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PESR TR e BRI SR T e % ) g M 4R (4 B e o B R BRI P R e R OR
S LT, AT SR A FORKAR S, S SR RGN T Z A R
iS22k S E LS

il 3. BURFER ER IR HESD I o B AT b B AR RE IR T 0 i, DASEBLRE 5% 7 L B 1) v
A

=\ AT EEREERE

(—) BT
AR S 3t X L 7 3 A R 2 U A R M R R A Ml BE IR AR R B BN, B AR
BEWT:
= x + + + + + # (D
FICAA & AV AE I R RS T 9 8, S BRI 3R B Al RE RGBR LT
NAb s HAR R, ZREIA N 1, BNy 0, 4k Ak S AT R TS A
HIATME, DA A 2 A b o 52 B ALl o DS E AR R, 2006 FERZTEN L, RZN
0: REEAML Z IR R, b E 8, Rl E N, ATk



EERONY,  NRET. o DA R U S R BUR X Al A TR AR 0 B,
9 1E U2 RO £ £ SR W T B e S 25 SR R 1 4T b A A AR T RE TR AR

N30 21 44 3% P AL AT ML N AR A2 Ak 1 S PR R, AEXT IR AN (B0
BFATI AN BIRTHR T, A SR 2H AU 5 44 s N AL K 22 3] DID A5 .

= 3 x + + + + + #(2)
Hr RN A4 s ARMY Y AR R, A AR SR B Al N
1, B5E SCA 0; RV BRI I AR, A7 e OIS %, E

SN, BE SR 0, [ RN A 3 AR B RT3 S B UE R AR [E], R AR AR N L T
AL R HAR AR 44 s Al

N — R HE A R R A7 Mk N AR A4 S A OS2I, 4 3 DID A2 4R

= 3 x + + + + + # (3
L I A A 7 AR B N o A 1 ARk A R IR AT AR AL s Ak,
EXN T, RZN 0. BER X A RN AE A AT Rk, i, FEA

G HRZD A EHE COINTE RIS E R . FESRANZ, B TR NS E RN
ITNbE IR R A2 AR E), R[] 7> HAC 2006 £ XN 1, k2 N0, HikiE
[E] ) — 3.

(=) H¥uiks

LA A

W55 LA20064F H [ 1 AN PR bR 72 i S (R 77 B 1 A R A o B0 AR SR H12001
FEA20104F 1) B b ARV EH i B B A A A E AN 3N S WO IS 500
Ji e AEEA Tk k. 2 Hsieh and Klenow (2009) I35, AT 78 %t Bk 12 E 47 7 # .
(1 R (ERLFT LK S5R0S)  (GB/T 4754-2002) 5 FrA 47 AR i3k 47 35 VO A ;
(2) MR EE WS WANET 50075 40l (3 MIBRMOLA G T8 ArI4lks (4D
B 32 b S5 N AN b s P AR T o Ak . A 7 38 S o A 0 SEAE 5 SRR, g
SR RHEAT T 1% 48 A EE . @ T AHE A SRS R A FR, 5 EE8E 247
LR SRAG AL REFETS 2

20194 Ak, K T A% 5 P58 300 UL IC © oA 20 B HETS 15 e 200m) 1 O S8 000 4
(BREFL, 2020; BREVFIFR TR, 2019), oo PR BEH0H PRS2 41 T o o [ 32 2205 Qe HE i e i
85% ARV I Tl th BRI ANFNTG G5 B, 2 20 A o [ B855I A B AR . (H
18 FH200 145 2220 104F 2405 T I — > 1) 8, 4 7 PR 250808 X 202348 S 2 Ji 114 v [ 7 ik B AT B
SEAMEMNE TR o F5L b, R E G A R IR T AR AR R AR A S . AR
P K e ith Je Bt , IR R Y 2 20 104F [1934.90424. 18 1 35 £ 20204 [1]40.48421, 4 Eb A
69.2% B £156.9%, 0] LLE H - E DSl “ X7 Hir, At g 2 %5

FELN A = S AL, R XK AR IET . ZRE O SO JE 1 i Y sk,

O BT, A2 A [ R RN S AT A P AT b [ 5 T o T Ay e S PR b o s A Ml A2 Ak T
RESI AR MR R R 8 (Sse b, AR B SN AAT L [E] 52 2R S 2 e A% DR A R A 8, R
BBV, ASCH T RS R AT ML RE R8T BLIR B

7



ARSCWNAR A T A 5 3R B 504 e DT FC 15 21 (O KR A S HL & ARk k.
2R EWE
WefpR AR . SIRIEA TR 0L, B CONTF EI— B P BT 55 T RE R R R &
(Lyubich et al, 2018). FEAHA PN B (5 o [ BEVRTH 27 16 LU A B AR KRR AE 70%, HLREIR I T 4h
R BN, DRI, K B A Sy B IR E P A A S A e g ke v 61 b Al 1 g A%
NFERIRETRA, 2019). B AR5 75400 .
= # (4)

TEMRACE . X T A FAT AR, AR B IR R BUR R T B b B
(R FTAT AT, i B A A7 M DT T 2 v B Ml Al B v (47 M 44 R 5 AT ARES, 153 %2
BURF £ R T B B AT N T A otk 0 T4 Al 5 3R 44 sl R0, SR IET-2006
FER20104F A BEAR IR WRIGIE 5, A SCF TR AN A FRIF S TA S & F Bk 2=
BEATULAC, P — R e IR e 2 3G R R AR, TR A 120K 4 S 4k

Bl Ze) 7 IS  Re RO B L, e 2Lty e A, B xS RAT LR 4
AR o MARMV ] R ) ELIRCE S 44 3 A il ) R A FH 56 P58 2 AR X AT b N PR AR 44 5%
b, HREROKFAEAT W & T e Sz . AE IS 11 BE AN IR LR, 4 s N AL RE
YA 5 FEAE20064F 1 5 AR UAN K, RIS A _ETHe (HAT MY A 44 s Al 1) REVE A FH it 2 52
NEEES, RE AR B B SR HE T AR B A SC TR A RN, (H A B AR
K&y PINA SR AL R PR PUAIE, ST A B A REYSAE FH o Bt B A AR 2, £
CRIBURAE N HEN T THE, X SN AR A IR, 4 5% bk — B3R m e R ok
A2 BRySc s XE DA 7E 75 T N IIA PR A . X T IE AN s i) Ak, X — B HoaT s 4
COR AR R A5 BOBUED, A REEUAT ML N BT A Ak SEEL Rt e 7

