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Abstract

Based on multi-source urban traffic statistical data, this study used carbon emission accounting
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methods suitable for different modes of transportation, including mileage method, turnover method
and airport take-off and landing method, to calculate urban traffic carbon emissions. The mileage
method calculates emissions based on the driving distance of the vehicle and the carbon emission
factor per unit mileage; the turnover method calculates emissions based on the turnover of passen-
ger and freight transportation and the corresponding emission factors; the airport take-off and
landing method is for air traffic, based on the number of take-offs and landings and the emission
characteristics of aircraft. These methods, combined with statistical data, national and local carbon
emission factors, and transportation mileage data, can calculate the carbon emissions of road traffic,
railway traffic, urban rail transit, waterway traffic and air traffic. Taking Hangzhou as an example,
the study used relevant data from 2019 to 2021 for analysis. The results show that the total carbon
emissions of Hangzhou's transportation in the past three years were 20.1137 million tons, 21.9955
million tons and 24.9360 million tons respectively. Among them, road traffic carbon emissions ac-
count for more than 90%, which is the main source of transportation carbon emissions. Small pas-
senger cars are the main contributors to road traffic carbon emissions, followed by heavy trucks. In
view of this result, it is recommended to start with road traffic first, especially to take effective emis-
sion reduction measures for small passenger cars and heavy trucks. Based on the characteristics
and challenges of carbon emissions from transportation in Hangzhou, this study puts forward three
low-carbon transportation policy recommendations to promote the sustainable development of ur-
ban transportation.
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it 77 3B AT R T BB R, R R BRI S LM R R, AT Dk v ) R ok 2 P DR
T RBCR SR B, B/ “X” HARKISEIL.

MRV SR AE R, AZIEBRHEBUZ 5 3 270 9 [ R 48 G (DX) 2 A i J= 1 (1] sty )2
A E AP =, CAPIEEERM “B LR B H N B ST I 5 A R B HE T
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Figure 1. Technical route for urban transportation carbon emission accounting
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MBLZ S 25 B HE,  HAE T 5 BRI AR e, SCHEIBRHRBCR I, . BRI, 8 e Bk e 78 K
HES A 7 H 2 AR B (R PR A, DRI R AR OO AT BRHEBOZ 5, WA B i G . e
R SO BRHEBUR R I (2):

E, =YV, *EF, @)
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2.3. ¥IpkChEE

B O T AL A I R B HETBORG B, A S ik T J e B R D VE AR A R SR R 1) 1) R, 491 G sk = 58 %
PRESCGEEHTN TEXRBESH, SFEOTEREERAR, A LU LI 2 AR RS R K. I L
W HERO Sk, RS B R 2 2L (ICAO) IR HE 5 51« BRI S I 5 945 1 &I (EMEP)
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TENLIZ VYA B B HETS,  TTAN IS S8 B BRI ANIE P T [ 5K B4 RS Bl B e U 5
W, ZREF SRR ENTE T, Ao AN BE(LTO R HEAT IR s s mpe A sz 5. AR
ICAO HIHfESE, LTO %W B HIFRHEIZAT I A) 73500 g 2 KEY Bt 4 min, JETHHYBL 2.2 min, #EITEY Bt 4 min,
THATHY Bt 26 min. 45 K ZWHL 2Bt Sk FERY BOfh i #E B an =X (3):
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B PEE T FA L AR = (4) -
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s E, AN S A2 LTOGEFEIGIR) =4 1) CO, HEBUE B(kg);s  EF, NS BATH — Sk BRHE
ZFH0(3.168 kg/kg); N, A i i AR IX

PR A [ B R AR 2021 SERAUTILR B GEiHARDY , B WHLECE A A KL A E 78.4%;
B B737 BRI A A CHL R R WML —, B RUFIARERYE . BTN AR L bR L7 e
LI 0] B A R AE A BRI A SCHE 7 B A B LI e B KL 9 B737 AL kpL, 3
RIS CFM56-7B22, Xit/8i ICAO K ENHLHECE I e AH S5 B2 1.
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Table 1. CFM56-7B22 engine parameters

