Carbon Economy {KERZ 5T, 2024, 13(3), 138-156 Hans iXJ
Published Online August 2024 in Hans. https://www.hanspub.org/journal/jlce
https://doi.org/10.12677/jlce.2024.133014

ETF M A TR R ERERETIR

H =
WAC RS E R b, Wil B

Weks H . 20244F6 H17H; FHBEM: 20244F7HA5H; KA H: 20244F7H30H

H E

E XU ERERT, MERESLEANTELFRRERENEES| %, RERAENEZETIL,
IEEER, B REVRISZE P B IE I 22 5 SR PR S5 AN A2 AR P S8 X T LR K B Bk, ™ B B L T 3¢
SRR, ANFET2018FEF2023F K H W REHE, LB UH RRIEE - WEESAT W S THEA K
BTRRGERERIL. BRI, FaEIRE LR R G R, AT s 3§03 3h 7 A
o BATWAR AR KR IA AR, ZFaIREN TR R THIG T BRAE, SHZHExX
YRR R B P _ERHAT LT AT S AT, FIFT IR S R R K. ETHRE®, A30R
EARTZEAERE T 758 E AR IR ENEE ). FERRASHRGENE. FiF
BURR e S RTIENE . VE LR HBUBOR SR, BRI E LK. REN T RERRE.
XKigid

FReR e, RGHERK, ACoVaR, MES

Systemic Risk Measurement of China’s New
Energy Vehicle Industry Based on Industry
Chain Perspective

Jing Xiao

Business School of Hubei University, Wuhan Hubei

Received: Jun. 17", 2024; accepted: Jul. 5™, 2024; published: Jul. 30", 2024

Abstract

Under the macro background of “double carbon”, the new energy automobile industry chain is an
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At

important engine for China’s high-quality economic development, and an important industry for
national economy and people’s livelihood. In recent years, the new energy automobile industry
chain is facing the dual challenges of uncertainty in the external economic environment and in-
ternal two-way risks, which seriously threaten its sustainable development. Based on the daily
yield data from 2018 to 2023, this paper empirically studies the systemic risk status of each in-
dustry and market in the new energy vehicle industry chain under different scenarios. It is found
that there is systemic risk in the new energy vehicle industry chain, and the fluctuation of industry
yields is procyclical. The ability of each industry to withstand risk varies in each period, and when
the new energy vehicle market yield is in extreme downturn, the middle and upstream industries
with higher correlation with the market have higher level of spillover to the whole market, and
the downstream industries have lower level of risk spillover. Based on the conclusions of the
study, this paper puts forward suggestions based on different market players to improve the con-
trol of Chinese enterprises in the global new energy industry chain, reduce the systemic risk of the
investment portfolio, maintain the stability and foresight of the policy, and implement the incen-
tive policies, aiming to promote the healthy, stable and sustainable development of the new ener-
gy vehicle industry.

Keywords

New Energy Vehicle Industry Chain, Systemic Risk, ACoVaR, MES
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Figure 1. New energy vehicle market index, 2018 to 2023
1. 2018 Z 2023 S HTRERE T IAIEH
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% 2023 7 12 H 31 H, REIMAAEHraelii i EAH R 106 HREK, MAXZSHH(2011) [19]
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Table 1. Segmentation of the new energy vehicle industry chain
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AFEARR SN 2018 45 1 H 2 HE| 2023 4 12 H 29 H, AFEAR AL 1457 ME G H. A S
FENLVEAFTF UG I SONKIR, BFEARZERR 8 3 M B, 2018 451 A 2 H# 2019 4 12 A 31 H A
F A EEEIAE, 2020 4 1 H 2 H £ 2021 4 12 H 31 HASFEBIM B, 2022 421 H 4 H % 2023 4
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Wt A SRR b A B A T R 32 22 Eviews13.0 A1 Matlab.

Table 2. Breakdown of time periods

= 2. BHEER AR5y

I [F] Bt
2018 4£ 1 H 2 H~2019 4 12 H 31 H R B b B
2020 4E 1 H 2 H~2021 412 H 31 H B
2022 41 H 4 H~2023 412 H 31 H ZURE

4.2. ¥IEAB
4.2.1. RS

% 3 HIH T EAERT REVR Rt AR BN 7 ASETREE L B T L R R IR R S Tl R ST

PUAEL, B L SR GE R sl AR - i R P oK

Table 3. Descriptive statistics of returns

® 3. WE R MG

¥l RKMHE w/ME i P e
HreeUR I EL 0.0427 8.1810 —-8.1097 2.2022 0.0978 4.2078
v 0.0943 9.9397 —-10.0390 2.9229 0.1808 4.1347
Foft )R -0.0375 10.4845 -11.4763 2.8070 —0.0466 4.6444
AL A 0.1140 9.2946 —7.2166 2.1411 0.6160 4.6717
i A 0.0778 50.9400 —46.0308 7.5050 0.2708 11.0257
CEREA 0.1397 15.4123 —9.4243 2.5917 0.4558 5.0332
HLE R4 0.1357 20.7546 —51.7236 4.0328 -1.0378 24.4567
T F 0.0272 7.5246 —8.8955 1.9689 0.2977 4.7167
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Figure 2. Volatility aggregation of returns for the new energy vehicle market index
over the full sample period
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NHZET G BEEEN B BRI B, ST IRE =AM B A E T .

423 BHEXSHH

B4 R TR A OERE, MR EdE T LA, Braedi 4 iia R s h B R IR 4
A F B B AT ML U AR R 2 R B R I AR S XM R SGVER BT, T REIR 4 T A T M
Zhit, XEAT L R AR R B R AR S . R, X -OAMT MR Y as 2R 2 T A A e P R 9%
R, HOXFPORHRLE 19600 022 /K MR35, BN EAT b2 M ARE, — MT AR AT AE &=
X A AT ML A B R

JEH AR AT L 5 HARAT W B AR S R BRI P AT ML AR B REIR T2 7 Ik B
HABKIEW S, EAITI7sh &5 A b B mE . 2T, SR ATk S ke B3
AT ML AR SR R BB, IX RIS HY 22 AT b 5 FARAT b B SRRV E AR AR . X AT REAB R, SR 24Tk
FE DN TSN, HL U B AT T BER AR B, B3 A 24T Ml g DU 5 AT B3 BR ATk A 7

Table 4. Correlation matrix for the full sample period

4. EHARHAREXRER

[EEZE =R oy ot &8 LA I Hith MRS  EAFE
IRk R 1
e 0.823™ 1
Hihé)® 07507 0.703™" 1
LR 0.658™" 0.519™ 0.405™" 1
e J 0.635™" 0.453™" 0377 0.543™ 1
L 0.845™ 0.598™" 0.524™" 0.551"" 0.652"" 1
R RS 0556 0.405™" 0.398™ 0.396™" 0.434™ 0.501"" 1
P 0.550"" 0.432"" 0.438™" 0331 0.360"" 0.443™ 0.440" 1

Kkk kK

He TV T RIERIRIE B KT 1%, 5%, 10% R,

4.3. BIEREMRE

S F N ) 7 B B A I AT (1 T 72 48 32 ] DCC-GARCH T S A0 TR 35 R BB Iy, A Z5 A A2
5 B ARBENLYE . TR R Ry X = oe . R, AER R IR T SR T 2 B,
BB FEAS A 1 AT P8 (AT B, AR S 40 BT ik R R fi e ST A5 1
4.3.1. JB &I6

Table 5. JB test
5= 5. JB &1

e P R IBIEAL
HraelR A fe A 90.8735 <2.2e-16 bliibo
A 86.1006 <2.2¢-16 pipus
HoAth 43 164.6852 <2.2e-16 Sliibus
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HAL AR 261.8008
) 3928.1184
HLi 301.3965

HLEE R4 28211.0802

P H 2 200.4418

<2.2e-16
<2.2e-16
<2.2e-16
<2.2e-16
<2.2e-16
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M 3 YRR PP S IR (W BE R SR, A 25731 0, 2IHIR M “RIZFER” IER,
BB R AR IES 0 Ao [FAII, HLA 5 35 Wai R P A1) IB A 96 1R 07 Ge it B I E ) K Film 57
{6, HUET W 5 7 5B AN 1 25 0 A e

43.2. FRMRIE

7Ei2 fl DCC-GARCH HEAUHHAT 43 HTiy, RIS 2751 5 B4~ PAatE . SR ARS8 (ADF) K
For 58 25 US o 26 7 A1 RSP R i, K Ie 4 SRR S IR R 7 41 P A 2K T 0.01 BB EMAKTE, &F51

PR PER SR, WA 6.

Table 6. ADF test results for each yield series
6. BT ADF I8 LER

BN AR ARG PERCRibUR )
BrReIRETR AL -37.2913 SEIRS
B -36.1719 pliibus
HoAth ) —37.6628 SENS
FHL AR -25.1103 SEINS
e e —35.3014 SES
Hiith —37.6202 wit
HLER R 45 —36.9361 it
PeH 4 —37.6439 SEiNS

433 RAEMHRE

N T BSAIEET BE VR ZE 1T 4R BUUET BEVR AR L B T I 23 T AU ) ARMA BB 5k 22 et R AR AE =
JrzEtk, RSCRMFTT ZRN(ARCH) K S . AR 7 IREIR S5 RORE, Wi 4ede. B . His)E.
UL BRI, it HLi A 8 LURSR F 4R i 2t 5 PP 1K) ARMA BB 322 1) 57 5 ZE AL B 1) P {2

/NF 0.05, BIFE 5061 B HEACT F, 4R

e =M, ALz DCC-GRACH A iE47 MES J7 A1 ACoVaR 777k B {1},

Table 7. ARCH test for each rate of return
F 7. BWEHEZEA ARCH 1&1&

g5 LFTE, U ARMA AL T 58 22 17 51 47

LM it P1E
BraelR TR 28.3517 0.0000
T 21.4143 0.0000
HAb& R 39.9516 0.0000
HAL AR 49.1104 0.0000
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e JE 121.3529 0.0000
FLI 12.9617 0.0015
HLR% R4 6.0213 0.0493
FeH % 49.2874 0.0000
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Figure 3. Dynamic volatility by industry
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Figure 4. Time-series plot of dynamic correlation coefficients of return series across industries
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XEHT RETR 4 B B I et R 25 Py . BAKT S, i B E R RS A I, i eh 56 51 5 BE R Bl 1
ERRORESE, XSS E SRR TR RIR A N AR R DL, I A AL, TR
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SrI TR BORT,  Hh 5% 57 5 B B B AT M A S RIC O (83, 3K AT -5 IR S8 AT M A (4 I v 114
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BB B, ek 1 R X (R AT 2 F SR Al e. MATNR A BERE, B A7 L AW ot A A 5% SR 4L
FEFT A AT B, KHIORFFAE(0.9, DRI ALIX IF], RIMEFE 2020 E A WS FFEZE 0.7 Lef, JiAHRM
WARAE R B AT ML A A0 T iy, X5 B VR OR T BE IR 20 7 ML B B Jie IR R B A A 0%, LA
W ERFEM R h R AT A ST IR B AT S, R %, H 5T ias 2 A ¢
ARBCBAELR), XA BER M N AT AL 58T REVR 4 T 37 I ELH ORI /N, HL T 3R LB 22 3t 32 33
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4.4.3. ACoVaR
WRAE R 2 G ) =AY, 2% 8 FUH T I REIR 2 P L B AT AR IX =AY ACovaR HEHZ 45K .
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Table 8. Conditional insured value premium (CoVaR) rankings

8. FMHERMEREE ACoVaR iR

2018.01~2019.12 2020.01~2021.12 2022.01~2023.12

ACoVaR Her ACoVaR ey ACoVaR R
iy 2.7151 1 3.5609 2 2.4635 4
HAh&m 2.5691 2 3.1549 4 2.2316 5
CIM 2.2417 3 3.7669 1 2.9248 1
e J 2.2390 4 3.2627 3 2.6565 3
ML R 40 2.1880 5 2.5184 6 1.9029 7
e % 1.5299 6 2.3240 7 1.9564 6
LAV 1.1039 7 3.1111 5 2.5006 3

4.4.4. MES

WRIEZE 2 R =ANIHY, 2 9 B 13X =SSR E T R IR 25 ML BEAT L MES (B HER S5 5R .
“HLMN” MAAKE, a7 LAE 2018 4L 5 5 FER S A 2020 F Bk AR SORE)E,
BT REIR AT WL S REVR 4 T 2 R RGeS i, HURF R AE 2Bk PAE R SO, &84T
MV T B R RS TTRRIA B TR . 2022~2023 AT GHRE B, A B BEUR 4L AT b g XURG A HH K
P AR, IXRVIBEE IR RE MA TR T, AT RGEREE S 7M. ATk
Mo FAFERE, NI AT W AR B A R ELAR A2 Y KU R R, 7o Ao iy XU R A
JIRE A ATV A B AR SR . X P RE S HAE LB AL B AR A 5%, SR A iR & ™ i
52 E TR EEARSC,  132 L BR300 gL (2 ma AR X B o BRI, BT g, 3t
el PRI DL R RS, FE % I UIH8) S 7 A 95 P DR SR A BE 70 ARG e P UG R P 4R PR
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Table 9. Ranking of MES means
& 9. MES H{EHIZ

2018.01~2019.12 2020.01~2021.12 2022.01~2023.12
MES #){& e MES J{H Here MES #1& e

A 4.2088 2 6.2787 1 3.515 1
Fohth <) 4.9161 1 49577 4 2.6811 4
it 3.0423 4 5.2639 3 3.3797 2
el s 4.1008 3 4.5375 5 3.0611 3
HL% RS 2.4709 5 5.8831 2 1.7412 7
Fe I 4 1.7552 6 3.0337 7 2.1855 6
HaL AR 0.5415 7 3.416 6 2.4102 5
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Abstract

Considering a competitive two-tier supply chain system composed of manufacturers and retailers,
different environmental policies set by the government influence supply chain decisions. This pa-
per constructs a manufacturer-led Stackelberg game model and studies the optimal decisions of
supply chain members under three scenarios: no environmental policy, subsidy policy, or tax pol-
icy implemented by the government. Furthermore, implementation strategies for government en-
vironmental policies are proposed. The research shows that from an economic perspective, both
manufacturers and retailers prefer subsidy policies; however, from an environmental protection
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perspective, it may vary. When pollution levels are high and emission reduction costs are signifi-
cant, tax policies can lead to better green effects. Additionally, optimizing social welfare requires
considering product pollution and emission reduction costs. When both are low, subsidy policies
can maximize social welfare.
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T ORIEAE 2 KX e S FTR A B A b, AE T AR IR OL T, R IR 28

il S0 Bi 1 2 3 7R (5 YR BN S R A (K088 T 2 5 v T T R, T R D
IRHE A G N, BUR 2 G A CDCEAR B, 7 Bt 2 A S AT 0 1 A5 R AL . SR 2
TS AREEBORIS, Dy 7 G AR, 36 T T e 2 R IDUCE & Bt AR R AN B 4, ISR e UK
B LA R AT B 2B T AR 6

4.4. TFEBUERATEE
ST 56T TE B AL PN AR BE B AT 45 St AT X e b, BF e R RS 1 R BE DL R & R )

0.