@
-

-—
. X
« -—
" .
£ 'y oy
s e Lot P -
= 5 /
= /
S o /
i} Q\ N
g *
) /
o /
/
W]
*
© |
N T T T T T T T T
2001 2002 2003 2004 2005 2006 2007 2008 2008 2010
[+ GPP Industries —— —- GPP Enterprises ‘

B 1 mlkmaFAal (4) Smkidegsgadl (8B RERREES)

LA FH BT RN RS MER S R 8%, BUE A L ORI RIAT ML 51 4005 R FH S A 5
Bro PRBCAESEAERI I, SO E H AT IR 2 (R MR AT ML 2 T O RE M 2 15 32 25 AR g 1 (R
PR M 44 s Al 55 AR 4 Fedbolb 3 21 18] VA 10 53 o A B 0

AR . RN A BEA, AV, AR, EAA RS A B R A AL 2
AR R . NBIBEAR TR Alk i B Bk DU SANEG el A 0 e e B S 3
oy ANV FREAIR T A IR E A BOL A KT 5. BeAh, BETETIN T =

ORMOFERATE. ZEPL. STEIPAEINL. KPR BRI, Aib. FHR. Rasil.
BARER. WRIE. AR, ERAERE. ERiE. PAERES.
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72 [ 42 A AN A8 2 P A2 & A0, X E N A 28 (GDP)

HEMMAL (FDD , *%F

AN GDP. FDDK H H BT G it 474
ﬁaﬁ%ﬂﬁﬂﬁiﬁﬁi¢ﬁ%%fW§MI%wW%ToﬁT%%Eﬁ%H@,%ﬁ%

Byl AR B A A B B AR B R AR A

BvR BB T A A A U . e,
AR AR B B Tl A B s Bk RARA . BRMERER DL R —
HEROA R B RS ?ﬂui\ﬁﬁgﬂ\im?ﬂ\

S E

N BEAS . A lb AR S5 Al J2= T

AR RS

SRt Bk B v A odle P
SRS, BT

B BBEORIA TS

K1 ZRORGLERHR ST

PEGETT AR 1R UR KB 5 FITE. .

Variable
AR ARG N Mean SD Min Max
abbreviation
e VR FH 50 5 Energy intensity 213,901 | 4.1754 1.7939 | 0.0000 | 6.7453
A i BRI 4 5%
Treat 215,743 | 0.0476 0.2128 | 0.0000 | 1.0000
ATk Py Al
NBJEAR Capital 215,741 | 5.3802 0.9510 | 2.9867 | 7.8975
. ol Scale 215,743 | 5.5395 1.1058 | 3.0910 | 8.6002
Al 2 TR
. Roa| ey Age 215,743 | 2.3257 0.8705 | 0.0000 | 4.0943
/] \E
=7 EA SOE 215,743 | 0.1668 0.3728 | 0.0000 | 1.0000
AN TR FFE 215,743 | 0.0578 0.2334 | 0.0000 | 1.0000
PRI A = ER 215,376 | 0.0027 0.0022 | 0.0000 | 0.0203
. BN EEL e e EPI 215,743 | 11.8463 | 0.9134 | 6.1529 | 13.6461
Hi X TH A i)
5 o [X A = B AE GDP 215,376 | 9.1822 0.7954 | 5.7042 | 10.7367
7 \E
WX HEEANA Population 215,376 | 8.5751 0.5197 | 6.2596 | 9.2535
A1 B R FDI 215,376 | 6.1546 1.2691 | 1.8688 | 8.5333
IR HE Coal 215,743 | 7.8540 1.9585 | 3.4965 | 12.2066
BFEH Total output 215,743 | 8.1999 1.5180 | 5.0499 | 11.7027
KIRSIHFE Natural gas 117,431 | 0.1996 1.0860 | 0.0000 | 7.5417
JFEIHEFE Fuel oil 121,888 | 0.6113 1.8585 | 0.0000 | 15.5812
LhlEE Patent 215,743 | 0.0686 0.3486 | 0.0000 | 7.7213
HLA A 36 H A .
s R EF] Invention patent 215,743 | 0.0386 | 0.2411 | 0.0000 | 7.7209
A1 A \E
SEFHT LR Utility patent 215,743 | 0.0422 0.2718 | 0.0000 | 6.1985
il Green patent 215,743 | 0.0073 0.0934 | 0.0000 | 4.3307
AR HERCE SO2 emission 215,188 | 10.1518 | 2.0344 | 0.0000 | 18.6735
Waste gas
RS o 213,921 | 8.1308 2.1660 | 3.4340 | 13.7870
emission
Tk A HERL Industrial soot 139,084 | 3.9550 5.5673 | 0.0000 | 18.6072
9. SZiESr#r



(—) FEUERAY 55880

R THEMERAME R, UM AR R, 7R (D B,
2 H IR TreatxTime RECN T, HIE 1%MKF LRE, XRHBORSEHE, XRNRIETIY N
NI REIE A 7R NE . N T RIEBCR AR, (ESKIR RN 2 (R T AL
B, DAEAGZEUREANFEER R 85105 (4) Box, S 4RI il 4 1) 22 5 A2 B
RLHE B — IR R, B R BN 2006 F111-0.0235 242~ F] 2010 4= 11-0.0856, %
BIECSR (1 e 2B RIS, ORI .

%2 EBGR
Outcome variable (1) 2) 3) 4) )
Energy Energy Energy intensity | Energy intensity | Energy intensity
intensity intensity (Treat=
NonListed)
TreatxTime -0.0609%**
(0.0222)
ListedxPost -0.0799
(0.0783)
NonListedxTime -0.0590%**
(0.0225)
Treatx Post0 -0.0235 -0.0223
(0.0264) (0.0270)
TreatxPost1 -0.0550%* -0.0511%*
(0.0302) (0.0302)
TreatxPost2 -0.0911%** -0.0897***
(0.0326) (0.0324)
TreatxPost3 -0.0889*** -0.0821***
(0.0282) (0.0294)
TreatxPost4 -0.0856** -0.0923**
(0.0361) (0.0377)
Firm FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes
Observations 213,312 203,078 212,782 213,312 212,782
R? 0.881 0.881 0.881 0.881 0.881

e kL R R ROR RN 10%. 5% 1%, A THEAT LA 4 RIS R A A AR E DR, R 1A

(=) FfgMEAR IR

LPAT SR LS

B P AT SEIG 20 5 0 BRZH ANAAAE B 2 2 R R IR SR S 1R AT S I B, AR IR 45 SR AL
Bl 2. BEALBEE 2005 4F ik DL LG ECBUR K AR T 5 1 RECR S, R BRI T /%5
90%EAE X 8], MIMHIWr REAES T ESGE RS 0 HAFEZE . 2006 4 LAHT, SLI02 5
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M REIRBCRBA W R 2, Bk 7 AT S BB RO . BORSEHG, SCU8 2 g5
RS FXF HEALA T R T R, S ahaS RN AE ROREF — .

