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Regulation on Land-Based Marine Pollution
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Abstract: Based on the panel data of land-based pollution of the marine environment in 11 provinces along the
coast of China from 2012 to 2023, the impact of mandatory environmental regulation on land-based pollution of
the marine environment is investigated by using fixed-effects, threshold regression, and mediated-effects models.
It is found that: (1) There is an inverted U-shaped relationship between mandatory environmental regulation and
marine land-based pollution, and when environmental regulation reaches a certain intensity, it can continue to
reduce the land-based pollution of the marine environment; (2 ) The regression test of threshold effect shows that
there is a single-threshold effect in the negative impact of mandatory environmental regulation on the management

of land-based pollution of the marine environment; (3 ) The mechanism test shows that green technological
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innovation and industrial structure play a mediating role between mandatory environmental regulation and land-

based pollution management, that is, mandatory environmental regulation can reduce land-based pollution in the

marine environment by stimulating enterprises to carry out green technological innovation and industrial structure

upgrading. In order to improve the management of land-based pollution in China’s marine environment, a cross-

regional collaborative management mechanism should be constructed to optimize the intensity of environmental

regulation in phases, to promote enterprises to carry out green technological innovation and industrial structure

adjustment to balance the dual objectives of environmental management and economic development, and to

provide a scientific basis for the management of land-based pollution.

Keywords: Environmental regulation; Land-based pollution; Marine environmental protection; Synergistic

governance
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Fig.l The effects of mandatory environmental regulation on marine land-based pollution
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Table 3 Panel cointegration test
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Table 4 Benchmark regression results

A5 et da s B i AL A0 A5 75
—5.295% % —6.629%%%
InER
(1.307) (1.521)
—4.362%** —5.219%%
InER’
(0.984) (1.167)
-17.88% 0.064 0
InGDP
(9.877) (11.32)
0.715% 0.016 0
InGDP*
(0.427) (0.493)
-0.767 1.743
InUL
(2.018) (1.970)
24.08%** 0.973
InPS
(3.469) (0.764)
—0.784%* —0.842%%
InGTI
(0.395) (0.391)
-1.017%* -0.954%
InIS
(0.474) (0.526)
- -83.58 -12.91
g el
(54.06) (62.56)
T FE RE
FEA 132 132
i X A 11 11
R-squared 0.596 0.434 8
T *p < 0.1, **p < 0.05, **¥p < 0.01, 5N brEDR.
LNER
-14  -12 -1 -08 -06 -04 02 0
* 0
. b SN
L 8 L3S _
S & 1
“’ * “’ *
| 5
! g
.
] * _4 aa]
¢ ! “oa? Z
—
' INER=-0.607 % ; } -5
— RIEh& .
1 ‘ _7
& R . .
| -8

[l 4 BRI RNV v i PR e 2 TR 8] U RIE R

Fig.4
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Table 5 Level-by-level regression results
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Table 6 Robustness test results
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—4.594%% —6.374%%*
InER
(0.487) (1.284)
—2.743 %% —4.91 8%
InER’
(0.366) (0.951)
—7.982%
InER ()
(1.487)
—5.810%**
InER ()’
(0.366) (1.128)
—19.49%* -5.339 -16.02
InGDP
(3.677) (12.47) (11.44)
0.813%** 0.257 0.585
InGDP’
(0.159) (0.542) (0.506)
-0.404 3.073 0.894
InUL
(0.751) (2.054) (2.343)
1.619 1.028 22.07%%*
InPS
(1.291) (0.865) (3.729)
1.000%#* —0.913%* -0.624
InGTI
(0.147) (0.423) (0.393)

TEAg, A S PE BRI B X v i R T g A R 2 52 i B L A 5T 131

5R6

At (1) (2) (3)
—0.395%* —1.116%* -0.233

InIS
(0.177) (0.545) (0.659)
104.3%** 11.69 -84.60
fig: el

(20.12) (69.53) (70.62)

TE: AR NNAREDR, *p < 0.1, **p <0.05, ***p < 0.01.

