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B AEREHESE , SR HIXUE AL &7 > I (Double
Machine Learning, DML ) H51 “TCIE ST BE
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2.1.1 FEAE RS

T, BUR SO PEAR ATz R F AU 22 41
G MBI, SR X SE A5 58 )y A I H A
E—ERR. H—, SARERfAEmZE, H
MR B A T AT X IS e i e A 22, L HURAE
AT AR HE LA R B, R i R R ] B
SEANFE RN R 2, GO R
XHRE R R A EtE . a5 . EN AR
2R, Had PO E— 2B, REEFT % E
HABTEAERZ M . o T P iX LE[a#,  Chernozhukov
S DU T X H ML A8 2% 2 J7 5 ( Double Machine
Learning, DML ), H. % .0 A8 & 45 & Neyman 1F
LR G ANE, AR S — B B il 152 22 % [l
AN AL T FZ . DML PE R — 2 S50 R—Al
Wk, BA -3k, Wk EASTERA R, Be
TE S/ B BB AT 4R T B T Dy AT A PR AR ASON Ak
ihe BARERIE B, ASCRH KX UG (K=5),
TEVNZRER 5 B Z (R AR i A 75k 25 b 5 MR A Tl
W, CAREARE LA ISR AR TTRE B s 7R > ik %
b, ARSCUIBENLARMO IEMER L, LAse o 2 i Al
SEAF AR ERE S B 428 ., RN HDER
[l 5 (LassoCV ), #f & & F+ ( Gradient Boosting )
AR 2 W 4% ( Neural Network ) A 4 #b 7024 > 4%,
DI ORAG T 25 SR nAadarh ;. 7EREAN I Jr i, A3
For MR AR et W LA 22>, TR BIBOR
AR A M RION, R A il AR e A A E S BOREOC &R o ()
Bf, 25 IR E Al 2% A1 AT REAE7E B & 2 /R AL
i, ASCIRGIAAE B A RACE LR 27 2T E i 7R
R, DA T8 B AR 1 5 4 A8 o 0 B BRI, O
FOVF A AR, DT HG SR A 1 RS 1 S
LR

T A o e AE LA F ST AT

Innovation,, = @ (pilot * post),, + g(X, )+ U, ,

(1)

Hr, i A, ¢ 4Gy s Innovation, , A B i
Bes i, Fon g @RI K R B pilot

E|:Ui,t | (pilot - post)i,t,Xi,tJ =0
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ForERIE TN, post Frn & B A BUR L
W2 J;  Cpilot - post),, RS, Fom K
poi” R EOR,  (pilot - post),, € {0,1}; 0K
fi s s AT R AL TR IZ R EUR RE A 48
A ER O RIHTKY X, YA RS
g(X, ) HAKREOL L H AL i g(x, ) 752l
ELAR A ALY U, iR A, HAE
0.
T TE R, RSB R,
(pilot * post); , i) ZR & At 4t 6 TEHLER2E S KR 5|
NIEW IR J5 T 2248/, 1B g(X, ) HIAFAEIEN
fefwiz, HHRVRAE R o(X, ) ) g(X, ) AYIELS
FRAAXT NS . R ffiad B R AT R Tk,
BRI TR (2)

(pilot * post),, =m (X, )+V,,, EV,, |X;,)=0 (2)

X (2) h, FERPLEZ BRI m (X, )
BTG, DRI R BT m (X, ), FEAER
2V, i, sl (3) Pios:

V,, =(pilot * post),, — 1 (X, ) (3)

BEEE, AV PER (pilot - post),, 1Y T HLAR
B, AR R g (X)) R, 3RAE
e R BN (4) P

-1
6= 1 Z I}i,t(pilot-post)i’t}

iel teT

(4)
1 5 .
— > ;[ Innovation

ielteT

- Q(X,.J)J

i+l

R (4) d, n FEEANE.,
2.1.2 FEF W EHLAR = > PRI LA oA 7R

2 7% Ling 5% B2 fll ChangB FAF5Y, AR SCH &
T 3T DML A2 iR ESE

Innovation, , = a (pilot * post),, + g (X, ) +U,,,

{0, Kot ot o0 ()
M;, = g (pilot - post),, + g (X, D)+ U, ,
E[U’?’ | Cpilot - pOSt)i,t’Xi,t:I =0 (6)

Horp, U(s) M LUK % (pilot « post),,



XF Aol g 5 B8 0y B x, X (6) LUK it
(pilot + post); , R /A8 & M, (ISR AN . HAR
T 5 (1) A (2) & SCHIRL.