%% 1. CFM56-7B22 £ &iHl 5

RAENWLIRES 1R E (%) AT [E] (min) IRV 5 (Kg/sec)
Rl 100 0.7 1.021
et 85 2.2 0.844
peiplin 30 4.0 0.298
WAT 7 26.0 0.105
3. g
3.1. MEhFEHE

VENK = M X0, BN THLEh R IR K B RS2 T R E . 3 2 TR,
2019~2021 “FiH], ATWHLEHELEH 296.3 JEE 375.1 Jifl, FHEEWMKFIL 8.2%. ML 51
B, BERE G 80%LL I, Hrp/NRAE BIRA k. X —AS@EE R, HIBI4EIE kT
JERHAT 5P R S H A S R, CBONBRHERE b 1 G AR . [EAERE IR, HUNTE 2016 4
NI [ 5T RE DRI A IR LR, B R IR SR iR S5 T B i B, T REVR RSB RIR R
The BRI, HTREVRZEGNIE B HLBN oA S T A TR FE A, A% Gutskith 2 1) 5 5 b Ay 76 9 P e AR 50

T EAZ IR 5 RS FFEE N o

A TR RIS (BTG THE4E) (2019~2021 4F)h & B TR INEI 450 K51t 5ok, ZBRT
Gtk RR RN, RS LU E SRR R R S = 0 AT B S HSR 7 s, R
INNRZELVE . B UK AT e T SO HE S AR A AR DR I R GG, (H AR SSR I Ra e

PEASZSE o

Table 2. Motor vehicle ownership in Hangzhou from 2019 to 2021 (calculation part)
= 2. HUMNTH 2019~2021 M EHERGR(IZEIBSY)

Bl =R & 2019 4 2020 4 2021 4
—. K% 2,963,388 3,105,384 3,751,062
1) HERE 2,399,022 2,497,100 3,109,706
KA 20,907 20,470 18,785
SRpit] 7628 7394 7233
/N 2,351,862 2,451,908 3,068,721
(e 18,625 17,328 14,967
2) BWIHRE 259,746 302,251 328,509
igit] 71,102 92,122 97,945
SRpit] 6611 7065 6892
L 181,872 202,969 223,641
et 161 95 31
3) HAhRZE 304,620 306,033 312,847
(Sr s 724 680 649
JEFEZ 281,403 273,133 276,411
H% 22,493 32,220 35,787
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P EAT B AR (VKT) 2 FR1E — 4E A BRI Ll -0 RHAT B AR 52N R 2 v
VKT & A EESG@ Iz bR, T PP A s xt B A RS AR 1 5om), DL SSE T R . B H
$ ARG S REIRTHAESE TS T KR DL8] [9]. ASCRM 1 AR HEL I AAT (1 CEEHLED 2-HETBE 523 il
BORFER(BUT)) PR RIS 70 8 VKT Bl X —HdiRIE B A BUEE S e, W& 3.

Table 3. Average annual mileage of road vehicles

=3 EENHMEFHITRERR

BLBhZERA AT R EE VKT (km)
WO N 18,000
HAL4E 120,000
LRItk 31,300
Nt s 58,000
AR 60,000
W, BRI 30,000
TR LT 4 35,000
HAH A 75,000
JEFES 6,000
I 1 2= 30,000

HRIEHUMH T IABE LRI B 20 TE ek T IVE AR EHE 70 M RO T T8 B A% S 3 B = A HEIK
THHIEEIT, HIET 0N MBSl 4= HE B BEER BN T LS 42 0 42 A A AT B T BT
JEREIEREE, R IVE B, 82 IESHOR DR 1, THEAR R TN 1T A AR SR 2 4
HB 1L H iR = SARHRBIRN 7 [10]. A SCEBOCC 4 I BB T A AR B 28 & BRI 1 2 AT 1 i A0 0
BRHEBUZ S, BB I 4 PR,

Table 4. Comprehensive carbon emission factors by vehicle type in Hangzhou

4. MM D ERGRERARET

R MR BEMAE KPR SE REARE MR EREE 5 4
co- Q?(gé'jfr?)ﬂ% 210.528 225.579 633.716 601.292 255.002  51.032  601.292
32. A¥EHE

H S R RO AR N Y, E I A Ml T s A B BRER . JKERSE)IZ R iR 2 B B )
. Fitia AR T AOE A TR N E KRR, K 5 45 TN ITE 2019~2021 £E 1)
whnE N AR

