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Abstract

With the introduction of China’s double carbon target, it is crucial to measure carbon emissions in
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the transportation industry and formulate a scientific and reasonable development path to achieve
the carbon peak ahead of schedule. This paper uses a “top-down” approach to measure China’s
transportation carbon emissions from 2001 to 2019. By establishing an extended STIRPAT model,
the regression analysis of several major factors affecting carbon emissions shows that population
size, GDP per capita, and energy consumption per unit of turnover have a positive effect on carbon
emissions, while the share of clean energy and the share of tertiary industry have a negative effect
on carbon emissions. Finally, considering the future socio-economic development, high and low
development speeds are made for population size, economic level and technological conditions,
and future transportation carbon emissions are calculated under eight scenarios respectively. The
results show that there are differences in carbon emissions under different scenarios, and that
maintaining low population growth, stable economic growth and steady improvement of technol-
ogical conditions may be the most suitable path for low-carbon transportation development in
China.
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1. 5|8

SAEAE, JEH R AERRAETHE SR B AT AR L Rk AT R AR AR T AN 2RIE B)
SRS 1]. A2 B FE 3R B UK S A BR AT 1) 2 2 IR 3 il = SR HE R, X R il A BT
Bl A RSN COp MR = U T ZRIR (2], CO, HEBE I IS BUU AR AR, 5 E
S ILOK ITIE T Rl 585 R FHUR . Bim R EF IR [3] [4]. UEFF ST HR 4G S E ML S 4 5 i ok
AAMEE R, U ANREF R R AR E T ks s, BibAR ke B —2
FESE[5]. A2 CO, HEHUE K RN —[6]. (EEEZRBER AR FRIE MRS RS X
TR BN T 13%, KA @ TR KT 20%. R,  KHR 7 Tk A
T SE R, (HAC I8 T R B e 25 30 T 21% [7].

ORISR CAR, FRE MG T 2R H ok, (HRIEIREEY LT UTEMARMN . P R E K
MRBEKI, ZUFRE. RRIRHFESHHZ A ZE VI RR, KPR ER H T AR K&
THFE, BRHEBONT PRSI IN[8]. 2006 FIRE CO, HEBuEL £ E, Oy R —HSE R E[9]. 2020
9 H, ERELTLMEEE NS FIREEME R ER A Eowk R, RIEA MBS G, —
SEABRHRBU T4 2030 FHTTEBUE(E, %5774+ HL 2060 4F R SELAK I FI[10].

e, SR IEAL T HROE R e 5 B[ 7]. W a & B, 2021 F 3R E SR E 2 105.23 {20,
o S AR HE TSR 1) 31%, 1T TR S il S fn I AR HE 2 3R E B HE R ) 10% [11]. fEAERE
Gr R e BRI e MRS EAT L, SIS AT R 4k Tolk 2 J5 — b b it 32 ZEHEOE,
SEEFATRRIRAHE R E BN R B, SIS AT A IR TAEXTFRE S “ Rk 7 B AR DL e AR RS
SCHHEE T PR e G B R A M L E RO . AR ER AT 2 BRI 0 H bR 2 MR R, BERR
TR BRI AR SRR ER R B S . DR, 7 e v [ Sl L B HE TBOEE AT B b e
TR, BRTCES ARG R, e 776 G (9 R B A AR B HE TSGR, AT SE BRI B H A
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2. XHERERIAR

