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Abstract

Using evolutionary game theory, this paper analyzes the evolutionary game process and possible
multiple equilibrium between government environmental regulation and enterprise pollution
control behavior, and puts forward the hypothesis that there is a threshold effect between the in-
tensity of environmental regulation and enterprise total factor productivity. Select the balanced
panel data and relevant environmental regulation data of 3,221,580 industrial enterprises in 39
industries in China from 2011 to 2020, use Levinsohn and Petrin (2003) estimation methods to
calculate the total factor productivity of enterprises, and use the panel threshold model for empiri-
cal test. Empirical evidences show that: 1) For the whole industry, there is an inverted U-shaped re-
lationship between the intensity of environmental regulation and the total factor productivity of
enterprises, that is, the relationship between the two increases first and then decreases. 2) After
the whole industry is divided into three categories: low, medium and high according to the degree
of pollution, in the light pollution industry, the two are positively correlated; the two are nega-
tively correlated in heavily polluted industries; There is a “U” relationship between the two in
moderately polluting industries. The findings support the threshold effect hypothesis. The inten-
sity of environmental regulations has different effects on the total factor productivity of enter-
prises in different industries, which can be reasonably explained in the framework of evolutionary
game theory.
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BT 40 2K, PARHIN . SFERE 5 RO RRIE A AR B AR A HE B i [ 28 B pRod
JEE (TR ot R i an DR YA o . Vo e B AER TSR R PR ST A A AN, R R A
AT EA W AL, AR E LI BUE X DOV AR 2R KB B, PR BEAG TR AR AL
QBN E B RS TR RLAE KA T R . I FARATAE (2030 SEH R D) FRily, o EEE
B SEIONRERE” R EHEIREh A TG K I O e A R A R B[] IR ISR IR ORGP L AR S
Dl FE ot R AR, gl e P ST 55 Bt ) et L AL
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THRRPAVITE . BARBIR SCIE RS, IR Az 35 SO A e S I Hh [ (0 H AR CaR NS ilE £
G QBNA . KILRIPIESRER: BT RIPIE. ARG RPRES R, CIESZFERATh RAS
B R G 555 ETUZ B ARG T, JEPA ORI UG 538 A [ 55 ek T 2021 4
FERRBRR BN B ORY H A5 76 B AR 5 o, 2021 R4 [ ARSI = 1 B.0Gs, W amihia T
e o

MV AR Ry — AN SR Rt X B A A 77 BT, ALl A B3R ™ A KA 0 s e [T 5 it X PR 22 5 4 K
R A[3]. R4, PREEHLHI ik 4 B AR P R ? TSR MR R R PR 4 7 X — )
TCEE IR 2 B BUN PRSI BOR AT B2z 52 . RHEAR JT, [R5 R B A an (o] STt B9 3R 5l . SEBL i ot
Bk, HAEZENERMMEMCEE L. N RERRE, ENHKI U Yy, A5 Ed—
26 SR A B S olb 4 B AR P R IR, O SR N E I A R AT B S R

ARSI RS A TTRR E ZAPUAE: 1) BRI, ASCAEBE AL ZE 70 M Bt b 52t 1 TR B
FE I HER BN AR R DA A SR SRR . 2) BEFUUTIRT I, BT SO T
MRS R HE T (1 i 22 R I S OB B 07 AT 300, Sl W 78 AN BEE - HUBIRAE ,
Pl R AR e RS Ht S B oikin =, WA O E R R, SRS EARA M EAAE,
IR IFARA T Bk . AR AR FEAS SRR 58 7T LA R B2 5F B RIS AT IL, /RIS KRS
BRI ANERAR SN, RO RS SRIME S

2. NHkEAR

M [ 22 55 2 5 b B 17 2 0 50 44 4% (Grossman and Krueger, 1991) 3 H R P 2% Vi % h 42 DA [4], ¥
BERI 5 2 PG KO8 R 2 B E AN 2 R0, AHCSSIERE FUA W tH I

ST IR SRR T A 38 AR P 2R S SIIE AR 56, AT SCR = A TE P A U, BIY A B U A R AR i
AR U, PREERIE] 23 2878 A, #fi k& g . 4n Jorgenson T Wilcoxen (1990)i it 4441
WIF 0 R IRAE St PR B R BT B P, PR RI Y 2= 3 35 Aol A2 7= %645 BT T F%[5];  Barbera A1 McConnell (1990)%
FERIE 5T 55 B R i, R BIUEBUR s A VA BV S Y I BOCE AT T, kA Pe R S yidmdl[6]. Iy
& (Porter et al., 1995)Xf BAR i d T 5E, A St R SRR I Aol S AR 0E “ BB AME RS«
IOV, A AT DO SR B ET IRk FH R IA BRI RS A, RIS 3 s kAR =Sk [7]. 2 SRV
B R FAT BRI TR S, 15 202850 R SRR AR . 41 Hamamoto (2006)#F 7 2 5 SE it % #5511
TR, XS VR BT R E R, AT $ &4 7~ % [8]. Rubashkina £(2015) AR & Mk 9t 72
SFR, RIS 15 el R B A5 BIHETH 9]