- -
1
1
1 -»
2 g]! v
= 211 -
! 1 i m 1 1 I 1
! 1 | H | 1 I 1 N
1 T > | 1 1 |
= | | | = |
Zo k- ‘, - = Go : + 4 ! =
s |+ . ] ! | i A &0 t i | ! !
5 I | * = I I ! ! -
= |1 i | T i = |1 1 H H 1 | T T T
584 1 - . i ! i ! 1 281 i L i 1 } 1 | i
T i [ 1 } ! ! 25 1 i ! | | 1
w I | 1 : } 1 o] | 1 i I | I |
‘L 1 } H 1 | | I + ]
% [ t t i =41 i i [ t
s 1 | H h 1 |
! ! 1 i : I :
o ! 1 : © 1 * :
= 4 - 1 1 1
. T . T : T . T T r . . . - . r . . . :
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
[+ Goefficient ~-—=+ g0% interval | [+ Coefficient === 90% confidence interval |

B2 £k (B) HELFeN ) #EPTREEKE

2. HERR [ BCE #0

A DID 1588 e ot S0 20 A0t BRAH, ISR ok 17 5 vl i S TR IR 22 90V R 4 R P RN
Ay B} [8] BB ph i 1048, (H A RAFTE 2006 5 71 5 1R v [R]85 X 5 ZH A AR 1) e A7 7E R
gitEzEnl, A RN iR @A A B AR TR, FRATIERR 1 DY KBOER R 520 .

(D FRANAT AR T H a8 P IR M SR AW, R x4 [E REVR T 2% 5
I 33%IM17 1008 K E i FERE MV T IR B, B ERRR TS e I HER,  FR E R RO .
DRI, AR 2T Rk HE A s B b (9 Ak 4 B -5 A0 1 2 SR AR RS A Al 44 FR
BEATULHAS, SIBRCOE R 477 ZANVEREDE, 511 (1) M (5 OB s R
N, SHIESS IR IR R

(2) “A—F” BAl. BRIFZER, 2010 4 5 Z35 LY e HE R E T 2005 429820
10%. BtAh, doE K ARG A, WbmI. waE. B, (D, &R, gigg. |
i PRI A5 B AT TS Gl BRI, AT HERR T HETSGE R Sz AT IR,
SR WA (2) M (6), REAE 1%HIKF EAD R i,

(3) THRATFritE . BUMIE IS SR ORI SR 2 AT B R A= I EI, T 2006 A4tk
FERAT T RIGTE AN ATIIEE b, XA T2 5 W& S RmmH. %
YIRS Z PR T RE o 3K — (R ISR %) S T e 2 R R AR A K R ZE Al 1R e IR A
2R, A 2 8 2 FE R T S 56 2H A BEJR AR IR HEEF . %1 (3) A (7D BBk T St
TEREAE P AR AT REAR S, A8 B0 R B GEHE A4 0 B R, HAE 1%/KF B
.

(4) EFREREAVAT. NI SHE I E S5 s LR R E KT, RS
AT 2007 FEAAE T E S AR RS, BRI E 5 G 15 e HEG i
rH U SO ) B M B SR AT B 7 O 2 Lo e rh BRIRASE FH 2 PR SN AR S T e 1 O
KU, Bt Az A b T DLIE S A v RV A FH AR U R IR B R . BRI (4) A1 (8) HERR T
TR RS AN, HRBAREE .

K3 HERRFECRR WK E RS R

Outcome variable (1) ) 3) () 5) (6) 7 (8)

TH A | EEAT | BEES | THRe | AT | BRER
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WREATEY | RS Tt gl | WREATE) | B S Tt AR R a4
G G
A il
it el
Energy Energy Energy Energy Energy Energy Energy Energy
intensity intensity intensity intensity intensity intensity intensity intensity
TreatxTime -0.0623%** -0.0695* -0.0950%** -0.0505%*

(0.0222) (0.0359) (0.0305) (0.0224)
NonListedxTime -0.0589%** -0.0682* -0.0951*** | -0.0489%**

(0.0225) (0.0362) (0.0310) (0.0227)

Firm controls Yes Yes Yes Yes Yes Yes Yes Yes
Region controls Yes Yes Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes Yes Yes
Observations 209,397 86,675 154,157 202,945 208,899 86,402 153,777 202,457
R? 0.881 0.858 0.893 0.877 0.881 0.858 0.893 0.877

3. HAhFafid vEAG 56

(1) SRRt E Ik, Nl R Bt J AN Z R0 4R i gm, A
SCR WA TR NS DS — R A3 I E A S5 AR AR &, SR T AR IR
B, ZRFEEBIRIREIRTE R AN Z R, B AER . REHM AR R E TR
JRARNV IS AR IR ESE, o SR BRIR AT AR R 228 RECKIE T ChEBRIRSETH S (20200).
FASERINE 4 5] (1D B (4D Fior, REKREE N

(2) PSM-DID. FHERIFEARTREAAER) “ HEEE” W8, —ASnRemJE F =4 A7k
P A AR 35T o BEZEA T P i L AE 278 R A7 7R R G 2200, T R R P b B9 e 3 11
RE SR SR, Ak, FRATHRA PSM K Scub 41 5 Xt HE 4L BEAT — X6 = (V115300 DT AT A ARIE A S 1)
i, VUG5 S35 BRAATE BT A D AR i 11 22 SRR FRAE 5% AP, [RIARIES SR an%] (5)
M C6) Fin, REARTE 5%/KF ERE R

R4 BURPBRREIHEITES PSU-DID BH

Outcome variable (1) 2) 3) 4) %) (6)
PSM- PSM-DID
DID
Energy Energy Energy Energy Energy Energy
intensity intensity using intensity intensity intensity intensity
using value- standard coal using using
added factor value- standard
added coal factor

TreatxTime -0.0239%* -0.0968* -0.0742%*

(0.0121) (0.0550) (0.0320)
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NonListedxTime -0.0231* -0.0967* -0.0751%*
(0.0121) (0.0560) (0.0323)
Firm controls Yes Yes Yes Yes Yes Yes
Region controls Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes
Observations 121,330 107,422 121,032 107,218 39,858 39,639
R? 0.716 0.910 0.716 0.910 0.903 0.903

TR AR SRR 2H A 7 SR IR S B AR IR R AR (R VB A, 2023) . R UK A HH AR
WA AR U A AR R A ), (5 4 AT A P R BB R AR 44
AT AT el L 22 ) . BRI IRE Z B BOR SRR . POk b, SRS AT
WG4 FATM R BB RIBRRE L, FE R AT B HES o AR A v [T A S3 L3 AT 9
RIRHEF AHT 10%MFEA, SR 45 3] 51 S X BT ML AR 7= QIR 55 o0 B2, AR B 4h
R (2), RBARIR G N

fJa, wEUIIE, RIS 8 210 I 4 52 BIBCRER RN R, A SR AR S
B85 . MR SCAT Mk N A 36 R, BUR & i 3 PR AR AT 10% L i I AT Ml (¥ e A
FISREE, AHXTHT 10% R RBAT A R 2 o an Xt B2 AT b 22 32 BB IE [ I RE R
BN, R SR R R R, ASCRES I .