B X A s L R e R T FE S BRSO, [ A A Ak 2 2 3 T I AN [ (RS R o) 2 Sl L i ReFE =
S AT . )2 R HEBUZ S 72 TIPCC AL RRHE R S0, XLl “H
Ti[7] T~ (Top-Down Model)” 1 “ H &[] L. (Bottom-Up Model)” PiftitH ik, “ AT T Al 5is
BB BEVR AT FE R AR HE R BOR T HE L . Salvatore Saija Z5[12]3EF “H M K7 200 B
T B RRE s i HE i . SR S5 3 AR A0l T BN AE I it Bz i « | T 7 92
LT A R & DX (038 B 2 E L B . B R ZE [ 14) Sl B T NI T BRI S B R DA I R
BB HE TR B0 S50 T T HE G 5, 25 3R BH 1980~2007 4[] i [ A8 @i il |1 B HE B n 7 5
5o XUPFER[15]15 NKH IPCC #2451 “E T R 7 G E g sl A m I e S &, SRR
BB AL A e UR BE A BT, B AR B B HE O T A RR IR I g1 .« FR ) b7 v e
T AE I8 T A 205 o BRI AR AT &, AR A8 38 T2 f47 Bl R R At 1 ScHE AR . KebinHe [16]
TR T 1997~2002 4F v [EE s ik pe i . BRigER 55171005 1 2005~2012 VL7548 %1z % /7 20
B, JF AL A R B HE RS A FETH SR A 7 RRHEISOR B, 25 SRR B e R FEAE 2006~2009
FEEFHESE, 2009~2012 FHAE] REUEA T FERASRE.

X A i I i U B HE G R R R e A, R AR AR B, s s il is ik HE i R R R
NEOHURE, A8 GDP. FRlk&5M . ZBEsii . IBSHmiE . RelREM . BRIRTRE . HARKTE,
I R IR S R R R S HE R . Timilsina Z5[ 181070 & B AL GDP #K: . A RS K AN AZ i A I
58 JEE 385 T ) M [ SRS O K i EZE N R . Kim [19]IA8 1990~2013 SEL GR35 KA 13K
Xof B ] A8 3 AT MV B HEGE (R AR FH A8 388 R 5 B TS B HE ORI FH o 7 M [20]55 N BT ST i 4
[ AZ 3 H e RO AT 5o e R 28 4 i, 45 SRR A N34 GDP AN DRSO B HEBGRAR B R, A0l iy
P B ] A B BRI A I8 RV R N BHE O KR E . TR AR EN[21]15E NI SR B i HE R S
GDP iK% 2 IEMIE, ShcHicRE 2 A C. PR[5S M7 s R RoR 2001~2019 4E[E], Z5F 0
AW J 3 P RIHE FBORE SR 1 D0 0 R L SR R s A I R Y i T S S TEAR R AR B sk b ik 22 I8 ig i
MBHE X BRHE B A B 1 G R R, [ B A T e Y 5 R TR AR A 2 X A e BRSO AR R
Wi o XS /ISR (2255 Nd et o B P AL 48 DX T, D BRI 8 WU [ 5 i By B2, )
DL 38 0 A 35 GDP AR HE SO 2 7T

AR TSN AT 38 3 e HE A TR S f 7 92 AT LEAP AR IPAT RBERUATAE i IMPACT A5 78 1
STIRPAT #E8Y . Fi4b, 256165, 18I B8 R RS R 3R A R UE,  SEPU &6 5 N iHER
BT, LSRR 2315 N H RICE-LEAP A il it 1% B 2% 18 5t BRHEBE SR SR LSS I 25 14 1
MO R, SIS T 2020~2050 A1 ERRGOR I B AR R A BR SR H . H AR AN ST v [24 ] (1@ ik
¥4% LEAP-Shanghai #5%Y, 7EULEEAE BT RuENG 5. W 5t skl A S A 5, BlL
EREVRTE P ABRHE G S, FE T & B BT R OTER R . AT K T RE BRI DGR TE T A R &
R FEIETE, JRAK SR HoAh 2 Fh T BAL RSB Liu [25]% N Y B 1) STIRPAT BLAY, JH% 5 10 Fhizst,
PRICA K A [ 2 75 7] LS8 ik Ve 1) H b B T AR e 26 VR IR 4k . 388[26]55 AR A STIRPAT A AU%¢
YL BEVRTH Do HE OB A 34T TN, A5 SRR N O, QPR K, R R BRI K,
BT RHTIR A I RETENE S H iR . SKE1[27]25 T STIRPAT A5 44 2 7 22 i i A 28 [ TN ALY, &%
R PALRFF N DRI 50E FE K, AR 2 78 58 B A AL 7= b 85 44, T LAl 7 22 i e e 78 i PRI .

