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Empirical evaluation and mechanism analysis of domestic carbon trading pilot policies on emission reduction. CHEN
Cao-cao'’, YU Feng-ju', ZHANG Yue', LIU Geng-yuan’, WANG Xin-shuang', ZHENG Kai-yun', HU Jing', WANG Li-bo', SONG
Dan', HU Yong-feng', SUN Fen', SUN Da-li', MA Ning' (1.Beijing Climate Change Management Centre, Beijing 100086, China;
2.State Key Joint Laboratory of Environment Simulation and Pollution Control, School of Environment, Beijing Normal University,
Beijing 100875, China). China Environmental Science, 2025,45(3): 1674~1685

Abstract: This study utilizes panel data from 30 Chinese provinces from 2000 to 2021. We treat the carbon trading policy as a
quasi-natural experiment, and apply a multi-period difference-in-differences method to systematically evaluate its impact on carbon
emissions. The results indicate that: after the introduction of the carbon trading policy, the total carbon emissions in the pilot regions
decrease by 13.2%, while carbon intensity and per capita carbon emissions fall by 21.3% and 17.2%, respectively. The carbon trading
policy significantly reduces carbon intensity in the pilot regions; however, the impacts on total carbon emissions and per capita
emissions are not significant. Carbon reduction through trading primarily relies on improvements in industrial structure, with weaker
mediation effects from carbon trading prices, market activity, and low-carbon technology. There may be complementary and
synergistic effects among different policies. Although carbon trading plays a positive role in promoting carbon reduction, its
synergistic effects on SO,, NO, and PM,; still need to be enhanced. These results provide important empirical support for
understanding carbon trading policies and offer a scientific basis for refining the carbon trading system as well as guiding future
adjustments and optimizations of carbon market policies.

Key words: carbon emission trading; multi-period difference-in-differences model; environmental impact; carbon neutral
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Table 1 Descriptive statistics of key variables

A ik A LA FRbR UL FEAEL BIE PrHE 2

T I 2 TC Ht B8 B TR HE 658 10.096 0.852
T IR Eint /)it BB BT AN BRSO B 658 0.986 0.697
NI HE I PC YA F A8 T A BcHE R 658 1.924 0.663
MEPL A i Treated / IR R 1 AR X 0 658 0.234 0.423
MR T / TR BAL ) BURRRIRAE K LG R4 0 1L, 4 0 658 0.088 0.284
2RI Inpgdp fz.78 B4 T NI X AL = SE R 2000 AL 658 9.185 0.522
578 SR Wman PN AR 16-60 & N LB 658 2.016 0.111
UNEE S Pinten 73 N/km? FAEN DY X TR 658 5.434 1.271
WAL K Urbanr % IR /B 658 3.895 0.327
Pl LRI E  highstr % e | 1 - 4 -3 658 4.576 0.390
AIF A 5% R&D % WA R&D N (5 GDP &= i HLAE. 658 2.401 0.694
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B3R JRE N 353 HE T AEAN [ BUR AT 43 #y 3
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Table 2 Impact of pilot carbon trading policies on carbon emissions (including full sample from eastern, central, and western
regions)
WHE R R IS NI
fBbR M () 3) ©) ©) ()
TC TC Eint Eint PC PC
TreatX T -0.2602** —0.2674*** —0.2948*** —-0.3265%** —0.3892%** —0.3264***
(0.1085) (0.0854) (0.0946) (0.0883) (0.1299) (0.0904)
Instr —0.4139%** -0.2017 -0.4767***
(0.1290) (0.1328) (0.1429)
Gper 0.2811 -0.5283* 0.2717
(0.2426) (0.2837) (0.2399)
Wman 2.3696 2.2104 -0.6641
(1.5760) (2.0284) (1.8265)
Urbanr -0.0478 -0.0988 -0.0942
(0.1075) (0.1143) (0.1116)
Erule 0.0483%** 0.0573** 0.0521*
(0.0234) (0.0234) (0.0256)
Rd 0.1954* 0.1406 0.1846
(0.1135) (0.1135) (0.1165)
_cons 9.4385%** 3.8379 1.7353%** 2.8989 1.2724%** 2.2663
(0.0586) (4.6707) (0.0526) (5.5990) (0.0574) (5.0967)
N 658 658 658 658 658 658
A 7 1 7 1 & 1
b D[ R 2 f 1 f 1 f 1
s 1) ] 72 2 f 1 f 1 f 1
R 0.9470 0.9586 0.9270 0.9368 0.9075 0.9285

VEFE S NACR R FRUE IR 22, P < 0.05, ** P<0.01, ***P < 0.001 53 P K 5% 1%F11%o.
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Table 3 Impact of pilot carbon trading policies on carbon emissions (including sample from eastern and central regions)
AR i (350G N
EELA 1) () (3) ) (5) (6)
TC TC Eint Eint PC PC
TreatXT -0.1644 -0.1415% -0.2736%** -0.2396** —-0.2961%** -0.1892*
(0.1048) (0.0802) (0.0922) (0.1000) (0.1263) (0.0910)
Instr —-0.3235%* —-0.1505 —0.3963%**
(0.1232) (0.1371) (0.1354)
Gper 0.0504 —0.8250%** 0.0231
(0.1646) (0.1927) (0.1799)
Wman 0.3825 0.5244 —-3.0820
(1.9876) (2.6988) (2.3350)
Urbanr -0.0124 -0.0619 —-0.0793
(0.1287) (0.1481) (0.1235)
Erule 0.0214 0.0298 0.0280
(0.0190) (0.0210) (0.0206)
Rd 0.3844%%* 0.3104%* 0.3554%*
(0.1054) (0.1130) (0.1287)
_cons 9.5320%** 9.1387** 1.7719%** 8.3744 1.3705%** 8.7257
(0.0680) (4.3022) (0.0730) (5.4817) (0.0684) (5.2057)
N 439 439 439 439 439 439
P AL i G A G A G 1
X il AR H 1 H 1 H 1
I [ ] 5 2000 H f H f H f
R’ 0.9616 0.9735 0.9415 0.9548 0.9036 0.9388

VEFE S AR AR AE R 2% P <0.05, ¥ P<0.01, *** P<0.001 MK 5% 1%F11%o.
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Fig.1 Total carbon emissions, carbon intensity, and per capita

carbon emissions parallel trend test(central and eastern regions)
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Table 4 mediation analysis of pilot carbon trading policies
with carbon intensity as the dependent variable (eastern and

central regions)
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Table 6 impact of pilot carbon trading policies on synergistic pollution reduction (central and eastern regions)
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