RTE.
G 2 ARBUREACR M Tiatik . 1T RECE X 2 -
i) w>w'=w?;

(i) p'>p°=p°;
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B, )3 7 75 B AR B 22 (1) AR SR A H o I P A AE (R R U Fe AR A A T S kg ) FE
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FEANME SR T )35 7 B 08 SRAF AR AR ART S AN, IX AR LB B E R, BTG R
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Rl 6 AS[FRIECE T FHERCR 0 H A
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R DRk RS AR E BRMSCBURE T 256 1) 3 7 P R = AR AR ORI S0, )3 7 95 2 0 8 v Rl 717 88 7 [ 42 1
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MG HASLB R N EER L, s 2 BN SRA AR, 65 R e NBURF MU H 3R A5 KT Dk
A B SR, HERERTARFEE I LBORRES T — 35 0FNE. Bt ul, F g Ea st
U, ) P R0 2 AT ] o R A e S RN IS S i SR P I TR 38
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31(2/1 1+ 2k + 5+ V4K? + 42k + 44K +162,+121)
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FIFESE, MRBURMIRURZEM S W . R —1RNE, 45775 Yo fe R s A B s, Bk
BUR T B4 A8 R B T AN BOR T A S tm R o il i v 75 2 A BRI HE A, I A A4t AT T B8 Jn s 2
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RE S FEARASAMY, S EORARRCR A IR SCER W1 2, SEMAE AR R AP T o SR A7 15 S AL J R
AR A RS, AMWBCR 2 2 AR FE .
5. /g5

ARSI 1 LA I R 9 7 1) Stackelberg [ZRRER, B3 38 5 AN B o A BEBCREAT T 20 #r
BT T AFAE P SR AL SR A B 5 4 I IBURF AN S HE PR SRE BE  SIC it U8 BB MACIBUSRE (1) =P 175 450, L 9 4 A 7%
MRk, L LB =FIASBORTE L, R 1A BTBCOT T M SRR S o . 45 BRI BUR
POZERE LG R AR GBI FABOR . DUES BT, FMEECHOE g B
O BRIN, AT 22N stk . AR CRAE AR A5, — BNERIE k 1 a2 1is G sk
T I e TR AR, RSOOSR 2 E AR T AR, S 2 AN BCR BEONIE ] o DR BUR I 24 563 722 4k,
T A1) 5 AN [ 3 [ RO PR BRI 3 5 FH A RE 78 70 A 48 {3 I B ol 3 A 2 Bl S RO R AR A 28
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Abstract

The gradual warming of the climate has emerged as a global environmental challenge confronting
humanity. In this context, China has proposed the objectives of reaching carbon emissions peak
before 2030 and achieving carbon neutrality before 2060. As key financial intermediaries, com-
mercial banks wield significant influence over carbon neutrality due to their substantial resource
allocation capabilities. This study focuses on the carbon finance operations of Chinese commercial
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banks in the context of “carbon neutrality”, utilizing the DEA-CCR model to gauge bank efficiency,
analyzing the impact of commercial banks’ carbon credit business on their operational efficiency,
and determining that carbon finance activities have a positive effect on commercial bank efficien-
cy. Nevertheless, China’s commercial banks still face issues related to a singular development ap-
proach and the overall magnitude is limited in their carbon finance operations. In light of these
issues, this paper further puts forward measures for banks to develop carbon neutral business.
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Commercial Banks, Carbon Neutrality, Carbon Credit, Operating Efficiency, DEA-CCR Model
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Bt BRI B AR R 0 7 [ Bk 2 PRI, e T HERE Bt P M o AR AR
s NIAL 2R T AR, B PN g A o U e A i R B B A . JRIE FAAE 2015 SRR
THRIEVE . AR HBR, 7R 2020 SRR T T 2030 AERTSCELOEIER) H bR O T G2ERK PR E BRI
KL, WEME TARZEORE . PRSI H BT i HESIZREEOREIET . IR i g
VR SCRFSS o BURFIE Sl A VR E BB AR T2, IR AL 1R AR VE X

MV ARAT AE bR R K AL AR 7y, ARl AR R SRR o R ML ARAT I I Dy Ak 4R At
BrePANGEER AATBR P AN SR A el i, (R R PSS P A R o RN R M ARAT A e i ep A
BRI AR REIR . T RIS AT AR R TR SCRF, ML ARATHES) 1R AT H B SERAA R . T
MV ARATPEB AN 48 A7 Bk PRI XU R A DA R M AR AT e 1A R R v MR S I H AR
AR AEEE S, APt R AT R (Y Rl AR 55

30
25
20
15

10

Figure 1. Balance of green loans in domestic and foreign currencies in the quarters of 2018~
2023 (trillion yuan)

1.2018~2023 FEERIINHREERAT(H1ZT)
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AT

WS T —2e o, S EANREATEIER S, 2020 FIRLEEAETEREN 11.95 L e NRT, H4aAR
MO RN 6.9%, HHT—4 EFF 20.3%; ZREAROTRARH 390 1470, A RITHEZ 0.33%, AHLLIRI
AN B R EAIS 1.65 A 4r i 18] 1 05 2018~2023 EZFE ARSI MR T HCRET, B AT LA, RE R
TARZOSGR— BT EFES, IF HAE 2021 42 )5 _EFHES B S,

2021 FFGEERIEIREFEN T — B R R, BETESA T T a6 Wik 76 35 5 (4 Stk R 1
WA, SRERECHBNFRMNET KERN . EIEH ST KEL T, SEOERESEAESHE T
MEFH H G, Brma R Tab ke, (R E B arikamlk 58—k, AR B =8, LAk
AETENE, HARRL S LA SR AT AE TR Bl % i R AN &5 07 g im I% 5 T 956
SRIEEE, HHBREMEA TR —ESZ— VN brE, NSRS HAENE. KK, mLARITA]
DLk — 0T G = 5, SRR 2 DR sP R GE ORI S5, S R o RO S5 I IR SR VPAN LA, B
AR HE B R R R e
2. Xukemk

B ot B A Rl 25 AL R M ARAT 408 AR BRI 7L, [ A A2 R BRIV ERAT 48 BRI &
RT3 i AR AT B Rl 55 FR 15 0 R sk el 25 oF s I R AT 1 488 A IR =N 7 T R AT
BONATHHI T o

(—) BENRITEE MRS RN 7

1) BEMS

G5 RS B — 8 AR N T REAS B 2 TR R 1 KN o P85 G5 b — AN AR B ZE AT
wie “BRERZ , WA TR XS A S LA BIRARIATIRT, RA AR
GHFAEFRR, R NORAIE BRI . J5EFIBT P IESR LN O Rz —.

I 7T ML AR AT R A I E AR T 2 E R P A AR G R, JFH el R SRS E g
Riko — 75T M ARAT BAR A A ) —FE TR G e KAk, [RIRE R BN B 372 A TR AR IR &
TANE . 75— AR T IS W BRI AR, X AHE TR A 2E R B
AP, ORI TR —FE. 54k, BRI AR SR B & RS, JFHEZEM EH
AR A2 BB AR AN G R R R, DLV R ERAT I 48 8 R S MR SR 22 B AT
M-S 5T IR RIEAT & . EXRE S22 N, R AR AT th R0 % AP0 35 kA BRI [ 5 sk b T 1)
BURINAESS o BT LA SCET S5 R 25 AR ARAT B 278 3R AT 70 R AR A = Lo

FAARAT I RCR L — M BAT S 2 Pk, AU T R ERAT IR BE 10, 385G DI AR AT 1 AT R
SR, fhaEss. Hk, BERAT RCRAMY AT DUE VBN S A I Fabn gt 47 407 Or i B, BT DL
B B ARAT H 3 — T AR (Rl 25 B R 408 30 1 AT R M 1]

TERCEETTTH, FRATRT LUNFDARAT 1 2 AN RS 4E BERFATIR AR T, BIAnVE B8R . RIS . HoR
ROR . REFRATFRS . B ARAT I RCR K AT DU IR AR SR A A B A 7 1 B BN A T AR I
BRG] LB A FIER AN GE AT 00T, T A B3R AR 7 2R RE 4B s — B A R sl S TR

2) RBERWE T

KT ARAT RN LR 8, CARFEEREM TR . 55 R 2R S fabs 0 A 755 A A,
PLLE R AR 2 1) 2 2 R RTIR AT . WS FRAR AT & — R T 2 AN 4548 bR R P4l i ML AR AT i8S
RORFNRE ST T8 X W FE PR RE WS R AT IN A E S 7. BANRGL. 8655 1 EE /1 LI R B
W15 T . SR, WA S5 HRAm B & 18R AN B —, A4 R e OB BT — NS ERCE, .
TRATH R VARAT 25652 00 RIFRTE T 71k, BATAT DO R ARAT 5 R A b AT Lo, Jdd
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FCRE AT 2 T 22 5 R VA ARAT His B A3, X P 7 vk S Rt R B 1 o MV RAT BB AR SRR . BT IR
PIREETTHY, FR IR AEAR AR SR EBER AN ARNRAE T, ZAT W A R M ARAT BT Rk 21 ) 5 = 2278 3%
AR, BT TR R 80 2 — A BB o FTS 23 43 SOR] DAk — 2 4 3 A S H0E M AE S BE N K.

SR FER BT AN SO R s, F5eifE sk B0 AL, S 802t 1 BEAL R 2 K520,
DU T IR RS R W25 tesh, RSB THER S B AR AR, o LR e dE S0k B 45 R T h
SORCREN LI OL[2]. AR UM E T JEATRTIA(TEA). H H 1 )7 5E(DFA), A BELHT
WY J7VE(SFA) [3], Horh SFA J7ik H i )2 [4].

MAESH ) T E N R AR RIS, AvRA P RBE R IR ATHT R E, HT2H/AMZ = Hm
PO T, X AP I EAM AT CAPPAl 5 Fh A & ()48 4%, 38 0] DL T 20 A RS2 TH I mT RE R A, AHNT T2 %L
JriE, EHENRMAHER[S]. Bk, 505N, HarE AR R H A ESEir s .
Ft 53 H (FDH) FIE0 4 €026 73 1 (DEA) # 8 T-AE S H ik HoR [6], HAT, DEA =2H FZERMRE T %,
Sherman 1 Gold 7E4RATRCRMER 5T [7], & DEA J5EELEX — 4TS F eIk o FATTAM AT LR
DEA J73R G — NE R WA FRATIIZ SRR, 80 DO AN E R PJRAT I8 8 RO T3 . i,
Maudos X PUEE S R AR AT I RCR K DEA 56T 7 VEA&[8], 1M Titko AT Stankeviien £l & 4 it 4 3
A ARAT I8 5 B s 8 2 Y DEA [9]. PR H DEA-Malmaquist 777K Pl 2003 % 2012 4
] 36 ZK i MV ARAT 132 75 8% [10]

B S A BCEVPAL AR AR B s, AR TR R T — AN W B S TR ) DEA BRI TR
(73 o E AL 28 A (DEA) =& — TR I AES B M 75, FEEH T EUAOA [F) £ AR (8] I A 22 57 . DEA
(BRI 32 2132 CCR Ml BCC K5, CCR 32 B HH T ;A R 3R AR HF AR B ks B F AR A 1 R%
2, il BCC NI B & & T A R R A B3 & - o1& CCR ik /& BCC, #J&E T#aS 204, B DMU (¥
FHLTG) (8] B R A] LU

(Z) Bril SRINATER E R EDIRIT ISR % K R L

2003 FAETEARAT . A 224047 ESESCHRATESE 10 BT B 0K il RS K R B S B B S R 48
o, G T AR RN . FEIT 20 AR, SRIE TR ZET R PR RO B AT #E 2 AR AN ST I B 40T
Wrbrik. #E 2022 K, FREFENIEE 138 4~ EPFI (FR18E JF U SR LA) B 532022 4E AR 2 38 1 12 4N),
SIARTERRYN . HARFEAEI . TP VeI, JESEFNRL T 3RM, s 39 MEK 1 E 70% LA ERE T 41
T H b g A A 11].

R JE UAE RRINAF B 1 fe ) 2 (S . AEBATBRAE DO 25 I R, RO % KR ARAT R
SREAFLT . FERE TR E I D XU ER R

FPNHL X (1) EPFI HEATR S TR, (595 743k EPFI S84 19.6%. RME XK hEE . N Kk
FLERATARTE SN, lhn, SEEFIEEERATE 2003 fFak O & ANt/ R EN], MifE 2005 4F, {EHEARAT
BN IRV (PSRYIE R, k{5 087 it — BELAE BB % B [12].

£ 2021 NIk, FEP ARG 9 FKEDIERAT B A BT AR EJFE N, X 9 AT AR POARLT . WM
AT, ERREAT SUNSAT. SHETTRARIT TRAT. ERRAT . AREEARAT . B R
1T ERWPELKEAAENE T, RESRATWIFGEMRIEBRATREEN . PORAT 2 RTHEE—
KRR 7 S ), HEAE 2008 F IE R H R 0L 7R 2RI BN T RS 55 30 3RS R ik
g, HEINWIIGEE Z K. £ 9 FMATH, KRZZRMHIERITAIRET, KREEARVRT DT
Z 5778 I8 W B R R AT BB A — T RN S R I H 7 ZE LK PRk A B, A 3R S8
K, BREXTEEAE B ICARELEERNS] . ESG IEAEMIE R MAE R H— =2 EH
LSRR T 2022 4 ARE JE NG SR (The Equator Principles Activity Report) o

=
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AT H SR I E B S P AME N B, a0 SRS SR rh T IR B AR P AR AR T3 R A5 RO LA R
YR A, TSR A A SRS ST I R AR R, BRI R T REE A 11X —EB 4 AR,
FEEDARAT I “ARIE BRI AR AN = 2 3 R K 2 —[13].

2016 FFRRE “Bramh” MBS i, IS S SRS 2y ka5, TR E 3 B DL R
PRl v, FrCAIRE AR S LA ARAT A E S . H TR AR AT R B A ol 2540k 3 B LLR 1R
PR TRV FERTE PSS R R SRR B R AL 5 257 [14]. B TR E B SR SR, BT LAE
B &Rl 25 0137 5 T LS SE i S5 R A B R B 18—, IR B &Rl %5 —1k, DAt ienE, H
b sk 45 ELIIBUN SR A A TR BT 5. Sl R By isin vk g T RS RIEEEK, I
HWEmE AR5 — VbR, 3RS RS Bk RIE AR e, JF H =5 Tk 4 mlr= 5
BE I [12]

(2) BrRERlE XHRIT LB R VEFH R FEALH 27

1) SEEm

SAGMEARF I, KBRS S BRI R AR AN E—FN. H—, SEamEm
Bt Em A, K, XSRS AR NMRIT R LR ARG B, HarkE RS E I E B
FNLHIATERE, MRG0 E PR RAIBRAE, SRR DL 4 e SR 0 4 ol 55 (1 TC B 205 R X
s H =, GEOFERUAR G IR RDAR T “ARETEF=7 MR, IRV ARAT IS XU [15]; thsh,
SRR LR TF R RSO 55 A AR A2 R [ 18], AR R M AR AT AR FE A 2 A S ST IR BT A BRI 2 —

2) IEHHMW

IR B i P AR AT FERR G2 ol 55 88 USRS BN o TESR S DB 7 TH, DA I 5T R ] Meta
Frontier HEZ2 1 ) U-SBM J5 72 i [ BV ARAT IR 5 0GR AT T IS, JRHE 30 A RS A0 8137 9 4
YEPE[16], SRS RN, SHEOSRMH AR TR E B RAT R RGBT 1, HEHARITZHEE A, 9
G RAT B2 28 M

A FEE W T 123 FEDARAT BN O, G A AR S H 1 = B ot [ AR (SBM A5
RO E R ARIT A SRR, WIE T 25 5k 5 0 AR IT 808 2 U BRI, fESR 5 SRR g
NI, ARATRCRBAR, 4EEE TR T — B, SEaERt THRATICRMIR A BE R, JF
Ha@ i RN, S s SRFE D ARAT S M ARAT A 8 T kS B 1 L M/EH[5).