I FR TR, SR ACE S R A E AR — B R 2, X2 BT AN R SRR g\ A
BN THFERI IR AT = A, ASCEI (REGHES) FhACizE i 28 un BE YR T FE R & LR
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7 FREPECRA BT R AT INEE . fEIRFRONU R KRN, AR SCRR TR R A8 BN FURRAS AN
et RN NG, 30 IR R R R IR A PRI HE o8 P75 RERE o L S PR A J 2 BEFEXS STIRPAT #5
TR R SR BAT Y, MR EE BAT S2n i 3o IR N VR . 5% S AR AN H A K P ) I S
8 FhASIR B, A U (813 5 320 ARORAE #4555 T A IB Iz e e, - AR 70E & v B A a2
e HROTE I A R R BOR R SRR R 27 35

3. BRHERGIERE
3.1. FEKERAE

ASCHAEARYE CPESHES) © CPEBIESTHES) P RGTHEuE SAR S8 BUR B B 54
. HARgTH e E s . S ATIEENL A3, HL T AT R i ) BE YR #E o EUAH
XD, WO SCR I TR B AR oA imis fnl gt vk Bt . o ia b A HE R — > EE R R A
TR AR AR 55 AR A A REVR - KR4 H AT RO SETH 8, Sl ia i T8 32 2R AT R REVRR R A S50
b A BRI, SRR WA SR ). BEE R EORACE I, JFREIER D R T AL
IR o PRI AS SO A3 18 Hin M A HE I AW SR S AR B3R 7 b BEVRE FE RN At

3.2. BRAEMAMEERE

2 FEACE IR TR IR AN 5 BB AR AL B 5, AR SR IPCC 4246 “ B B R iyJ7 ikt
S b [ ATl IS AT W BRI BUR . RV A0 SR R DA BRI M R R LA & SR REIR AR 1, Rt
R RHTSUS & - 1ZTE R BB B E BR(IPCC) [ P (A A8 B0 ) S BB LR T 52 8 B TR = 275 3%
JZRI T A K Bk SEROE U AR, A ().

CO, =Y EC,xF,xK, = EC, xEx(ALVixcr/l.xCOEx%] (1)
X, CO, MEGHIz LRSS B, EC, A3 iBiaiimll s i FragIR & omit AEscE, F NS i Feediin
FLPMEIR S 25, KOS i FhREIRIT SR HE AR ALYV, NS @ PSR AL A IR, O,
NE  RREIR AL IVE BB, COF, N i FREIRRR AL 5
F T ARG T FERIR T R PR R RS S MR R B 6] [28].

Table 1. Carbon emission coefficients of various energy sources

® 1. BMEERBHR R

Gy PrsEhd /5 PR R MG RAEME SR WAL (%) %Hkﬁﬁz%%&(kgcoykg %
(kgee/kg) (KJ/kg) (t BR/TT) kgCO,/m’ BY kg/kwh)

J A 0.7143 20,908 26.37 94 1.9003
R 1.4714 43,070 18.90 98 2.9251
FREH 1.4714 43,073 19.60 98 3.0334
BN 1.4571 42,652 20.20 98 3.0959
BREH 1.4286 41,816 21.10 98 3.1705
WAL M= 1.7143 50,179 17.20 98 3.1013
RARA 1.3300 38,931 15.32 99 2.1650
4 0.1229 NULL NULL NULL 0.8010
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3.3. WHERR S

B T3 BIBRHE R BN Gt R s, R BRHERO A 2O R E 2001~2019 45 A2 i L Bk
HECI AT I, 15930 & BRI BRHE I S R~ 2% 2.

