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Abstract

With the increasingly serious problem of global climate change, the transportation sector, as one of
the main sources of carbon emissions, has received more and more attention. This paper takes
Ningbo City as the research object, through the calculation and analysis of traffic carbon emissions,
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discusses the current situation of traffic carbon emissions in Ningbo City. Based on the relevant sta-
tistical data of Ningbo City from 2021~2023, this paper calculates the carbon emissions of road traf-
fic, railway traffic, urban rail traffic, water traffic and air traffic in Ningbo City from 2021~2023 by
using three carbon emission measurement methods, namely mileage method, turnover method and
airport take-off and landing method. The results show that road traffic is still the main source of
transport carbon emissions. Through comparative analysis of carbon emission intensity of different
modes of transport, it is found that the unit carbon emission of public transport (such as subway) is
significantly lower than that of private cars and trucks. Finally, combining with China’s overall car-
bon emission targets and policies, this paper puts forward some suggestions to reduce the carbon
emission of Ningbo’s transportation.
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SERARAAL OO 21 Ay B8 A 2 — o AF TR S A HEBOR E, o A R AR
WITIH R 7 EE ST Ak, TEBUGEEER B 7oA AR AR XU Hix, 1HRIT 2030
R SEBRRIE I, FFAE 2060 AT LB R, X — HARAUR R T o [ S0 SR AL oty R A
SRR T AR EER . S IE AT b A R FE AR = SRR B, HE R
B HRSCR R B B R E ET . ARTE R (30 s far gk (R R FEAT 31K (2021~2030 4F)) A1 CRre
PR LR JE R (2021~2035 4F)) SFBUSK S, HESh A IS fan 7 b R 2 ¢ 3 ORI I A Jig Lo SE 3L
XK ARRFIOCEEIATT . IXEEBHOC R, TR . U S B A B A IS E A
IR R RESC A 1, T DA R B IR AZ T AU A B HE T o

T A Dy v 2R T v T ) B AR T M = A 0 X R EE B AR Ty A ORI R S R % M A
HIB G2 o BT AL RE AR RO DRAN 22 T B DR e, 7 I8 T FA) S8 S B e T T i o K ) T 70 A BB
PRIk, TP T B Sl B A S S b, ACE BT TR BUIR KA &%, 1T RED I E A SEtfI
BRACE B SRR A R -

BRAR A TR 2R 2 AU, ARENR. Tolk. ARV AFGUR, 7RSS U A AT 7T R AN T
ANy R A0 TR BER B AE st e SOz B SRR T R R, anRREEAN SRR Y A Ay
JARIEEAR xRk i 2 i IR O S AT FE e gk e e 8 4 BB
FEHS A R HEBCR 1] R EARHBCS R H R R R, b EReR O A0l TR Is AT i R Rt
AN A ) ARG, L e R A3 AT R ST B HE OO P RO RE M (2] TRI BN 2 18 2208 AR S i
B E S A L BEE S (i AT RAF) B SR AR [3] . AETH SRR BN R 7 i
bR H UGS BTN BE R B T5VA 4] BRERE TE SRR 3 S RO 2 5 T A )
Fry “BLEmR” M AT R M EBRATOT FORER sk mUE RIVER[5]. T IEIRG T
HRRNE FER) BB, ASCRM “B T L RIS T Tl 2021~2023 SFIEBACHE . BRI
A SR PUIEACIE . K B S AT A A R R
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2. HiE
2.1. AOL58IE

TR EBTLE A FIT, T RENENKIL=AMNmEE, 6 MHEXERBX. 1L
JEX. b X EMX . BEX). 2 M E@&ILE, TR 2 ANBEgH Rk . ZiEd). T
WH gt RBE Bor, 2023 AN DL 969.7 N, NOZEEE, WK FRE, FEE
RAETE X K H 8. 2023 4, TR AIHBIX A2 7= SUE (GDP)IE 2114 1.645 JifZoc NIRRT, A¥J GDP %1k
17 I N, &gl £ ok, CUE AR, OMREZLFRE. £ 1 T 2021~2023 £
INEEZYSETR

Table 1. Population and economic data of Ningbo City from 2021~2023
& 1. TH™ 2021~2023 £ AOEFHIE

SRR (=X 7 2021 2022 2023 k<K 2
GDP 14594.9 15704.3 16452.8 12t
wAEND 954.4 961.8 969.7 ViPN

