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Abstract

With the development of industrialization and urbanization, ecological environmental pollution is
increasingly aggravated, so local governments gradually strengthen the level of environmental
regulation, in order to seek a balance between economic development and ecological protection.
Academics and government policymakers worry that strengthening environmental regulation can
effectively control environmental pollution, but it will also increase the burden on enterprises,
and even make enterprises move to regions with weak environmental regulation, thus falling into
the dilemma of environmental improvement and economic stagnation. Afterwards, taking China’s
Pearl River basin of Yunnan, Guizhou, Guangxi, Guangdong, Hunan, Jiangxisix provinces of 58 city,
2004~2019 panel data for empirical research samples, the econometric model is constructed to
study environmental regulation intensity influence on how water pollution governance exists, on
the basis of the intermediary effect of inspection. Whether the technological progress of industrial
enterprises and regional industrial agglomeration will affect the relationship between environ-
mental regulation and water pollution control is considered respectively. Study found that: the
intensity of environmental regulation on water pollution index has obvious negative impact; en-
vironmental regulation will limit the technical efficiency; technical efficiency is limited; the overall
industrial enterprises as affected by a certain production, thus can reduce water pollution index;
environmental regulation will promote industrial agglomeration; and industrial agglomeration is
triggered; for the overall enterprise, because production is crowding effect, this will lower the
water pollution index. Therefore, it is suggested that the relevant departments should improve the
means of environmental regulation, make the environmental regulation and technological progress
consistent in essence, and develop differential environmental regulation tools.
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1. 5|15

HURETFICAK, FRESF K — ERRRR R AKT, HUUS B STEFE TG R0, IR T KIE B
TREEM TAEMERE o BRTTIRISAE AR EC R E gz —, WV, dBVT. ARV DA BRYT = AT 4 A
WREH BN T8 TR WIE . TEPE 6 ME(IX), BRIDIRIE S Rk SRR IR 1R 2 2 /0 NI H
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Bt HAT, BRLAURD KIS G XEIHE T —LKT5 4m BAH DGR FEE , (HR TS QB IRE S
HARBRRAE . DA TR T B W7 BUF 54 SBUR G [2] [8]. Tkalb 2 5 54277 [4]
[5] [6]55 2 —Rp € U5 T, PRV PR TR ) o A T PR 5 4 R B 22 7 A 5 THT K Ja 2R, AT SRS R A Bk
BEA A X A B A R RN, AR B S He ity BEAON A ZE WL AT S TR B AR o T BAASC
iz B AR AT SGIE A, IR TEIA B 9 B KI5 SR AR ERR R, AR SRR 150731
5 18 Tk Al B35 AR 20 A0 DX Ak M B S K R A R, A 3T 3 XK T3 B BT SR A mT 5 k3K

2. RRES "It
21 MREE

2.1.1. MEABIKF AR R

PRETRU e A AR EAE R A P AR R TR, IR S S IS YR AR AR A AR AT
N, RPAME RSN, ERENE WA TR, SR Il TR WA TSk, RS
OATFRIEIRRT, AIEE ST G AR, 25 T SCHE R A SO EERE. Bk, A3
R B Se W AR 5 BT K TS BeaR B, RS R H

HL: PRSI 5 B0 /K5 Qe Fa BORAT B I A R

2.1.2. RRHBEFRERE SKSRERXRZTHPNER

FESREA B R (R, BUF A REIEL BR # SRURANIAE, TERUAE A o 52 5 AN B BUih 20 AL
RV T AA B, A AT R R AR AR AL, HESI ML BB A R, AT, R,
T AP HRREL FERN—E R NTITAR MATEARETI, IR K75 3496 B 5 IR,
AP SEHE B AT IR B SR R QR RSy AV T A P HOR BB RO B 8. BEI, FREIEA0N A2
PRI BASER (7] BEAh, T BRI —E & S BUK LG R0H ™ - IR A
i B GRS A P HORBED 0T . BRI S, 75 44A BB 8T Hh RN AT REXT — SE ORI Al 7 55
NI Al R A 7= BOR BB M B, 0PI A RE 5 AR B Al R 2B 7 AR B BT RE L o

H1 LB Al FRBER G 7K TS Qe R S SR HED RAE I, BRI, 3R SRASTR 7
ARBEDAEPRFERL I K5 Gt B b i Th o s 2N, F SRS H2.