F 4 4%t SUTVA BIENE ST

Outcome variable (1) 2) 3) 4)
RREUTWE | H# LT A KRBT Z T F B RUERTE )
] < A7k <47k
Energy Energy intensity Energy intensity Energy intensity
intensity
TreatxTime -0.0609** -0.0725%**
(0.0296) (0.0240)
NonListedxTime -0.0590* -0.0683**
(0.0306) (0.0328)
Firm controls Yes Yes Yes Yes
Region controls Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes
Observations 213,312 175,995 212,782 175,568
R? 0.881 0.883 0.881 0.883
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(4) RIS . AT I8 BEATPRGE B A 7 iR AT 2 BRI 5, I 2006 £EFEA
HH LI EL 1000 KAk SCNEHIZE (2958 2006 G4 AT R b %), BS5ECRA
A B TR) 350 Time 22 EARNRERL . FlFE[B] 9 500 K515 5058 B350 R KR % B o0 A, Horb
L F N FEMERT R %0-0.0622, T ESIEA /AT IME,  H IR e AL v REOY p EIHLE 0.1
DA b DR, BOSR 91K REVR AR AR THNAE R 8 S b 3 AR AE, BEALE I 2 B RIR 5 .

25 : I o 25 b
20 20
" -
z L
2 ©
£ 151 £ 154 .
3 8 3
- s -
5 g 1 S
= o 2 46 a.
£ 101 2Ho
2 g
5 54
01 Vo 2 0 T L T T T T ©
- -05 0 05 1 -1 -05 0 05 A

Coefficients Coefficients

kdensity of estimates ¢ p value ‘

kdensity of coefficients ~ # P value l |

B3 £FAMk (F) 5kaFil B FAZRRRKE
(=D B4
FEAE R AR IR 5| A AT b J2 i e A G BRI X AR A A iR 5l . ZREPIR
Al GERAE B I, ARSIy i R A 1) 5 WA ) 2 C R R AR T T il % e R )
HEANTT 1), A R X — R s, SEBL 1A% AT W B A 1 [ A — A R AT,
RICEx L TR R RERL A RE AL, 2 T A iR 2 SRk . A sm AL 45 R W3k 5 Frow,
RIS SIE i i 44 =3 AL AR A4 55 Al RE R S5 M AR Bl S W AR BL A S . 5 AR A4 AT ML Y £

MPAREE, BRI B R, R ERERT, MR R EZD.

®5 ARSI F AN ATHRALE

Outcome (1) 2) 3) 4) ) (6)
variable
In coal In coal In natural gas | Innatural gas | In fuel oil In fuel oil
ListedxPost -0.1556%* 1.0059* 0.1535
(0.0697) (0.5516) (0.3727)
NonListedxTime -0.0693*** 0.3680%** 0.0099
(0.0205) (0.1052) (0.0899)
Firm controls Yes Yes Yes Yes Yes Yes
Region controls Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes
Observations 205,025 214,829 106,893 112,220 111,106 116,682
R? 0.928 0.927 0.748 0.747 0.837 0.833
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AU 2 T AR AR FR 2 M 5 2 S BRAE P AN R S . £33 6 81 (1) 2131 (6) (45 R AT LA
B, BURSCHE, B PSR R L RIS B AL L K 2 S 2 5 T, EMR L
G, AR WAMAEX T T2 BB 5. MIRE IR L 5, 200Ny
A R AT R SRR AL L RS 4 R 2 I SR PG H . Mgl (7) Fis (8) L RE
0, AFEAT ML AR A s A I SR BB KT B 38T, AR EBREONIEHARE, &
W BCHRA RO 1 AR A AL SR QR R 3R, (HX SIS N I A R

E AR By v B T St tHARBARARRAE, %1 (90 Z%1 (12) S5 REN], BURHE 45
Ak TR AR A A BB AR S, Tk AR HE R AL O R AL R R HN-0.1479. AR
IV PR CIE RN | B2 o /A = I R 7k 2 )16 T X (AP B 4 R £ 7 6 o AR S
0.2633, ARAFANIIBABCR B . LG KRG, XM PR 22 A I N B R SR X
T ARSI A, A Y SR 0 A 72 KT P AR B [ R 40 58 I B AU i, Ty 17 R4S
BUR &% CR TR B, BASBURME BT T R 58 i ;RS DRI S AR AR ey 14T RE AR 2K
BERZREOA . BT ORI LA, B a O a5 R R AN € AT
e B ORI AT, LTI SE TR Al LS R G (0 R R KT, R A b A 1) -4 A B FR) B 5
P AERT A KT S vy A BT Al 5o M Ay ) A SR Ak S ST AR, 3Kt PR )
T AMYAE— TS BRI HERG 2R N — B 7045 G R HE T LA S B i KA F) Ao

K6 HAFRAWSIELFAWPIRAARIGHLH DT

Outcome variable @) 2) 3) “ ®) (6)
S EF ol KEF KEF SER BT SER BT
ListedxPost 0.1856%** 0.1795%** 0.1058**
(0.0565) (0.0478) (0.0500)
NonListedxTime 0.0868*** 0.0406*** 0.0820%**
(0.0204) (0.0117) (0.0183)
Firm controls Yes Yes Yes Yes Yes Yes
Region controls Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes
Observations 205,025 214,829 205,025 214,829 205,025 214,829
R? 0.928 0.927 0.553 0.551 0.575 0.576
Outcome variable @) ®) ) (10) (11) (12)
SRt R LRt F In SO2 In SO2 In industrial In industrial
soot soot
ListedxPost 0.0474 -0.0396 -0.1479**
(0.0365) (0.0949) (0.0590)
NonListedxTime 0.0123%** -0.0936%** -0.2633*
(0.0044) (0.0275) (0.1318)
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Firm controls Yes Yes Yes Yes Yes Yes
Region controls Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes
Observations 214,829 215,365 204,419 214,205 128,005 134,217
R? 0.425 0.425 0.828 0.828 0.915 0.913