KR e

I 188 l 284

B

aSm

Figure 1. Ningbo rail transit map

B 1 TRTmHIERZEE

TWMASEM LRI, e E AR E RO A L —, WE s H . BBk O ST AR
WEATIM . AFITH, TP A RN BEAZIE M2, 1A% E ) g A B A0 <B s 6 U ek
A0 PR e S5 DI T I IR R AL M X o SR v T N B AN DO 1 = B, I [ R e A B
54 E AR AL, TSI, TR NSl R, ASCETRZR. TRk H AT 2%
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LIIZE, G154, 254, 354, 4 SLM 5 5L, R T TIX 3 B XU E EASE N A, K
HOER R T T N A ) o AR AN R AR IR 25 T 5 AT S A AT, T BRI A R4 T (R AT
WU, TSR ARk E B R KM O 2 —, BARR KB RME, feigisitt R F K%
R, TSRS R EXT AN R E T, R B (B L 2 B SRR
M[6]. MUZETTTH, T EARALE BRI R WL B AT TR, 6 A2 B A AR, 7 56 [ ) 32 BT
DL B E ot $i = 4E A RS LI A= Gt A ER, TR EE R TE 2021~2023
=R R B R25) 77,705. 56,148, 99,330 VK. [H 1 T IR T HE T IE A .

B2, TWHRERIE, WESERNAK. B, ORMFISME. B4, BoRSmEABiEREK
SAFEWT, TR RMIENZ —, TR EEYUIA R Z RS . TTNASE
fFEHEL. AL, EfE. XL R FEILFEE T 7T RE 5 R A X IR AE .

2.2. HEHNERIE

LR, 2P ERA RS, X B AEZE SR T CEs R, ik 7R Kk
HERSCE AR . Bl RA K 4 A Y 2 R G N, T T OB HE O IZ AR BT, R A U RIS T E
PR, JUH AR AT T AR XA VI By, S R R R . AN, BLEh S il ok 1 A0
PFEANNE B {5 LS 1, AGEM TR R AT RCR AR IR i, IR T 3k v 6 B AR5 ORA7 (R
X T AR = AR AR SOl AR = AR E S RS AR e SR A
ST T 2021~2028 ZERGHES, AT T IRZFERK RPN FRRAE, DR RX =4
EBRACE RS . SR R IR 2 s,

Table 2. Number of motor vehicles in Ningbo from 2021 to 2023
2. TK™ 2021~2023 ENHEREE

BB R & () 2021 2022 2023
RE 3,165,772 3,357,053 3,510,545
WG 2,533,575 2,687,948 2,810,016
KA 9370 9942 10,429
Ay 3774 4004 4196
/N 2,511,172 2,664,180 2,785,124
(e 9259 9822 10,267
WRE 235,686 250,199 261,536
Eigit] 45,190 47,972 50,146
Ay 4367 4636 4846
e 186,096 197,556 206,508
(B! 33 35 36
HhpL 6625 7024 7348
FEFEZE 361,787 383,471 401,271
HAh 2799 2912 3074

P47 B LR (VKT, Vehicle Kilometers Traveled) & #5645 i 288 A2 R AR TE — S AT B A FLFE,
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X BRHE TIN5 BAT 2 S I MR A R 2R AR 0 VKT, T DUORS B 550 10 0 A B HE TSR
DNVEALAZIE RS FREERAMA L 1) 58 IR A2 I U DAL M R ROR AR B OC B Bt S ik . ASUIRAE TE L 50 4
HERGS g I HOARSR AT o i, 4 B R > R R TE B A E AT B AR, LA 3.

Table 3. Average annual mileage of road motor vehicles of different types
%= 3. TEIFEBNERNMEFEIITHERR

WlshZEA SESFIAT I LA VKT (km)
WA NEERE 18,000
HARZE 120,000
LRtk 31,300
RKEHEE 58,000
AR 60,000
WA, BRI 30,000
TR R 35,000
B 75,000
Rl 1000
JEFEZE 6000

RS NIE TR SRR AL S 1 E 31 N 7 R COp HEMA 7 [7]. HA L& 4G
HEBUA 70k 4 froR, ARSI A Sr S Bb R 1 AA8 T B B HEA 1

Table 4. Comprehensive carbon emission factors of different vehicle types in Zhejiang Province
F 4 IATEERGEEREREF

oy MBER PR KW MRS BRAS RESK R
A4 B T ek L T e e L
CO 42 &

AT 204 601 633 870 625 215 380 510 883 883
(g/km)