H2: PSR — R i 2R R, BEMT R ARKTS Aeda 4

2.1.3. A EREMERH SKSREHXFZTHFNMER

PP AR TR A LR B KA H AR EAT XA B BRI A5 R . WRTH B, PSR IR AT 585 e
RIS, BRI BE, SR . AR, PRy AR AR R R A A R AR, R
AL B RS AN A AN, A B T BHIRBCE,  IPREORY G AT 52 e BE A FH A A AR 7 2L
oy WA SRAER[T]. Po AR IR ) R BT SRR IR, BARRIL, e 5 B i Y
HBIX, PR ) R A5 2 s, AT 51 B 22 FR 1 9 S AR AR i IX, AT A 23t DX A B 22 ) ik AN ZE
Bb A A, DR ICRE G 4 2t B B SRR, SRR R IR R . AESS E AL DB
T SERRLBUREE N, T s ne] .

H1 LB Al FRBERG KIS QeI mAE — B FERE LR E R AR RRAE I, BRI, 3R
ASSORE 7377 b S SR AE R BRI 0] /K5 et B i b ) h o/ AR 20, I B R BE H3.
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2.2. MRt

2.2.1. BREFERBIENIE

wind Hods 22 MRAE AN SC S8 THE S BEAT R I e o A SCHE T wind B 1 &, T B AR S (o
HgitEE) - (PEIWASFSIFESE)  (PEMEFEE) o (FEAESHFESE) « ChERE
GiitEsE) Mg R R R B B PN R4S . S BUh EERLRI . SEML TR TR,
WFE VTG 6 N 58 ML TR ST FURIFEAS, 25 R BKT5 Bl LA B i Ja vk, A ST
B RIHE Sl BK TS GG O SR AR e IR A S50y, SR AR — B4, HEEA,
It AASSCE FE 3R L 2004 43 2019 4 2004~2019 4RI AR ECHR HEATIC S WHFT, SRRk KA 5, AA
F) 760 MEAS,  FTR F IR 4 BTy Statal6, 32 IR] RS R o A 2SR AT SEIE AT o

222. BEEX

AR (AR B E o N By, RIBRRE AR R RO AR, AR, IR R,

1) PR

KGR ARIESCRRITFL, JEBORE (PREMEIEE) o (PEASSHESE) 2004~2019 F (1)
HEBRILARE TS ST 0 TR W, TEPE 6 NE I 58 MM T K AR . A T E A
B B EHBCE SR, MRAE S E VR DB R A K TS Befa 5 (WP), A = MR ER & R KI5 4.
Horh PROKHECR & BT RKS 3y, e A R H R A Z BRI 2 (M B k5 3¢, VAT E K
TSR BE 1.

Table 1. Water pollution index determined by entropy method
1 EEREKSRER

CHIERES =R YT S
T 5 R e EEAHE U R Hw
b AR HEsCR 0.9599 0.0401 21.64%
e E 0.933 0.067 36.17%
AR 0.9219 0.0781 42.18%

M ERIEGERKTE , TALEOKHEBCR T, L2 /A AR HE AL 250 21.64%. 36.17%.
42.18%.

2) iR

PRI SR L (S) o BT PRS0 LR A 254 T PSR A AU M o ) T R S5 ] 6 BE g0 2
Jiids A2 LAY St AN SRR S5 MU T 7 A S MBS R R bR |l A7 FURSEAS [ A il e
HRF S G0 BESA R SO R], BRAS B ARl AN, DI M S5 44 1 22 St £ S SR S5 10 ) it 2 )
JERAFAE—EmZE, Bk, NiZRH Levinson (1999)FIF 5 I il PEAN 48 B/ i B A5 i) i FE RO B v
HtE AR