B R [ PR G In) R H 25 708, G T IREE R T 42 2R AR = S R M F 9000 A RO T 5 | RS I Py 2
)2 KE . BRI (2010)AF FIE B St 15 BE JkcHE i i RE L 1 4 B2 3R AR P2 R 3R S [10] o T 2N R
(2014) A 58 R DA G R ] 5 Aoll A BEE A AR A 48] “N” BUSC R [11]. LMK (2015) K 315 6E
WS S A PR R K (A% 0B 7, BRI S, RS A S X R SR S A, o s b X T
e P15 1 43 €8 25 57 SO0 B AL B PR 885 [ 12] o

Zx BRI, B SCEROC T PR IR 4 B 2 A 7= FR W M HLAR AR T U — AR . IR RE AR Sk
E, WA SR Z A PR XSEAT WA oW e, B8 FAROUA L2 T, A EREARE >
H HEBARE R IR, 55180 SRR T R R WERRaIRE, BA STk 2 T A B A
R UL, FER S b7 SEAAF G B, PR 4 2 3 A P 3R (L L S i lb A B 30 AR 7= 2R) B M S o AT L il
RIFBI 47 IWNSEEJTVERE, DA TR 2 K 2 Je 4otk AR, REERH T 42 2 3 A2 P 2 2 )
PR IERAG RIS . ST, ARSCRAAL 2 T Rl 18 A 2R B0 o A R SR 5 Al
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YEVSAT A NG SRR B TR, 7R 1SR P T T TR AT SRR B
3. R SMRMEE
3.1. FEHUEIRGHIRILAHE

ML DR BB AL AR 1 DABURF 9 S AR PR S 2 (AT DAl o 3 ORI ) B AR s e R ) 2R 5
HA=AFERHAE: 55—, WBIRGESNE. TN, ARG m ST BUF . ARAT ALK
BZ25%. Z5FNIKEUTAEELESHEL, AMREBOEEEFZRAIMAEL. F 2, REMAGRNE &
(A E A P R BB RA — € MBENLIESE, WA AREEAT O, SR @I R G L (n
W] WA MEANLH ) M 2 IR, RS RBRAA —ENATENE, ERKERE
EOCHEARRYE. =, LA A T REHERA — € e, IR 2 AL B AR R N 2
B AN TE R .

EIRRAER ], BURFA SRS A6 1547 9 18] 4 FHLEL AT LAz A3 4L 55 2218 (Evolutionary
Game Theory)7r#fr. f&SEMZRIBLLSERBEE, Sea(m B MBS, FIFBOYH . SRR
TR, R IREAR A A A R A S SR, WO R SCAE AL B AL 1 T B TR 3 A%
BShUEAR, TER B E R TIE, R HTHI A  ARE A LA B SR I A

3.2. BT RMEENREMRE

3.2.1. HRIKE

VA1 {# 2% (Coordination Game) & HEAT il BEVE AL I ZE /0 M £ T H 2 —[13]. 52 SN Ak A 5 [ 2R A
(Prisoner’s Dilemma Game) LAFEPE N . BLAMEAEAAH B8 BRSO AR AN ], PR AN 2R DL 2% 07 AH |
BT MEAVES NI, & BUFPRSEI SR AR 1547 R SR ns 2R (B S alls A8 fr 2 75 1
5 207 7 FR LG BUR FREE R AN VI V54T 2 Bl I R v 1 SR s R B [14] o A 43 DA e 2R B Ay ik
fil, % 1 GHBUTS ISR, FEUHNE, BN SENSERE R L8 TEE., HIXE
IR R, AR AR R THOER, —EWR— e EER, BAER. X EUT
A B AR P2 BRSSP R T BI0, (H S R M BT I R, AR L,
AP A A A T A R (R A R N IBURT A A LA A T 25 5 S [ R0 &3 (Payoff)

2 L RBEIERURT I PR S A 1 SR RN AR PR N V8T SRS IS 2 2 (L, 1) BURE B w9
FH 1) S AR S RN IGTT RIS RS R (e, vy b g, v > 1 HAB PR SR 20 A 0 S UL 25 2
SM(1, 0)F1(0, 1).