H NI T G 5 BE LAAMA SR e fioll 45 45 I ARAT A R IR 2 . B an LUR R ARAT N, X &
UG DERURAT SR 52 M 25 FUBE (5 AT BT Mk 5 B 2 L ke AR i, HRAT B R e 1 EAT W7 [17].

B 2 AR T A L8 R AN AR 3R, IR T R FL T . B A o ek
LRl AE A I B ARAT B R IEAT 7T I BRI T o DG T s A Rl 25 5o R AR AT R A 1A LAt 7 T R
BT, BN 2R, RDARAT U AR AL S IR ST 48 5 2 B 0 5 bk, T RERC A b v 4RAT 1Y)
FEPEN R AR RE[18], T HLX e A AL A A B AT S A BT e [19]

(FO) SCHERIRTVE K A< 3L H2 B TR

P TR 1] 1 i L AR AT B A ALY 55 2D e, BT AR I T (R 7 AR BRI TN EEFRGR I, —TF
B SCRREE FPAEBOL S MR E A, FEAR I R BB 0T AR RAT — B STHREE SR R 45 70 7 I 4R
TGS SCEREBAT 8T, JFERE T EANE R I AT AR, (HR g — SR e X R — %
BATHATHIFL, Ao RAT R R 2 o« 1K 43 SCRR I 2508 B TS R 7E IRl — K ARAT,  BTLA i gh SR+
ANE T A BT A B ERAT . A — 50 SCRR B LU R IR, e ARR Bl J LA 1 R SR 1B 0L«

ARICHITIBRE T (1) RABATHN DEA 41735, ME T BRI 3T 08T, S5k EA
AIHE; (2) AR & 2017 4R3I 2022 E/NAERIEME, HFFARE G T KB E G RAT AR i 4R AT 3%

0
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15 FARAT, FEABORATH, o] DAEFSHARAT I 6T B Hh Rl 2556 7 M HR AT 2878 3503 I S MR A T S R MR 20

(—) HAES5HE

BT D ARAT BUA (B ik 25 2 2R DLBRE B0 E, MR M i kAT EED, HEIRA
4x, FTUARSCUARRAS ¥ AT, 0t 708 A 55 X6 o P AR AT I 488 AR 5

ARG ESG PR R 15 FARATAE 2017 4E 2 2022 4E 2 7] 6 E BRI NREA, #EA 6 KN
EGRIT, 9 FONBMEIERAT. MAFRPER FEASE SRR, EAARAT R b HRAT 8 5t
5), # EHCR AT DU A R T 0 S R A B Rl . HRAT T (8 R SCR Sk s R ML ARAT 278 R M
FRYE T, B ARAT P U 5 6 S a5 DO 8 R PR AR R

AR SR SRS SRR R T % AT AR AT wind [, A AN B Bk (B ok 10 4k (S TRAE
Bl 5 RBERER AN 11%, SRREEE 5 HLEUD) R AR E TR e B BRSO B
A BN GBS, AT R BRI N R OEHOREARAT IV 5 B R IR T S ARAT IR AR T
A& W . GDP 3K R HRIE T EH K Gt A .

1 RIEEU 15 AT AFRAI & E TR . ESG W4k . 259 1 RREA T, K9 2 L4
HIRAT o FADOARAT . FIRIRAT 2 ESG LE B30 Sm M AMRAT, B HRAT P AR ARAT 1390 e i s
(R 2 BT 2O RA 1 5 K I R4 T, P L A ERAT TE St e Rl 55 7 THT I 75 B2 0 5 o

Table 1. Sample selection of 15 banks, nature of banks and ESG scores
@ 1 BEACRENEY 15 ZERIT. SRITMEERA ESG 547

2 P 5 I8 mhat ESG VL Wind ESG ¥4 Wind ESG 424184y

JRARAT J 1) 2 B+ BBB 6.86
FNVARAT EH 1 A- A 7.32
HWARAT A 1 A- BBB 6.66
Wriri4RAT JBc A 4] 2 B+ A 6.97
PRAT JBc A 4] 2 A- BBB 6.59
o ERAT EH 1 B+ BBB 6.95
TR HRAT EH 1 A~ BBB 6.45
RAEMRAT JBe 3 4] 2 A~ BBB 7.08
THRARAT JEc ) 2 B+ BBB 6.69
I E AT JBc A 4] 2 B+ BBB 6.57
Mol ARAT JBc A 4] 2 B+ A 7.84
A RAT JBe 3 2 A- A 7.8
HEERAT JBe 3 4] 2 B BBB 6.2
Hh ] S I H 1 / /

TERAT A 1 B+ BB 6.31

(Z) BRI
1) RITHRAE
B B HHEDEA) T, PP N BCE BRI “ sk #oc” (DMU). DEA SR Z AR 1
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ik, BT IR, 1ZITET, ARRRRCEN 1, BRCRE SBCRERT 0N T 1 AR T T
W b, oA RN 2 AR TR T SR b 7

eI b, R g ik ] DLk — B aitb o = K28 S5 —3808 CCR #5aR, DU 2 A2
M, DTSRRI R R S 8 BCC AR, e MU nT AR (1, 3 B EH AR SR S5
BRI, Bl R H R R, =252 DEA-Malmquist FEE0H R, i) F b AR mf DS (831544 By
BT B IT(DMUS) (177 HA R0 i A ] v AR A o

CCR 15 74,& 1978 4 Charnes. Cooper. Rhodes %5 NEES7 (1), FHOREE&7E— & USRI T 1 7% U5 43 i
A, BT DL RN LR A3

min &
s.t.i/lj y; +s" =0x%,

i
24— =0y,
=

4,20,j=12:wn

s*>0,5 <0

FIFH CCRAAY,  FRATHT LA B A b A R AR L2 75 [R5 A R

() #WL 0 =1H s =0,5" =015, DMU (WL HI0) R4 ZERN, RN A H AR

(b) Wil 0" =1, HEDE —HHRASG" KT 0, #7585 DEA HRL #HL 0 <1, MAai
HICAE DEA A2, AEEARBCERMIIBRCR (RIHEA %K) .

ASCiEHL DEA-CCR AN FEARAT AR B RCR, b FARAT INIEDE 5™ . LSO AL A7 I =
NEEABNAL R, AR RN B AN R (LK 2).

W HR R T

B B R ARATER 1R T4, A R R i Bk 2 SRR B E B AR . A [ E
Wb R AER . A KPS e DU s TR . R MBS SR, RIT sl TRE
R BB, bl A, ATM HLAE. JUSIE A AT A 52 527 0 & B AE 1000 14 RA L, PrBLRE € 3%
77T DAR G i S R R M ARAT B E

B P ARAT 8 R 0 H RS SCENE S, LRI B R e B N, B
NENV SO E B RGRr . WARAEE M SO BN RIS LR 7 G, BIARAT I E BRI
WFEE NN NSRS .

SAER BDARATIE IR B R, H A ETEZ) BRI, RISGER. il g
FTRAF A a B RS, ORI SRS i 7 A K, 38 I 3 70 B < Dkt KRR B 22
QNGRSO BB A7 A BN TR AR -

BN FPARAT BED SN AR I R GR . S5 55 R DL S5 3R i 2B A 22 . T4k
TNV FIFER AN TGO T, BN i B ARAT R

BT PO R T AT BT, DURIBGE KBS AR N o FLE WO RAT A B ZL KR,
FIREBNRAT, R RBIITFM L . FUBMABZ, 28RN

FHUA_E S NAR SR H AR il i DEA BERTHE I S HRAT DI AR I B R, ASSCH] theta ARRARAT
RS

K 2 SR T 2017~2022 4 15 K ARAT RS, M=FIREAI 7028 b, 228 el [ L,
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W A P ARAT I LR RO RO SEAESE . W RAE Y, A BT 2B MR T B AT, [EA
AT AR Sl J LA I RGRIG e bk, B AP 1) 22 B Sl Ve 3

Table 2. Selected input and output variables

w2 EEERAREHEE

B R GRS
[i4] 5 B 7= BN
Bl sZ JENAE Y
BAER

1.00
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— s --- Ef  ------- ikl
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Figure 2. Trend of average efficiency of commercial banks from 2017 to 2022
[ 2. 2017~2022 L SRIT M E S

% 3 IR T 2017~2022 E/NAEIA] 15 FARMT MG A E R . P EERIT. PERIT. WARIT.
RAMT W FKARAT L8 SRS HAE AT 51, JUKARATHE TR HARIT . HEZ AR ER X SR TEA
PV ARAT

Table 3. Average efficiency of 15 banks from 2017 to 2022
= 3.2017~2022 £ 15 RIPITHIRHIEERE

AT e
HERAT 0.9782
G HRAT 0.9778
THRRAT 0.9640
P RAT 0.9508
RAEMRAT 0.9437
e RKRAT 0.9425
HRARAT 0.9295
TEHRAT 0.9219

=
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AT

ik
PV ARAT 0.9092
Wi RAT 0.8961
A RAT 0.8759
ATIEARAT 0.8403
W ERAT 0.8285
A ARAT 0.7763
H ] BB 0.5967

Hihkis: EHNEATH

2) Bt

FEAF 15 ZARAT 6 RRORCRMEE, RIS I AR A (theta) fEON B R A&, AR B ARAT S (5
PERA(gere)(FNRRAL B, SIRHITE S AH KIS, 2120 EIER: GDP MKAR, WATTLR, B
PERUBE . AN RSSO L AR T Fa bs o AU P AL

6
theta, = /3, + f,gcre, + Y _p control, + &,
k=2
ROFAH (theta) AR R i, SO TERDU(gere) WA FLHIIZ DAL RE, & NIRZEI. & 4 NEE
AT .

Table 4. Variable name, symbol and unit

*4 BLERM. 5. BfL

A4 5 LA
el & DEA %% theta
VG s SEOFEERE gere Tife.
GDP iK% gdp %
TR ER cap %
A B BT R asset Jife
NRIGKE npl %
FEEELE Idr %
PR PR L e

22— AR HIARAT

4. SBEGRE S

(—) EAREHER

® 5, BAIRAFEARIALNR, LUK, SEGTREIEF T HRATEE ZCRM B &3,
SOMEIEREEIE 1 H1L7T, BUTEERCE LT 0.06 NAL. 55 FIFNEE =51 43 5l 2 ) [H A AT A
I ERAT AR R B AT A R . TR, SR f5 DO [ A BRAT R IR ), A AR AT B2 2 S 1
(112 (2) (3)F1RIVA L5 A 2 I A AT BE A AR R A, B RO 2R A5 DT R AL B I BT L I F AN s,
PG, R OF PERBUE ST T 5 LA AE 3% /e, B DEUER] 1 10% 8L F. By E A HRAT 55
L BRSO LA B ARAT 24, BRh AL 25 B BT 0 AN TT 98BSk, P AR 1) 6RAT IT sk v A
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WA REFE A, LB R 55 00 R e ORI, W58 T — 5 SRV, Bk R0 53k
R L, — R RREAE PR BE >, T BLeeh R 25 X G SR H B, 5P IS T 64T RO,
HE A SRR BL

Table 5. Regression results of the impact of green credit on the efficiency of commercial banks
5 FAERATEWIRITHERZMEILER

)] (2 (3)
theta theta theta
0.0590™" 0.0079 -0.0298
gcre
(0.0018) (0.7749) (0.4966)
d -0.0022 -0.0022 -0.0014
acp (0.3281) (0.5754) (0.4916)
-0.0100" 0.0209 -0.0072
ca
P (0.0677) (0.1908) (0.1057)
—-0.0006 0.0026 0.0008
asset
(0.7014) (0.3516) (0.7436)
| -0.0301 -0.006 -0.0494™
n
P (0.2313) (0.9242) (0.0266)
I -0.4265™" -0.2706™" —-0.5482™"
r
0.0000 (0.0003) 0.0000
1.5626™" 0.8089™ 1.6877
_cons
0.0000 (0.0202) 0.0000
N 90 36 54
r2 0.8348 0.8729 0.7171
2 a 0.8228 0.8466 0.681

7E: p-values in parentheses, "p<0.1, ™p<0.05, ™p<0.01,

(2) Rt

1) RHEARK

B, XA RBEATRL, R reset kS, £ stata 73#fT, p {E 0.1411, WRAERSZJEARBL, 4
SR IR 5 B T B R A

2) BHMERER

Hxk, ZHEEHTT, RS SEREUT AT 48 R i R AN 2 IS AR B, P
L2 0 BA S A5 DR AR AT 5 — B A B VRO R AR b AT [ A 0 iy, SUMAIRIR 25 . 3% 6 o T LA
OB TERBURIT o — i I B Ve R A R [l 9 45 2R

Table 6. Robustness test results of lagged variables
6. HETEREMKRIGER

1) 2)
theta theta
0.0958™"
L.gcre
(0.0066)

N
K

DOI: 10.12677/jlce.2024.133016 175 KR

]

H


https://doi.org/10.12677/jlce.2024.133016

AT

0.2108™"
L2.gcre
(0.0003)
d —0.0011 —0.0008
gap
(0.6476) (0.7406)
-0.0142™ -0.0214™"
cap
(0.0258) (0.0026)
—0.0008 —0.0035
asset
(0.7059) (0.1595)
| —0.0395 -0.0766™
np
(0.1610) (0.0149)
I -0.4420™" -0.4683™"
r
(0.0000) (0.0000)
1.6462"" 1.8386™"
cons
- (0.0000) (0.0000)
N 75.0000 60.0000
r? 0.8146 0.8199
r’_a 0.7983 0.7995

7¥: p-values in parentheses, "p<0.1, “p<0.05, "p<0.01.

3) WAMER TS
eI JE — PSR S DR AU N T R AR B3 AT I Bolih SRR, 2id i, THATE 2
59 TRAERL, &aRIAERIKRE . WSRO ERRPITHIRTT T IRITaERR.

5. GRS BUREIN

PNV ERAT A B RN, FEAESIARRRZE B A SR A SO SR AR A 7 T e 5 A . {E H RT3
] AR P M ARAT FE B RV 25 07 TIAATE B GURT LG = | PR S5 R S B/ S5 R R, O T Bl 55 R Je
e M ARAT AT DR EC AR T s

1) IEFAELFAE G STl 55 Bk th AL 55 B R R o ARSI SR i T — R AR i FEH R
AT, RN F R WAZIRE — MR R . SRR, SEERTs IR SR
fIBE, HARRERED, TS AT I H FRACS, R A AT A e 2 b, (B T
SRAULERAT BT A 5552 — e 2R %S, BLAT & B X BBCR T AR ORI R0, A RAF A & 3@,
KIIRF I o

2) TP ARAT AT DU e [T Rk g 8 ) B P ARAHE SNl 55 Je o 2Bl 1T s [T A N B 46 ML PR i
SERATRIERE, TSUT R ERl ARSI Beih . EAEE . [N, M RATIE T LS R A
KEBEFNN . TR FAFENTU DR EERR, SLFTT kel 55 BT SR AT .

