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Abstract

In order to realize China’s “double carbon” goal as soon as possible, it is of great practical signific-
ance to understand the influencing factors of carbon emission and provide corresponding sugges-
tions. Based on the panel data from China Statistical Yearbook, China Energy Statistical Yearbook,
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CEADs database and provincial Statistical Yearbook of 30 provinces in China (except Tibet Autonom-
ous Region) from 2010 to 2019, a panel quantile regression model was constructed to explore the
influencing factors of carbon emission by comparing with the fixed-effect model. Then the random
forest algorithm is used to rank the importance of each variable. The results show that total pop-
ulation, energy structure, energy intensity, per capita GDP and openness have significant positive
effects on carbon emission. The influence of industrial structure on carbon emission is significant
in panel quantile regression, and the influence degree decreases with the increase of quantile. Urba-
nization rate and policy variables are significant only in the model with a quantile of 0.3, and FDI is
significant only in the model corresponding to 0.7. Energy structure and total population are the most
important, followed by openness to the outside world, FDI, per capita GDP, energy intensity, indus-
trial structure, urbanization rate, and finally policy variables.
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E S, BORIEREAEN, FaRERRBEA LSS, B B BUR R R B XS A E BrE 2. 2 )
SE T “3060” XUBIRHFEH, TFIR 185 FEmRIETE B AN il T3 E & AN 0 KRG DL e, 2 1A
BN EAE, SRS, FERIE b DX BRHE R AL I A DI B, DR L 7 2 AT e )
) RE 3 1 5 DX PR B HIR T TSR

SEAh, SKBLBR P AR S H, FEBUG . AR DR ARSI, EATEORENE, BUS
ZMATARBOR SR AT B S IR . Bk, SR SR m i S AR B RS W
SEIAR B St A2 0 SO R HE O B DR ER i e A S ) — SR A e R B A AT 2 A DG L
ACAT CARAL R [ AT e HE R, AT B R SR “ ki, B AnT K H AR

12, XHERERiR

YL 2030 4E “PRIAIE . 2060 4F TRIFA 7 HIEBR, B EA R RRHIBHE . X T
RESL BRI 26, [ OSN3 CU T R HIT X

YERSN, Salman %(2010)H: T bR 4G4 I, 50 4% B IE S0 IR RHE A B0, UM 2 3
N T BR300 2 B R, B R 97 17 LS 47 5 B R B TR 1]
Nguyen %5(2020) 3 - G20 3543 5 TR K , 5P 8 52 A0 23 B4 D0 B8 P R 22 47 5,
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CEREFW], EERNEA: RN, AMEERRR. BR. B A S F[2]; Khan £5(2020)3 T
CS-ARDL [EIAHFFEfFH, 52 5 WO\ « SRS 00 35 A ] FE AR BRVRTH #EXT G7 B SKBicHE il A 521 [3]; Nguyen
£ (2021) T E K Z1H, K H DOLS Fl FMOLS X} [tk el #4770, AFFE kI, Sirf. SRk,
S 5 FF IS R 2 B HE SR B A S [4].

TEE P, T 5HE(2019)2E T [ 1PR-STIRPAT BLAY, St [ Py 4k 43 28 8 I T 1) 388 113 1 e H dc o 11 R i
R IATHE I, mAKRINI . A GDP FIReRfE 2 R R Z, AN X—F R MmO w8 [5]:
FREF(2021) TR 0 4 SRV T O AH DGR, I M STIRPAT HE4Y, B ABHEE LR 2=, &
RN IR A TN FOR B HE i s 2 2, (RIS 0 T3 4 4kl e IR Bt 0 B I s Al A
ANIIFEIRN (6] IR U A5 (2022) 1) FH 3 77 A8 1) KT 6 508 SR AP 9 A V28 V5 ol S AR 5% 58 23, T o HE TS (1 B 4%
AR RFEE R R, KIAAILE S Sk, Bk, d ANRLIX o & S8 Gl i R sCE 2
DL Eh EoEass, N KSR R R BRHE S B A — IS [7]s S5 (2021)1E# GDP. 4
REAEND S AL AN HE DL RRIRREESE 7 ANRE, TR, S5 RIEKE. WELKE
55N RIS BHE R SR h E F B S [8]5 & — ML (2022) % T B4 A B, ) FH 2 100 T A ASE 5 %o SR AFF 7
ST LA OV BRHE R 2R, RILEZEMEE R LT R R 7o g5 LR RN EE[9];
T EESF(2021) 5 T AT E A U B (VA R AN & VAR L), A RIS N FE R, BTN
B AR S R R, B NSRRI B REURSS SR R [10].