2.3. A EHIE

HIRIS R R IRAE BN AN, R & A Sl s 7 SN A B . BRER . KB SE) I8 S IR 2 B )
M. BUIE B R TSl B HE O TSR N E AR bR, L PUE S W S B 2 A
AR P A B . 8 5 Tl 2021~2023 4RI % Btia B N A e R

O]

A

Table 5. Statistical table of passenger and freight turnover in Ningbo from 2021~2023
5. T 2021~2023 FRGEAXESITE

& iz e 2R 2021 4 2022 4 2023 4
—. BRiZE5T1(IAR) 7169.1 4821.7 9213.4
PRz e 4620.5 2964.3 5780.7
Rt &g E 946.3 616.6 1290.2
NS s 1427.0 1105.1 1953
KR IE 175.3 135.7 189.5
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=, RFABEESGTIALR) 207497.1 127317.2 203307.2
Nk 206,791 126,782 246,359
KSR A 706 536 834

=, WwigEATH I 78747.1 80100.4 87403.7
BRig thic & 3298.2 3502.9 3479.3
RAifriz &= 11.3 8.5 14.3
AN IEE 43923.0 45310.0 50,679
KR BRis ki 31510.7 31279.0 33231.2

W, TR Eait(imia ) 43,951,000 47,390,000 53,428,000
NSk 6,577,087 7,133,771 7,569,536
I B A e 37,374,078 40,256,110 43,256,236

T W AEE AT ANRAR) 164107.82 145069.04 213453.2

TSR I HL A FEAN R A8 5 SR BRHE A 7, b 7R R e 2 K [8]. TRk
?%?ﬁﬁﬁﬁﬁﬁﬁ%ﬁﬁil?ﬁ?ﬁm AL e Bt SR A T DA . % 6 N ANFIRGETT K Tt
Ji e BB HE A T

Table 6. Carbon emission factors of passenger and freight turnover of different modes of transportation
F* 6. FPREIRBHAEREEEERAMET

WA T LKA A KB AZ 8 i HiE
A2 A 2R T (kg/pkm) 0.027 0.008 0.077 0.03
1718 A e E:cHEAA T (kg/tkm) 0.014 0.008 1.027 /

EWLAGELSL . THTRIELS . TR CEBHT A ] SR = FA K. KR
AR, BRigg iz B E RS, B SO BT 4 2k R 1E ﬁigﬁ}ﬂﬂ%i‘zﬁﬁt
RERIE S, DIk E T ke s g FiE s . % 7 s LA Rk is s 1t
¥ig e

Table 7. Average distance of passenger and freight transportation in Zhejiang Province

F 7. IEKBTEARESE TSR

gy el MRF R RiE T Tz TR e b iz P
(HN) (VN (km) (J3) (e 1) (km)

2021 18,146 531.81 293 4471 269.74 603

2022 11675 347.97 298 4602 285.48 620

2023 19,254 589.32 306 4626 298.62 645

3. MEAG*
AR TR AR ASEIE TR, R T AT BRRE. B R AL B AT B
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EL[9]. ATH BTG T E B A0E, 8L 5 SRR T X A b DX PR 471 22 A7 Tk LR AR SR
BRI RSB BRI . T RRES . KBS AT A, BRI AL
Biidie JRHEEREE T HEMR N 2 Dis A, ol e Ak HURE A3 a2 oAy SRR B AN /K B I S R B HETRC. TT
WL R B MR A 20 KL AT B v B, TH SR 22 Sl (R BRI DL [10] Dk S R THEE, AL
FETERR A B 1T AR VAT B HLRRTE,  ToHs ) B i F T A A2 3 77 3R s HE TG 5

3.1 TRERZ

AT Ok BRI — Fh T D LB ZE 3B HE IS ) 77 v, i USCER RN e AT R AR AR () ST 34T B B AR S

P, HEs SRR ISR P RRHE A T, U R E B TR B LD B AR R . X R R B

HAEAERE, REU8A RBOTAL L0 IRB A AR 520, DAy E P B R SR R S AR A o AT T B
TR B AT [ TR HE B Y 4 T

Ep =2 N, *L *EFR, @

Ao Er AIEBRAZEIRIH COp HERUE R (kg)s K AMLEIERIZEA], WK ARG BB E. B
ol REREE, NN kK BRNBERE m0EH): Lo k RS ERES TR B AR (km); EFRCA k£
TINLENZE 1) CO L A HEUA F (kg/4# km).