T BN ST
(—) KEATVML AR
TEVR A AT MV 8]V RN, A AT 44 s N Pk 5 i =k 2 8] B SR R R B R AT &=
1, BEETTEL2020) BARHH RN

= (—>x # (5)

]
N AR i, Fon ATWAE P SRR AT S,
Fon AT AT VR Dy o ) g 08 0 8 B Ron AT\ SISO X — ik

WA Bk OE B e — A A% T, RECGEORER ] A7 V7 s 58 2 i R AE BRI AT L 1)
A ep, BRI ATIRAE AT 32 BB R JS 52 21 1) 18] 4253 1 5 58 (Javorceik, 2004). Ay b
R SR BN AL AR B 1A 520, SR 2002 SRS tH R BRI . iR (R
VIS S 1) 1) B D i s BT BEE 90%IKT BRI A Ar AL, B AT 15 ) 53 B 9 AT Mk SR EK
FEEER ) 8 AR BiEAT )k (2002 # N2 R 3L ih 122 M7, T 10% 4% B 3%k 5 B AT
13 Mk, B R BT R B R RAFEAR S 2R, BMOBF R 14 MT
A, HEBRIL AR ZSFATI S & 8 SO0 B T, FRD, RNRIEL R RaE, FFARET 80%
F 90% AL 1) B RIBAT AR XTI CHER N 15 2 28 BIAT LD
[FIEE, AR TR 44 S N P2l 5 TR T 2 [ (R TR B2 1) v 5

- (—>x # (6)

BEIS D9 B Rk, ey 7RO AT R AT s R, BRI AT
P s A, BRAE P AR A BT A T R BN o 3R T o 1 BT AN R i SR KR 10% (1
IPb S XS R H e 2RI A4 T AT 2 N e R i, DR B AT R R K R
WA, 25 RS AR e 1 s PO AT AR 7 L v A A S iR KL RE A v B INARL,  FRLEx b
WEAT )42 g S 5

RT HEORMREETHTL

IRE S iR IRE S TR
A Rk & 0.4582 AEA ) 32 0.1308

16



IR TR A ol 0.3561 SCAG il 0.1289
B A i 0.2035 PR F IR A e 0.1238
SRRV o Ll bl 0.2000 FAh SN B 2 L 0.1036
At 2 JERH G 0.1589 X A A FL il 0.0917

Rl it ol 0.1273 I TR > SO B, 0.0868
Bt KR Z LG ML 0.1239 H A 277 b i ol 0.0700
FoAh H WU A ] il 0.1105

(=) BABE
5 OIS R S R N SR 1) P B A T 208, G AL G s
=, x + + + + + # (D
R, ZEVAAERR 7RG T EAT LR A, DA BR B 1) B .
SR T AV BT AT A P2 7 i A4 SR AT A G O, 2 ARk @ T 4 skAT ik

(oG B T, U R 1, BN 05 [FIBE AT AL s OCER T AT b oy 41 AR o
LG ] 43 41 AR (R AZ HLIREAT [B] U o 458 1) A% R[] 5 2087 5 Bk [l A e AR E], A%
AR AR B I 5 EL IR B DA Bt (o A SR I B3R T Ui G IBRAT Mk A A M BE TR AR IR 52
Wi, AN REURE A, RIBUR RESE T AT MY N A ) e R R

(=) FRIRNHENAERN

LR AN R R 7 o, g (D A (2) RNEHR T RT 10% 58 LA
A (90%-100%7307) =2 BB 45 R, TR GERA L SXER, REIEEN
i, FUIGOA TR 7] A% SR AT, 43 AT IS 1) b 0 £ N 5 B S T %
O] IR BRIR AR A . F1 (5D JEHR TR R BhA R4 R, B 2010 240 R A3 2
FR . NRE G H SIS, AR FIRFER A T RET 10%3] 20% 1 58 EIEATI (80%-
90%53 0D, 1EAMHAABRANBE, SRWF] (2). TEUWHMZ, AR RHER, It
I 2 AR TR0 10% 68 B Tk BIHRECHIE BANEZE, R FATIHI R80T
T RN AAEAZ O B SRBAT M B AR . RIEES (4) JER T 90%-100%73 7 I8 T i
TP EIRSE R, RECHFEARE, FERFEN T AR 7 A SOW A .

RT LT HE SR S 3 RN

Outcome variable (1) 2) 3) 4) %)
Energy Energy Energy Energy Energy
intensity intensity intensity intensity intensity
Upstream90-100xTime -0.0720%%** -0.0618%%**
(0.0175) (0.0171)
Uptream80-90xTime 0.0197
(0.0199)
Downtream90-100xTime -0.0217
(0.0202)
Upstream=2006 -0.0508%*%*
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(0.0230)
Upstreamx 2007 -0.0555%*
(0.0287)
Upstreamx 2008 -0.0787%**
(0.0234)
Upstreamx 2009 -0.0960%**
(0.0279)
Upstreamx 2010 -0.0399
(0.0283)
Firm controls No Yes Yes Yes Yes
Region controls No Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes
Observations 203,244 202,872 183,365 202,872 202,872
R? 0.881 0.881 0.885 0.881 0.881

(MW “FA7 s

RGOS BT RE UM B, Zeil T RIRPAT AR ge B . 2 R 3 5 Bk Bl
A PAT AR L0 IR R, RIS B AR AU T XL 90% 1 B AE X IH], RS 2001 4 RECH:
T 0. HURKEFEX Y EE 95%K 99%, LI 05 2001 £ R BHNFELE ER, K
A R TAT A, SHECRIWELR S5, 2006 455 2007 A58 AT b (1 REJE 13 F o
ERTREBFAEALE. 2008 42 2009 FREEH N F, RBCERKEL 55 000 8 R85
TE— & fG. 2010 FRECAFHRE, ATReM R FER R IZ 8] T R AT 3
RO IR (B T FA 2, 2018), SR T RIR AL AE =4, BIEBENF= H SRRAE 2010 4E
BTG RAEBKRAES), 2347 BT I T — e PR R M, BR T4 5 R A 7 5 St
FHE— P IIIE

05
e s o

0

e e i o

Energy Intensity
-.05
»—-—:—0————|
|
—f————4
|
el ———y
F——————j
F———————
——————
i i ]