R SCERIE T AN E A S R AU BRI R 2R, A IR R AR . RSk R,
N, A GDP. ReVES5H. Aol B SE AR B A AN sgma . Rk, ASCI ARG AL b,
IINKFHMFIROEE . AR BB . g BORSEN R, BT frd=E, xR E 30 A& (B
5 76 X A1) 2010~2019 FRHERE HEAT 4T, Bl — B R A BEVLARARIR TS R R M . AT A
MET: PR RERRONETT, BN T CRHMERBNE) X —BURAE; KA 7R MEENT, %8 I
W7 L BT ORI R ORATE 30 ME RIS N =S, BUT MBI R R 2R R FH BEATLAR RS20
Rl 2 S BT HE T, DA —20 T AR % IR 0 B HE TSR ) sE e AR B

2. MRFESHREME
21. MARF*

RSO T AR S B R 5 T R R X S O R 1 B R 2, B AR R D 43
$0(0.3, 0.5, 0.7)F BIAY FRAEER . Ak, FERBIX, Bh T AR 7 o sk — BT 39D00 R [T H X B R 1
.

G MIE AR SR R, HR AL DA AT R AR R AR A A R L, ELYEA7 LR (e
WL R, BRSSO . T B AR T T L, S — B BE TR SRR, S
BIOHER ., AE05 5 BT A AL T R ) 0 5 B A 0 A PR AL, 5CRE 15 310 285 R 05 BT S 42
BUOW, HRRAEYE. B, ACSCHETIHOHR, HE EH A B AT ST

B L8k — A RS 1 B B 17 S S % e SR T A R ) S B 4 47 90 2K
—FHCE AT, R R R KRR T A WK, — R H AR R A MR,
TUSCAERIRE, 5 TS T AR A e AR AR A S M DL A R OE R . e T iB A
FE B, RENS A RO TR . A TR R RGO, R — R RO T, DA AL
8 R R (B BRI VR — AN AR A S B, 7 23 S R4 9745 3 —
B AR LA AT 0T, PR y S e SO IR T, 1T 7E [ I L S TR A e
B PH 1.
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FR
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AR SCH] FH A ol 5 o0 r B AR R AR S5, AT RASE G ORI AR 3 A RO AN [ A
PR TR ) S itk s SCRT UBCF ST 52 B AR B Ak AN ) 23 B e 1) R AR B g S i, o3 (o 25 [l A ) — o (e
VAP INAF X VA=Y YSE
Q,, (7/%)=a; +x B(7) 3

e, =12 Nt =12, T, i LR | DMK, 2758t
FEXS T 58 it — P R0 5, RIS ELA [ 8 SO0, 45 & STIRPAT #8457 % 1a 14,
(CES P52 Rty I
Q. INCE, =, + B,(r)INPO, + B,(r)InSl,, + B,(r) INEC,, + B,(r) INEl,,

+45(2) INUR; + 5 () In PGig + 5, (2) In FT;; + 5 (7) In FD;g + f3; (7) policy;q @

Table 1. Variable explanation table

1 BEMRR

TE L fif R B U B BT

WEEE 7 CE BRHECE TEACER T3

PO BAH FERFAENDEL TN
Nmpsy i

UR WAL WEAOEAD %

Sl Pk g B b3 e /GDP %
ZERIIKT

EC REUR 4 1) T BRI B BB %
HAKTF El RETR T & AE TR 9 5 2/GDP %

PG A1 GDP GDP/& A\ I Jit
2 KT FT XA 5 H#EH O S %/IGDP %

FD FDI 5% 2w SERBRF F A 5t A et
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Hela P PR T BRHE R E A . BRIRIE TR R HERIE TR E S AR N (P ERRIE SRR KA (R
TS HE%) (2011~2020) st . BN GDP. % — oMb i SR E E (hESHEL)
(2011~2020); FHF BRAGHHE 3B 0 S0 (O RE S DR BURALL A T 326, R R AR N B ks 2 e 1P
ICEIZEAT T H . FDI kT %8 (Gt o FF, o GHMRBLE) WE K 0~1 B
&, 2010~2016 F4 0, 2017~2019 4 1. MeAk, FHAREERIK T 2019 4 FDI Hids, A0z A XS 6
RBAEHAT T Ab B