Table 1. Government and enterprise game payment matrix

=1 RS EE e

T - Al ERNIR TG 5 S RIS HEE
R A (77 ) (u, V) 0. 1)
R SEE (17 ) 1.0) 1)

ARBEAE BURT 126 4 v i B 5 W) SRR R AR A, AR LB B s BN IR TS SRS IO EL G, (A, 7))
FORH— I RUBUR 5 b T REAFAE O ZRIRAS,  HIs AT B B AR B AR A b 7T DUABLBURT 5 Al s A 5%
JITaL & (R R -
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AU 3 45 T AR FEE A W SR OB (L U, SR BRSSO U S, WU 4500

U™ =nu+(1-7)x0 (1)

Ub =px1+(1-7)x1 2)

U=aU"+(1-2)U" =Anu+1-2 (3)

FIEL, AL BB AT A VY, R R OV, WAV 5
VP =2v+(1-2)x0 (4)

Vh=Ax1+(1-2)x1 (5)

V=V +(1-n)V' =piv+l-n (6)

MR A I ZREAG , IR0 2R 22 AN W 1 S, RIS B MK S 1) F A4 2 UL SR
A ) (RBL7 ) WAL At A e R SRS, A o SR LA [ SRS 1 L gk 2 R AR R A o 817 25 SIS0 1 T P B e T
MR — AR R RN, AT AR AU TT R LU RN RE R AR RIS
B, SR FFAIWT 22 5 (1 M 2 R FE AR BRI R K/, mT S 0 G SR 8 i~ 38 R AR B RO

IR A B AR R LU P AN T R B R Gk A . B A TSR I a2 R 11 15 K AR B T R AR R
TN, B — ISR M e R B R AT 3 M v, A X — ik Bt A5 B4 & AR K FE[15].
B4 Taylor £ Jonker (1978) I (75 2 BN A B [16], 128 45 vy 5t P55 A5 | SR B4R AL AR B i 3 N ¥R 5 Al
E (51 14K 5 ] FH DL &2 il 3 2% 75 72 (replicated dynamic equation)Z 7 :

TESUNF 30 3¢ vy o 5 1 R 2R B S DT A

di H H [T

Pl (UM -U) = A(1-2)(un-1) (7)
AL P BN B TS R R 2 A TR -

d —

d—?:n-VH-(VL—V):n(l—n)(v/l—l) ®)

K(NEH, UA=0181n=1Yu b, BUFIELESEERTRE LLERIER. FHE, KX@)&H, 4
n =018 2 =1/v BANVEE IR BRAR RS TER .
3.2.2. {RBRERR
218 Friedman (1991)4¢ t i 77K [15], X3 —NHfor 5 18 R Geditid R sh s, X s is e itk
A XA R G015 2 1T AT B (Jacobian) Fi BE ¥ 5 AR 8 e A5 2. BHIkG, AR SO R R U RR B (1 =) AR e
Gy BT T RAIE T 5 R (7) RN T R (8) LR R S R 1
T3 RE(T)FITT R (8) L R F 4t I ] LU FE B AT 21 XA«
detJ = (un—1)(1-22)(vA-1)(1-217)— pwvAn(1-2)(1-7) 9

JHE AT B HE B (19328 (Trace) A :
tr3 = (un-1)(1-22)+ (A -1)(1-29) (10)
i CA_E o3, TR RE @)L R S 5 AR P4 i, T AL AS %2 SR B (Evolutionary Stable Strategy,
ESS)ZLR BA A TRE, B4 x AT X" AP RESIS, BESA F(x) >0 24 x & X K- g
I, N F(x)<0s BPECE RESRF(x) SR () <0 o fd A AT LR R 1 Jo s R A BT idixt 5 A
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Table 2. Results of local stability analysis
2. EERESHER

BRI detJ trJ s
A=0,7=0 1 + -2 - ESS
2=0,7=1 41 + w + FRasE
A=1n=0 v-1 + v + AFasE
A=1n=1 (u-1)(v-1) + 2—u—-v - ESS

A=Yv.n=Yu ~(1-Yu)(1-Yv)

|
o
e
qr

e 2 ITRI, R 5 AR A OUE 2 MRERER, A(A=0,7=0)R1(1=17=1), J&FHf
FaSE RIS (ESS). 534h, BT RL(T) R REB) AL I R 0 A P M RS P 2, 9 (A =0, 7 =1) Fi
(A=1n=0)s —MEA(A=Yv.n=1n).