-1

-
|
i
1
|
l
i

wn
o

| T T T T T T T T T T
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

‘ + Coefficient +———1 90% confidence interval ‘

B4 SEALERWE EHESKTFTRARKE
CPD AL 24
BEAR S B AT ML SEEL 1 Rt , AT HE— AR GUHAR IR, RIS T 2R 35 2y
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50l ) A R P E AL o AT ATL AR (R A 45 SRR 8 BT, i =41 AT LA ISR A J5 OB BiipAT
AR I AR R A BN, RIRTIE BRANAE 10%KF ERFE N, L76 REBUK
HBA S FREOCEATI R IEIE 4. 51 (4 B (6) SRR AR, EAHE
EARA BN, (R AHE BRI piE R, 5 RPRHRCS s IR A7
FHEMPNRR, WAREIRAPEA ™ AR TR % Uk, 102 A B AR R B G Y
HEORE . DAER G, BEEARE 1t BRI AT A2 i 0.44¢ 1) — 540K . 20kg () — S AL HR DA AL
15kg (A28, 33 12 FR I ARS8 295 Jed) — A A BRI 2 1) 32 BEOR PR (A HEVE RN T 18 [,
2019). DA BHFERATRAS 5 BORAE FEACBRAFBGREE R R, AR 2l PM2.5 5 SO2 (1)
P EIRHE(K E %5, 2022).,

R8 [ Lk SRR AR AL 2 A

Outcome &) 2 3 “ (&) Q) )
variable
In coal In natural In fuel oil In SO2 In waste In In total
gas gas industrial output
soot
UpstreamxTime 0.0075 -0.1585* -0.0765 -0.0222 0.0073 0.6883%** | (.0472%**

(0.0141) | (0.0835) | (0.0605) | (0.0223) | (0.0185) | (0.2154) | (0.0167)

Firm controls Yes Yes Yes Yes Yes Yes Yes
Region controls Yes Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes Yes
Industry FE Yes Yes Yes Yes Yes Yes Yes

Observations 204,815 106,786 111,007 182,840 202,858 127,882 204,815

R? 0.928 0.747 0.837 0.726 0.903 0.915 0.857

B (7)) OB REREEERY, 5HAATARLL, SC8 BT i) = ae W3 42 7,
XERE AT — AT BRIE R NANE T 27, 3R SEI T ReRsdt . R AR AE A
S VERRRE . — R OCHE IR T b B ) i R SRS SR, AT E R R TR A
M, SRELT SAFATHIEE L, R TR NIRRT, RA&GIR T PR
Fto NREIX —B, FTEIA 2007 4 135 77BN R EH v Fid 8 AN FiiE47 Ik
54 ATI RS, B RILE 9. /M REAT AN, 4 /N OC8E BilAT L5 4 AT
W BB BT R R, A 4 MTISREE ETE, SR E AT L NS 56 R R R I SE R
PEARZ), WO TE R SRR R IR AT

A T A SR I S B 44 AT ML N A SE I A IR AR R A, BUBIE S I
ATV FRBERF & B CR AR HE (1) ROIDAE B8 v (A o DU ENR AT, 90 N SGR 6K 3R B 1 i
PR R BIbR S B R SR (VE L HI / T182-2005), Hh HUE v 4515 den i . okl
THFE. WAL L5 R E AR (GB 18352.3-2005. GB 19578-2004) o B v iy B S 56 o i HE
FRELR AR BRSSP S R I R IR AT, R BRI . TEE R
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R AAHE AT B 7 H BTt S Lt 7 it Jo A R IEL ) 3R T (R V5 5%, 2023)

RO 2002 F£5 2007 FEERERE EIHFTIL

17\ FR R R 1A FR Beti PN 3 S

(2002 4F) (2007 45

& AR 0.4582 & AR 0.3907
REHNE (B3RW) 0.2718 TRl i 0,632

TRIEF A BRI 0.3561 (HEAFHIEE I

L HAGZE il b 0.2035 B AP g 0.1525
LT s il 0.2000 HL AR il il 0.1112
B2 JERH b 0.1589 B2 JFRH b 0.1355
R bl 0.1273 R bl 0.2125

Badp R JE BB 0.1239 by S RSB E ML 0.1447
FoAdy RS S A 4 1 L 0.1105 At B SR S # dLl 0.1211
=11 2.0106 it 1.9011

VE: 2007 SRR IR P VUR R B R AERIEL DS TR A IR, WO A

o G AL ARG 96 45 R R AR AE 1 IX — AL, 3R 10 V4R 1 598 B AT Mk HoR B1%T
BAEL. F1 (1) B (3) MZRRY], K AT LB ACT IR B ZORIE T R A%
Mo WESCRE, KWIRER G 52 AR L sl BT R 2 RAR B, 7EQUHTYE B A S m i 2K,
N P AR T R AT EE A 5] (4) RS HAATIARLL, 8 T
IRt QBT BRI, —BOE, SREORBIRR R EROR, X Ak BHTHR
BORBOR . A RAE, KRB AT Wt AT 1 R W R BTN 2 (BT A O BN S R A T
St SRS S (B SCE AR 2 4, 2016).

R 10 [ AR PR AL T

Outcome variable (1) 2) 3) 4)
In patent In invention patent In utility patent In green patent
UpstreamxTime 0.0331%** 0.0321%** 0.0002 0.0065%*
(0.0089) (0.0068) (0.0054) (0.0026)
Firm controls Yes Yes Yes Yes
Region controls Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 204,815 204,815 204,815 204,815
R? 0.589 0.552 0.570 0.423

N~ BIRZER SBURRIL
KBk, FERMERA B R F AR T R RSk, Hoop R B
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HIVE N EEMBCR LR, HIEHMSi i B8 RITRE 1. RERIgEa AR, KEE
AN —FR iR BRI 2 — i KGR ORI T S A, 2 i A S SR IR IE I K
LUARRWOCEAE S . 5 RS HE S AR (R I BB S, RS, R R
R SURISE 7 e

AT PG AR AR R IATE 55 2001 5] 2010 4 T A I35 0058 S0 4 2
DID #4Y, 432 1& AT N I 564 515 SRR, ATMKIE i) = AL T o &b B v [al
R ) SEEG A (AT AL 7 ARG — R A SRAT I NN G 0 RIS L Al
ZRAFATIWAEHEA AN, HE I3 DR AT N LA A BRZE AT 4 2RI . SR
FHBUR I A BG4k AR, (BB T AT AR sk Ak i Re 8% . MLl
R, BOR— et 7 AR LR S Y R S A R S T R S AT, 5
—IT AR T AL R AN SR OLRIFET: . 15 QSR I N, X R PR A
VT XoF 75 K i KA B 22 S A (R3S o SR R T 2002 AEBEN T R RN A4 AT LHT 10%.
BT 10%3) 20% 1) 58 b ATk, SSERY], BUREZERDE 7 AT 10%5¢ 8 i 171 §ERL
. MRS, BORMEHE T BT SR OAI KPR T . SRERE, AT
WaEE R b g, 51K BT W SL G, AT SCEL T B 50 it .