3. iR MS T o

SERRERHECR 2 BT, MEMRBRHER AR hER, 2o R 2 B E R SR T E R
KE, 40 29k, THEAEHF —EHA CERE, H5ILFER, FEERE LA, ASa) B b E 55
[ =SSR RO R B AR 2017 45, fEPUKIREE R ST EIESR H, ERFEASBA
FgLA . 2021 AR RSP FAERLRI(BA R RIRR AU FoR 7 YR S A A RER R H, 5B
t—'m, = hE. S P AEM =PRSS T8, B, e RRE-ANZIAEE
(1L o

AL 2010~2019 4= [E] 4= E 30 AN H B HE U B AL A (0 P 1) rT LB R B, 1P 7R
AR R RO R A E A R i W, T LR RIS X A R BT A 0 T TR YRR
RN R, WRERE 2, HEETFRBEMEAIFLUER N FFETI, HAENR, TS
AR BCE IR, X A X L i B HE R E R B AN T . S R X AR E A
B, XA R H A B T R AR AR A s, 5 R IR B B0 B KIE B 2 —, 2020 4
AR FE R EIA 66.3 M, ALEAEE . MR R A FE R K B R A Rk, tBAETTE
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KT T PG SR G S bk DX R S Y Ak T A R K

SRSRUL, B A B R AR AR S AR B L IX, 17 P 0 1 S DX s HE SRR A XL

CO, Hg i
14000 2010 W2011 ®2012 2013 ®2014 W2015 ®2016 = 2017 ®2018 2019
12000 I
10000 I
8000
|
6000 1 | I I
i ! oo !
N R R R b, v '
2000 | L H P i e 0
§ - S s r P "
o HIIH.I:I=H|= Iiii:E lH:I:E:=
% # R E TP EHREREE A EIRESEREIERESEELIRE 2 RE
#Kzagm«nﬁﬂﬂ%mﬂ@uaﬁ%%LLﬁmammamm%%

Figure 1. Overall carbon emission chart (Unit: 10,000 tons)
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Figure 2. Moran scatter chart of national carbon emissions by provinces in 2010
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Figure 3. Moran scatter chart of national carbon emissions by provinces in 2019
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B R AT TR RS T, AR 2 PR R RIARER L |, i SR T AR 8 A
HRAEAE R Dy 1B VA T A, 55 BN A8 AR AT T AR A ARG O o A S {8 F0 2 e T AR e 2, RV s
AV P/ T H R e RE . IR HT Aokt AT ARG S . i THBCRR R IR, TEHT
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Table 2. Descriptive statistics of each variable

* 2. RLEmMARMRIT

E HAE P fE N w/MA RKME
CO, emissions (Ffii: Jji) 300 369.2 296.0 37.14 1700
population (75 \) 300 4575 2809 563 12,489
GDP (fZ.7t) 300 23,643 19,165 1350 107,671
5 P NE (12 78) 300 10,493 8717 571 44271
P INE 5 B (%) 300 44.10 8.715 16.16 59.05
REVR 4514 (%) 300 67.05 31.00 1.774 175.8
JREARTH B B (T AR HENE) 300 10,260 7733 130.6 36,666
REVR R 300 81.40 43.19 20.81 217.9
WAL R (%) 300 57.06 12.47 33.81 89.60
A GDP (/3 75) 300 5.225 2.593 1.323 16.15
HEH DR BR L) 300 1.574e+07 5.365e+07 30.50 7.004e+08
BEH OBAI(1ZTT) 300 8661 15,218 30.50 81,674
X ST T8 (%) 300 0.262 0.282 0.0114 1.457
FDI ({Z3£75) 300 80.38 78.50 0.0400 357.6
FDI (1Z7t) 300 521.8 509.0 0.265 2257
Table 3. Panel unit root test results
= 3. EIRBAIREILER
E HT pfH ghig
InCE 0.3594 0.4053 |
D2(InCE) —0.4564 0.0000 TFa
InPO 0.7712 1.0000 I
D2(InPO) -0.1026 0.0000 Tfa
InPG 0.5361 0.9932 e[
D2(InGD) -0.7229 0.0000 T
Insl 0.5271 0.9902 |
D2(InSI) -0.4694 0.0000 P
InEC 0.6602 1.0000 e[
D2(InEC) —0.3676 0.0000 A
InEl 0.6052 0.9998 e[
D2(InEl) -0.7143 0.0000 Fia
InUR 0.4783 0.9434 e
D2(InUR) -0.2163 0.0000 T
InFT 0.4155 0.7330 JEFFa
D2(InFT) -0.6160 0.0000 R
InFD 0.3125 0.1688 I
D2(InFD) —0.6806 0.0000 P
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4.2. thEeie