3.3 HNAEMKR

5o 1] P A 5 R ) 5 YA B AR B D T G 2 1) T g
FEFERL ) R ARG ZR, BIAEAE N AR MR R A, 3 ) i
SRR BB Hk, R ARE R R
ZERI TR, RSB E Ma %0 BT, K
Ja— . ISRy TRASE, R T R
A A Tk AT AR R, RIS A AR SR 7
IRo B EIR, PR R A — IR BRI R IR
B N HE G T 0.05 KERY B R, %
WA B AL 5 Bl 575 e A ) U RIOCR,
Bk T 25 R p Rk

R7 REMRE
Table 7 Endogeneity test

Ap R FrifiiR ZAH

p-value

InER —11.553%** 4.273 -2.88 0.010
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Table 8 Threshold effect test results
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Table 9 Regression results of the single-threshold effects model
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Fig.5 Likelihood ratio function for threshold estimation
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Table 10 Mechanistic analysis regression results

AR bt (1) (2) (3)
-0.051 —0.784%*
InGTI
(0.078) (0.395)
-0.074 —-1.017%*
InIS
(0.112) (0.474)

xR 10
At (1) (2) (3)
0.840%* 11125k —5.295% k5
InER
(0.300) (0.236) (1.307)
0.508%* 0.657%%* —4.362%**
InER’
(0.228) (0.184) (0.984)
1.649 3.388% -17.88*
InGDP
(2.336) (1.924) (9.877)
-0.034 -0.134 0.715%
InGDP’
(0.101) (0.083) (0.427)
2.519%* 0.890%* -0.767
InUL
(0.416) (0.390) (2.018)
-0.309 -0.562 24.08%**
InPS
(0.822) (0.683) (3.469)
-11.75 -19.10% -1.017%*
fig el
(12.77) (10.52) (0.474)
[EN 132 132 132
AT 11 11 11
R-squared 0.855 0.654 0.596

e SRR ERR, *p < 0.1, **p < 0.05, ***p <0.01,

4 55 HUREIL

ARSCR 20122023 4 Hp [ 1 1 45 b X (1) T
MO, PR 3 i A 5 R T %o ¥ 3 i T e 1) 52
Wi, 3 DA i ) B S5 R A 1) A A8 e DE Al T PR B A
T ki V55 G TR RON , HETT AR T 4R 6 B R )
B Ml 25 4 R o ik VR S G A R AL . TSR R
B B, SRR PR B 5 0 I R R TS e 2 A
TR “U” BUISCHR; 55, sl 1 2R 58 L X o 5
V5 Gl (1) 52 W) ELAT TR RN, AT X B R T e
KB KV, R RE RS Qe AR B AR
EAVEH; BB =, SRR BT RLH R AT A
Bl 75 Gy, I 23 30 A 5 W 7 Ml 2 A ) R R (B R
BT R PR ARBE RIS Y . SEF DL S50, ASCtl
PR BUR #

B, I YGRS R . AR SOR B SR



134 W RS

2026 4

WFFE A B, it o P B 35 ML o) o ¥ 35 B 5 il U T e L
GEEIRE3d% A UPSE N L T VS LR S
BB — R R SRR IR e, oy T ik — 2
$i& vy ¥ R PR I DR S G A KO, NI X A ER
S HLA B T3 BE o B E L S 0 2 o3 28 AR TR
B0k T L SR LA T IR A X, R T
TR SRR, i e ek A B 4R TR
IO AN R AT BOAR 73 7 5, Dt i ] 4 3 5 L ol
MR ARILIEAR; M TEES TR IBX, &
RN PR ATET, BT AR EAEEET R
TRELHL B 55T 4 T B b Rk ab 550 fl
X AU AT 3 40 H R B 9 A ol 4 Bt A B R R AR
AN, O K S SEAT B A BT R, TR
B s S T R A S
HORA G, 16 A RCE T 75 5 9 [R) I R AR A oll 2 B
A, BoRNAESOETIEN ) .

5 s Al A ol B AR A Al 2 4 A
L SR % Nl TR N A R (PSR S AT LS I
PRIEE R AE — 5 R 2 b AT LA 5 5 e 2 (0 BOR Q1
F o S5 A B TS G, (HLBR— 36 5 1 i O A REAR
U M fifp DR T R BRI B U5 e )L 5 E A 2 o0 Y

S Z3LHE ( References ) :

(iSRS REE ) TR N V&R -3 PR K: 82 8 %5/ /6
SRIE, B B A AT AR L BOR B, IRk
e figp g i G HE R IR A, i R Al BE AT 7 S5 A T
e, W E IR AR AR . AN, AR PR AL
i A R, R LT G I BRI | SR fE OE L B
RAFHOR, BRI A 2% L BOR BB A, {7 4L
AQUHT I AT Rt