2.2 TEIEE

2.2.1 W

g R AR R SR ERIHTK . Bk
I, RAgga R LR i g R A A PR R A
Hiae 1 (ElnvPat), FfLAZR 6 SE I & R B 4L
5 A R RET K (EUtyPat ). ATHBR
FAEAH AR T, A LRTsR e 1 5
fitlh b O ER A B

2.2.2 fpRes

fie B AS w0 W ol A BOR

(pilot * post);, o 7 SCKFVE M A2 T “To P Ik i ™

TS B SRR A SO AR B, HAR Al
X B, R 4P AR B pilot HUME BRI K. Ab BRAH
=1, X} HE 4 =0; post £ 7~ H 9k 17

‘TR

BERREE M ASAERELZEH? —ETWNENRFINEAREL I

L E (Topl0), AWK (Clo), FE5E QH
( TobinQ )

2.3 YiEkIE SHA MG

SERER PO ESY, AU 2015—2023 45
HHEIR A BN KR RERE Tk ) b T Ak R o Xt
%, PR MBCEIEREAS, FEAEREAR T BE R I
ShEE . OHERR R T Al s @FBR ST, *ST K fF
FEF BRI REA o Al LRI B R U8 T
HIR=AUR, Al K AT W 55 e B A 1 28 22 e
E, XEJZmEdsk A ChEgHEE) 5
W GTHELE ), WG “EFR LR R,
AR SO 0 s BH £ R R ER €6 S5 S L 1 L X
gy, Dz ¢ @ HE s, % R A BREEAR
T INARRAE 2 AT T X AL A 2 2T AR () T A
JE, EHARE G IA—RI & R, i R A AR
WS — LU/ NEERAS, IS LR R 1% 437 Bt
g RACEL, HARAS e SRR 1, 2 2 BB

AR LR W 1, AIK 0, & Rl RBEXE
AR IR 0, “HZER BRI g RREY HE 7k
(pilot * post),, i i 11 £ U 11
%IJ iit RS @I%Xﬂ.l—é}ﬁ ﬁ%ﬁﬂkéiéﬁ* Wi ElnvPat ERAG a0 St R IRE R HIE RN 1 BN AL
A 7 s
BTN o B | EBuwPat | FIFIRG AT S0 S FRT4 F FRE BOII 1 BOHHEK
2.2.3 Bl & e pilot, RSB PIAPERE A 1, 75 TIEE
VEURBC FLAOR (ResER) s RS qgyg | DIt post | PURPORERUREL | 003 post, RIAAIED T,
- N A0, A
% F Richardson B4 {1 J7 Ak i & H -
BeUE SRMCTSEIERTE, JFRIE | weer | g | PP RO MRIEORIOU
B B TR B ROR, B e ’
A T &S T4 R Y GovSub BURF IR BURFSEBR QI3 RN ECRT RO $K
(GovSub ) : E A AT Age TR AT L HAERR
Syi=Nele ‘:3‘—»4\ ,"”*»1 :
BORMEE
Lev Vit feR MG A
2.2.4 P Az &
SRR ks Fa Ly zgda [ 532 7 AR S = i
BE ey T I HY T+, Zs
% Amore 4 19 il Dong 45 09 {30k, | Rea v LRI S 2 e
TERRI P s T AR E . A TobinQ R QI WM SR BB RAZ
n £ i N 1> 3 A N
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IEGETTEE R ®2 RS
3 SCIF&EEAMF BHE Obs Mean Std.dev. Min Max
ElnvPat 4597 0.728 1053 0.000 7.124
3.1 EELFPER EUtyPat 4597 0.744 1.001 0.000 6.425
” o . pilot - post 4597 0.286 0.452 0.000 1.000
4=riE SR Fﬁi% e Age 4597 12.920 8.357 1.000 32.000
MR ZE R a3 3 fr. Al FRH Al
2 0 LR T4 51 (1) 1 Size 4597 13.320 1438 9.160 17.860
G (3) S IES B o, T Lev 4597 0.436 0214 0.013 0.849
. B0 (1) pilot - post £ i % # Fa 4597 0.321 0.178 0.014 0.754
B 0073, 7 5% G i HE AT - Roa 4597 0.032 0.010 -0.032 0.074
BN, R T TobinQ 4597 1162 0.264 0218 1.492
HORTE T 2 Al ) P 2 Top10 4597 37.150 5.279 16.670 66.670
R AT: 51 (3) pilot - post £ Cfo 4597 0.125 0.108 0.142 0.778
TR KN 0.053, HTE 5% 0 8 & %3 HgEPAZE
PEACE b 35 I, UL 0 ) 3) (4) ) )
RO TR AERE i ll (9 1) S (6 i ElnvPat EUtyPat ElnvPat | EUtyPat
B AR IR e AR S (2) A , 0.073** | 0.072%* | 0.053%* | 0.049%* | 0.129% | 0.099*
H (4) Bzl As f i) k3, A pilot - post 44) | Q4D | @15) | 09 | (199 | (187
TE 5% KV B R ENIE, REUT A Observations 4507 | 4597 | 4597 | 4597 | 21379 | 21379
4 0.072 11 0.049, 7F 3 iR R K. S F— B B = 2 = B
EY BT EPCT RO T, &K S B = o = o o =
0.049 ~0.073 X} ¥ 5.5% ~7.6% I B = - = = = a
et sEHEH, “ToEwT il P 2 o 2 o 2 o