3.2.3. {HALID

P 1 R BUR BRI AN LA T AT A RS AR . AN AR T T A (L, 0); B (0, 1) Kol s
C(Yv, Y u)HERRIPTLL(A-C-B) T LG BRGNS T A FPRA G LR, A iz 2 A2 0BT sk
FARSZH . ARSR B SRR AT A s LTI R A AT SIS T s . s SR AT A A
Feilth, MVIEIRETE C AT, R 2 M IS ERAS TR FIEZEX0 % 2] R E .
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Figure 1. The dynamic process of the government-firm evolutionary game (#=v=2)
1. BRS®eIEEERRNTSERR(u=v=2)

R L H, p=v=2, KRR EUFIAEE R SRS SATS SO AL G 19 28 70 A2 (RS AN
il ARG SCH RIS SR 23 10 2 4, I RS T AT BER M ) (#9709 0.5, B0 C iFTR).

BRE FeAth 25 AN RS, BUR 5 Aol e £ m s FE R L i va i S H 0 SRS 2H & AR A5 28 19 D0 i (4
p=v=4), Wi C L FIBEIE C (W 2 Frx), ST msBBEE]. miaTs S BB I I
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Figure 2. The dynamic process of the government-firm evolutionary game (#=v =4)
2. B S®tAERERRNTSEIR(u=v=4)

3.24. MRBH

VR AME AR R B, U PR R 5 A by 5 SRR I8 38 2 [A) (R Ak T 2R mT e A7 AE 2 AT . M\
FARIBATRIIERE, ARBEMENEERARZESEE, AR ESNME ORI FRE, ENTA
[F) PR A7 AT oA U (R P9 3B AR W B . R P iR is TN &, SR Rl T AR
17 R BE AT BE & SRR TS SO A RO A B AR 2 8, AT RE A2 F v ys SO 28 &) “O0E ML
L7 CEESIRN

AN IETFAT NIE R B R IR T i 3 H VR TS SR SRS VA TS SRS AR A a5, A XA A
Z BRI R B R BRI 2. 5 EART “ARIEBIR” EBHHIAE, EAT AL RS, MY
FAE “RIEBIR” 15T, EATREAEAE “AMERIK” BN AT K7 NBe EE R W) . Kk, A
FAT ANV I T AT NAEA RIS SR BEAE N, A B AR R LA 5 J5 AP 2 etk H
TEVRUa], i PR R A 56 RO = YA ¥5 S T A BRI AN S R R 5 R . 48 b, AR
AR IR HL 1 H2.

HL: X TATIW AR S, TSGR S Al A B 3 A 77 B AR A | TR U

H2: T35 YRR FEANFAT I &, PRBERH R ol 4 B A P AR AN ], 3 nT REAFE IEAH 2K
FORH B TR S5
4. SHER

A SCIE ] Hansen (1999)$2 H A THIAR [ THEREAY[17], iEHX 2011~2020 4E 4 [E TalkAik iy 39 A7k 3t
3,221,580 LI AR Fog o P ST 48 T AR HE , RHEGEE HL A H2 BEATSCUER S . T A FIESMNE K S
2011~2020 4F (HEGELSY  CREPRASESHES) DL R E Tl A r i A 3R 2 . A SR BUREAR B
I /B Tl PR V3G IME S ] 52 557 MOl N GRS EE B RRE AR o B50ai Ak B o FEHR A2 Statal6.

41 XEEHEE
AT BRI R A A 15 RAT R o AR B 2R
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411 2ERETENH

AT ORI (B 2K) s AT B X ) SO (1) = AN J2 TR AN [ 7 v 0 4 B R A P S gt AT
5. A3CLL Levinsohn F1 Petrin (LP, 2003)5 7Y Jy 5L fili[18], i 45 6 56 A< F1I%E £ H (2012) i [19], B A
My AR A P A SR B R

INY, =B+ B INK + B InL + B, InM, +> 5, Year, + > y,Ind, +¢&, (11)

A A B () B SCRIH S IR U036 3 TR (3 Ja SCRE B AR rh A ) o Year 4R ARF ) [ 52 2508,
Ind FREEAT V[ 78 RN [, LP 2R A BN (MTE O ARBEAS &, I8 B A b 28 3 AR AR L IR Al
1B H AR & (Exit) .