3) WMLARAT NS BB R R ShAIRSS SRR S TUERIBIRE . B0, T DU AR R
B e S e i, DR IRBR I F SRR DR SCHE s MEBRES SRS, HBIE S SR I AT BRI A
Gy BUBBR G E BT, [ SRR R E DL BIR S5 . eAh, REARATIE AT AT R e a2 12
SORMBRHEBOZ SR 5, 5 Bh % 7 VAR e B AR HETBOURURS o
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4) FESLEON IR Rl RO B S MR, SR BRI, b RITH A R Sk
e Rl 5 R ARG DA 1A 2 5ol 55 STt A r K AR AT 4 4% o E— 2P 10, 3BT W DRk k24T ESG
PP, EESLE ESG A4, XIARZON AT BERRE . B SE L E S FEX 7).

5) BUMJ7 T NAZ AN R R ML ARAT B Sy, Sl D ARAT A it AL 55« B WL B R 7
MV ARAT A A AL S5 K LEAT GE T RV, BUR R ARAT IR B 55 o Bk, B NAZAE At
WK, e G— ESG PFRIA R, @Ayl ESG PFRIIF & MM RS, (RAFEIEKII1S
PERIATFE, D mARAT T et il 55 SR AR Bl S8

E&InE
VU R RO K 22 T e RS A R Y 2% 2% L 1Bt 4 % B, Wi H 45 2023SYJISCX59,
SEHk
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Abstract

With the transformation of the pattern of economic development, developing green industry has
become a new growth point of economic development in our country. Enterprise ESG performance
is increasingly becoming a key indicator for evaluating whether enterprises can steadily develop.
Under the influence of the concept of responsible investment, whether excellent ESG performance
can improve enterprise financing efficiency has become a topic of concern to all circles. This paper
takes 1087 Shanghai Stock Exchange companies from 2017 to 2022 as the research object and uses
panel regression model to empirically test the impact of ESG performance on financing efficiency.
It is found that corporate ESG performance has a promoting effect on improving corporate financ-
ing efficiency, in which corporate governance has a significant negative correlation with financing
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efficiency, while environmental and social responsibility have a significant positive correlation with
corporate financing efficiency.
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1. 5|15

)k ESG R TE T RrL R BRI N i AT g8 SN I 7, B EE L AE PR (Environment) . 44
(Social)F1 2 &) ¥4 B (Governance) = 7 Tl L3RI, RO TS MR R ESEMMES, EH
[ s L 2 7 B A\ D 2 (0 W] R R R AP I L bR . ESG Bt IS 454\ V5 SRR 4 R 3 T AN 5 3
W A 55 RN B2 FEE I Y, 38 75 B4 G S B85 . 42 DA K 22 05 R 25 A0 5% 7 7 SR R S
Rl R AL B IE I E AR RE 7T, BARRIUA L2 7S LUK I R AR SRA5 56 2 1 ¥ 4 [1]. Rk nT LA
W Rl OR B Al DA /IS PR AR SR A5 B R IR 25 (6 71, A IR e AN M T TSR3 I 2R, 18
AR BHIRAE AR R o FESEILEM T, TN X A e AR FRAE AL 1 W 5%
Kl b, ESG RIUENAMAH Bt iy i AR 5 M B B bR . ANSCIE 24 ESG I -5 Al fr) il B 3% AH
PR, Rl s ESG RINAE TIRT R BT %, SEIBIRA I E, Jofedk ol nl sl Kk R f (it
— M.

2. SCHEKEImR

TERT ESG MBS b, T CAEHR LAV ESG 15 B4ER 28 — 7 b, B &R ki
IEE = A MU T 4k ESG {5 BBk #R b5, H AL ESG {5 B8k E i s SiE R & [2]. 5305
T HH T A 2 R = g B, SRR R 24 ESG (5 B I B[3]. ERIESER H A
ESG FHUERLT, MM EEE[4]. FKHk. &XUEHEM Yoon.B W4T K ESG A Bh T3 A\ 25 534 [5] [6].

FEIR TRl BE A% i) 78 b, Shiva Kumar 785045 70 H A ST 7 iR Al b, AR 5E 2803 (M & e ik Dy 1
b A — KA T HIR A IR R BTURR, Befs SCI Ot IR NG B & B SRS [7] . Wilton Bal Krishnan
(2014) 0 LASE ] BT AV 9 75 B, 48 HTE — @ 3 FE P IR Rl B0 2= s/ A b % k3, Rt BT Al
LIZIE A e ERFIRCAIE 2 B TR [8] . 4 REAR R SEIR tH “ R BT R —n], AT 5 0 ik B 2k 3 A
AR B R SR “ TR B e . ELERRR B AR BIBR9]. 1 IR RAE RO 2 DG Filk B 2k e gk
177 78 S, BRIV A 5 08 b A2 rp R AT e 2R A1 XU N i A I LI 3 7% 4 75 B 1 S B s A A Al A
RRAHIREJI[10]. Bkt AN R G SR AT pE R B il . TRtk SRl SR AR Rk, I R B
S RN 2 THE B S AR A B B PR R B R M R E R, RN AR SR AR AR M AR X T 2 A AR i 7Y
B AR Al R P A R TRl S [ 1]

TERTT ESG HRh T A —# K ARMWIF L, AEF N ESG BMRIAAT THRIT, VA BLFI
ESG KU, Mk H SIEMEE. o TR = VA 5 TH IR I B0 B CA BE seAS, 1 23 sy
A A FEFAUESE T IAEE . #h 4 AT RN A =) VA B AP 1) 55— 77 T 26 £ b mh % Bl A ke 381 PRI AE FH [12]
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TRiEH

Dimson %50 & I AL 7E ESG T T 3t Re % A 8 B A% s I 55 B AR [13] « EIGhoul 5538 i % 428k 53 A~ E 5K
Ml ESG FHL S AR HEKITI LI, A ESG RIS AR R A, 1 HL i sz, e
A4, 2 ERRBURRR[14] o SRS PRI F R IR AR AR E A 4 2 AT RE A A BRI i IS
AV )3t 55 i B8 A [15] AT AN SR A 2008~2009 FEH [ ik ds, DR EHEE (b i ek )
NREARE, RIMAWEITH S ST AR LR, 5 B s, mloE 2 R IR [16].
3. BitRE

ML BE, Al ESG RILAT LAE LR BRI 2 m i 25 305 . — R AT R R FIS R E, 1
VP Rl AR 5 A A B T K I B A R, X 5 ki) ESG RIMEVIAHG. REMNEIIE, &
i ESG 32 H 2 sk — 8 BUA, (H A R I 5 29 AR I3 S Rk L 28 3% . — 71T, ESG RINELLT
B SRR A BRI T PR, S — U7, Al ESG RILEG A T RN I TRREFERSR,
F T ESG /KP4l iy AR 51 I8 2 s &5 10 63 L, s 25 sh A p= R, B R ESG R AT LLFE
AR BT A, FFHE s Al 5 S SRR B 7, AT e Al i 25 3%

TORMFIE AR E BRI IR B AT S R ARG RS Y, N AZIE KRR w6 A
KA VAR R 2, AR AR 28 e KA DRI i) £l 2288 R A5 0 ) DR 3R AV LS Al R AR 2R 551
BON, WadEe L ERIER o G gy 412 ST RIHR e DL 2 J VA B AN A A0 0 5
AT FEA X EZ R MR, At R A, WX Xttt G, s
IR ER o« IXAE AR R T ATE A R G SURYERE 2 41, NG T IAEE A A SRS

DRI A ST HH DA B ¢

ik 1. Ak ESG FIL Al @ B 250K s b A K

Bk 2: AP IRIE RIS il fl 5 250 Bl IE A 26

B 3: Ak Ak 2 SRR I Al i 7% 80 I AR G

Bk 4: b w] R FRR IS Al Rl 2% i EAH G
4. MRWIT
4.1. SBM t&H

K AL 2% 53 M1 (DEA) 2 18 FZR PERLRINT 2 AN N TN Z AN = HE 1 [ 28 U 3 B2 0 (DMU) VAN RCR (177
Fo UHPBERAAREREMEMRE, NSRS ERMIR, iAol 7 m MR R SERE T, M
TS DAY 22 30538 R FH 43 BT A Rl 9% 2050 1) 0 o A G B A (0, 55 A 41 T ] 28 (1 A5 74 (BC.C) RIS 4 T A
AIRAL(CCRY), A2 223t IE R X RS BY EAT 0] b B8 383 IR DAY, 22 1 TG VE HERR A A st
BB . R, AR B 11248 DEA FERLELRE ) SBM i, SBM AL .

1m
1_EZi:1si

Xik
YL
1+q _

pr=minp=

Yo (4.1)

SEXA+S =X
YA-s"=w
A,57,sT 2001
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TE_FRBR T, p*FoR DMU BIEARRCRME, H 0<p <1; m Al q 20 B2 NS EANEON ™ AR AN,
SR ST AR AR R BENFI = AR I RA AR B, si R | PRI, ) AEE r M= B2 2 Rl
BHERE, X AY @B AR, XA AR LRERANE, YA IR B E, )My il
BN . B HNS s =, p =1, BIDME B 40<p <1, DMUEER, HIEH
2 DMU ot BAERN K AT Y, > X =Xc—S v § =yk—S"s

4.2. N HEEREYIEEN

AL 2017 4FZ 2022 4F _AIE 1087 ZFONTF AR G, B 28 22508 SRS A e Bt , W LRk e iR gt
TN e NS0T FET SBM MR 5 N FEAR A= A8 AR R BRI, 45 &7 S 78 SCHR, AR SCik EL
T 3 IR NABRA N 2 TS AR bR, W 1 TR,

Table 1. Evaluation index system of financing efficiency

F 1 BBEMERITNERE R

A RN HhR 4T
BREAE R, R T A RO T R A
SN EAA GO RS SR S R, A L BRI ) A R

PSR P R IBEAR 4 M b o
B R R 5 IR AR P S8 AR A AR, S T ol ) B R 6 ) B B8 e PR AR

PRI ok SUEBOKE SRR K EBON LRI B LSS
" . A, T DA A K A T, SR T R B 0 S )

fEIZH] SBM BRI, A i/ BER . — R R RICHCE & EA R BUR ARG DL L, At
5 BN/ ks, R TE N 1087, L ER. 5 SBM R I AN 4R bR et 3 AN oT
N, FEAKE T 2 B

4.3. SCiFRE

MR AT ST, AR BRI AME, AR SR UEE RN (0, 1], & T 2RI, A
SCAE SRR 132 H Tobit BEAYHEAT £k ESG RIS Al BB LM /0 #r o FAATH BRI R
DEAi = a + S1ESGit + Xy + i (4.2)

TEZRAF, o NEIETL, Aoy RSN BEEMEH RS, DEAw ESGiailf Al i 75 t B
(B TR SR A A L) ESG A MR T35 o oo I o W g4 1) 28 BEANBEALR S 0T, b s ) A
HHE B FE(2Z2C) HEE LR (QR). 15 Q fH(TBQ). MM AR (ZZL) 1#F)iH R (ROA) ML BFEURA
T € AR H(EPV).

4.4. BEERSHERIR

ARICLL 2017~2022 4 EAIE A A FIAREFEREA, JEH IR U N ARHERT IR SR HEAT 1 ik (1) Sk
Gl PRISGSEATAFIRIOREA; (2) BB S BAR B R REA: () ARk ST ARIMIFEAR, RARA
Wl 1087 K b ili AT, 6522 N ARG . ARk ESG FRILEHE K B HF1E ESG 1P AR, K
F STATA 3A 0T T8 15 00~ 4887 T A S48 AT TR RS 284 [l U 434

ARSI AR R AR Bt DL SBM BRI H %L IR B2 AR AE(DEA), 12 OB AZ & k1) ESG R I,
fU3% ESGscore. Escore. Sscore HI Gscore, [RII 2y 1 44 il e PR 28 W] BT Rl 5% K 33 i ) 52, A SC DA SR
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T MV BR BRI ARCR B BT (ZZC) R R AL, DURRE T AV AN B3 e e B8R HR A 32 (ROA) 3]
FEZR(QR)FHLE B3 7 Al e 38 (ZZL) 70 I AV O B A st Sag E e, DIFETE Q ME(TBQ) S RiAR Y B
KBETT, DAABFBUERANE R B EPU) R S A TFBCR AR . BAARSRFREEE S 4 2 P,

Table 2. Variable selection and definition
F=2 TEERREX

B4 AR 5E L
Rl 3% (DEA) SBM AL 574
ESG # Pl (ESGscore) HHAEIE SEG VPR 31T
IR R I (Escore) HHAAIE SEG PR EE 31
2= TR P (Sscore) HHAEIE SEG PR AR IS
AN EG LI (Gscore) HHAEAE SEG B 315
S (ZZC) FErE AR, BURER
5 H 2 (QR) (BN — AFIR) / W) 56
6% Q fH(TBQ) TN S
RGP R 2R (ZZL) ENONR L TISYi
% FJEZE (ROA) FRNEE
2 U BUR AN 52 PEAR L (EPV) 1 i v ST B A i ) ) b R SO R U AN o PR AR 2

5. SCUES R
5.1. RSt

Table 3. Descriptive statistics of the variables
3. TEREAMRIT

B4 WLIAE B8 i H/ME IZIN|
DEA 6522 0.087 0.186 0 1
ESGscore 6522 4.414 1.147 1 8
Escore 6522 2.279 1.42 1 8
Sscore 6522 4.602 1.862 1 9
Gscore 6522 5.424 1.266 1 9
zzC 6522 22.799 1.549 16.649 28.636
QR 6522 1.631 2.304 0.019 52.138
TBQ 6522 2.042 2.896 0.641 92.299
7271 6522 0.652 0.521 0.001 8.514
ROA 6522 0.037 0.079 —2.245 0.451
EPU 6522 137.984 8.555 128.308 149.053

M 3 ATA, B AL A RS ME Y 0.087, ik B A b Rl B AR i A A, HLH AR EZE AR RCR,
Tt B AV i 5 SR AFAE B K 5 ESG BHITF B 0N 4.414, KBRS, (H5 &7 A2 M,
FAR B ESG BAGAF] 9 ik, U2 ESG FRIAXT R A, IRAIREZ R AT ESG
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TR RATIAANGE TR, SRZ AR @ % . 7E ESG WMy, ARAEFMR ) fm, IR
FE2e 5 T 43 MR 2, B 2 Bl T PR BRI 22 2088 75 TH i3 0E I AR FE /N T B SR SR R
ERGZIE DL B A T RE ik B B EROUANGE, R H BRI E RO, BANER ST
FAb T HIAIEEE S Arae R A B SR Z AR N, JOETASEE.