WRIE LARGR, BT AREAE M ES IR, Wt kR, PR R kA
Wy bR AR & 2 AN M o0 R o ASCHE T =R VBT UM A 06, SRR 4 . ARYE DA TG Y
SiOL, DS ERHRSCR . SN E L WA AR SR BRURAE R RRURGREE. XA 5 AR 2 [AAE
FEVPREIC AR, U B T L A B 2 S 2R AN A O [ U1 £ ] AL

Table 4. Cointegration test results

T4 WERIER

¥oe 751 3o 5%, Statistic p e
Modified Phillips-Perron t 10.2642 0.0000
Pedroni Phillips-Perron t —21.6781 0.0000
Augmented Dickey-Fuller t —19.7929 0.0000
Modified Dickey-Fuller t -1.7681 0.0385
Kao Dickey-Fuller t —3.9699 0.0000
Augmented Dickey-Fuller t -5.6615 0.0000
Westerlund 6.7393 0.0000

4.3. [EYFHEEEE

AR IR A A IS, B R SRAREZ (E PR R AR TUESE, W T R A
T AZ Oy (BRI o 15 SRORE R [l R R B HE TSRS i R SR B EAT IR T . B %, ST AR SR T A [
EREAY, —fgnridd F RS, BP AT Hausman A 30 kdt AT A A e B . A F RS 6 R B0 E [ 7 24
PR A [P R PR e, i BP A6 R 0T FLBE LS AR AL AR & [l AR RY G 47 58, 10 Hausman
56T F T P A R SR 5 BE AL RN . AR Stata FPFHEAT A _E =GR, ZRWK 5 .
ATUAE Y, =R p 308 0, WIHELE IR ZiE 00, SRS IUE & A,

Table 5. Selection results of regression model
2 5. EIVIRBGERLEER

JriE GiitaE p1E

F 47.15 0.000

BP 451.34 0.000
Hausman 49.91 0.000

HIR, WER LB TR, AN A @) rw. Hd, BosakEN 03, 05, 0.7, DI
REMAFRREAS. B &) RACE .
4.4, EIFLERSH

ARICR Stata B02E S [ 5 2508 AR T FNTAR 2352 B R AR T AT S8 1, SR W% 6 fim. EFh
R B ERA RS S AND. GEIRS M. BEURsRE . A GDP Mt A FE . thab, FoMbgsE M AE
AR AR R, WAL R ABOR AR EAAE 0.3 40 5 % B AR A A B 2B ), FDIANAE 0.7 43 Xt
NIRRT rh o B R . B2 T RO AR RO AR B T [R] H 4 B AT RN A R T .
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Table 6. Comparison of results of regression models
7= 6. EYIRBILERTEE

iRk (EIVEl e

e [i] 52 R AR TR

q=0.30 q=0.50 q=0.70

0.919™ 0.928™ 0.847™ 0.586™
InPO

(39.54) (26.31) (19.49) (2.64)
| -0.356"" -0.366"" -0.645"" 0.009
nSl

(-6.59) (—4.46) (-6.37) (0.12)

0.799™" 0.811™ 0.775™ 0.240™"
InEC

(33.78) (22.57) (17.50) (7.63)
| 0.905™" 0.984™" 1.0677" 0.936™"
nEl

(25.17) (18.02) (15.86) (11.96)

-0.352" -0.229 -0.325 -0.213
InUR

(-2.35) (-1.01) (-1.16) (-1.18)