Table 3. Description of variables

F3 ZTEUMN

B 5 58 X7
I F AR
AN L SATHGE, WEARXE(NL)
WA K BS54, BE A H(InK)
SN M ﬁﬂ%ﬂ&iML%E%ﬁ\%@%ﬁ‘M%%Eﬁﬁ%%%ﬁ%%%m%%%
PAK AR RO HR T3 4, B E SR £ (InM)
I Y o ENIRN, HERXE(InY)
R 9057 .
BBHREFR TFP SR RL I 45 R
EREER ) e ER /KIS AFR IR K Wit ia 47 9 AR BN
HAR B Tl R&D £ 3% N E S B AR Bk b 3
A BB FDI AR B A B R0 Bfb Ak
FAS £ H4) SC Al B AT s B
N SLFN PC  [&lE ¥ /=1 {H/ 5t AL
AR A =26 EP  ENIRN/REIRIFE R

412, SREESHE

BRI T M5 G HE LA R AT AR F, AN R T AT ML AE TS GO 2 . B B8R 3 25y T #
FEAEZE S AT, ASCHESEA L X(2014) J7 i SR AT W5 Qe R B [11], it 3oy, A
LRI

B, WEANRUE =§; /O, AT 25 Rk, E2aRKHE . Sk .
TA BB S, BRUL TR, DAAS AP = A5 R

Hok, 8 Lk ok Fah REMEAT AL :

UE; —min (UE;)

V& = max(UEj)—min(UEj) 12

e, UES ARRHEACELEL,  max(UE; ) A1 min(UE, ) 5350975 BeAs § 15 AT IR B R AE AR /ME .
&, A LA R S5 RS RO E, FRRICE)E, BRI R HEBGREE ¥, -
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> UE;]
= —j:l
n

IR AP IR, ARSORIETS YR e 39 MTIEAT 2028, Ik 4 R

Vi (13)

Table 4. Industry classification table according to the pollution intensity
4 RBISEBETI S HER
IES T R e L 1Tk
2043 PUORIE. BEFR. AR R GSUL EALL FINT. (LEER,
L e e, AEemlis. BemT, AT, B4
FhITR AEGHTR HA R REDN L. B, YopkfliE. M
SRR N4 0.02<y, <043 filfh. CAERM&. BRI BES. LB, ZlksE. L.
1 ) O 5 W VN N D

7, <0.02 RRE R AR AR SCRME . BRI AR B
T BRHBE. AN, EERS. EMGER

HEFG AT

BPETS JAT L

TORBRIUE: SEH TR,

4.13. MEMEEEEHE
A SCHRAE TR B SR B I, MR G —hnitE . A0S B IR A5 (2017) M 57 v2:[20], FH#
PP EFERR I TR SIR B S F R i . TR BV, AR 32493 N — I ML R A e B TR 4
— W TR Y R A . AR E AL AR GRS R R, AV K AT i B A R O FE P
FE TN AT TE AR A TR, X S A4 R AR S B A LASRE . (R, A ST AR T R /K R S A 6 Ak
PR EIE, HEARI TR
FRIEHUHIREE = PRSI RIS AT 2 A AR Tolk s =l (14)
K 3 BRI 2011~2020 4E P [E Tk VAN FEAT I PRSI 3R 5, A el AR, R IAS G
AT MY St R BCRAFAEAR K225, Tk A B AR AL T &5 K7, 11 55 B 5 YeAr b R Kl 447 M f 5
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Figure 3. Comparison of environmental regulation intensity changes in industries with different pollution levels

E 3. ISRIRE TR T IR R 58 B 2 (3T b

DOI: 10.12677/ecl.2024.133507 4150 TR 4TS


https://doi.org/10.12677/ecl.2024.133507

FEf] 25

TEIRE,  rh EEANER FE TG QAT AL T BAR KPR B SR 2 Fr PG BOX AL A, K 9P B R 4 S
ATV 35 Gt LA BV RO OR 2 BURPA T35 5™ AT ML 20 AT S ™ R BRI BN FER
4.2. NIBRENEE

AT SCHR AR AR BRI AR AR B 2 AN AR 2R 0 RN, Sl H AR TH A i N R AR B ISP D7 300, 57
T WA R, SO BT A . BT T e R 2 ARV R L, TS AR AR B A AR A 2T
A WA R HR AR (B AR e A e ik EIA AN, HAS SSRGSk
RS TR AR R 58 2

TFP, =y + 4 ER,; - | (ERit < 7/)+0(2ERit 3 (ERit > 7/)+ﬁl InTI,
+ B, INFDI, + B;SC; + B,PCy + KER, + &,

Foo, AR, CRRFER, & JBEHIREITL | () FRtEm R, TFP, 3R | Ml fE s t 4 %
AR, ER FRIRBHGIRAE, TI . FDI . SC,. PC,. EP {EAislaeit, 4rmiMi il
REVHACT . ShS ELHEH VA, USSR, NI R BER A  2K

5. SCIE4ER
5.1. RN A

N T o3t Ak TRP B (8] 28 10 ) A e 35, A SOR AR 3 BEVE HEAT 5 58, JF R 3 A4l TRP A9 fE
AL EGEAT ISR RS, Al 4 AN 5 . [ 4 TR L, AN 2011 4R 3 2020 S fh 2B H A A
Hoal, ULHIEE Tk Al 4 B A RIS N 228 LT

%6 NTEABRRIANEST. KR BGIHRIE S £ (2014) TR R AR — 2.