5.2. XM

Table 4. Correlation analysis

4. BXRMSN

REA @ @ (©) (4) ©) (6) U] ®)
1.000
(1) DEA
0.017" 1.000
(2) ESG score
(0.163)
-0.307" 0.189" 1.000
(3) zzC
(0.000) (0.000)
0.348" -0.023 -0.296" 1.000
(4) QR
(0.000) (0.069) (0.000)
0.243" -0.012 -0.338" 0.092" 1.000
(5) TBQ
(0.000) (0.345) (0.000) (0.000)
-0.154" -0.002 0.003 -0.075" 0.081" 1.000
(6) zZL
(0.000) (0.903) (0.807) (0.000) (0.000)
-0.159" 0.071" 0.050" 0.120" -0.087" 0.149" 1.000
(7) ROA
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
0.050" 0.062" —0.021 —0.001 0.056" -0.028" -0.013 1.000
(8) EPU
(0.000) (0.000) (0.085) (0.907) (0.000) (0.022) (0.299)

T "RIRAE SIS KT R R .

SR RN ESG RIMBHAT MG SS, 45 RANEE 4 P, BURRCRN ESG RINAE 5% /K E1F
MK HEE, MAERECN 0.017; WA UAHER, IiE ESG TtERIE A T4 A O 8eR,
5 B R R R

5.3. EFLER

3T 5 REASE AT AN, Wald #8567 {54 913.58, PN 0, B [B] A 7Y 4 4 3 2 M et
BASR{E Ay 2560.8638, RS LR K518 )y 922.32, BRI 4k 34 B & 1 .

SrHT Al Ak ESG R I BT AR AE 1% /K N2 A1E, R ESG RIMHE Sl i e A A 1E
FEZIE . ESG RILEIF A EIEK 1%, Ll vt kb 0.007%. X 58 1 —5, B4l ESG &I
FI3E A A TR R R R . RERI . S TUERIA A TNATE R 5 a5 SR E 1%HKF T &
FONIE, BIHERES A 0.013, 0.003 F1 0.008. KA ESG £ %7 T (1 ZR D306 $ v Al m 78 2%
RAFIEREEER, Bk 2. Bk 3 ARk 4 38or.
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Table 5. Regression results

F 5. EIFLR
B X T4l & P
ESGscore 0.007* 3.23 0.001
Escore 0.013™ 6.30 0.004
Sscore 0.003™" 2.42 0.006
Gscore 0.008™" 4.48 0.003
ZCC -0.024™" -10.77 0.005
QR 0.022™ 17.00 0.032
TBQ 0.004 4.67 0.245
771 -0.058™ —10.51 0.034
ROA -0.291™" —9.64 0.003
EPU 0.065™ 3.59 0.012
Cons 0.528™" 9.02 0.004
Wald chi?(7) 913.58
Log likeihood 2560.8638
LR chi? 922.32
TN TR BIERORTE 1% 5% A1 10% M SE i KE T R
6. &g

I 2017~2022 (1) FAE 1087 FAF FERt GdkAT EA 3 A LUK B, Al ESG R I -5 fh 5% 2% 1EAH
Ko B, MNRORAES= IR TR T H SRS D7 R ESG #&, IR, kK
=TT, INERA R NG, REEREAE, LIS ERERRE. Fi, i ESG HTH R =1
I, AMVERNGRAE SPEE, IEBTEE . BRNSER A DG B A L R AR A ESG R I, A
M — B3R RE, B AN AR EH ARG, faE BB, s rinsEsss s
FAERNE B, BOZRW AR IES BALSIER, MBIk ESG 4720, FFHEAT K. BRI M fdiiE,
NI BEARAS 2 AT RR, AR R A VA BERBUAE Ak ot 1 FE o GBS RIEIE T, $E Mt 2oR.

AT, MEARE ESG 15 B4k I e, HEBh ESG PP RARMER 5 EH B EE . BUMNHI
AZIE 2k DR A E I, ki R RIREE RIEH, @l Tl ESG RILM I 15tte 5 4
AR, A2 THERIA SR T AT N . [N, BT RZ 5835 M ESG # BEAH M, thann
KA AR 7% ESG 15 SR IR, 38l bk &5 i A5 BRI ReAs, R Ak TERA Y ESG ik,
HEMH S A AR IS E R0R, 38 ESG RIMAMUST G A1 2 T RpSE R R LR, Rt /2 32 Al 08 2805
P& B WG A T B
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HEA
KRETRFLFEHYAR, 58 K&

S H

ks HiH: 20244F6H26H; FHHEM: 20244F7H11H; kA HM: 20244F8A14H

H E

FHFAES ST RMETEHOERT, FiTTHRZ EWOBERRN HREW I RE L. HX
I 2 7™ 2 BT 355 I UM R L IR /7, BBV A — PRIV BRI AT X, Kz HaE L.
N T ERNERE P8 L S E SRR R, ABHURA T SRR AT TR, Je
BEETHE. EUE. BT AT AR, TR KIE 535 B AA B iRl
LRERRN . BYSEFARI, SE. ENHE. BAUTAZHIEIXNE T K EsiRE WL RE™
AT IEFEH; HEEARIERPREREXNRINRENSE; FEFERIEMEHHINREEERE;
HREBAAREEREZWENEWERE; FETERERRNERFBAEHNE; SEAEFEN
RERFRNEMEBBZ BRI PMEM; HRERIFHEERFITERERINEWLIREZ
[EREIFR R AER . EEIRABRHE 3 O, AVANBR ) e T DA 2 58 A R E S RIS MBUR
B, SIS E TR R, TR M IR fEL .
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Abstract

Under the background of environmental pollution and energy crisis, this study discusses the in-
fluence of consumers’ subjective psychological factors on the purchase intention of electric vehi-
cles. Facing the increasingly severe environmental problems and energy supply pressure, as a
clean and low-carbon mode of travel, the market potential of electric vehicles is increasingly prom-
inent. In order to deeply understand the motivation and influencing factors of consumers buying
electric vehicles, this study adopts structural equation model as an analysis tool, and comprehen-
sively investigates the influence of attitude, subjective norms, perceived behavior control, envi-
ronmental knowledge, environmental responsibility and perceived consumer effectiveness on the
purchase intention of electric vehicles. Through empirical research, it is found that attitude, sub-
jective norms and perceived consumer effectiveness have a positive impact on consumers’ will-
ingness to buy electric vehicles; environmental knowledge positively affects consumers’ attitude
towards electric vehicles; Environmental responsibility positively affects the purchase intention
of electric vehicles, perceived consumer effectiveness positively affects the purchase intention of
electric vehicles; Environmental responsibility positively affects perceived consumer effectiveness;
attitude plays a partial mediating role between environmental knowledge and electric vehicle pur-
chase intention; perceived consumer effectiveness plays a partial intermediary role between en-
vironmental responsibility and electric vehicle purchase intention. By deeply understanding con-
sumer psychology, enterprises and policy makers can formulate more effective marketing strate-
gies and policy measures to promote the healthy development of the electric vehicle market, thus
alleviating environmental pollution and energy crisis.

Keywords

Subjective Psychological Factors, Electric Vehicles, Willingness to Buy, Structural Equation Model
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1. 518

TERFRAAE T REIRH R =, RIE LRSI G NIZ O R BRI 47k O OISR P kg%
T S BT ,  [FIRHE R IR E e “RRISIE” AT “Brep AT BARAS T B — 3R [1]. N T HEShIX—
R, EEBRDIAIT AT CHraeliiR R I (2021~2035)) , HAoBAfasE 73] 2025 FHrhE
TR RIA 3 20% M 224 B Aw[2]. 2800, S EDHREER AR R G, Har#iie i E g
A RN 8% [3], X —HdE R A A A FE IR B R EA R . X—IROE5E T BUFk
Fl s RERIE A ARZEZAR G T2 6. I, YAna YT ERN T Y 2 i ahiR B A A
FNFRRE, BRI O 0 S R R M OCER R FR,  E I ) e RS E A B VR R R SR SR, DU R
REVRVRZE ML g R R

T I SE AR E R W 2 E, EEE A R E R S EN . X 7 SR R R
AR RIE . XN ERA RO ES ., S IXEHE, HARFCRIFRABT, Wi THERE A
S JEE PR E N 22505 8 AR AE o ¥ B M SRR R 2 . i1, Shao %5[4] (2022)WF 5t B, WSWRARAL . Uk
NIKT AT B YA 0ot P 9 e B FRLEh T 2506 AT 7 A6 |35 0. Dutta AT Hwang (2021) [5]3% T+ %iI4T
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A

NERRARAL, RTINS IEE RE AR AW L RIB R R . DA R, WM T R R A 4
PRI A 2 R R B B, [N, SRR R T WU RN AR
XIS IR . N, ZEGI5E[6] (2021)BF 78 1B AR IR IR A4S T DA B BUR X TE I 9 0 4 R 5
. B RSN, AFEEBMHE RRIECR, BFEWENG . RBUBOR S 5 RS i, o
() S 7 S A S5 e o X R S O AR AN AR A 3 R S F VR ZE I (R R A T B S K
o SRR, B REESIAE RPTREL, OHR R RSN A RS, OHEREETANE
BN, FEEARIUEE RF A T AR E NS MM EN. HRE R THERR. IR
FUREETT . BA I Z T T4 KR, BT MAME LI ZE R, AMATIE = i im i I 2R,
X2 bR T A I SR 77 S R BRI S e B . DRI, A 06 B AV B o B 1) A AR TR M T
WE WA EN L RIEME R, e YT BRI SR A T R R RIS 5 R, MBI, ¥R
BR DT DA ST B3 IR A R0 S5 S W0 B DR 309 B I B AR S AR B . ASCETERA
AT S 0 B DR R G eV P TV 2 B SRR R, SRR BT BT I S S B A
gr b, ARSCUGTHRIAT B BB HESE, EEUREEAIA . PREE T AR A 2 & IR g R i AL
AR, IR AR A A T RS SRR AR FE AR O SR R S R RS, FRATTRERE S BURF TR ET
REVEVR ZE AL $2 it B R SR AR AR 1 R WL S 8, AT Sh AR CqIRRR I TR AT IR % 5 sk
2. XEKEm SRR
2.1 HRIITRER

TH X147 2218 (Theory of Planned Behavior, TPB) & Ajzen [7]7F 1985 42 1), EAE A FHE &
OISR A EEIWAEL, MUK T 247 8218 (Theory of Reasoned Action, TRA)#%.C /8
M, e HAHT TP R AR . 7E TPB MHESE T, 28 BEAT E W RE R o IR T 2 AT A R
MR R . Horp, 251 (attitude)fRER T AN NXHREEAT N ATREA RIRRREBOE B VAR S i, & el 1A
PR IZAT B N LE B 0 M I o T 32 0T (subjective: norm) i & AMATE v 78 & 75 S BURE R AT g INp IR 32 3]
ok B AME AL S K 7, X R D AT RE IR T4 2R . P R EE 3 BE L R R R 1S 2 IR . AR,
TESERRATEH, AT NRIBMEFRT A E PR T A EME WG . LRSI ERIE NG, Tk
(I SEAT A SZ BABAT T HLBVR 25 B B DA BRI N IS, 3 52 B A0AT T D S F 303 223 5 P2 P 11
TG0 IR, A T 58 TRA IR AE 11, Ajzen [8]7E 1991 4E 5] N T B ANAT A% (perceived behavior control)
KA JRET AR MR LE R DEE AT AR A SRR BUA, VAT e ) 2 S)
K2, AT RATE S0 RN & R . g2 b, B, FEITE DA IEAAT A da il 36 (R # B
TATARIBERIRT FAR G, 1 PR 2 52 ) S = SR i R W S AT N

THRIAT A E I 72 000 VY 2% 25 i DA R A € PR ORISR AT S 7 TR 578 EEAEH] . Lee A1 Bonn
(2015) [O]BAHfmTE tH, THRIAT BRI BEREA RO 9% 2 6 SEAT o AR AU T RIAT AR (TBR)IE A
HIRHEZE, BERITUERE SHANAEMNE R Z KR,

AR TPB (IR, T8 2 X SRR AT AR A RS B, A Fo s A I s vl o 2 e . BRI &,
Park %5(2014) [101MIRFFHRH, EEBRAINEIN P&, Ho W R EIEHEEsEZ] . Higueras-Castillo
£5(2019) [11]HB 45 H, 8 2 X FRENVR R0 25 FE AR, A AT gt B mT B 30 HA S 2 () ) S TR M o BBk
TS BIREERIAT N, SEhr PO o 2 VR B P E JE M ER R D E . Yl Pea B2 Bk B B A 2 1)
JE AT, AT SR Ak SR 0 A 2 a5R . filln, Afroz 25(2015) [12]FIBF 7R, I 935 A L L 395
MBI, IR AR . oA, FHOCSTHRIA Y, ¥ 2 38 0 SRR AT N gl g s
HEEpt g, B, Wang 55(2016) [13]8F7E R, 47 P& 08 B OB &M KB A MRe 1R %
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i, Hm s A REAG A, ATTRE AR i SR et & R 2. [RIIN S  Lin 55(2022) [14]B4E H, B
LS B OV 55 RE A SE L AR I S, AR RS SRR R A SR LR, TR
TR AU FIAT N H SR W SR BRI o BT R W, ASCER DL AR
H1: 998 A L e iR e SR e
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2.2. MEFNA

IE4EK, Yazdanpanah 555235 75 TPB FMAZIAMM AR & LASE & TPB 1IN A 71[15]. £ SCHRSCHFI)
Ferli b, ASCR B AR N T RGN IR AR — A8 & . PAEE 1R (Environmental
Knowledge, EK)/&¥H 2% A PR R TR A SE e SR () S it o il A8 Il PR AN T e, 3RS I H 2808
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A RE R ANV AR IR R = SR HE . BRI S5 e T AR 3, A SE ) T B BV R A S
47IH. Chan i Lau (2000) [16]H#F I 5RITRE O NS G A K RNAR o 24998 e IR BT [l , A5 %0
RS MUEARIER R, MM AT 252 BRI AR R M. fill, Bamberg (2003) [171%5 A BT 78 &
B, FREERNR S AR AAELE S BEAR DG, Rl 75 VY 2 2 AR - SRS [] R OG5 B R e, At
(A B 2B IR BT AR K T 2 0 B R4k, SRS RN RIS BE A A 1 HESh S (0 3 3R AT K 3 K 3
71. Mostafa (2007) [18]/IWF SR I, FREEHNIR 25 52 i 238wt SR = i S B, kI S MY 2 4k
FEEn I SE IR . [FIR, Wang 55(2014) [19]#IH Fi 45 ALK B,  PREE AR XTE 2% 38 W SE R i ) 2R
A RFE LR . $LAh, B AR 2 (2017) [20]HOWT FUHR Y, 1 P8 SR AR RN U2, Al {77
2% Gy INARE A5 AT (RS SRl ]  FE SRS b S, O EL R 0 X 28 o RS AR T
TR TE HH RIS O PR AR A [ D618 DABN H S AT N RS OGO AR BE . SRR B,V SR AT iR
A EE AR, R Sk 7 W SR SR AR R . I, AR SCHRH DL R