U 6 P, T [ Py S id i L AR D7 s 7K AR S FE[11]-[13], 138 1 8kig Sk
R B A R R R HE U 1 R TR R SRASHE 0 A UM T R T U S S e R 5 it AR o [k
MBS Ph o R AT AR, ALt T PUE A B B AR A AR5 RERE S HUMN T AHIE . PR A STk T i
AL IS A F R AU e T CAE AU AR AT BRIRCHE 5 95 22 R AT AR) ) HESR AL
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Table 5. Statistics of passenger and freight turnover in Hangzhou from 2019 to 2021

5= 5. MU 2019~2021 EX K EEEE5ITE

BIRIE A w2 2019 4 2020 £ 2021 £
—. BizE&1HAIARK) 20,888 12,183 13,823
PRz e 8874 5895 6914
Rfiziz &= 2044 1414 1432
NS s 9360 4535 5042
K I 610 339 436
L RBEAKEGITT(IALR) 700,446 387,013 457,260
AR A = 689,970 381,790 450,070
IR S e = 10,476 5223 7190
=, WiBEATH(TM) 36,384 41,944 46,997
PR iz & 537 578 498
Rfittiz & 41 46 50
AW BEE 31,732 34,837 38,804
KR IR & 4073 6483 7645
NI Sk 5= S N UA] LAY 5,534,460 10,070,617 10,472,959
AR A= 3,928,822 4,599,433 5,521,947
K T ) e e 1,605,638 5,471,184 4,951,012
T WA AEEATHTARAR) 545,606 495,697 787,600
Table 6. Carbon emission factors of passenger and freight turnover in different modes of transportation
F* 6. TREIRBHAERZEAEERAMETF
RIS A 7 BRigasim IKEEAZ @ Y E
38 JH e e BUE T (kg/pkm) 0.027 0.008 0.0286
1218 & % s HE R R 7 (kg/tkm) 0.008 0.008 \

3.3. HERIE

H1 Tk USRI B T kit iz i (1 % B ie M R B it Bk, BN RSt SR ke & fria &, Bk
/D Bk %3 i B IﬁtZIKIﬁiEMﬁ/Ié%EE%LiﬁJEmLE'?Hi%izﬁ NS
B IERINER 7 R .

RVHSL UM T R I8 4 2 Bia A e b VT ks i 2 0

Table 7. Average distance of passenger and freight transport by railway in Zhejiang Province

F 7. MIIAREENEREFERE

cF¥igeE, Bl

i Kiz REAEE  KiaFiE Triz & /e e e S
(FiN) (e N B #5(km) (J7mk) ({2 L) 125 (km)
2019 24074.0 743.3 308.7 3936.0 235.4 598.1
2020 15719.0 464.7 295.6 4083.0 230.3 564.1
2021 18146.0 531.8 293.1 4471.0 269.7 603.3
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FAREHMN TG ZR, BN WL EBRLZE 2019~2021 =4F (1) EATE 4278 4 A 290,919,
237,362, 238,269 ZEVk, LA H T HUIZIE BT BT T A 2 A8 8 (P A HE U D

4, R

AR PR AT T e B . DR 8 . Somis i AR S, A e Ak, AR
% WU L =M% HOT %, ASCHHSAR TR 2019~2021 4% A28 77 A HECE, 40
% 8 PR

Table 8. Carbon emissions accounting results of various modes of transportation in Hangzhou from 2019 to 2021 (10,000 tons)

2 8. HUMTH 2019~2021 & RZIBH N RHIBAZE 45 R (7 i)

KBTI 2019 FrRHEK 2020 FRHEK 2021 FRHEK
T 1888 2077 2360
Rk 77 50 57
HhEk 16 14 23
Kig 13 44 40
s 18 15 15

Xo 25 22 38 77 AR AR HE R AT SR A, AT AR BT T AZIE IR 2019~2021 =4 FSRRHE R,
25 B U T 6 A 1) GDP 20 LUK HAE N V8 , v 43791045 21 547 GDP BcHE LA R NI B HE s i
mnE 9 frr.