E O Y AR A7 CIRE L I MVA(I3E 78 SR
B S7 vk A0S ML o iR DX s P ] 9 BN Bl Y7
AR IR E R E B, T E A 1A XA
ik, SEEOREE . ST AR H AL A
TrMAF AR R, —TTYT ) ERS H A oE
WA, AR M DX S BT ARAE , 380 S
HEMCPR I, 255 VAL 15 2% DX HETS A, B X
AN KSR SEAT 70 o R HE TS b i . b, MR IR
Wli U535 e T BT R I IR K BT B, 9 TR TS e B R
PR B AT B I R A28 6, HE T R RS
fo YA BEXE R, S B PR Bl R TS e B 2258 3%
DI Ep IRl Sk, ARAE X BG B PR ] F bR . skt s
el R, I 05 DX Sl 1) R I35 KL 60 B0 T, R S B AT
X 3 175 G i BRI Zh AL o

(1]

ALAM M W, XIANGMIN X, AHAMED R. Protecting the marine and coastal water from land-based sources of pollution in the
northern Bay of Bengal: a legal analysis for implementing a national comprehensive act[ J |. Environmental Challenges, 2021, 4:
100154.

DAHMS H U. The grand challenges in marine pollution research[ J ]. Frontiers in Marine Science, 2014, 1:9.

TAPVER T. CSR reporting in banks: does the composition of the board of directors matter[ J ]. Quantitative Finance and
Economics, 2019, 3(2): 286-314.

YU W, RAMANATHAN R, NATH P. Environmental pressures and performance: an analysis of the roles of environmental
innovation strategy and marketing capability| J ]. Technological Forecasting and Social Change, 2017, 117: 160-169.

DASGUPTA S, LAPLANTE B, MAMINGI N, et al. Inspections, pollution prices, and environmental performance: evidence
from Chinal J ]. Ecological Economics, 2001, 36(3): 487-498.

PORTER M E. America’s green strategy. business and the environment: a reader. Eds. Welford, R. and Starkley R[ Z ]. 1996.
NEVES S A, MARQUES A C, PATRICIO M. Determinants of CO, emissions in European Union countries: does environmental
regulation reduce environmental pollution?[ J ]. Economic Analysis and Policy, 2020, 68: 114-125.

PORTER M E, LINDE C V D. Toward a new conception of the environment-competitiveness relationship[ J . Journal of Economic
Perspectives, 1995, 9(4): 97-118.

YE F, HEY, YI Y, et al. Promotion of environmental regulation on the decoupling of marine economic growth from marine
environmental pollution: based on interprovincial data in Chinal J ].

Journal of Environmental Planning and Management, 2022,

65(8): 1456-1482.



HoM TRAG, A S BRI AL X U I B R T Gt A AR R i e AL R F 5 135

[10]

LIU Z, CAI Y, HAO X. The agglomeration of manufacturing industry, innovation and haze pollution in China: theory and
evidence[ J |. International Journal of Environmental Research and Public Health, 2020, 17(5): 1670.

FAROUQ I S, SAMBO N U, AHMAD A U, et al. Does financial globalization uncertainty affect CO, emissions? empirical
evidence from some selected SSA countries[ J ]. Quantitative Finance and Economics, 2021, 5(2): 247-263.

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.

SINN H W. Public policies against global warming: a supply side approach[ J ]. International Tax and Public Finance, 2008,
15(4): 360-394.

WANG M, LIAO G, LI Y. The relationship between environmental regulation, pollution and corporate environmental
responsibility[ J |. International journal of environmental research and public health, 2021, 18(15): 8018.

AW, EAEW, REZ, W SR RIS TS R LT ] SO, 2023, 39(5): 75-80.

ZHENG Jianming, GAO Chuhan, ZHU Chunkui, et al. Environmental decentralization, marine environmental regulation, and
marine environmental pollution[ J ]. Statistics & Decision, 2023, 39(5): 75-80.

GAO J, WOODWARD A, VARDOULAKIS S, et al. Haze, public health and mitigation measures in China: a review of the
current evidence for further policy response[ J |. Science of the Total Environment, 2017, 578: 148-157.