S, =L x100
it~t
Horpre S RN BB O AL TV P ES FIR B RA ;. PoRoR | 80 t SR TS QU B BT 58 A Y,
FoR i B CER T E; S, R Tlkr={E 5 GDP 1L,
3) TR
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FEARBE(TECH) . AT B P RS 2N N R R bR H TR F B AL A e oot
A PR R EOET AP EARD , RESATIWMBA T BEYE . X B, FRATERE AT L Tk A
M Tl S P AR A=, AR ok i ) i Fa 4o 1978 AR AN AN A% BEAT Bk . 5% A% B
DI A ERA R, Tz BARFAES, AEHEE R FEREEAFE. BTSRRI RS
FIRE DA b T A P4 B8 ] 5 5 = iAo DRI, FRAVASE P [ v B = B BT 1 o [ 5 5 7 ) A 3
T T2 AR AR AR [ 5 B A AT R, L R R R AR [ S B e R SR AR H D, SRS I E]
R B AR R E B AR . WO TR TSRS S R I BRI A AR . 2004 A 1R REL
P2 JEId 2003 4EAT 2005 EHARPIHEERGH . Bt b, SERANZH ST AR ER R R, (Hl Tk
EIAGEARE, A SCEBEAR R T RF- T3 57 S0 AR 57 B 1R], B ATL A R oot £ 7= R 0% T 5
AR AR D F B BARGE L 2,

Table 2. Regression results of stochastic frontier transcendental logarithmic production function method

2. FEALANGE M R AR E AL R

Time-varying decay inefficiency model

Iny Coef. St.Err. t-value p-value [95% Conf Interval] Sig
Inl 0.143 0.035 4.15 0 0.076 0.211 o
Ink 0.65 0.035 18.55 0 0.581 0.719 o
Constant 7.686 0.856 8.98 0 6.008 9.364
/Mu 1.814 0.367 4.94 0 1.095 2.533
[Eta 0.022 0.003 7.80 0 0.017 0.028
/Insigma2 -0.754 0.185 -4.08 0 -1.117 -0.392
/lgtgamma 2.212 0.213 10.37 0 1.794 2.63
Mean dependent var 16.106 SD dependent var 1.389
Number of obs 760.000 Chi-square 359.567
Prob > chi2 0.000 Akaike crit. (AIC) 126.884

"0 <0.01, "p<0.05 p<0.1.

R BRI RO KR s BRI DRSS R, R R SR AN B AR B LR Tl E A 3
BRI EAT RS, ARILLESR, N ERNSMERRE, B, vz A RIFRRE, SR
BB ARG . SREFIF predict fr X AR BB AT 45 Rt .

PR (LQ). ASTIEIU AR A N /AR B =, R TT 7 ML A IR B2 e A 24 A ) 1
AT KT REa BRI RE PR TR RN, R A A S AR B A BB AN SAIE E3EAT fom . ASCRATIX
RER R JE AT EREE, HitEaah:

2={x/2n /(35 /228
i ] L

LQ, 77 i PUAE | BT BLRE,  x, F7% | PollAE | 4 A AL

4y il Az B

e 2 FF U (OPEN) » A SR FH 251 X B W3 11 a4 5 [ N A 77 S (B (GDP) 1 U ABLAE R flir & T il
FEEEMIFRIR o JLIRE N T EARLF & A SCHEE SREUE NT = N T E AR . FUGERHERE(TI.
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A SR AU RS 2 A B SCH S BORBT R ARSI, LA 1999 SEIyJEHERT], TR i 2285 A% 45 okt
HHEATREHE . 5 R IT A AL (POL) o V5 Lo M BOR TN X I, M E AR, A
SCHIAS A T DAL AR T AR HEBCR 5 TS e 2 PR R 5 Y&

HARAR B Je it BTTE A 3.

Table 3. Variable description and definition
3. BEMRFEX

AR BB AR i AL FR RS AR hrE
WA R KIS YRR WP R A 02 5 e i
fRRRACE PRI S FIF Levinson (1999) I FREE ML VRN F H0dE 17
HAR B TECH FIFAE = BOR A 2 A7 i
AR B N o
Pl AR R LQ R A DX AR 7o 3 25 R A
T AR OPEN A5 H AT B2 23 Sk A XA 7 BME Y LA
) NIi% HC RHE TR
PR & i
(RESESIN Tl HFIBE S S TT AU RHE B 28 9 3 B S R AR T &
TR AR POL VST T AR S g g 2 b