WA B N =A@ —REDHERGE AR TAE, @4t RIWERTM.
SRR B 4 00 A HR W e 35 I A4 AT R REVR AR A AR FE,  FE AV AR 7= iR AR 3 Re Bl /)
Hep o8, Ry kREWNGN. Z0U0BNINE 1, HESA ABUM I BT 5 7 K i 5
X7 B AR E B TR AT MWIAEAEMIE R RS, SR CBUERR 1k
FEE, o 5 BU S (ORI A K BORAUER (L IR MR R T 2 0L, AT 70 5 E A 22 o (2
FAHEITK ZE R, 2020). 752 R LA T0Z Wk iR I SRR T 5S8R F AR5 4E,
PRV R A YT S £, 0 SR ) M B A L

TRMRMCRIGTH 25T TME, R IEBOE SR I AR, SEI A Sk
B H AR o SEUER B S (0 28 H R X — 75 R o M ) LR e 2805 3 o B Bl AT b i) R R et
S AR Col: WU R Gl E DI e sl el N ¢ ) O A i 78 o G B e Z N ORI B &5 2 B
X0 R E ARG BN S EZh a7 T A ER, R ATIE &R I HE B, RS
BB BN BSG SLBtE L, e KFEE RSl Re e A

Z RGO RIEFAE, SRR N FARTE S EUILE] . B EE R LK, S A
5 1 856 AN i Y5 K JE B BLAE 1) 100 3> (GENBIE, 2021). ¥F 51— J7 1H S e
TR Xof 0 0 FL R T SR 1G5k, 9 2 SR RGBSR R AV AR B 3 i, AR R 5 3
DVRESEH THE R, SR BRSNS CRIETE A A i A IR, — N rTRER
JRRSE, SR OIREAR IR R OV 5 T AT (R Rk i . S (0 IR BEhR R A — 51 itk
P, HIAES R RS Sk, AT B V@ S E. thah T U
RIGRLTTHLE], G R N F A ST IR TR 2, TAZRIE Rk B 30, R IE
PATHEBLAINIB T B SR TR R

EESEHR:
[1]  Bmey, &Eite. BIETERR SIS iy JeHE i —FE T BUR 1 68 RIWBCR 1 SSER 3R [T]. & 7T, 2022, 48(4): 49-63.

[2]1  BREFRL R EEL TSRS e —k B A B b5 e EIE SR (7). £ 5FRF 5T, 2020, 55(12): 98-114.

21



B3]
[4]
(5]
(]
(7]
(8]
(9]
[10]
(1]
[12]
[13]
[14]

[15]

(16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

W SCIA, 5. BURF R H K 2 (B3R H B D). P UKW, 2006(10): 50-56.

FRgl, BRTR . b A REVR R 2R . . S mi PR R R BUR S XT). T E k45, 2019(12): 78-95.

DNHERE, I ). BT RS R IR o e B HIOT IE[)). 5 R, 2019, 31(10): 59-60.

HOBHE. I 10 SR E BURR TR B bR £ 7 SBGE 1.3 T2 700]. 8RR E EE, 2021(12): 9.

{0, W7, Hannon E, 45 . MFEAILBIBLRIGE, b [ 4= A BLaR 00 gy 2 BR[T]. P4 SR A, 2021(21): 57-59.

VLGV, 2R, BT 11737 5 BR 1] 5% 4 o [ P2V BRI ) S5 AR AR BB (7). B Tk 485, 2010(9): 26-36.

LR, RN, SRR TR T, PR ST B L[], S E AR, 2020(8): 36-38.

B, H B . T2 B I S M G T 0 —— B M B O A B BT BT R[], R BEWTAT, 2016, 51(4): 60-73.
MRECR, A, TR . MBS0 57 e TR LA [J]. T E 2835057, 2010(0): 354-387.

XNER, FLAh. WaEIE RS Rt E N SR — Kiisg B 5% 5[], & E TkZ45, 2021(08): 20-36.

THEAE, . B A WS ok B rh A8 2 A B R SE ). £ 5FRTSE, 2011, 46(6): 146-156.

TN, e, T, B R BRI T R AR R B[], N M- R S BR T, 2020, 30(1): 74-82.

BRI RS, HERE, UL, WEE. PAEOGR . BOARRD B R G A e B A PR R ST E 2000 4E KPR MR B AR

SEIGIZ IR T [I]. S E T B, 2018(8): 42-59.
T, AR, REHE. POt IR 515 ARG IR B T M R T OO T BB PR SR A M [0, R TR R, 2019(10):
5-22.

ARV, SEERERE, SKAESC. Hh BRI S 5 1 ORI BT 1 8N —— 8 T A P S AL A D). BB A DR BORZ TR,

2023, 40(3): 28-49.

i E %, BERTEA, A, MRARAL. B 5 BOR U ERHEON[I]. T E N F - SRR S 3R, 2022, 32(03): 1-10.

WTE, FoiE, TR AN 5 E a0 R R ST AR 7], L5501 7L, 2020, 55(5): 99-115.

Acemoglu D., U. Akcigit, and W. Kerr. Networks and the macroeconomy: An empirical exploration[J]. NBER Macroeconomics
Annual, 2016, 30(1): 273-335.

Acemoglu D., and P. D. Azar. Endogenous Production Networks[J]. Econometrica, 2020, 88(1): 33-82.

Acemoglu D., V. M. Carvalho, A. Ozdaglar, and A. Tahbaz-Salehi. The network origins of aggregate fluctuations[J]. Econometrica,
2012, 80(5): 1977-2016.

Alhola K., S. O. Ryding, H. Salmenperd, and N. J. Busch. Exploiting the Potential of Public Procurement: Opportunities for Circular
Economy[J]. Journal of Industrial Ecology, 2019, 23(1): 96-109.

Bleda M., and J. Chicot. The role of public procurement in the formation of markets for innovation[J]. Journal of Business Research,
2020, 107: 186-196.

Bolton P. Protecting the environment through public procurement: The case of South Africa[J]. Natural Resources Forum, 2008,
32(1): 1-10.

Chen Z., M. E. Kahn, Y. Liu, and Z. Wang. The Consequences of Spatially Differentiated Water Pollution Regulation in China[J].
Journal of Environmental Economics and Management, 2018, 88(2): 468—485.

Cheng W., A. Appolloni, A. D’Amato, and Q. Zhu. Green Public Procurement, missing concepts and future trends — A critical
review[J]. Journal of Cleaner Production, 2018, 176: 770-784.