H4: 2% PR AL [ s 0 v 2 3 % L BVR R A FE

H5: 75 BEPERREE AU LN VR 200 K i SR ) R AR

2.3. IFEHRER

R4 54T (Environmental Responsibility, ER) /& 3K 571 2% # K BOAMRAT S I W AESN 11 P46 3R F13RES
AR P38 A ) T R IR AT SR ORI A EE,  JR/D W IR i sz o (R, X RVE SR B ]
PR ENAGEAE N AT TH, DR G IRES 175 G AR oIR8 ST IR I 1 A SR A RAT S R
RS RARAE IR ZIA R, R I AR R O Tt e e PR 53 ) L ) AT, X S AT IR I A Ak = 3))
R STAT, HWB AL N NBIS2PRITEN . Choi £5(2012) [21]48H, UL B4 m PR BE 3R AT IR A T 2%
A BRI AU AT, NSRRI R S D AT RS BAT N, DA O IR
v JRE o SO HR AR (2019) [22]45 HHIAEE T AR B 5 2 4 (™ i ) S 2 SR 1) S8 R CAE LA B S g AT 1
VIR G IUFR S o FREE SRR T P IR M R 55 ) TR MR R o TR I SE YRR
AT RE NS 7= i P SR B S AR A0 AR, AN F 3 ) S i JR o sl 1R B 7 1 (2022) [23]2: T 111 B AT
ISR, MRS SO R, 91 NG F AR RS SR B A BRI AR i, R T — Ak
T8 B SR AT AR ML (0 B A A AR A AT SR 45 A REASE R RN 2 IR (B YR AT SR T
WS RTaR, MBS S = 0l S B B A B R e i E A . Bk, M85 IRAEHE N TH
W LRI SAT TR T AR, R TR E N B O &, B IREE 9% # kIR s
AT, BURBRATZREAT 9, HEMEORTE P X VR BRI SE R Rk, ORI 97 3 MR85 BT Jont

o
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24. HBREBAFAMN

M 9% B S 4G k (Perceived Consumer Effectiveness, PCE) 9t 2 47 M6 S, W H/F I NEC
[T PAT RS IR R B, AT EE AT REE R AW Sy 20 R E B A AR R EN T A ST N
RE T AL 7 AR i (1) = WPEAl o Ellen £5(1991) [24](0HF Fefa e, V8 9% 5 B4 Rk S i b sk 1AMk
T CRE I (05 O R L, RIVH 9 N8I A 555 ) USSR B 1 BE SRR . TEARBE T,
TH B SN RO T SR AR A AT AT DA I D S LAY 4 SR A Bh Rk VR 2R A PN PR (1 47 T
Wl IEPRIAn, 2 AR S S TN o SR G TRAT R E AR R B AIMIESE, Y
IR RS B RBCEIRAT R A AR SEE . B E NN E CRITHE AT MRl
SRR RIS ) L, Ak S A A TR ARt 2 5 K. B, Choi %5(2005) [25] 8, V8 9 I TR XS
AN NI SE €077 B R A6 1) AR AR A 5200 . Vermeir AT Verbeke (2008) [26] % BT 2 & BN 4G #5012 Wy S ]
FRE R B AT N R B E T R T RIS 2, T 2 BN RO 2 i & 9 3 W St = 1 5
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Figure 1. Theoretical model
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3. Wit
3.1. [EEHT

RO R (S B R, AREFI ) 7 AR RS E(AT). EMBITE(SN) AT
(PBC). MEEHEIR(EK) IEEFTEIR(ER) TH 2 B HHE 2 (PCE) A A SE B (PI) . BN % AW
FIRAER, FHEEA iR bR S T IE S A AME . AR RESR SRR, R T
ZINATI) Likert L RAE NV TR ZEREST AR, /500 N E A FFRE R ZE W mim. 1483
“AEmARIE” . 20K WEARZE” 3K “Har” L 4RE “WEAZR” . 5K “EERE .
TR A B ARYE 5 5 1S PRE DUR BSOS RR A TO B U A T B L R A AR
Lo I 0 B R R 45 B - A5 S IR Higueras-Castillo £5[27] A & Dutta B A1l Hwang HG [28]JF & [ &%,
WA 4 NMNEBI, AR “RINHATHEZNIENFE AR A R “ AN LB ER AR T
W7 “WFFE K H BB ZBERBIN N SEBRE” “FTINNH BTN E 2 C & LIS 3
REE” o FUMTESIE Dong 552911 Wang S5 [30]JF K ER, L 4 MEBI, 8 “H A
=R -2 IS ADME RPN IR 3" S NN s =T A DA ko PR b= v S i i A ib Es dES
PRI S HFNRE MR BRI N 2 3R I S ARG IR D IS 47 o AT R
il Z 1 Wang %5[30]F1 Manum “5[31PTF AR, A 4 NIEBI, A < RIE SL— M shing,
TA R IR R HATM S “ IR YUE (A a4, B GE leAllmy, FRAA e Sk dn”
“CRANRAE HE A TE R AR ER IR 57 CRA I AR E R AR E B R o 7
BTUIR S A-AmIn S [32]H1 Wu B3] ISR, LA 3AMNEMI, A “RAamERERSAA
IEREAE” R TRRIAER S SECASHEIL” TR T WHSH T R BRHEBUR & SR
FEFEFRZ—" . WRIMERS R ZEMBR ST RMER, LG 4 MEE, a8 <A 7ER
H OB LR HEHTLRE “Re TR THERPIAHRER” “BARAFHmRAD, &
WENRAP L TTER— 1 )17 “ BATEEAN A E DGR BRI L B, A FRAT0 5 R &2 537 .
TH 3 A R 2 18 Nguyen 25[34]1LA & Choi F1 Kim [351H&E X, 3£ 3 MUESI, 258 “@idg
Wi B, A NER AT DU A = AR AR B 52~ Pt 453 AT LIB AR AR 9 SR G2 A 0t s ke ) 7 < 3%
AT DB HARRRE R AR A5 o SRR ECR A Ng Z5[36]A1 He Z[37F KIMER, 45 3 ANEm, &
i COUWFLELBNRER, RGN TIEFERINRE” CURFELREN, REER BRI E”
“CHLBNRERNIRARIMG IR Ik 87 o HhAh, AREFFOEEI TP R . FEEFEIRNLL
FIRMRZEIA O 5 NN DGR B N fl R &

3.2. BiEWEER

AU I 7 A 1 AR R, B AR DR A A AT SR ME AN U o (E G IR A6 0 7y, 3T
S 5 WK A B A, IFsRiAE R 27, SUnZE5ERET AR MNSHS . A
B OR ) 5 145 SRR, ARBIFE S kAT 7 O A o TOUUR i S A AT I 36 I T8, SRR
%50 17, REAPWCH NG 48 iy, AR EIL 96%. ETM AR B, FATABOS B4 H & E R 1)
B R AKTBEAT 174 B 0G:,  IE ELH 0 R R A, 0 R 2 v 1 SCRIAHEAT T A AR B S
i, AR A N AR RHER PE A S [ 1. 20X EOP IR, i ERAE EEE B 1 b e, TER T
BRI 12 A o

IEAHI B RS TAE T 2023 4 1 /1% 2023 4% 3 M #EAT. BATRMLZ ERER T, @it iE
2 B R BOF IR & . ITEIEATRE & 600 £, Zeid ™k HITIE MBI BR IR & e, FATRIIER
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37 560 17 R 4, A RIRILA Y 93.33% . 31X 4% i o7 B (KB 5 SR 70 R TE S fit 17 18 S A Al
3.3. HAHEAR ST

560 {3 WAEAR I EEAE AT : B 250 N, 5 46.3%, #3011, i 53.8%; F#STE 20 & K
LRI 19 N, /i 3.4%, 21~35 % 2 [0 263 N, 15 47%, 36-50 % < [a]f# 199 A\, 4 35.5%, 51~65 %
ZIEIf 74 N, /i 13.22%, 65 % K&ULEM 5 N, 15 0.9%; MEPIKRE, Wb ALLRM 15 N, [ 2.7%,
PR 4L N, 5 7.3%, KERI45 N, 15 8%, AR 170 N, /& 30.4%, Mt & LA LM 289 A,
1 51.6%; MEREFINKE, 3 KLU F 33 N, 47 5.9%, 3~10 Jiff) 169 A, (5 30.2%, 10~25 Jj
ff) 222 N, 5 39.6%, 25~50 Jift1 89 A, 5 15.9%, 50 /3 ocbA i) 47 N, 5 8.4%; MRS ENE S
BURE, TTRRMIRZAER) 110 A, 5 19.6%, A 1 WM< 4510 280 N, 5 50%, A 2 SRR 41
150 N, 15 26.8%, A 3 BRIV ER 10 N, & 1.8%, HFH 4 &L EBRIRZER 10 A, 5 1.8%.
FEHAD 4 NN OGBS B IELT, X BN MESOERERSE T “EF
SR RIASEAT A P, L 64%, ARG UL EBERERS 71%, FRANRSGEHERHFERA
B BEAR—F, R R FEATT DI .

HH ¢ 1 )R, 38 I U A B ) RO AH DG R 28, TT DU H, TSR RS 38 B2 (r = 0.256) « FWLHLYE(r = 0.266).
AT A (r = 0.237) HEBEAI(r = 0.175) FRETTTAE/E(r = 0.208). i 238 B A 80 (r = 0.232) B 3%
IEFSR, PRI TR 5 20 35 A Rt (r = 0.449) 5.2 IEAH G . & AR B 2 W] (AH S vE 0 S0 8 T AR
W77 )2 TERA I

Table 1. Correlation coefficient analysis results

=1L EXRBONER

AT SN PBC EK ER PCE Pl
AT 1
SN 0.386™ 1
PBC 0.273" 0.215™ 1
EK 0.308™ 0.287™ 0.210™ 1
ER 0.191* 0.180™ 0.104" 0.273™ 1
PCE 0.271* 0.229™ 0.104" 0.319™ 0.449™ 1
Pl 0.256™ 0.266™ 0.237™ 0.175™ 0.208™ 0.232™ 1

VE: "FRP<0.05 %R P<0.01,

4. BRERESHIBES T
4.1 RESBES

AR Ui L A 5 B B A 2 (Cronbach’s o) KIFAL 2 & IR BEKT, 704l Rk 2 flo . Mg
2 ATHL, TR Cronbach’s o (B3 T FHE 0.7, BRI AT DA ARAIT T BT AL FH ) 1) 2 2 % R 4710
fE.

1) 26 R AR 36 7T LA A R RO AR S5, e M U X WG BUE X 3% . T4
WHFRR M T 22 IR BURER, FRAETUH G0 BT TS se s, Wik, WRSUEREf. £
RERPE R B, — Ay B I S AR A R T e REORT 05, SR MALEA(EE(CR)
ERT 0.7, HA2E M AVE AT 0.5 AT AT (1 I i 2 IX S8 2 PRI, A4 RE VAR B 5
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B o WA 3 MBI, DB U0 B A TE AR B AR AL B T s RO T 0.5, A G
FE(CRYKT 0.8, AVE {HE#N T 05, XEPERMESHLRL . ETX ALK, —BOAN
AVE {ELI°FJ7 HROK T A2 B R AR 5C R BN X > ROZ R . AR 4 IBa nT LI, T 222K AVE (1)
FITREIR T A B M AR B R R, WTERN X S RUE RAF.

Table 2. Reliability analysis results of each variable
F*2 BELENEESINER

A IR Cronbach’s o {8
BHEE(AT) 4 0.802
FHHTE(SN) 4 0.818
IRENAT AEEHI(PBC) 4 0.808
WESHIH(EK) 3 0.800
WE IR (ER) 4 0.888
H B3 B R (PCE) 3 0.843
) SE 7= I (P1) 3 0.823

Table 3. Aggregation validity analysis results of each variable

*3 BLENRAWESNER

AR & 8 H FRUEAL T2 faf (B AVE CR
AT1 0.714
AT2 0.699
AEE(AT) 0.505 0.803
AT3 0.711
AT4 0.717
SN1 0.647
SN2 0.817
EWHTE(SN) 0.547 0.826
SN3 0.844
SN4 0.622
PBC1 0.698
- PBC2 0.823
JRHAT N HI (PBC) 0.518 0.810
PBC3 0.694
PBC4 0.653
EK1 0.610
P15 4R (EK) EK2 0.824 0.588 0.808
EK3 0.845
ER1 0.804
o ER2 0.749
I TATI(ER) 0.672 0.891
ER3 0.913
ER4 0.806

=
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A

PCE1 0.728
VH B R 3 (PCE) PCE2 0.821 0.649 0.846
PCE3 0.861
PI1 0.516
T S R (P1) PI2 0.852 0.641 0.835
PI3 0.965

Table 4. Discriminant validity analysis results of each variable
4. BELENXSYESRER

A AT SN PBC EK ER PCE PI
BE(AT) 0.711
FHIE(SN) 0.450 0.740
AT J9H7E Il (PBC) 0.333 0.264 0.720
WELHIH(EK) 0.389 0.340 0.233 0.767
WET F{E(ER) 0.220 0.200 0.107 0.301 0.820
T P KA R (PCE) 0.330 0.261 0.113 0.382 0.525 0.806
SR (PI) 0.320 0.304 0.250 0.187 0.238 0.260 0.801

T XL BRI AVE FSEECFITIR, X AL T DB B R R AL

4.2. GFERERY

AW TG B Amos26.0 B AT A BB HEAT A 56 o SUA D FEFREO B 3k 6 R, Herh % TR HSE by
EXIE RN ZOR, XM B 1 BRI 5 U (¥ Ho s 2 18] B A By I & RCR -

Table 5. Model goodness of fit index
=5 BESMERY

AT EL X2/df GFI NFI IFI CFI PNFI PCFI RMSEA
SERRAE 2.348 0.913 0.903 0.942 0.942 0.807 0.841 0.049
Ejize= <3 >0.9 >0.9 >0.9 >0.9 >0.5 >0.5 <0.05

4.3. RIS 54T

IS R TR RY(SEM), S EREERIN . IREETTATIE . W o 3 A A AN SE B R AR B G R
TR . R ai i 2, WEAR R RT3 B 0.52~0.96 (p < 0.001), AE LR, M
G~ SR R BT ] — LR R MRS TR~ LB R E A
B — ) S B R PR ST AT — VY 2 R U AR HE AL B A R 25 00 0.17. 0.17, 0.15. 0.39. 0.11,
0.11 #1053, ¥ H1. H2. H3. H4. H6. H7 Al H8 ¥Ji@id T #:5%.

A1z HH SPSS26.0 A H ) Process3.3 Jfi 1t 25 B AV 2 2 & AE R i ROS #EAT R e, BE
Bootstrap filfiiiFE A 5000 ¢k, %< 95%I1) B A5 X N w2 IEH) Bootstrap B A& X 2 & 0, AEE 0
RPN R E, G5 0 AR TN AR, AR S Rk 6.
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Figure 2. Path results of structural equation model

Bl 2. EMLERENREER

Table 6. Intermediary utility test results
F 6. PNYAKRKLER

1z Effect BootSE BootLLCI BootULCI UL E
EK-AT-PI 0.062 0.017 0.031 0.096 34.25%
ER-PCE-PI 0.087 0.025 0.039 0.138 40.00%

BHC 6 F] %N PRIREAN IR — 25 FE — T S R R B AR R AR AE B = 0.062, 95% {5 X 7] 9(0.031, 0.096), A
50, BEHRARBIEE, B H5 RO B TTAT I 9 A R — 1 3K B B AR A ORLE B
=0.087, 95%Ef5IX[7]9(0.039, 0.138), AELF 0, ULHAH MMM RE, B HI BT,

g b, ARSCEREEERERIIGUE, Krst BB AL 7 FiR.