PEIY, ZHU Y, LIU S, et al. Environmental regulation and carbon emission: the mediation effect of technical efficiency[ J ].
Journal of Cleaner Production, 2019, 236: 117599.

LIU Y, LUO N, WU S. Nonlinear effects of environmental regulation on environmental pollution[ J ]. Discrete Dynamics in
Nature and Society, 2019.

LI M, ZOU S, JING P. Spatial spillover effect of water environment pollution control in basins: based on environmental
regulations[ J |. Water, 2023, 15(21): 3745.

OUYANG X, SHAO Q, ZHU X, et al. Environmental regulation, economic growth and air pollution: panel threshold analysis
for OECD countries[ J |. Science of the Total Environment, 2019, 657: 234-241.

HE Z X, CAO C S, WANG J M. Spatial impact of industrial agglomeration and environmental regulation on environmental
pollution: evidence from pollution-intensive industries in Chinal J ]. Applied Spatial Analysis and Policy, 2022, 15(4): 1525-
1555.

WANG Y, SHEN N. Environmental regulation and environmental productivity: the case of Chinal J ]. Renewable and Sustainable
Energy Reviews, 2016, 62: 758-766.

MAZHAR U, ELGIN C. Environmental regulation, pollution and the informal economy[ J ]. SBP Research Bulletin, 2013, 9(1):
62-81.

LI J, WANG X. Towards high-quality development: the complex role of environmental regulation[ J ]. PloS One, 2025, 20(2):
e0312816.

ZOU H, ZHANG Y. Does environmental regulatory system drive the green development of China’s pollution-intensive industries?[ J J.
Journal of Cleaner Production, 2022, 330: 129832.

ZHANG K, XU D, LI S. The impact of environmental regulation on environmental pollution in China: an empirical study based
on the synergistic effect of industrial agglomeration[ J ]. Environmental Science and Pollution Research, 2019, 26(25): 25775-
25788.

K. BT 4 IR BE 4k G E AR GUHT A9 R AL S T TR0 . B T AR E Al S T BB SUCE A [T ], SONIE A2 (ARl
JiZ), 2025(2): 84-97.

ZHENG Wei. The mechanism and threshold effects of digital finance in empowering green technology innovation: a dual
perspective on green finance and institutional environment[ J ]. Journal of Guizhou Normal University(Social Sciences Edition),
2025(2): 84-97.

JERAR, KRB BOREIHT . S T B G s [ T ] ERRE M (MR ), 2023, 29(5): 70-84.

YAN Taihua, ZHU Mengcheng. The impact of technological innovation and industrial structure upgrading on environmental
pollution[ J ]. Journal of Chongqing University(Social Sciences Edition), 2023, 29(5): 70-84.

AN, M. ATRE . BORIEE SIS T o E AT B IR T ) ] WMABESY, 2011, 37(4): 112-122.



136 VPRI R A 2026 %

[38]

LI Bin, ZHAO Xinhua. Economic structure, technological progress, and environmental pollution: an analysis based on China’s
industrial sector data [ J ]. Journal of Finance and Economics, 2011, 37(4): 112-122.

HER, SRS, BEXLL. BREE ML R S (0 BOR BUHT 9 R WE 5 20 B B RO AR AL B o A [T ) BHEAS B, 2024, 45(11):
99-108.

XIAO Yanfei, ZHANG Baoli, LIAO Shuanghong. The impact of environmental regulations on green technological innovation: a
moderating analysis of phased digital transformation[ J ]. Science and Technology Management, 2024, 45(11): 99-108.

OB, Wiih. FRETILR . SR GEORQIES P E GG A BT ) )RR iR, 2019, 37(10): 1902-1911.

YUAN Yijun, CHEN Zhe. Environmental regulation, green technological innovation, and the transformation and upgrading of
China’s manufacturing sector[ J . Studies in Science of Science, 2019, 37(10): 1902-1911.

ALBRIZIO S,KOZLUK T,ZIPPERER V. Environmental policies and productivity growth: evidence across industries and firms[ J J.
Journal of Environmental Economics and Management, 2017, 81: 209-226.

XHe, A=stst. T B R EREE XS Yk re o R RS B0/ I ALH] . T O BORSE AT T ] A& T, 2021, 37(7): 206-210.
LIU Yan, LI Lutang. The mechanism of vertical environmental regulation in polluting industry relocation: an analysis from the
perspective of local government competition[ J |. Ecological Economics, 2021, 37(7): 206-210.