RUVE R — T EL A 8 i A PR R
B, B A E 3D Al 9/ [ )% HE
i, SRACGEIR R SRR LS . — 5, A
b 7 1 3 B o R R R R R B ROR L A R gk e 3§
1, DA IR R BRI o, SRR 7TIRER
KXAVHT; 59—, R XK 5 Ak B S R
FIBHBRZESR, W sl Mb A B BRI hk [ 647
AR A BT, B R A K
I, CTEIERTT BORTEERE DL S 5152800 3L
HEEAT, b Tl maadd R ES 0006
3, RSB R A R B B, SR T Hla
F1Hl1b,

#39 (5) M) (6) WFEAY FEZRIEGEFERE
LA E (20152023 4F), FIHZERER “T0E
Wt ” o e SRR AR A ML sk E R BETVE AT,
pilot * post it R 53k 0.129 F10.099, 7E 10%
KV BB ERIE, RN SECR AR S FERE L

T o#, ok sk SRIZRIRIE 10%. 5%,
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1% HPKFRRE, 55NN H. REIA,

A7 SR ARRTA R o X5 BOR B R AR TR FERE Tk
A B2 e 2 — 3, B BORAE il BE BT B AT X RE
DRI e [ HE O B v AT, Al 58 B2 AN 245
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AL TG SPY (x —x)/n RREADS
25 W WA RCEFERETER, B 0~ 1 A
FESEAT 53 HT o

5 56 45 5 a4 10 7w, 2015—2023 4F 4% 4F i
Moran’s T {854 M IE(E, HAE 1% MK Rl
Kk, RO SFERRA SR AR 2 Hi 230
RS MIEAR DG, TSR e aE KRR B
My, BAKRE, Moran's [{HE s IS, N
2015 4EAY 0.075 B3l EFFZ 2021 4249 0.079, 7 2023
SRR R B KAE 0.080, 25 AR S8 A0 1 ik i 3
LG 2 B EBUS IR, SEAHTKE F%
B H—T 5 IR s RERE)R, AL
SR AL S AR BT U5 T BB S 302 [ O st e it . 1A
I, FERESESE TR S A A AR A, AN
B, 7 ELRERS S HER MU IO e Rt
RAERB A R O AR 25 (Rl 500

4.2.2 FRAYIE FPEAS 56

2SR AR AR R R, T B i A K
B LSRR, 11 R ER: OLM K
YA “HEas AR ()R B, TR
FEAE A AL o 500 RN 2 (R 258000, 75 R 28 |
AL, @ LR 5 Wald K560 245 48 58 5, 38 1)
Z3 (AL AR (SDM ) 5 (3 Hausman K5 56 HE 45 B L
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Does the “Zero-Waste City” Policy Stimulate Green Innovation in
Energy - Intensive Enterprises?
—A Causal Inference Analysis Based on Double Machine Learning

ZHANG Xiao, ZHANG Mengmeng, SUN Tong*
(School of Business, Zhejiang Wanli University, Ningbo 315100, China)

Abstract: Under the dual pressures of increasingly stringent resource constraints and continuously rising solid waste accumulation, China has
launched the “Zero-Waste City” pilot to explore pathways toward a circular economy and green transition. However, corporate responses to this
policy remain insufficiently examined. Using micro-level data on energy-intensive listed firms in Shanghai and Shenzhen from 2015 to 2023, and
leveraging the quasi-natural experiment of the phased “Zero-Waste City” pilot program, this study constructs a double machine learning (DML)
model to evaluate the policy’s impact on green innovation in energy-intensive firms and its underlying mechanisms. Empirical results show that
the policy significantly enhances both exploratory and exploitative green innovation in energy-intensive firms. The effects are mainly realized
through two pathways: external incentives that alleviate financial constraints, and internal governance improvements, with heterogengity observed
across ownership structures and regional conditions. Spatial econometric analysis further reveals notable spillover effects to neighboring areas,
as intensified environmental competition and green knowledge diffusion, collectively promoting regional green transformation. By linking firm-
level behavior with regional environmental governance, this study advances the understanding on environmental regulation and corporate adaptive
behavior, and provides empirical evidence to inform policy refinement and regional green transition.

Keywords: Zero-Waste City pilot; green technological innovation; energy-intensive firms; spatial spillover effects; Double Machine Learning
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