Chicot J., and M. Matt. Public procurement of innovation: a review of rationales, designs, and contributions to grand challenges[J].
Science and Public Policy, 2018, 45(4): 480-492.

Ferman B. Inference in Differences-in-Differences: How Much Should We Trust in Independent Clusters?[J]. MPRA Paper, 2019.
Geng Y., and B. Doberstein. Greening government procurement in developing countries: Building capacity in China[J]. Journal of

Environmental Management, 2008, 88(4): 932-938.

22



B1]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

Greenstone M. The impacts of environmental regulations on industrial activity: Evidence from the 1970 and 1977 Clean Air Act
Amendments and the Census of Manufactures[J]. Journal of Political Economy, 2002, 110(6): 1175-1219.

He G., S. Wang, and B. Zhang. Watering Down Environmental Regulation in China[J]. Quarterly Journal of Economics, 2020,
135(4): 2135-2185.

Hsieh C. T., and P. J. Klenow. Misallocation and manufacturing TFP in China and India[J]. Quarterly Journal of Economics, 2009,
124(4): 1403—1448.

Javorcik B. S. Does foreign direct investment increase the productivity of domestic firms? in search of spillovers through backward
linkages[J]. American Economic Review, 2004, 94(3): 605-627.

Lindstréom H., S. Lundberg, and P. O. Marklund. How Green Public Procurement can drive conversion of farmland: An empirical
analysis of an organic food policy[J]. Ecological Economics, 2020, 172.

Liu E. Industrial policies in production networks[J]. Quarterly Journal of Economics, 2019, 134(4): 1883-1948.

Lundberg S., P. O. Marklund, and E. Strombédck. Is Environmental Policy by Public Procurement Effective?[J]. Public Finance
Review, 2016, 44(4): 478-499.

Lyubich E., J. Shapiro, and R. Walker. Regulating Mismeasured Pollution: Implications of Firm Heterogeneity for Environmental
Policy[J]. AEA Papers and Proceedings, 2018, 108: 136-142.

Michelsen O., and L. de Boer. Green procurement in Norway; a survey of practices at the municipal and county level[J]. Journal of
Environmental Management, 2009, 91(1): 160-167.

Miller F. A., and P. Lehoux. The innovation impacts of public procurement offices: The case of healthcare procurement[J]. Research
Policy, 2020, 49(7).

Nikolaou I. E., and C. Loizou. The Green Public Procurement in the midst of the economic crisis: is it a suitable policy tool?[J].
Journal of Integrative Environmental Sciences, 2015, 12(1): 49-66.

Pihlajamaa M., and M. Merisalo. Organizing innovation contests for public procurement of innovation—a case study of smart city
hackathons in Tampere, Finland[J]. European Planning Studies, 2021, 29(10): 1906—-1924.

Plagek M., V. Valentinov, C. del Campo, G. Vacekova, F. Ochrana, and M. Sumpikové. Stewardship and administrative capacity in
green public procurement in the Czech Republic: evidence from a large-N survey[J]. Environmental Sciences Europe, 2021, 33(1).
Simcoe T., and M. W. Toffel. Government green procurement spillovers: Evidence from municipal building policies in California[J].
Journal of Environmental Economics and Management, 2014, 68(3): 411-434.

Sonnichsen S. D., and J. Clement. Review of green and sustainable public procurement: Towards circular public procurement[J].
Journal of Cleaner Production, 2020, 245.

Zacchia P. Knowledge Spillovers through Networks of Scientists[J]. Review of Economic Studies, 2020, 87(4): 1989-2018.

Zhang Y., J. Li, and W. Tao. Does energy efficiency affect appliance prices? Empirical analysis of air conditioners in China based on
propensity score matching[J]. Energy Economics, 2021, 101.

Zhang Z., and Y. Jiang. Can green public procurement change energy efficiency? Evidence from a quasi-natural experiment in
China[J]. Energy Economics, 2022, 113: 106244.

Zhang Z., and D. Yu. Unintended consequences of heavy air pollution control: efficiency losses, resource misallocation, and firm
innovation in China[J]. Environmental Science and Pollution Research, 2022.

Zhu Q., J. Sarkis, and Y. Geng. Green supply chain management in China: Pressures, practices and performance[J]. International

Journal of Operations and Production Management, 2005, 25(5): 449-468.

23



Asymmetric Energy Efficiency Improvement with Voluntary Environmental
Regulation: Signaling, Catching Up and Technology-Biased Innovation
Zhang Zhaowen', Gan Chunhui?, Jiang Yaohui!

(1. College of Business, Shanghai University of Finance and Economics, 200433, China;

2. Institute of Applied Economics, Shanghai Academy of Social Sciences, 200020, China)

Summary: Since the Twentieth Congress, the Party and the State have put forward higher-quality
requirements for achieving the goal of "carbon peaking and carbon neutrality", in which voluntary
environmental regulation, as an important policy tool, still has greater potential for development and
implementation. Specifically for green public procurement, the inclusion of state-owned enterprises in
this standard system is expected to further expand the scale of the green procurement market, which is a
key task in establishing a sound economic system for green, low-carbon and recycling development.

This paper constructs a DID model based on the green environmental labelling procurement list of
past years and the database of industrial enterprises, environment and innovation from 2001 to 2010.
The intra-industry competition and signal catch-up effect, and the inter-industry industry chain
transmission are considered respectively. The empirical evidence shows that the policy does not improve
the energy efficiency of listed firms, but significantly improves the energy efficiency of non-listed firms
in the same industry. Mechanism tests show that the policy promotes substantive innovations such as
invention patents and utility model patents of listed firms. At the same time, green public procurement
promotes the improvement of green patents and the reduction of pollution emissions by non-listed firms.
This reflects the differentiated operational strategies of the two types of firms in the face of demand-side
regulation.

In the identification of spillover effects, the study identifies key upstream and downstream
industries in the top 10 per cent, top 10 per cent to 20 per cent of the listed industries based on the
2002 input-output table. Empirical evidence shows that the policy significantly contributes to
energy efficiency improvements in the top 10 per cent of key upstream industries. Mechanism tests
show that the policy promotes upstream industry output and green innovation levels. Taken together,
the listed industries have achieved energy efficiency improvements through demand pull, triggering
substantial innovation in key upstream industries.

Accordingly, this paper puts forward three suggestions: First, steadily promote green public
procurement work and improve green procurement laws and regulations. The second is to
strengthen multi-sectoral collaboration in procurement projects, fully consider the spillover effects
triggered by the policy, and realise the green zero-carbon goal of the whole industry chain. Third,
optimise the green procurement process and strengthen the main responsibility and incentive

mechanism of purchasers.

Key words: voluntary environmental regulation; energy efficiency; green public procurement
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