FRAE 2 2 AL 1 0 & REVR BB HE O A S B HE B AT 0, T DUR BLEBHE R E AN B 0, 2019
SEMAZ IEIE SR HE L 2001 4E1F) 22132.74 53804 8168211 JiMi, AN 7.52% . V3
FE A g P A B R RO IS N, FOA A B B O IE . % e i s i 3 R s LLR R
IR i 2 A TR AR P AN W73 A5 R ] B SHEX T v RV R D, A B R L BhTR 2R Y o LR IR R 291,
TRMAE ARSI & L2 BT B . M2 I8 i kL 2 R, Bl 3R 28 5% 1 Pk e Je A R ] S R Ui
ANIHEREI[30], ARKJE BT AT SR B SR 2 A g S s 1 I, AT 5 SO0 2 R Vi A B 18

S A RO K, I TR BT IR E SV RRIR K I HE T A R
AW FRFSEHLI LB Sl A8, H AT S T #E 3 BEAE TR RN I (28], Rk T
SRR DU BOR SR SFIBAG AT WSO T RAMEFE AR BOR,  H BT REIRTHFER /N, BRHESCE (5 L
HAZ . RSEAREIIME, KUFSCE, ZATEENR A, MEEREXSZES@EMHELE, MERRR
SRASAENLBN 2385 7 BRI FH AT 87 B 28 o bl SRk i

Table 2. Carbon emissions by energy in the transport sector (unit: 10,000 tons)

2. w@EEil & ERRH R E (AL )

F Ay S T B AR RS WA B BRHETEUE &
2001 10591.07  4576.03 1700.83 2710.78 23.82 52.72 247749 2213274
2002 11717.39  4851.28 2174.34 2701.58 35.51 88.70 2427.03  23995.83
2003 1373094  5737.99 2249.87 2981.22 41.14 111.96  3260.07  28113.18
2004 1701891  6828.65 2789.85 3647.50 56.72 11134 3604.50  34057.46
2005 19099.85  7108.29 2889.01 3807.77 82.27 151.03 3446.70  36584.92
2006  20672.31  7583.03 3065.37 4805.21 95.69 169.64 374387  40135.13

2007 22722.05 7643.87 3427.74 5088.65 101.76 172.12 4261.32 43417.51
2008 24758.87 9039.82 3563.03 3623.25 155.88 175.84 4581.72 45898.41
2009 24742.31 8428.94 3986.65 3968.32 197.17 175.53 4942.25 46441.17
2010 26803.06 9579.41 4856.78 4206.30 231.01 189.18 5883.35 51749.08
2011 29365.23 10452.84 4994.19 4264.96 299.42 203.14 6795.68 56375.46
2012 33209.72 11051.03 5420.99 4387.65 334.49 211.20 7332.35 61947.44
2013 33808.87 12817.20 6061.28 4530.61 380.56 277.26 8017.37 65893.15
2014 34187.40 13645.59 6722.01 4569.96 464.18 284.70 8484.19 68358.04
2015 34558.91 15522.34 7598.36 4563.93 514.40 311.06 9019.26 72088.27
2016 34266.97 16120.52 8538.72 4791.89 551.64 323.16 10020.51 74613.41
2017 34592.66 16668.68 9625.89 561591 616.38 383.63 11358.18 78861.32
2018 34571.61 17748.34 10503.15 5693.27 619.62 387.97 12880.08 82404.03
2019 30547.25 18267.25 11190.21 6420.26 738.27 485.35 14033.52 81682.11
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Figure 1. Carbon emissions from China’s transport sector

E 1. pEZEsm RS E

4. TRHERTRNREY
4.1. BREERFNER

4.1.1. BT STIRPAT &%

STIRPAT HIHIUAREAR N T3 (2), X HHATBOS Bk, WA RIXG) LR Kb, P, 4

T 2 AR BRHCR:, ANH, £5FKFEIAY GDP), HARKY, e KEKRZE. a, b, c #HIRKL P,
A BT RE ASCEIE A BRI G L. A R R AR ) B AR R, X JFUAR R AT
IRE, @),

I=aP'A'Tee
In/=lna+alnP+blnA+cInT +1Ine
In/=lna+alnP+blnA+cnST+dInET+ fInPC+1Ine

X, L Py A5 e SRERF EWIEHEA 2, STACE AR =l b B, ET AARSBAL A F REFECE
BEAAL e BH AR BEIR),  PC ATV BEIRTH M8 o5 ELCR AR IR ).

