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Abstract

Based on the panel data of six eastern regions from 2016 to 2022, this study examines the impact of
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environmental regulation on provincial industrial energy efficiency from the perspective of envi-
ronmental regulation, and focuses on the moderating role of the digital economy. The industrial en-
ergy efficiency is measured by the SBM-DEA model, and an empirical analysis is conducted using quan-
tile regression. The results show that environmental regulation has a positive impact on industrial
energy efficiency, with significant quantile heterogeneity: the enhancing effectis stronger in regions
with lower efficiency, but relatively limited in regions with higher efficiency, which confirms that the
effectiveness of environmental regulation varies depending on the development stage of the region.
Meanwhile, the digital economy can strengthen the energy efficiency improvement effect of environ-
mental regulation, especially in low-efficiency regions, where the synergistic “empowerment and
catch-up” effect is most significant. In addition, the impacts of factors such as R&D investment, indus-
trial structure upgrading, and openness on energy efficiency also vary with the level of efficiency. The
study suggests that environmental regulation policies should avoid a “one-size-fits-all” approach and
need to be combined with local efficiency levels and digital foundations to more precisely and effec-
tively promote industrial energy conservation and carbon reduction.
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Figure 2. Trends of industrial energy efficiency in six regions from 2016 to 2022
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Table 1. Stationarity test results
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Bl HT fie gt & P1a s
IE 0.152 0.000 P
ER 0.231 0.000 P
DE 0.198 0.000 Fra

RDD 0.287 0.000 P
IS 0.312 0.000 Fia

OPEN 0.265 0.000 Fia
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Table 2. Cointegration test results
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Table 4. Quantile regression results of the benchmark model (7 =0.25)
4 FOEEE 0 =025 HUKEALERE

7=0.25
e 3 PRt iR 2 t1H p1E
(Intercept) 0.4521 0.0852 5.306 0
ER 0.0804 0.0327 2.458 0.0162
RDD 0.0487 0.0186 2.618 0.0105
IS 0.0235 0.0109 2.156 0.0332
OPEN 0.0148 0.0074 2.000 0.0478

Table 5. Quantile regression results of the benchmark model (z =0.5)
5 HOEEE =05 HMUBEIFILEREK

=05
A E4 PriEiRZE tfE pfH
(Intercept) 0.5213 0.0987 5.280 0.0000
ER 0.0542 0.0254 2.134 0.0365
RDD 0.0518 0.0154 3.364 0.0015
IS 0.0184 0.0091 2.022 0.0453
OPEN 0.0087 0.0058 1.500 0.1382

Table 6. Quantile regression results of the benchmark model (7 =0.75)
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7=0.75
AR R PR 72 t pfE
(Intercept) 0.5685 0.1214 4.684 0.0001
ER 0.0309 0.0148 2.088 0.0418
RDD 0.0606 0.0172 3.523 0.0008
IS 0.0119 0.0074 1.608 0.1128
OPEN 0.0056 0.0045 1.244 0.2147
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Figure 5. Line chart of quantile effect of environmental regulation (ER) (z =0.1~0.9)
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B, MNIEDIRGS, HEARATEGXEIN. RN R . XBEIRUE T HSEREI 00 5 b, oL
TP AR HE —— R A8 25 X AT SR AL A RO SE PR RE OB T, RERICHB X 75 4% ) B R BT SR HE 5
442, BTTYRAEREALER: H2 RE

HH7¢ 7~3¢ 9 WIAN H2 BELS S, FB SCREIHAHT R I. R H2 TR 74 5 K e /KT (DE) R % sk
IR (ER) IR AR REM , FLAZ AR 5 0N 7 Hh 25 o b [X 5 A S5 35 o 1R AR 0 45 SR 20 S 3 17 3k — A

Table 7. Quantile regression results of the moderation effect model (7 =0.25)
7. ETHHRARER £ =0.25 MU EVFLERE

7=0.25

65 4 PRt iR 2 t1H p i
(Intercept) -0.8670 0.3397 —2.552 0.0152
ER 0.0259 0.0562 0.460 0.6484
DE 0.0002 0.0011 0.177 0.8604
ER x DE 0.0054 0.0026 2.089 0.0441
RDD 0.0434 0.0531 0.817 0.4192
IS 0.0177 0.0039 4.562 0.0001
OPEN 0.0002 0.0002 0.902 0.3731
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Table 8. Quantile regression results of the moderation effect model (7 =0.5)
% 8. TR r = 0.5 S EALERE

=05

e 2 PRt iR 2 t1H p i
(Intercept) —0.4492 0.2045 —2.187 0.0355
ER —0.0345 0.0297 —-1.163 0.2529
DE 0.0016 0.0009 1.691 0.0997
ER x DE 0.0052 0.0027 1.895 0.0664
RDD 0.0956 0.0289 3.314 0.0021
IS 0.0134 0.0025 5.413 0.0000
OPEN 0.0002 0.0001 1.320 0.1954

Table 9. Quantile regression results of the moderation effect model (7 =0.75)
9. FEPHNERE ¢ =0.75 MU EALERE

7=0.75

e 4 PRt iR 2 t1H p i
(Intercept) —0.4252 0.1193 —3.565 0.011
ER —0.0230 0.0230 —1.001 0.3239
DE 0.0020 0.0009 2.197 0.0347
ER x DE 0.0050 0.0027 1.884 0.0679
RDD 0.0732 0.0213 3.438 0.0015
IS 0.0131 0.0016 8.009 0.0000
OPEN 0.0002 0.0001 1.694 0.0991