1.119™ 1.050™" 1.0217 1.038™
InPG

(18.85) (11.64) (9.18) (11.41)

0.0438™ 0.0730™ 0.0566" 0.064"
InFT

(2.94) (3.23) (2.03) (2.3)

-0.013 -0.00539 0.0585" 0.022
InFD

(-1.07) (-0.29) (2.58) (1.84)

-0.0642" -0.0352 -0.0257 -0.009
policy

(—2.56) (-0.92) (-0.55) (-0.52)

~7.952"" -8.691"" -7.026™" —4.942™"
_cons

(-11.91) (-8.57) (-5.62) (-2.62)

W FESHNtSE, p<0.05, Tp<0.01, “p<0.001.

H ERARL, SN EE MR R R AR, JF H AR R RER B D ECS iR
EIEFAMRKER, BLE N DEOE N2 (e MR HBCR 8N . B35 I8 4 T A 730 = i 11 R E6HAT 2
B, AT ARBAPCE XA OO, SN R R RORIZ AT ES, D N R AT IR [ i,
EHABHRBAIEIL T, mEANE. FUHRER, ATaeR RO m iR g ol A HAE
95 O DR BB R R R, FEREEERR R, SN VU R R SR AL

P EERIAE PR A T SR —FE . B R AR E RN A, XA L (HAE )
R, R BHRCE TR R R, ELREE IR HEBCR N, RS S A A
H PR R HEBCR A R, B IA B KT e, R R ECR AR A W]
FERPF P AR g 2 75 b b, s ol RS T AR S, BRI Tk,
B TV Al b A o BRSO B SR EEUR . KR KIEAE, TR0 AR g ngE & e,
TR ARG o HAETRER LA FEAT BSO8R B HE B 52
BRI o
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REWR S M AE I A el e T AR B 1, HLARBYONIE, AR AL AT A R T BUE . BEUR
ZERIAE — 52 KT R X BRHE G MR R FEROR, EREE SR BCR RGN, RCR & BH S, TR
HAENE, LR PERHBCRE RN B BHEBCR AN, B S5 B A M HE B KA %
fE I, T BE YR S5 AL Y BRHE TR R IS REE B 7 e AR o REUR 5 P A 1 AR R PR A - B
F, HW e gs KT A, BEE BREFBCR KGN, REVRE B IR MR BEZ A G K. XN
REVRVH B S A SRR PR (B R« Tl . RIRATSE) BV B, T X LS REYR AV B e AR 2 B B — S AL TR
HEBCRE RGN .

WAL ZAAE 0.3 0L 0SB A [l A rpo (R 25 0, T HL O BRHF IR A e SRl S A
BRAPBCRE BRSO, SN DL, Bb iR 2 . U, XA R PRON iR HE ORI
{ELRT ISt R i Wl 20 5F IR ARAE R Je AT, AR AL I REIRIE B D, H AR SERIA A e 2, &
BN Sk 1t S B R AE AR RE R T T HEA TV 9%, PRI BRI SR BN B AN 2 B R AR A R i &
111 227 AR AR R

N¥) GDP 1 _Ei& PiNAS A AR ot B A2 2 B R 35 IR AR RE M. 3% GDP #0, #iH
LUt KRR, REIRMLASBUNTE AL, U R R e S g s, X TR RRIRI R R B AW R e,
SERRHEBCR A N .

XA UL AE PR p R T B E AR . (BT AR, WA AR RHRERE T, Hizm
REPE A P AN o IR S5 SRT DURCEL, XM TFIRORE X B R A i S I SE T A B . X B2
FE XTSI IO B 1 BEH 5 5 L, XM RGN, AARFBE LG, b S BURHEK
SN ABLERHRBCRA BB REEERS XM AR W ORAT T8 -

FDI AXAE 0.7 737 s 0 B A2 225 ) o Ul MR B TR BRI DL 5 SEBRA I A1 58 A 06 B HE T 5
WA AN K o TIAE O B S 0L T, SBn R A B R AR, 0] T 15 I R 22 B RUASERG OR 8 R J AL
a5, b S EmHR R R .

BURAREE CMRBUE) o HAUE 0.3 07 sonh N[N RER o B2 1), X AT g il TE (R BRHE
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