2.2.3. SEIFHREY
ASCH FE IR R K5 G B s md, oI THUXIFBORE B . AN ISR i, B 155
WA A TAT (R I A SRR ) 1 I A] [ 280N A1 AR [ E 28 A TR BB s HL, A0
SL T RER(4-1), TR (A1) A
WP, = a, + &, S;; + @,0PEN; + ¢ HC, + &, Tl +asPOL, + > Year + >  pro+ u (4-1)

Ea WP O RR A R, KIS AR S A O RREAS R, ACRIAEERN . R i s AR B
AL OPEN (JFIFERE) HC (N ABEARLGE). TI (BHEAR ). POL (53 5EFE), Frfl THEmL
FEMIAMER. . A 7E 5% B E KT, BA4-1)h 6 WF N IE, WU HL BaL.
N T BRI H2, SR (4-2) (4-3), VAR AR BB AR BRI 5 /K5 JA8H0oC R b & S 3
HAER, BARWTE s
TECH, = o, + &S + @,0PEN;, + a;HC, + o, Tl + sPOL, + D _Year + > pro+ u (4-2)
WP, = a, + S, + &, TECH, + ;OPEN, + o, HC,, + Tl + ;POL, + > Year + > pro+u  (4-3)

FiR (4-2) TECH AR RAZ RN, S NI OEREACEIA B . 27 7E 5% )R MEKF T,
H(4-2)H oq BFNIE, HRI(4-3) ap BERNIE, TBIAMBE H2 &7,
N T BRI H3, BN (4-4), (4-5), DABEFE A RAE IR BE RN 5 /K5 A8 H0oC R b & S 3
HAMER, BARIT B
LQ, = &y + &S, + @,0PEN, + 2, HC,, + &, Tl +asPOL, + > Year + > pro+ u (4-4)
WP, = o, + &Sy, + a1, LQ, + @;OPEN, +ar, HC, + o, Tl + s POL, + D Year + > pro+ u (4-5)

iR (4-4) LQ AW B AR, S NIZ OB EIREINE] . 257 5%HEE KT, #iA
(-8 oy BENIE, HBAY(A-5) o, BFNIE, WK H3 KoL,
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3. SCIEEER 9
3.1. iR Mg
BN AR TR MG, SNEEERARN S AT S RN, I 4.

Table 4. Descriptive statistics
4. WA

Variable Obs Mean Std. Dev. Min Max
wp 760 0.096 0.106 0.008 0.818
S 760 0.061 0.141 0.000 1.428
tech 760 0.163 0.137 0.011 0.685
Iq 760 1.530 1.909 0.016 18.769
open 760 0.130 0.512 0.000 4,709
hc 760 0.158 0.065 0.080 0.517
ti 760 9.407 1.856 4.078 15.529
pol 760 0.007 0.010 0.000 0.067

M ERMGRKT, MBIEG TS MR R WME. REE. RAME. RONEET T ik
Mgt HRATRL KIS R OB 0.818, HR/IME R 0.008, ZEEEEUN, HIB U HIKIS Jeda iy
BURAA, “PIMESZ 0.096, FRifiZE 0.106, UiHI/KIG RtB i B A B AR, KI5 YR BEK P 75 22
BRSPS SR OB 1428, R/ MESZ 0,000, A5 U AR R AR S 9 B 22 S UK
FEMER 0,061, FrfEZERE 0.141, UL HIPRSTRLH] S50 B B AR AT RO TR, 7 R RIPA SR
ST . BRI EROKESE 0.685, f/MEY 0.011, Ui Tl AEF=RERIES R ZEHIEK, P
{62 0.163, #rdEZE2E 0.137, UHIBCRBED RPN EU N . P VAR R i KB 2 18.769, iR/ MEZ
0.016, ot B ERITA P Tl Aol (17 M S SR AR EAT AR K AR AL, AR B IX I bt T A5 PR A R 5| 7 L R 2

3.2. XM

FRSAE AT B0 BAE 0 AR B 2 18] A P P AR 5 R BOIEAT 5 Ry, IR B 2 AR OGP LA 5
M%< 5 AT, PIPIASE Z [A]J L I A A 8 R 0HE 4/ T 0.5, BT LARIE FIWT AR 2 (8] A7 7 ™ HL
Z FILLNE.