5.2. TSR RIS
AR E B2 (Bootstrap Method) i A 56 P15 A i 58 FE of Al TFP A2 BAAAE I TR AR, 1505E 1)

(15)

AATFP
————— 2011 2014 — — - 2017

2020

Figure 4. Enterprise TFP kernel density distribution
4. @l TFP % EE 53

DOI: 10.12677/ecl.2024.133507 4151 TR 4TS


https://doi.org/10.12677/ecl.2024.133507

FEf] 25

Table 5. Descriptive statistics of TFP of industrial firms
5. Ttk TFP fER M 53t

P i o
2011 10.187 10.192
2014 10.341 10.327
2017 10.453 10.424
2020 10.578 10.593

Table 6. Descriptive statistics of main variables
6. TETEMmAM I

e FEASL Sl briEZE B/ME SON:|

TFP 3,221,580 10.379 1.723 431 14.78
ISR - AR

InL 3,221,580 9.518 1.43 2.944 11.42

InK 3,221,580 15.064 1.526 7.736 18.292

InM 3,221,580 14.592 4.076 0 18.801

Iny 3,221,580 18.063 1.749 9.961 21.54
KU AR - A

ER 3,221,580 22.776 31.161 0.001 183.12

SC 3,221,580 0.026 0.024 0.001 0.104

PC 3,221,580 39.106 45.717 3.13 325.92

FDI 3,221,580 14.133 2.94 0.001 17.597

EP 3,221,580 9.9 9.681 0.04 46.86

Tl 3,221,580 12.848 3.336 0.001 16.811

Table 7. Threshold effect test of environmental regulation intensity and total factor productivity

®= 7. MEAHRES S ERE T RNENNAAK

P NI F giit&im e i o
(=it FIRER F{H p ITHEE 95%E (5 XA
10% 5% 1%
BARAT B 2077 0.097 20.433 25.431 34.809  27.190  (26.990, 27.360)
HEGRATY GIIME 636 0467 13.717 16.530 21.926  130.600 (128.870, 132.870)
AT BT 2315 0.046 19.070 22.366 34.663 0.950 (0.930, 1.290)

BEERTI kM 508 0.680 11.561 15.126 23.180 3.360 (3.290, 3.410)

RHCN 1000 WK, RS S AR e T BEUE IR 7 fs. WRIRES BT UG, A EEAALE 10010 5%
PEACE Rl 7R — TR S, XU T AV AR A TR, TR R S B A R [l
PR TN, B —FHAE AR R R ARG, R RS Qeqmlkismd 1 i — Tk,
HLA ZZ KT 5%, HR] LAUER, ABERUG] 30 5 5 4 B3R AR SO R AE P BTG JAT W PO AR, T
FEE ARG YAT W Op 2t . BT SRR [ AR (Bl VA B i — D AR B0 P & K R
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5.3. EAIEILR

FE T THERON A S0 A AR (Rt b, ik — b 5 S 95 5 X AN [R5 G FEAT W i ek S AR ek
FRF, A AR THE [ AR R AT S5

42 8 72 Tk Ak BEAR B Z KA THE5 2R SAEERLRI A A T R £y 0.014 A1-0.006 (FI7E 1%7KF T 2. 3%),
VEHIE AR T I TMEE 27.190 I, PAAEREMaR 7 mON IR, BA R TA R8T, — Bl X — A,
LR ARy i, B 7 Aol 4 R A AR IXR AR A B R iG B — e R, b
HaE i, RMAR T AL k.

e R, BORBIFIKT BUBLGEH . NI BEACRIREIR AL ™ H O A P A B IR R, 1 W] >
Mk R&D £ 3% A S I G N RIBEEE R K NS BEAIG AN RE IR A AR ), b h e BER A R
B2 SRTTo AN B B A B A A P AR R I, AT RE Y SR A2 T5 Qe R B B (Pollution: Haven
Hypothesis, PHH)ZEFE Tl Aalb b plar; BRIV HEAR R, AR H R B3 A 15 A b B RS ) .

Table 8. Overall firm regression results
8. BEfilEIAEER

ER 9l THEAZ &

At
TEP
0.014™
ER <27.190 2.61)
-0.006™"
ER > 27.190 (—2.96)
4532
SC (0.50)
0.033™"
PC (14.90)
~0.250""
FDI (-5.00)
0.111™
EP (11.39)
0.601™"
Tl (8.60)
e g 8.148™"
T
5 H (7.78)
A7 b ] 52 R YES
A R[] 52 RN YES
R-squared 0.752
F1E 149.2
ML 3,221,580

H: FEANUE, TERp<001, "ERp<0.05 Frp<0.l.