Table 7. Model hypothesis test results
=7 BERRRRIEESR

Fr 5 IR 535 ZES
1 H1: i 2 25 B IE 1) S L SR 4R I SE M J%AT
2 H2: i 3 ) S AT I 14 52 0 PR SR 4 0 SE M J%AT
3 H3: i 2 BN AT Do ) 1 1) 52 0 PR SR 4 0 SE R M J%T.
4 H4: i e PR R0 IE 1] SE R 2l 0 BV 4R IS JEE JAL
5 H5: A EEAEIABEANI LI B Sy 4R W SE R 2 A R P A AR J%AT.
6 H6: i 2 PRI STAT IR AE [m S L 3 28 T 3K R JAL
7 H7: i 28 A 20 IE 1] 52 ) R BDYR 4 I SE M JAL
8 H8: I P PR 5T AR L (R S 9% 2 I Ak JSL
9 HO: i B RSN RO AL AT ST AR IS ) i 33 4 W SE R I T R A T A AR Ji%AL.
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5. it 5N
5.1. HiR4iS

ARSCRASEE . FRRTE . AT EEH] . BRI IR T 9 RN R S B R Y
KRS LR R BT T SHERT T, 5H LR 4.

F—s HHERSE . B LR AT i 1L m i sy SR . W BRI
SR P NSRBI, 9 R S RS E R AS BORRARAN U S L B3 ) e
S VH B RN B AL 2 R ek B R A 00K, AR R Sk B R S s R . HARE A
ST ORI s, L SE BV I RS R 2

B, T A RPN AL 15 R 2% 0 AT A B . AR B N A RN T AR
RS ORI F N, BT T RIOABE R4 AT 08, R R SRR R, AT DLRRR G A 858
fG g, BTG S RSV AR A A FERR AR o FRER RN TRAE 0o BLIR R R P AR BUGS FE RTdR , TR AR &S
JEIE R EEM MR AT A R B SR B B AT 0. DRI, FRATAT ARG, SRR BE RS20 F B4 I 3K
BRI REERNEM.

F=, HAE R TR IE R BB SR S o AR I SRR A9 B A shiR e
Ve S S AU o AT SRR A B BN ORE N NAT AR A BTN . AATTER R R RO 24
g TG R, R TR AR L e TS . IRV AT T BV R R HR R HE
JREASHE TR, HAR THATTR Bk,

S0, VH B A R IR A R B SR I S R . AR B E AN B A RE il H S 55
H BT AT R G A B 1) i, A Zhi R W SR g . A4k, PRBE ST AE [ R R 9 I
AL XEWRE N P8 B SRR, VY 28 BT Rk b . Y 2 BT R AR A S SR

JRFEI B BRI SR I T R PRI, RISl T S B AT DA R 588 AL A i A 858 F AR )
RS
5.2. #ill

oG, WM. SR S E IR, IR RS N R St I E R, A
TR KEIRAE RS, ORI P E MR R O . B AMREE B, WP, PHT & SRR
WA, PR B X A A R AR AT R . M SR ORANR, SR B E A RN, ik
R TREREE. R OUH RS, AR TR F R AR TR EAT IR AR AT O R 3 H A
THMTREE, R RARARE IR . EIRAR. A ESFEAR FITBORMREAS, RIEMR
WA AR, S A AR IR R A RIESE . M AL ST & R AT R E AT EMEW, S a xS
S RIES, 1R EIMRAIR LR CR .

Hk, BEIRAEIRR. B AKX BURSEIRE, 3 EOAREIR, b AR T AR ]
FVEAI AN, DTG SO0 PR e R GV E R SRR . I LSRR S, IR Je i, AR SR
PRIh G, 51 F A ARRNERAEE IR R, SO IR TUE AT ). Uil 25 5 5 R
WA, WHERGGEAR . BRI SR MRS, IR IR SR IR AN ST I A58 B A ORISR
IR BE DUEAN LS5, AL RIGE I, (8 A AR 0T R IA B TR R SIS L
e EfEET. BUILE . RS, SN ARIRBEAT IR TTE, AR SR

B, SETHH B RN Rk o WY ORI P O, EIMRECE A, AR R 2 ABR L,
A AT AR AU, S I6 A5 Ty ALk T 2 B AR IR IR . bV 2 > 5 H S IR A
32, BN ARG SR 2 REACR . IR RES S, WA S I RS, ]
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HREPWZE, WIARARTETE. ROl RS, ROMESENS 5RIENTT A, WELmRA . 5
BTN, FHRES ST B, RS SR 288 45 T 2 AHA T, dna
RIARIESS . R OLER O OB SRS, WO P E AR . B4 S B A BAIGE, RWIH R
Soit S RUALTS Sk, TR R F ARG -

53. HRERSRE

BRARAGE T — A NENLE, BEhAEERRRYE. 56—, R R s e et
BRHEREZ, CFHREOHZIRR. MR SERUE SRR AW T 2820 2R )
TR LA, RO TR B BEATEH] . AR PR SR B A R 1
SRR . BRIk, ARKRBTFERE PO, SINE 2 AR, DL AR LTI 93 R
KR B, AFTTCRRIA ARGy A . 2R, RS REERET, S A RAreh 15
B SR HERE, SERENHCAMREEE, X RSB I I2E, JoEER R
FETETH TNTE . DI, ARSRWTFAE BRI LR st — D eidt, DA OR B ) L SeE AR

Sk
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economy affects regional green development, firstly analyzes the mechanism of the digital econo-
my affecting green development, and then uses the sample data of Hubei Province from 2010 to
2021 to construct the index system of digital economy and green development, and uses the en-
tropy method to estimate their development level, and then empirically analyzes the impact path
of digital economy on green development. The results show that the improvement of the devel-
opment level of the digital economy has a significant positive effect on green development, but the
impact on green input and green output in green development is significantly different. In view of
the above conclusions, this paper proposes a specific path for digital economy to empower region-
al green development in terms of digital infrastructure construction, digital transformation, and
digital innovation.
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Table 1. Green development indicator system
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Table 2. Indicator system of digital economy development
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Table 4. Variable description statistics
= 4. TERAGT

B HiE bRitEZ Bo/ME SO
GP 0.154 0.027 0.092 0.192
LNGI 8.471 0.155 8.185 8.634
LNGO 10.429 0.263 9.887 10.917
DE 0.289 0.054 0.208 0.381
uIs 1.001 0.205 0.733 1.393
FE 0.176 0.014 0.154 0.202
ENG 0.011 0.002 0.008 0.014
OPE 0.016 0.006 0.007 0.026

4. SEIESTHRT

(—) FEAREESE 3

BARRE T 5, IR RS0 R RACP R = 1%, e Xl dbar 6k K P B35 18
75 0.107%.

EFEHIF ST MBCCH . IR, HBRRESEEE, BFET KRS 1%, W
et R K P2 B E SRR 0.162%, U IR A5 I R e nt S 6 Je B TR Tl R E AR o

PV EE R 8 ont et R IR R BN IE, BLAE 5%/KF R 535, BB g i TH 2% B35 Tt T 4kt
RIEKFIIETE o PRI TR B ML G E5 G e ARFINE B =k i m e R . B e
I3 ARREFER VAR o XM A AT DU = 2 DR AR AN SE 4 7, 30 ] LAYk o R 558 ) 47 T s
et g . RGOl — S HEsh L O AR BIE N IR, B T RrER AR, M
MHEShER R & . R g5/ T2 5 26 g 2 18] B E ) R e gV E F

VoIS H %o S B8 J S L A7 1) AN S 3 SR, X U R T IBURT R S B B (R ST W IR St ) AR AE —
i = A SR ISRV E N A

IR SRt R LR A SEMR, X U6 T B A A Y B R A3 0, T AHES) — R AR
RIE SEiE, W5k, RAVAEE. hiIRACTRSE . IXUETH M SEi A B T RcE A AT R, e
ARG IR VR A Rtk o [F) A R AT DUl A AR I LA $e N B 22 SR IREAT SR €45 R (U R AN A1)
o RELIREAFRT LI — B G R, RETEIER S, BRI SEG G, #HahX g

DOI: 10.12677/jlce.2024.133019 203 (N2


https://doi.org/10.12677/jlce.2024.133019

K&K

FFIBORE FE Hof 8 Jj S B A7 ) 52, X 5 P B o T TRORE P e v, 3t BBURF AT BB W 51 B 2 i A it
RN, HESHZGrIuEREK . SR, X AT e SO B AR EIR AT BEF R AEFE, M BR A 2538
¥, S0 RBHIESME, Bmat R BRI,

Table 5. Baseline regression results
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Table 6. Effect mechanism regression results 1
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Table 7. Effect mechanism regression results 2
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Abstract

The key to economic growth and environmental protection at the same time is green innovation.
The pursuit of economic efficiency while paying attention to the protection of the ecological en-
vironment is not only the common desire of the state and society, but also a realistic need to
improve the green competitiveness of enterprises. This paper takes the Green Credit Guidelines
issued in 2012 as a quasi-experimental research design, selects Chinese A-share listed compa-
nies from 2007 to 2022, and applies the double-difference method to study their influence and
mechanism on green innovation of heavy polluting enterprises. Through the theoretical anal-
yses and empirical studies in this paper, it is found that the green innovation of heavy polluting
enterprises has improved significantly after the implementation of green credit policy. From the
perspective of green innovation of enterprises, this paper emphasises the micro effect of green
credit policy, so as to better realise the effective combination of green finance and green inno-
vation.

Keywords

Green Credit Policy, Heavy Polluters, Green Innovation, Credit Constraints
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KA (GEOEIEHRE]1) (BURRERR (8510 )2 ES OSBRI — M BEM. (85 25 E L
15 T HE R SREFT? 5 FEEAFTNIEREL M ? BT EFE, ACBIERF RS EE T
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2. XakszFidk
2.1. FEEHFEXHR

MGE SCFIRFIERT , Baron (2010) [1]#EH, ZREUE BT BT A& RN UAAPRHE A R PR B S 80R 1
WAk 2 AT R I N BT o o B LU 1) — PP O RAT . B A 538 RE 4 1(2004) [21IN A, SrEdE d8ls A
B —HE R RFEE T SRE P, 65 ReBia AR R I E R — D4 E, M 5
Y BRI R RS AT B B KA TR A R, (RIFETE . SRl AN RMES K. SENIR
25 E5(2012) [3]4BH, H@MATIORAELL, SREETEEANS BARMEILA, FEAFESAS
ARG R, R A S R AL AR R R

MIREZEM R KA, Hu A Zheng (2022) [4] WA M FE SR T “ThRgJE e - SO E AR N -
KA A 27 BB A BT HESE, R I A [ 4 € A5 DY IO 32 B P b 25 48] . RRVIR 225 1) R e R it FEE = 2%
PRI . Zhang 55(2021) [S]2E T A AR A, BRI 1 SRS TR0 Hh B PR o & 1) 5%
i, RIGEERE T ERBARE R, (AAERIX 25, TIE%(2019) [6]38@ K 4k (o5 TR EUR 90
A DSGE #i%Y, KILLk (5 DT RENE 15 UGB 85 I 2 0 [F] R AL 2 5F 45 40 . Yao %5(2021) [71#R I T 4rEufs
GRBCR AT E A DS IR,  R ISR S TYECR B T V5 G E AT A gk X T EA A
A BB WU R S A b7 2 28 i DL A A T4 Br BUR AN e PR R N I A |, X Mg
ESLIRTR

MR O GTHCORIR BRI R, T 745(2020) [BIBLALAII &, 4RAT IO A 2 PR 2k G BUR 1
SEHETTRG N, ARKIAKE AR THRATRRACRA, HoGE 7 aRATRE SRS AT A, X5 ERT A4
JTEN(2017) [OfRE Fe S5 HIALL o AR IRFS AN 52 5547 (2017) [10] LA S AN A8 JR (K] 8 AR T AREAS, BFFT
SRS TYBURX B RAT I 5 GU3U 52, R I ZR T8 FU AR AT T R 4R €5 Db 45 ] R 35 4 7 L
%508

MF ANV IR AT NI F R, XI5 5245(2015) [11]14 &Rtk RN CGE iR, ERIE 1 B
FEZ AW BN I RGN, KGR OAF BTBOR 2 R 5547y, BRI “X5” #5, EART
WA, KIAEA M. 75 & BEREFTF](2018) [12]7ERF 7 S s TRBUR I, 55— UCR A 7 X E 207k
W FUZIBOR ST AR BHAT A IR, BF 5T 45 TR 3 A 4 €05 BB A 0 R b i) 7 B k. KBTS
Gt b R 30t . FHANNA5(2021) [13]k I, SEEIRBORA I TR SR IRICE, &5 Rl
MR . SR AT H1(2022) [1413E T E A B BT AR MR, TR IS EE SRBUR R I8 E It
Rl 20 R LA 3R Al R o Fan 25(2021) [15]0F 58 & IR 4% 0435 DRI £ B B R T o 7 i HE
150 K54 SO RAN/NST e virk = =/ A e U

2.2. feb iR e BT LR

Bernauer £5(2006) [16]44 ¥R 15 6 #i B VE 44 (603 . Beise A1 Rennings (2005) [17]3A A&k (613 szfr |
ANV AR RS RS IR, 72 H W A 28 P TS S 7 s BOR o T BE AL 7(2009) [18]9A4,
SOAEE R, RE—IEE MRS AT LRI 2808 . 20F R LA SR BL R Y, #N AN LR
QUFTAYERS . Ak, Driessen 55(2013) [19]48 B ™ & fAnite, Hiloh, HATBEREIAD XA R 0, [
B 77 AR PRI 9 1 [ 2K 2 PR BT A T ARIE SR B . TN AN T /N%E (2013) [20]48 H 2R S 7T 20 2
90 4F ARy TF AR S ATk b X ERHE T BB, 21 AT I G LR SEQUBTAOES, 11 2008 4R %A
SR THE PR QBT AT 4B 16
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EERHERE, FEANTIN R E R A N ER SRt J ks BB R R . iR % (2017) [21]2% T
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ERCER I FERT, S LALE RN S B &, TR 2 LT OURNES . dhsh, 2R R 4 48(2017)
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XFAMEE P IER Y, BEmiiR T A SR atlFE S
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(2021) [42] RN Zk A GF it % 300 I J 57 45 R 7% R AL ik % 24 AR ) =5 e A b B R B, Hot 85
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(EPRLR IR IR M AT F P — N E S, TR0 A v B 4 3 B AN 2 1 4 1) PRI R 2
ERAREIE N, DA A REURFE AT B AN SR, 52309 At PR, 3 PR ) AT DA
SRTTARI A ERTMIEIE. 1 MBORSE R IE R

GIRL RIS SR TR S A W AT KA IR B G . AN NS 2 B G SR LRI, i
TR RETCIEIRAT 08 (0 AT SR Bl 2, IR 7 A 5r8 K i 1y . X ] DU AT 4 — S [E
R BHE X 28 5% RJE 52 B DY T 3% 1 PR 1 T v Sl o g

TEFEMATEFF, 5L RS FR AR A 5 R A FFBOR R m . fln, “ERT
YRS, B ATRE S, SRR, W R, MR A GG s . Bk, BUM A
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3.1.3. BUFTEL

CUREHBRUL” B2t Porter 55 A\ [45]7E 1995 “EFR I, i ARULIRIE, IR REST RIFws, A
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ARG, — BT BT RS, e A B THEsh A AT, 5T DA s Al A 3E
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Ak A AT RS T BRI ) LU S RAR, A TS AT s, A FERE SRS
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H1: SRS SRERaE e IR H s 2 A S R4 W, dEm et 595 Gk 4t B .