Table 5. Correlation analysis

F 5. HEXMI

Variables (1) ) (3 4) (5) (6) 7 )
(1) wp 1.000
s -0.044 1.000
(3) tech 0.304" -0.339" 1.000
4 Iq -0.005 0.112" -0.355" 1.000
(5) open -0.027 -0.097" 0.298" -0.118" 1.000
(6) he 0.283" —0.056 0.700" -0.126" 0.156" 1.000
(N 0.045 -0.420" 0.625" -0.094" 0.269" 0.246" 1.000
(8) pol 0171 0.358" -0.381" 0.204 -0.134" -0.057 —0.645" 1.000

“p<0.01, "p<0.05 p<0.1.
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D ORIE [ SR R TSR, A SOR DT Z AR R (VIF) R SG, X A28 B ) 15 471 2 B AR Pt
ITHESG . FEGETHEE BV, B ER VIF YN T 10 i, BRALAAE ™ B 2 EIt At . 2Btk
I WA 6. AT EANWIRAILLNE, N EERIEEAT VIF JLLR RS .

Table 6. Multicollinearity test
6. ZEHLMKRE

VIF 1/VIF

ti 2.079 0.481

pol 1.773 0.564

S 1.236 0.809

hc 1.095 0.913

open 1.09 0.918
Mean VIF 1.454

FREC VRIS I H AL T X AL R 2 ()2 I AFAE A AR A O, MR, B % ACE [ VIF E
BT 10, UEHIAR R (B AN AE ™ B A SRR M (P A, AR S [m] YR 2R ) B 1

3.3. EMERIEIALE RO

NTIUEARSCATHE IR 1, ASC R RERIEEAT R, SR E A [ A 7 206 FdE AT 4007
EVSEEE IR

PR RY (L) T 261, FREE RN 5 P 5 /K5 G AR B IR (1 =1 VA R &0 —0.117, 178 1% B35 M KF IR 4%
Bk, Ui BHERIERN R 7 B2 (R s /K5 Gy — e FEEE AR E R, FIPBESE TR 1o BEAY(2)7ERITY(L)
PIFERS b, N T EHIAR E ST BREE,  [BIH RECHBAL(1)19-0.117 A AR (2)/-0.121, 7E 1% W3
PEACE AR ARG, VLI TF R B, RE— e R MK TS e RE R IR, B (3) ZE A A (2) 1) ik
fiti b, N TR E AN IR AR, B RE A (2) 1)-0.121 A AR AY(3)1¥1-0.0995, TE 1% 2
PEASE FARRAR G, VAN AT RS, A B PR KT PR RINR . B (4)TERLAY(3)
(e b, N T EHAR ERHARON, B R B AL(3)19-0.0995 AL AR AL (4)[)-0.0604, £ 1% i
EVEKF FAEA R, PEARMHE KRS, Be— e R AR K TS R B RINR « B 5 (5) FEAEAY
(A)BIEAT b, N T P AR B Je s R AR T, [R1UA FR 4 BB 2R (4) ¥9—0.0604 AL A58 (5) [1)-0.0720, 1E 1%
AP PR R, VBT YRR R, BE— e AR AR KT R R, —BHE
SETAEAIN T 2 A 5 DA RN RN e N s, B 1 ATI RO

Table 7. Baseline regression results
F 7. BERPALER

(1) (2 3 4) (5)
VARIABLES wp wp wp wp wp
S -0.117"" -0.121"" -0.0995™ -0.0604""" -0.0720™"
(-5.829) (-6.057) (-5.274) (-2.828) (-3.427)
open -0.0101"" -0.0175™" -0.0419"" -0.0402""
(—2.976) (-8.638) (—9.465) (-8.841)
hc 0417 0.153" 0.157™
(5.321) (2.033) (2.027)
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Continued

ti

pol

Constant

Fhr
Ak
Observations
R-squared

0.146™" 0.149™
(8.373) (8.534)
P ekl
il P
760 760
0.083 0.085

0.0727"
(3.193)

0.0295™"
(6.805)

-0.0830™"
(—2.666)
Pt
i
760
0.217

0.0340™"
(8.175)
2.429™"
(4.065)
-0.159™"
(-4.807)
P
]
760
0.241

Robust t-statistics in parentheses. ***p < 0.01, **p < 0.05, *p < 0.1.