ASCAERT U EEA Tolb A b (BRI F, AR TS QAR FEAN [ 70 () = KA FAT Mk, 20 354 T 17 (81 53
B, AR 9 .

(D)F 7 i S5 BAT M TTRE [ AR () SRl TR, R HON-0.007 (18 5%/KF R iR#), R
RALBCRN I B IN 1 BALER, Ak AP R AR NEEK 0.007 BAE. XUMERIN, HEEGR
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ATV TIE RIS GO R e, S0 T B BAS, T e A s A 7 2R e R I i TE Tk
FEFE SRR, BRI 28 T i R

Table 9. Regression results by industry according to pollution level
F 9. MIBPSLRIZE FTWEVIEER

@) 2 3)
25 5 HEF AT A oS Y ATk Ak BB AT A
TFP TFP TFP
-0.007™" 0.001
ER (-2.52) (0.45)
-2.270™"
ER < 0.9500 4.60)
0.003
ER > 0.9500 (0.88)
sc 23.261" -5.097 33.764"
(2.27) (-0.37) (1.92)
PC -0.001 0.018™" 0.070™"
(-0.33) (7.04) (7.00)
FDI -0.277 -0.293™" -0.128""
(-1.62) (—4.09) (-2.85)
ep -0.159 0.059™" 0.063™"
(-1.22) (3.52) (4.96)
T -0.258 0.416™" 0.931™
(-0.96) (6.07) (8.85)
e, 22.024™" 2.438" 0.466
T
G (5.02) (2.49) (0.29)
A7 Ml ] RN YES YES YES
R[] 52 RN YES YES YES
R-squared 0.897 0.598 0.894
F {4 54.07 29.16 130.2
I AE 1,002,760 1,097,580 1,121,240

H: FEANUE, TERp<0.01, "ERp<0.05 Frp<0.l.

MR EORFE, NIBEAINE] 7 ke 2R, AR, BEE N RAIE R, il
RA T REFAON AT R, Tl TH ARG RO ™ E, Pl TR BRSNS, AR T4
PRI BORGUER A A B A A SR R EA R 3%, XU T B AT, A
L RIIBNI A RIS R RS, RS 1A R

(2)FV 7 2 TS RAT LT TRE [T A TR ) S A 45 2R, SRR 5 B il TF RO — f— 1k
ARG I, S EUETHE N-2.270 (18 1%/K°F N8, 4l i E 0.950 B, HREUE N
0.003 {EANEE 2 o W] 24 St IR PR BRI AT BRI, Sl e B84 7 3, Bl St ) eI N 21— e f%
B, X asE AR, SRR U7 BURHIE. W RE AR RS BT L BEAMB AR RS BeAT
W BA BRSO IIE LS GAT A BEAS i LA AR XELE R P 7K 206 BEPR S R 1 3R )
FIE 7o ABBEE MBI S I BEIR, TR BTG S A A v, A lb AN AS 5 R I BOR B fag
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BAHT, R RCR IR TS A AT B e A B AR R

MIEHIAR R LR, AEIBEAP AR B2 1, WD RS JAT IR 5, BEAIRAL R (et E
PR FIN, BRI AT B IR FER, X R YIBOR G T ASEEL A U5 A e, SEElm
B SR A, AR e bl A 7 3K

()R R B TG RAT LT TRE PR R B S AU T 45 R, WRAATLUR B, SABTRHI R FLAE
AL EGZ, RN 1 BAISEE, AR 0.001 BAHE M AR AR SRR R T RE S AT
FHIEA K, BESGATZ R Tk, SRS, 15 RHS D, SEtiP R Setmlin, w] DA 2ot i
IR G SIS P a B A P ER AR T H R

MR R, BEIRAE R AR R E IR RN, X — 25 RER IR i AR A 2R mT AT e T
b A A

5.4. TRf@Eiee

Aoy B AR Y 221 e PR BT IR AR Y, T T IR Y v Re AR E 2 T TS T, NI AT 10U T R4
frder, R IHAS IR A A B E AR
TFP, =ty + 4, ERy -1 (ER, <7, )+ &,ER, (7, < ER, <7,)+,ER, -1 (ER, 2 7,)
+ B, InTl, + B, InFDI,, + 5,SC,, + 8,PC, + 5.EP, +¢,

H, oy <yyo GBRER, WIHANAEEAT AR, HAG R, 1B, EHIERM Olley
Pakes Wl 5 AV A B A = F 55 (0P 1%, 1996) [21], HE FRAIRIERE, FibFEARE.