4.1.2. HIWAEEESR S

23 BUEARYE (PESHES 2021) A1 (R ERSESTHEL 2021) SEEEAS],
JEIE R RV AT, 2001~2019 4E, A0, A GDP. 5 ==\l 5 b &g v Gedi o5 bz i It
B B BEAE BT BRI

=

FIF SPSS AR HHENEBEATIRIA 04, RIGNN B AR BAE A Ak AR, AN AR B i 7]
L, RIS RANE 4 PR .

N VRS G50 7K P A BB S A 46 75 TR LI 2 RN GG, =35 [a) I A7 48 7] R 350 P i = A 2
FALZ PR . 8 VIF (7 28 R 1) HI % A& 2 AR RAFAE 2 BALAE(X 1), 85 R EBIRBRIFN
REWEAN, AL &5 HAF U AR B ) VIF [EEIE e T 10, R AR & R A7 AE 2 B3R n) i, 155
&5 BRI AT EE.
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Table 3. Initial data of regression model explanatory variables

3. EAEBBRTEVNREE

Ay P(JiN) A (Jion) ST ST (/3 i 2\ BL) PC
2001 4 127,627 0.867 0.413 0.98 0.048
2002 4 128,453 0.945 0.423 0.98 0.043
2003 4 129,227 1.06 0.421 1.08 0.050
2004 4 129,988 1.24 0.412 1.12 0.046
2005 4 130,756 1.4259 0.414 1.06 0.042
2006 4 131,448 1.6602 0.419 1.01 0.041
2007 4 132,129 2.0337 0.429 0.91 0.043
2008 4 132,802 2.3912 0.429 0.86 0.046
2009 4 133,450 2.5963 0.444 0.86 0.050
2010 4 134,091 3.0567 0.442 0.84 0.053
2011 4 134,916 3.6018 0.443 0.78 0.058
2012 4 135,922 3.9544 0.455 0.79 0.057
2013 4 136,726 4332 0.469 0.77 0.059
2014 4 137,646 4.6629 0.481 0.73 0.061
2015 4 138,326 4.9922 0.508 0.72 0.062
2016 4 139,232 5.3783 0.524 0.68 0.067
2017 4 140,011 5.9592 0.527 0.64 0.072
2018 4 140,541 6.5534 0.533 0.61 0.077
2019 4 141,008 7.0892 0.543 0.57 0.087

a. /E%' COza

Table 4. Model coefficients
4. BRI RY

- ﬂlﬁ/ﬂﬁﬂc%:%z PRtk R AL ) sig. LGt
B PR iR 2 A IR B VIF
(i) -0.158 0.061 -2.580 0.027
P 0.877 0.289 0.862 3.030 0.013 0.002 465.090
A 0.497 0.239 0.538 2.079 0.064 0.003 385.738
ST —0.187 0.103 —0.182 -1.809 0.101 0.017 57.954
ET 0.233 0.074 0.230 3.126 0.011 0.032 31.174
PC —0.041 0.023 —0.041 -1.825 0.098 0.343 2912

a. ﬁ%‘ COzo

ARG EIR W, ASAER python HINLES2~ > sklearn H AT linear model AEERLIFFATIE[RH . {3
RidgeCV JriE GRS, 2 HaRH B — A8 YRR IR B AU, f KRR BRI NS, 1S
AR R 4.l 2 B RN R 2L o, A H I & AR & G 0, B 1E AL &
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0.1, B Loss = 0.0002, Ik R® =0.998. T il & & b WAL 5 I SRR AL, fe %45 3
NG EACTURL EiCE I

In7 = 0.283In P +0.274In A—0.037In ST +0.096In £T —0.038In PC +10.811

s AT idEknkemdE S N DR &, A GDP. BB AEILMHR KR, 5§
F=rENb LSS REIR & LR AR R, BSWMAEITEELHF BN, HYWEEFAETEE.
NE. A GDP. SB=r2Mk . AL e R MG REYR 5 LL 2 725 4E 1%, A iEE A 537
P24 0.283%. 0.274%. 0.037%-. 0.096%-. 0.038%11745 4k,
4.2. fERIET

AR SCRE A E RIS L5 UK . A2 IEEEIRTHE 2 PUIR X BURF X A SRR, FIR 2% EANE R K R
DIFE B BRI 58, 256 I P9 SCRR A R R S48, #R¥E STIRPAT HA R N OHIRR . &5 /KT RFAR %
HREAR, BT 8 FiBRHEE Ft. R B A A RENBREBCE TN, 8 FiiEFanZE 5 fir.