3.4. BAREDS R EREH BN

34.1. BARELHPNYNRBERE I
A R RS AT R, SRR N P AR R, BRI S 5 wp Z R A 2O,

A R BN AR 345 R LA 8.

Table 8. Test results of mediating effect of technological progress

8. BRAHLH P AN LER

1 ) 3
VARIABLES wp tech wp
S -0.0720"" -0.136™" —0.0360
(-3.427) (-8.073) (-1.489)
tech 0.266""
(5.541)
open -0.0402""" 0.00660 -0.0420™"
(-8.841) (1.518) (-9.061)
hc 0.157" 1.039"" -0.119
(2.027) (25.42) (-1.323)
ti 0.0340™" 0.0443™ 0.0223™"
(8.175) (12.78) (4.628)
pol 2.429™ -1.574™" 2.847™
(4.065) (-5.003) (4.809)
Constant -0.159"" -0.304™" -0.0786™
(-4.807) (-11.53) (-2.201)
Ay Gl Gl P
ANk Fa ) Gl P
Observations 760 760 760
R-squared 0.241 0.764 0.269

Robust t-statistics in parentheses.

"p<0.01, "p<0.05 p<0.1.
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B AR SRR R IR0, AR HCY-0.136, 12 1965 B PEAT A% EY, BHH
SERUBIRHEORAE AT S MMV, U1 T FRSE0R 2k Tl A8 ORI, Tkl
T PRI RSO BB R, BRIV TR BRI A R, HETTHLR Toll ol 2 R €1
STTRRGEO). B ARSIRRRE b ARSI b EROR e (EFR SR 5 K5 e
2 A EF, FIEIB3), FREOR AT R A RN R, WA 552 1
MEIEREOY 0.266, 15 196 H AT LAEATR, WIS EFR B 5 KI5 R FLE T 5
A PRI, BB H2 BRI (9 RO 54 A
342, Pl KRR A MBI 5 347

AP TNt A A, BESOPLSETAE S 15 wp Z AN, KA B 45 et
T W9,

Table 9. Test results of the mediation effect of industrial agglomeration

9. FAERHPAUNIRILER

1) (2 ©))
VARIABLES wp Iq wp
S -0.0720™" 1.026™ -0.00390
(-3.427) (2.580) (-0.217)
Iq -0.00854™"
(-4.823)
open -0.0402""" -0.237" -0.0258"""
(-8.841) (-2.334) (-2.795)
hc 0.157" -2.238" -0.398™"
(2.027) (-2.565) (-3.653)
ti 0.0340™" 0.0299 -0.00952""
(8.175) (0.334) (-5.479)
pol 2.429™" 59.90™" 2.603""
(4.065) (4.971) (9.322)
Constant -0.159"" 0.765 0.248™
(-4.807) (1.224) (8.826)
Ay P il P
A et il P
Observations 760 760 760
R-squared 0.241 0.090 0.354

Robust t-statistics in parentheses. “p < 0.01, “p < 0.05, "p < 0.1.

I () ISR P MV SR TR S, (Bl R M0 1,026, fF 5% MK EARLAE B, B3R
B P S I — € M R, RAE TP S IR AR, A RN AR . i BRI LB R A
BT KI5 G Z R AR, G 2IBRL(3), MBS KI5 S Z [ A BE R BN B2, 1k

REIKG R 181 819 22 $09-0.00854, 1E 1953 ME/K- V- EIRZATEY, Ui B b4 RAE IR S 5
KGR (B E] T 5e A AR, BEMIASTRLH] 2 3w AR R AR, TR R R R )G, KK
IRIGRARE N IAB e H3 2 2 O Y
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RS, MR RO ), B i T A7 07 T 32 BRI, AR T B
INPREEARY TG TR i BEIRA AL R, AT R, T2 BRI Seta . A, b
AR BUGF RIOA BT 85, BRI 0 (KT S Ut A5 21 1 LRI Ess, 1M BUR R BUOA S
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