Table 9. Hangzhou’s carbon emission indicators from 2019 to 2021

2 9. HIMTH 2019~2021 £ & BRHERIEFR

E{=ga 2019 4 2020 4 2021 4
SRAFB (T ) 2011.37 2199.55 2493.60
FiA7 GDP BiHE (g/7T) 13.04 13.57 13.77
NEIARTR (kg/ \) 1732.00 1838.32 2043.27

FETH 5 % 2l Uy sUBRHE OO A il b, RS R AT Geit o, I 2 K& 3 WL, £
2019~2021 =4 [H], EEASHEBHN - Himim KT e A0 A BRH, S 7 AR xt
ZH, YOS, (ABRETESE b LLOIIBRAC. TERCFR R IR, BT s e CR
M T AL R B AT B AR, ASCHTIUINLA) 4 T AT B AR N e (6, TEik3R1T 2020 5%
15 S5 LB 22 SE PR A T I AT AR, DRI B S Sl B R 2 BRI O, AR W] e SE B
OUAEAE —E W2 -

il 4 fs, T ARE R I H B A E T SRR, kR . Mk KA A, £E 2020 SR TR
DN H BB TSR N BRI L, ZEHE AT 2019 SR FTekb, (HAE 2021 48, 3K = Mgl 77 SRR HERL
BXAFHEK, R T BB A S BB HES R R . EARTE R IR, KIZ A AE 2020 411
BrHEICER AL 2019 AE LT AEH RIREEI YK, 78 2021 4F AT T MR EAR B RBUR R &0, Ak
BUBUMITHAE 2020 4EA7K G2 i Fe 207 2019 4R (1) 3 3, DRI E 3 B0KE 2038 AR R BB 4
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Figure 2. Carbon emissions by transportation mode in Hangzhou from

2019 to 2021
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Figure 3. Carbon emissions share of each mode of transportation in
Hangzhou from 2019 to 2021
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Figure 4. Carbon emission ratio in various transportation modes in
Hangzhou from 2019 to 2021

[E 4. HiT 2019~2021 &I A A IRHER S EE

XTI B AT BB A 5 BT AR T 2019~2021 45 % K EHLBNFE MBRHEBCRIE L, AT AR
BN R P R R RISR A, FUONEIER S, Ba R LERA NS . T =4X
RUARTR PB4 4R 94T B AR, DR = Wb R A T R 32 eI AR, BRHFTSCER YA — R Vi B ) 3
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Figure 5. Carbon emissions of major motor vehicles in Hangzhou City from 2019 to 2021
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Figure 6. Carbon emissions of various sub-categories of motor vehicles in
Hangzhou City from 2019 to 2021

& 6. Hudh 2019~2021 &N EHEhERRHRE

5. &ig

ARSCEEFAUMNTT 2019 458 2021 SFEMIGiTH 5, 456 SR 7 FIRRHERCE 7 . 2l i B
sk, SRR BRI L = AR HE % S i, 2 RIS T 7E LR =4 R
TEPEACHE . RIS ASE . SRTTPUEASIE . KBS I A A I e R AT TS @ %A@ T
SERERRHEBSCR IR, 45 U T = A8 B 43 ) 0 2011.37 JiM, 2199.55 JiliAN 2493.60 /i
W, HbAh, S5G AR A BN GDP BHE A1 N EdE, HE—Pi 58 7 AL GDP AHFBE M A i HER
o ERFASEMHEBIE S, T8OR35 S AT, L R A8 @ SR HEU 90%. #E—5
TN BN 4= B2 4y 308 B A S HE ORI, /N 2 (48 HH REL 2 AN X 24 Z2) 5 BEHEROR IR, LU BRI TR 2
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PRI, DS T SOm B, N R TR TE R AT, R N R R A B A, e e X v
HEBASIE TR, HESI0 T S BB HETR I A R BEAR . o I T S BRI A A, AR 3 A
Ik T AL A2 S BSOS it -

1) DnEHEH R IR, A TE R B AT R s AT AN TN R AR AT B B BRSO R
BRI R, S5l o B S AN B BEVRI A, SR A B AN AN e R S i ot s (RIS, A
RIX L Rk AT~ LS R I S5 U 0 7o AR R, B DRSS A B B AR AT T ik, DASR THHT RE RIS
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