H2: 205 SR BRI 0l 75 Ge A b A5 ST, BE M i) B 75 G dalb Sk (B3R
33. REBEHZE

MR ATELIAG SCHR, B HH T FEBCR RN fTHE 2 5 2 R R 3 B U 72 0 R L 5 A i
W7 AR ST AT B DT RV A AR R o 2 1 0 R B B JUMSERY (1 A0 ok s AT LA
Table 1. Comparison of econometric models
F* 1 W ELFERENTT

FR A R LW Bni

XTI [A] R 3 B At S AR AL R L, 7T
REAFAE N ZE PRI 75 2800 2 AT SR8
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ARG e R e, HARAAET . —. AT FE R SAT sl R i Ja i B, T
FRMFEEEARE L. = ITHEARER, roEmEER. =, E2HMESISAT NRE B BT
Wb ik, DU BRAZ R R LIS R k. ETHEATER TR, WEZEIMES R T AR
I H SRRV o 1A SCE T AR T2 B 2 5 BRI — AR I SERCR VAt o ) I AE AR B SR
Mt fE sy, BOABA V2 2 # R R IX — 5 BT WHTE I

BRI, ASCHE TR ORAE . BRI R B BT NI 2806, R 3% 7 W 22 70 A A

4, SCHESY AR
4.1. BEXIENESHAERIR

YT 2007 AEHE BT AR S THENNR AR T AR 4, ARSCK 2007 4R E 2022 SERIRTE A I BT AR
INBFFETEHE, VIR AR AR . BB T &RfrRl B AR, BBk T 5= maiR T 0 KT 11
BT, BT ARIER S B AT (B4 STy ST UL PT), SIER 7 MRS 1 i A+ .

4 (0 PR S SR VR T o E T 7 08 I 557 & (CNRDS),  Hofth 2 R AEECE IR T [ 28 224 2 .
FREHEHATUCAL S, FRAFE] T 15,564 N EELIAE . [RIRE, Ao AR i R R AR SO AL 5 SR 1 5
Wi, FRATXS ELLAT EAE 1981 99% (K1 /K V- 4T 45 R AL FE 5,

42 BEIGESTEENX
BT WEZZ N, BA TR T 00 AR 360 % 5 BT 2t BRI O 4

Patent, = f, + g Treat, x Post, + yControl, + 7, +v, + &,

Hrp, TR R, Thr t BREAr. Patent Roxl g ufilH. Treat Rong i NEIGH L, Post
Forn (FR51) MHE, Control Xon— RIIEHILE, « Kol B e, v RREGREE RN, ¢ For
BENLIESN I . ASCHE fOGERISHOE fr, HRBET (3R W T 85 el Sk e a3 i 2 AR 52 m .

F{G QA (Treat). A SCARIEIARFR 2010 AFERATM € 11T A RIS B IR ) (MER & WAR) A
R E GG, BAREFEEIER, KYE. HARER. R, 1H4% 16 KEIS AT, L AIFE < 2012
(LT ARAT D ZRA551) Frm T @, MR X IR 45 Fok BEA K 20 EE 5 e A b AN B 5 e Al
LFEASRE gAY, M), Treat=1 75 Treat=0.

(SR EHEEE]) (Post). (LREELEHRSE]) T 2012 4F 2 A IENAA, FEESREAT L &AL A
iz HZm AT . BTk, A0 2012~2022 SEAE NS0, HFEARERTE 2012 4F 2 )5, W Post =
1, 5 Post=0.

AL Sk ) 37 (Patent) . 225 B SCIEFIAL 2 W8 (2016) Iy, AN SC AR LR FRE S i i Ak 4R
BHT o FLRHE, AR SOK 43t % B L ) FR R 0 A 4 €6 S PR B 84 5 R H v st n S A3 2 4 (1) 37 A & Total,
gt R LR HIEHCE Invent T RS EAAIHT TR, RN S s B8 L R g S Utility 7B st bk
Tt ok R EE . T B Gk L R FR O B PR i 2 AT ) R, AR SO SR € R BOE (s — 20 b B
R s (R HiE B n 1 5 BCE A% 4, 432 LnTotal. Lnlnvent LI LnUtility.

i) AL & (Control). i SAHRWIFL, A SCEEA VIR (Size). ¥/~ 6% (Debt). £ 6E 71(ROA).
KM (Growth). &7 VG BEL 4 (Cash) . fV4E#S (Age). It T2 (Employee). ¥ 77 2 (Ppe)fE vis
filA . B s g LSRRG Wk 2.
4t N RILFNE W BG4 (B8 33 ) b & i v U ——FE A v
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Table 2. Variable definitions and descriptive statistics
2. TEEN SRS

A i AR A B E X FAYE  PE blEE RME RKE
LnTotal Ln (UG OERFIER +1) 15,564 0.760 1.148 0 4.625
Lninvent Ln (GO LHERFIER +1) 15,564 0.520 0.948 0 4.248
LnUTtility Ln CYFESSTHB R LR BER +1) 15564 0.508 0.879 0 3.584
Treat ﬁe%aff%ﬁﬂ’ WoTreat = 1. EW g5ees 336 0472 0 1
Post f *?jﬂjﬁfjf:zglz FRZJE MPoSt=" oces 0682 0466 0 1
Size Ln (IR 2% 757) 15,564 22.52 1.361 19.73 26.27
Debt A B A AR . B e 15,564 0.500 0.193  0.0722  0.898
ROA RS R B 15,564 0.0366  0.0557 -0.158  0.220
Growth BNV KR 15,564 0.174 0521  -0592  3.724
Cash LB I & 1R AR e B 15,564 0.0501  0.0734 -0.166  0.262
Age Ln CYFEFAD — AR BOLER +1) 15,564 2.968 0.307 2.197 3.526
Employee Ln (A L) 15,564 7.896 1.334 4.205 10.99
Ppe B HE2 15,564 0.938 0.0801  0.534 1

4.3. ZHEEYISHRT

PRAE PR, FA I T RN, 7% 3 R HE R a4

TES()FH, 22T Treat x Post [ RETE 1% MK FEFNIE, HRHN 0.101, HIGE(EIRBUR
G, VS AT LG 0 LR B s MR 10.1%, XE (3551 WSk T IS AT S A
FEH

TESE ()5, 2CTeTN Treat x Post M REAEE, RAGOERECKIES, Hi5TImaar
B LRI RN B3, B CHRS1) X E G gArh et s i & M FHER A IR .

TESRQR) I, 2RI Treat x Post I REAE 1% 1K ENIE, HRHN 0.122, RFLEAEITE
St fE, EIGYATI IS S AL R SRR IN 12.2%, B ($551) X Eiga Tl et i s
MEE T F B 2 .

gib, WRFERBE HL AHE. FARBRFRIL,  (FEE1Y X E TG 44T i S 0 A B B B R B
TER, {EXFH GRG0 MR A B . X E B i Fa R LRI R BNER, FIE K,
ABSTELR, BRI AN Gy AR

Table 3. Regression results of the impact of green credit policy on green innovation of heavy polluting enterprises

3 FEERHERNESRANFEFFIWHEIALER

= LnTotal Lninvent LnUtility
0.101™ 0.00203 0.122™
Treat x Post
(0.0223) (0.0193) (0.0189)
0.248"™* 0.183* 0.176™*
Size
(0.0135) (0.0117) (0.0115)
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0.102" 0.0816" 0.0549
Debt
(0.0543) (0.0470) (0.0460)
—0.286™ —0.247" -0.151
ROA
(0.137) (0.119) (0.116)
-0.0137 —-0.00834 —-0.0108
Growth
(0.0109) (0.00946) (0.00926)
0.128 0.0677 0.0962
Cash
(0.0897) (0.0777) (0.0761)
0.463™ 0.320™" 0.355™"
Age
(0.116) (0.100) (0.0982)
0.0965™" 0.0773"™" 0.0700™"
Employee
(0.0113) (0.00980) (0.00959)
—0.288™ -0.121 —0.198™
Ppe
(0.111) (0.0965) (0.0944)
—6.762™ —5.092" —4.925™"
Constant
(0.448) (0.388) (0.380)
Al [ 7 RN = = &
SRy [8] 5 RRNE = = =
R? 0.699 0.668 0.631

*>A Standard errors in parentheses, *“p <0.01, “p<0.05, *p<0.1, T,

44, REMEKRE

4.4.1. PITEEBEE

MR PR NEEAB B, LRI AL B AT, HFREaR@s, Mimahir A
AHMERA A RIERE IR . ASORIEFEA X R], e FEBER R AT G % 3 S0 F0 B R
M 4 AN 1R LATE Y, BOROR 2R T R I 8] R 0L AR B [ AR AU R EAN 2, IR IR BOR R R 2l
H{GHATI SRR QAT W SR R KT B 25, MISEERECRRT &M T@a s B, Bk
A PRI T R AU B o] A R 2 N IE, R[5 DR BOR L ik S YA b 2 (BT .

Table 4. Parallel trend test results
F= 4 FITHBRGER

B pre_3 pre_2 current post_1 post_2 post_3 Size Debt

4% 000769  -0.0779  0.128" 0.120™ 0.130%  0.0745™  0.248™  0.0969"
FRfER (0.0340)  (0.0497)  (0.0537)  (0.0526)  (0.0565)  (0.0293)  (0.0135)  (0.0543)
A5
anli3 (0.137)  (0.0109)  (0.0897)  (0.116)  (0.0113)  (0.0113)  (0.448)

ROA Growth Cash Age Employee Ppe Constant R?

fem

by

R -0.280" —0.0135 0.127 0.470™" 0.0969™" -0.285™ —6.775™" 0.700
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Figure 1. Plot of the results of the parallel trend test
1. FITHESBRIGERE

4.4.2. REGFIRIE

N T HEBR A AU 5 B (1 38R AR R ST SRR, AT T — R RS, @ pE LA
KL BN LB S REA T . SEBEHLIEL T 352 MREAVE N EREARSLIG, AT T EIAS M, 0%
T RBEHEAMNI p AH . ez a1 RE 5 AT 500 K. REUMETHE MR 2 B A3 A A . p {10
s A 2 fios. BATATLLES], BEARE 0 R EEHE A EEMHT, B KZHEHHEE
10% M BAZ KT FHARE . X RHARSCI 4 R EA 52 2 HAd RS 2 (1) 8w 2 & 1T

Placebo Test

8 -
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o
=
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Figure 2. Graph of placebo test results
2. REFIRIEEERE

kdensity of estimates o pvalue
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AR S TE (1) ] B

(1) FITHIRRE

BT Al 2R 8 75 B2 A 8 4 I SRR, A SO B A 3K 7 A 5% 72 1) b (Long Debt) {9 15 B RIAR
BRI,

M 5 ] %0 [H 9 £ %7 0.101. —0.0122. 0.0972 A1—0.340 ¥ 535, H.[HJH %%k 0.0972 /M T 0.101, NJE
B /A2 & LongDebt /& 4% (405 DY BUR il 535 Yo Al 43 e B 37 i/ AL o

Table 5. Mechanism tests based on the credit size channel
= 5. BT EHIERENNHIRLE

AR i LnTotal LongDebt LnTotal
0.101™" -0.0122™" 0.0972"*
Treat x Post
(0.0223) (0.00183) (0.0223)
—0.340™"
LongDebt
(0.101)
0.248™" 0.0286™" 0.258"™"
Size
(0.0135) (0.00111) (0.0138)
0.102" 0.147™ 0.152""
Debt
(0.0543) (0.00446) (0.0562)
—0.286™ —0.0136 —0.290""
ROA
(0.137) (0.0113) (0.137)
—-0.0137 —0.000114 —0.0138
Growth
(0.0109) (0.000898) (0.0109)
0.128 -0.0619™" 0.107
Cash
(0.0897) (0.00738) (0.0899)
0.463™" -0.0353™" 0.451™"
Age
(0.116) (0.00952) (0.116)
0.0965"" -0.0125™" 0.0923""
Employee
(0.0113) (0.000929) (0.0114)
—-0.288™" -0.0636™" —0.309™"
Ppe
(0.111) (0.00915) (0.111)
—6.762™" —-0.382"" —6.892™"
Constant
(0.448) (0.0368) (0.450)
R? 0.699 0.688 0.700

(2) RhBERUALRIE

SR ORIGIN 15 e b B BEAR B B A, kb 1T E R OUE IER T, (A EEITIERA TG
Ge MV RAS DY, MRIE 75 G B T B AS DRIl 53 S5 R Bt o DR A SR B 3N 1 47 £ o
WIS B E, BIaPEfi S Al ot Fr/E b AR Bk i

MFZ 6 a&nE] 4 %% 0.101. 0.0105. 0.0968 1 0.439 #J&E.2, H.[#1JH %% 0.0968 /MT 0.101, NI
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Table 6. Mechanism test based on financing cost channel
= 6. ETRZEAARENI B

A LnTotal Fr LnTotal
0.101™ 0.0105™ 0.0968™"
Treat x Post
(0.0223) (0.00217) (0.0223)
0.439™"
Fr
(0.0848)
0.248™ —0.0404™ 0.266™"
Size
(0.0135) (0.00132) (0.0140)
0.102" 0.772™" —0.237"™
Debt
(0.0543) (0.00530) (0.0850)
—0.286™ 0.0519™* —-0.309™
ROA
(0.137) (0.0134) (0.137)
-0.0137 0.00327™" —-0.0152
Growth
(0.0109) (0.00107) (0.0109)
0.128 0.0715™ 0.0970
Cash
(0.0897) (0.00876) (0.0898)
0.463™ 0.0609™ 0.437™
Age
(0.116) (0.0113) (0.116)
0.0965™" 0.0177" 0.0888""
Employee
(0.0113) (0.00110) (0.0114)
—0.288™" 0.115™ —0.338™
Ppe
(0.111) (0.0109) (0.112)
—6.762™ 0.478™ —6.972™
Constant
(0.448) (0.0438) (0.450)
R2 0.699 0.878 0.700

5. & 5EW

SHOE TR S GHE RBOR I B ZXOIAE T, LS STBCHRTE B SR A SRR AN AT 45 22 K Jre 10t
H, fedbsg ™ AMRBRE ST AR o X LeBURO 7 S 1 S AR AT A e R UG SR A R RO DR 2% A 45 4
BRI AER AL, HESSROEREIRT AR, DLESCRAE B PR R RBRHLBTH « (L4815 TR
SR B E A b R e B R AN 55 IR DL o BRI, SR B DRBUHRAE SO P R 8 R SR AN A (R UEE B A 15
PEM e, SEGERBCRINE A AR, SOGETTRAEEG] S 58 i EAABR, K bitiris
Gere = (K AR A AL

ARV TR 25T (R OEITHRS) Ja, SOERBERESREAIHZmIRAR, JEoth 71
RN WA KRN, (F851) Sk, SOERREITLS 58 G0 BRI R &R,
BV SeEREIENURSS = wN 38 )/ BRI SERe P s =Sl e s R
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