RIS AE . BB PR A 0 A IR R T e R TR g BRI S R RV T[T ] BRReE, 2021, 35(12): 22-28.
ZHENG Feihong, LI Jing. Technological environmental regulation driving industrial transformation and upgrading in resource-
based cities: theoretical model and dual effects analysis [J]. Soft Science, 2021, 35(12): 22-28.

WANG H, LU X, DENG Y, et al. China’s CO, peak before 2030 implied from characteristics and growth of cities[ J ]. Nature
Sustainability, 2019, 2(8): 748-754.

SONG Y, YANG T, LI Z, et al. Research on the direct and indirect effects of environmental regulation on environmental
pollution: empirical evidence from 253 prefecture-level cities in Chinal J |. Journal of Cleaner Production, 2020, 269: 122425.
fAUbRVE, BRI, ST AR 1V T PR BE TS Yl NP VR 4R U R RS 1 SRR SR [ T ). I R S, 2018, 35(2): 17-21.

HE Lintao, CHEN Xuan. Empirical research on the effect of marine environmental pollution to marine economic development based
on the panel datal J ]. Ocean Development and Management, 2018, 35(2): 17-21.

w4, XUWIEF, SRPRMR, 4. REIG™ I 25 R 3k o A R T B9 S A R i AT 5 . ARV SRS ZR iy 2 e DO I L) ] T B 9
S53EE, 2020, 29(7): 1586-1596.

ZHANG Hengquan, LIU Mingxuan, ZHANG Chenjun, et al. Dynamic impacts of terrestrial industrial structure evolution on
marine environment: a case study of the Yangtze River Basin and East China Sea coastal areas[ J ]. Resources and Environment in
the Yangtze River Basin, 2020, 29(7): 1586-1596.

MA J, HU Q, WEI X. Impact of environmental regulation on coastal marine pollution: a case of coastal prefecture-level cities in
Chinal J ]. Frontiers in Marine Science, 2022, 9: 882010.

LAN J, KAKINAKA M, HUANG X. Foreign direct investment, human capital and environmental pollution in Chinal J ].
Environmental and Resource Economics, 2012, 51(2): 255-275.

YUAN B, REN S, CHEN X. Can environmental regulation promote the coordinated development of economy and environment in
China’s manufacturing industry? a panel data analysis of 28 sub-sectors[ J ]. Journal of Cleaner Production, 2017, 149: 11-24.
JIANG Z, WANG Z, LI Z. The effect of mandatory environmental regulation on innovation performance: evidence from Chinal J |.
Journal of Cleaner Production, 2018, 203: 482-491.

LI W, GUY, LIUF, et al. The effect of mandatory regulation on environmental technological innovation in China: a spatial
econometric approach[ J]. Environmental Science and Pollution Research, 2019(26): 34789-34800.

ZHAO X, SUN B. The influence of Chinese environmental regulation on corporation innovation and competitiveness[ J ]. Journal
of Cleaner Production, 2016, 112: 1528-1536.

ULTSCH G R. Man in balance with the environment: pollution and the optimal population size[ J . BioScience, 1973, 23(11):
642-643.

LAMSAL L N, MARTIN R V, PARRISH D D, et al. Scaling relationship for NO, pollution and urban population size: a satellite
perspective[ J ]. Environmental Science & Technology, 2013, 47(14): 7855-7861.

KOGAN L, PAPANIKOLAOU D, SERU A, et al. Technological innovation, resource allocation, and growth[ J]. The Quarterly



HoM TRAG, A S BRI AL X U I B R T Gt A AR R i e AL R F 5 137

Journal of Economics, 2017, 132(2): 665-712.

[48 ] RAHKO J. Internationalization of corporate R&D activities and innovation performance[ J |. Industrial and Corporate Change,
2015, 25(6): 1019-1038.

[49] OOSTERHAVEN J, BROERSMA L. Sector structure and cluster economies: a decomposition of regional labour productivity[ J .
Regional Studies, 2007, 41(5): 639-659.

[50] WANG Z, JIA H, XU T, et al. Manufacturing industrial structure and pollutant emission: an empirical study of Chinal J J.
Journal of Cleaner Production, 2018, 197: 462-471.