Table 5. Scenario setting of transport carbon emissions

=5 R@EEMRARIERRE

HRITE PN EFoL 2 G PR
51 i i {8
5 [ % i
B3 =1 [ {(i8
%t 4 [ = [
fH5t s {(i8 {[iS [
a5t 6 {(i8 = [
57 {8 [ {8
fH5t 8 = i [

18 SRR ) 3 B S HS H E KEUR AR 7 SR DU 28 B AL SR DL B A N HESL I 2 .

N RIS o AR [ R G i R B TR, 3T 20 4E 9 N 1 H ARG KR FREE T B A5 A 2T 5 4(2017~2022)
PIHT 0.558% FF%E 0.034%. [AIR, ISR RFEE N HZ AL UBGHORER K . AHF R S % ik 253171
WM ei, G EEHIEFHESRER, BAND AR KRS ED FE 6 fiam. A3 GDP.
FEAE NI GDP H4-K 2 il v [H e A7 S 2 BB v AR 21, I 10 4FAE 5%~6% 2 (A3 . H 2012 LK,
TR 250 K RSB TN IR W “RRE” AR, FRREE SNSRI P g, R A P 3
KHEAST K., 2HERIEERRBER, ZFHMKEESHEZFRIREEZITREES, KRESR
FEEAR I [32]. ==k AT b BN 33 A EE == kTE 2030 S =TT 60%; HR¥E Liu [25]
S NP EE 28 =7k 5 EEAE 2050 SEATI AN T 60% . AR I K G it = i 17 st e v 55, 2001~2020
RS = LA RN 1.4% . SHE SRR EI R I =l di b, FRE S = WA — 2 R
JRAS ) PR JE L RERE . AR TR E AR N [20] 000 pt, B R REFEREAG 1T BEIRHE S IR BIA FR AN, S
TREEE S BRI . SHHBEMNSE, & B AL REFERE AT WE . IEVERRIR G L. RIES
AR5 N (3415 7 E 2060 B FREIR RGBT AT, AATVONTERR-FRII B AR, R0 RERKE
E 2030 4 (7 ELik B 18%, 1E 2060 4F 15 Uik F] 95.98% . H HE /MR Be & A 1 b [ g R SR 4R 25 )
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[35])3E7~, 2021 “EFR [E V& s AE VR b 2 [A] EL 4R 51 0.8%, JEVEAEVRE 27 L B kL E4E4RE 1.2%, ARG A RETERTH
AP EIR R 0.7%. S L LM A, SR REEEGEIR b EL A H i .
gE LTI, TR 8 Rl 56T N A S E G KR W5 6 Fir.

Table 6. Set growth rates of each explanatory variable in the forecast year
6. TUNFEMRLTEREEKR

AR HE HEEE 2020~2030 2030~2040 2040~2050 2050~2060
1 0.023% 0.004% —0.014% —0.026%
A = 0.034% 0.017% 0.006% —0.012%
(i3 3.270% 2.840% 1.780% 0.920%
A Gor = 4.010% 3.360% 2.330% 1.420%
L % 1.050% 0.780% 0.340% 0.230%
Bt = 1.270% 1.040% 0.710% 0.320%
W % -1.240% ~0.710% —0.480% —0.270%
R - -1.770% -1.320% —0.910% —0.510%
e - 3.920% 4.840% 5.310% 4.010%
{8 4.380% 5.020% 5.670% 4.320%

4.3. FMERE 74

W _ERBUE SRR B R, DL 2019 930 B SR HEAT FOI, R T 45 SR A [l
BERTHEL, A RnlE 2 g,

g1 W g2 A EE3 R4
—H— =5 EE6 —Ff—FET7T ——I[EES8
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Figure 2. Predicts transport carbon emissions in each scenario
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