6. FAxRLEie
6.1. FELM

AR i HL 2011~2020 EFRE 39 MTALIE 3,221,580 ANEEAS T AU % 4 447 T AR KA 5 AR S FR
FUAIEARE, R LP Al TH 77 S A b A B3 A 7= 38, B8 7 IRBE R 0T T Al 4 B 3 A 77 e 1) AN [ 52 i
WA R XFF Tk REARTG  , PREEA T Al 4 B R AR 72 R P N IE [ e N mg fEm, a3t 2 48]
“U” B, (EERFERRESRAT I, BRI S e A R R LR R, 2l
POHIAEREER s A EETE YA M@ T B TR A IR, PR BRI X A A B A R A I R S £
A5 N IETE, BT “U” BT RS AL

6.2. BB

B, Nt DS IR SGER A R . REESIB R AAAER R M W, KHE S A
T PR R ATE R K[2]. BUFEXTEORILE BEA BrelHr, HEis dia S a5t g KA
B ifErs, DA VAT E R . I SRR B HIEOR,  ANOOR Al R AT 4R, IS E R i
SEATWHENT IR, R R G5 G HE B e 1 Al A fe vrit AT

Hk, W TSRS oAk, RSt 22 A AL RO . EAN RS RFERE R Tl dllrr, PR35
TR 0 2 Al e BEFR AR 7 AR I R BR AT AN ], U A S Tt 5 R A P S R4 AN [ SR 0 A7 M 1 B A 0 )
AFSREERIER . N, BURPMER A T8 ™ A R . BEEER MBS IA RGBS QR B, X
ARERUNEHL T s M A A B g, Rt A se e migmd B b e 2R AR, eIt
A . BARTI S 1) M TEEGRATL, DU RPAEME] 7 BERess, ] 1 AR R 5T, W)
RE IR 1 1 9 Qe HE O BOR T A B 1 5 EARIE B — s 9L, ANREX il I BOR BUHT AT 58
TGP B FE A, PR 8 SERE AN 1 AR S AT A AE 7 R o IR AT M 75 ) 5 B A

(16)
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RO, 3B AR A MY AN AMKEE SR GFT AN M G50 8 B3R PP 5 G, 15 DDA T e e T DR T XU
2) MF G RATIE, MBS A R A AR R R (R HE I OC R, D BAEBLAT SR (1 Atk b, 22
BE— PGB0 X AT MY SR A AR AL TR IR 0 B AR, X L RUHTE A2 8 BRI
PR TR, AR R AOERT . 3) X TR HAT I, H AT SR & et A R e T, mTHE
NBARFEA P H S RHCY, BUA S BEX B AR G AR St S RrEL i, (=
WIERF i, PR TS Ge i A 5 4 2, DR ATY A 6 BEE 2 R ISR s 1, WO e it KB

e, NES BT BORPAT SIS TS . S afda i, L5 R RA RN RIS
MBI EE TG, AT R ARG & AT R R GAR A, TR E R R Ry R
R E[2]. FETIES A5 AT M RIZ A R Ak, BOE T AUSAT B IR BRI B L £ SR I
PR EA R I — DRI, N RS REALR], SSIAERL ]  fll 4 B A P R R e &
S o

6.3. WiRER

AILHAF AR AL, B, ASOREREERA R SRR NS Rt 5 L 2R,
A SCHRE SR 22 M BB 59 RV B AR R I AT U, (EX A BT AR KRR b AR — Rk ALk %,
ML MR EAE G R E LI “Bn” R R & 45 R ik, REBURZ ZM b R3] 2 5]
TPREANFIR, ANEZ LR E A 28 VRRA S M FE T REAAAE RS IR, OA SCkE 2R A R 75 BUT
BT AREE S BUSR AT K EIRT, IR 2R A R KN F [22]; ASTREBURIL— M
M, RT3k — LGN R 2 B AR ol A B R A PR AR 22 . AL, AL R AE AT
LU PR BORARE 5 AT A5 2 WL O B A BRI B I3, XL 5 A SR AT
A B B SRR, AL SR IR R A BT — AN EE S, A SO AN EEER T HERRE
FERA IS, Dl th B AR AR AT 1 B il 5 HAG R AR R DL R R 2k, A3 s TiE— P IOIRIT 5
e o

E&UH

2024 FHHE R E IR TE LB ANTUH (HiE 9 5. 2024033162470; FH N FAL: JB 5T EG)
BHEARAT]): 2023 LA AR S SCERAETFRITUE ;. 2022 VL 05 m R 3 224t 2R 5T
HOKRITH (W H 95 : 2022SID007); B 545 B TR R & o [E il b &k FE i i Be 2018 A TR O (11 H 9 5«
SK20180090-19).
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