B3R 1 A 5. ACHI(ER x DE) I R EAEATA /- sl EXRIE, GESE 1 e 5t 1) 1E T R
YRR AR, HEEEE R S PURAFER A B0 TN AL (7 = 0.25) o 3,
MEEH . o hrsi(7=050.75 )X AP E . X—KIHERH, BFEHFN “MRAE” 1EHERICRX
S ZEH o TREMAARRE 2, IR S X (AL e R AR B TR I, B o s R i i 2 B,

DR B il SRS R 45 B pe e A “ St ” sURBRMFI N, . AHEEZ N, MR X A 5 Clin
FORATH, B AGRR S AAERTA R . Bk, H2 56T SRAEE AL R O FIWT T, HE
WA STUAAR, R 7 EFETE TR 8" BA R NBEHENE.

6 e FAUT(DE)W PR EERLHI(ER) S5 TV R UEACR(IE) K R 5 RN B BN ER 7KF, JhHh
HNE BB, =2k2xf RifK(5.15). H1(9.35). =i(13.55) DE 7K F——ph DE 41f) IE B FR& N BE ER 1
sRFFSE BJE, o DE 2218 EF, K DE R, Hz=0.25 A0 A0 U5 R0 2 % (p = 0.0441) . F
PSR MAET, BFET RS R IER AR THER N “HORE” , DE /K-Fillim, ER X IE B2
FbkoE; K DE HiX ¥ ER E 2 ARl 1E, XOWRAERUIX “Jeth e e @ mmpR . ML Rot
0PI [ it S T SRR

4.4.3. EHITE SRS
B A EE RE, RS E R, RREEAETE N IE FI&(r =0.25). F(r=05). =(r=0.75)
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Figure 6. Line Chart of quantile effect of environmental regulation (ER) (z =0.1~0.9)
6. IFMEMFI(ER) PRI E (7 =0.1~0.9)

2HIE 8 M N AR E
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I 1=0.75 (High Efficiency)
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Figure 7. Forest plot of quantile effects of control variables
7. ¥EH T E DA R AR E]
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AL, RESNREGEXE. E 7 PER: BB (RDD) RZEBE TGk, Ik asi(1S). X
AR IFTB(OPEN) = EBE 7 A Fh s/ . HBLSEE AR T, X EMIE TR M G057 Bk BB
FRCRIBIX I RERGR T S ORHE, P TG X AMIFTBCER AR PRI IX M RERGE, A FIRL
FACT D e Z A AR Pl TR GR I T SRS

45 TREMRLE

M 10 ATLAE H, i ER_lagl J&, H1 MfZO 45t e & fafi#: ER lagl MR E{i7E £ =0.25,0.5,0.75
FRENIE, HEILEES H2 M08 0EARTE: 2 HIER_lagl x DE [f R AR5 Fl i 2 A%
G R R — S

Table 10. Robustness test results

= 10. REURIEER

FEUERER(H1)-ER_lagl VRN AR AL (H2)-ER _lagl x DE
L T ES(0) pfE ES(() pfH
0.25 0.0782 0.0261 0.0051 0.0753
0.5 0.0526 0.0541 0.0049 0.0972
0.75 0.0294 0.0657 0.0047 0.1117

S50 I RAT P A AR AR R AT A R, ASWE IT 0 T BRI —— IR B 1) 7 A MO B
RN B R A7 28 GRAE RO X I S 2 A T A E ) —— 2 DR frAada, 155 TR 4R i ml (5

5. SCIEGER/NG

AEFSAES PR OR T AR R R B, IR SRR SE T B AT AR, P A U
SCHF T AR RRAAER AR E R, R E [, SRR R 2 BNV R AR, Rl g A
JE IR T RERT N AENE T4 &, RATMARC LR AT AT v, A RE R, Bt Py
MR (HL 5 H2)Bl A VEAR G . IXTE TR I, PR RI ] BORN Tlk BE IR A3 1 R M 47 4E (K]
SEAFI R BRI BTN, I BB 1% 5 5 G5 R KT TR R RSN 1 AL

6. LR SBUIREIN

AW FEA 2016 2 2022 1 [ ZR N AN XK TR A, A B A B BB, SR TT T A
Xf Tk BEPR R (AR FIOLE, FF o0 b 1 Her 2 BrAE e R b mT e AR AR T 52 o SHIES SR R 55—,
BT RS 2 e dE REIR AR IETE,  HOX et N AR BEIR AR BUR B X NI . AT, IR
X LHE X ISR 5 2(0.080) 24y i S HB X (0.031) Y 2.6 i, EIUE 1 ket i oc T “ Bldkis 717 1
W

B BT AT IR FRIGSR T PR X BEIRRSCR (IR RN . EARSE ELIAR B I 2 LA 2 A
IR, (EAAEAR AL X TALE I 5% K1 H R 5 AR I, W I T HROR JC A B TR RO X S B “ I8 %%
=, MHAMATE S, FEASRNRIRBGE IR T Rab s 7 g5 K Ot pt (% 2 X ) E
PR EERAE I e s 1 A R0 R 22 5 R B B AR i £ (R 32 2 R AR AR X A5k

BUOREW: M “Z RS + BT astae” 4L H3ms: SHRBCRMX, Ik Dkis fea #
BB, FDeEsr i, BB E SR RCE BIAE T AR X U EE A 5 5

WA
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