32. A%E%

JE B B E A — P T VRS B . KB GRS i I i 7 s HE R 7 v, I Gt RN A AR S B P 1
FiaMTs AR, 45N BHDRE 7, T IX s 7 AR E e AR R A R .
JriE s A, RN HER SO AN R A2 38 5 SO BRHE R I DT RR, D ) e AR 32 38 S I 1 E B S

e B R TS OB R G

E,=T, *EF, )
A Em A m BT IEIS Hi JH 2 1 CO HEUE B (kg);s m NsSBiz A 2], A&z, B hig
&5 T m 58 @S B B ERE (T ANIRA BB A B EFn Jy m A IlIZ iy 8 4% (1 B A7 8 s
CEAHEE 7 (kg T ANIR S BT B,  F B ) s B R 5 S e TR HE SR e T 7S
3.3. HliFikEsk

BLIZ B — i T DAk A 2 I8 SRR TR i, B SE - A A B L3 P 2% 2R3 ROP LA P T 8
SEA R UG B BT = A OB HE R, TS R e B 3 LI 2 8 s AR IO B S i o X R vk PR LR
B RBONMRAR,  REA% B b Pk A 23 A8 38 X B HE T A, DR 2 38 B AR HE TR BERT B HE e Tt 2 fiE 4
PR P =2 ERHAZHEIIAEF G ARER, T ERAE 2021~2023 =F KR
ECFE RS 7] 77,705, 56,148, 99,330 /K.

R E T NI BB R R

E,=D F *E*n %05 (3)
]

K En AL 22045 58 LTO GREISIEIR) 4 () COp HEUA Bh(kg): E R 2 MR — AL TRHEL R %
(3.168 ka/kg): ni A i KM SeHE ARk, FEASTHR, (BBTE— AN ARG BRI TH 1 HE B Fi Jy 389.61 kg
4, MELRE

AR T I G KR BRHERR T 5088 DA S A0 s i R MR, A SOR AT I AR . SR
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FINLIZ A I = MO 5 7%, 43 A T 2021~2023 4F a] 723 T AS B A2 05 R scE, Bk
/D%‘F‘éjb%% 8,

Table 8. Measurement results of carbon emissions by transportation mode in Ningbo from 2021 to 2023 (10,000 tons)

5% 8. T 2021~2023 F& RiB 7 N ERHEBUN E 45 R (7 )

22377 3 2021 fiHk 2022 Tk 2023 fdki
Hi 1622 1721 1649
ik 50 38 63
HEk 5 4 6
Kig 299 322 346
i 45 39 6

X A8 77 AR AR RO BEAT SRR, AT A3 7 Sl AT 2021~2023 = 4R AR BR AR
255 TR MR ) GDP Hudls DL R AL L8, W 23 5045 2154 GDP BRHEBUIA L N I BRHE R
W 9 fros.

Table 9. Carbon emission indicators of Ningbo from 2021 to 2023
9. TH™ 2021~2023 F B ERHERIERR

et 2021 4 2022 4 2023 4
SVBRHER (T ) 1980.5 2088.9 2070
FA7 GDP BHE(g/7T) 13.56 13.30 12.58
NEWARR (kg/ ) 2075.12 2171.86 2134.68
2000
1800

1600
1400
1200
1000
800
600
400
200 I I
0 S
ek 7Kiz

m2021BRHERR = 20228k HERT = 20237k HERL

Figure 2. Carbon emissions of different transportation modes in Ningbo from 2021~2023
2. TR 2021~2023 TNE i@ 7 R ERHER
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Figure 3. Carbon emission ratio of different modes of transportation in Ningbo in 2021

3. T 2021 FAEAZIE A NBHA &L
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m2021FRHERL w2022k HERL = 2023FkHERT

Figure 4. Carbon emission of different vehicle types in road traffic
4. BRI PR F B
5. £5ip

X 9 T A2 S BRI A SR 3 A AR SR I B S R TR ) S BRI, o L 80%
(LK 2. 4 3), HEFEMBITTERRBRABCES A LF-faE 78R SSE AR A (LK 4). 5
o528 T AL, 7K A A B HE T T i oS e b B, ek 1 LA D 3T £ K B2 A T T
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WIBRFE o BTSRRI, TR BOK AR AOE . HAA7 GDP BRHEFIE T RS, Sosti—Em
LUK S RREIFAT RIS o FEARRIHBBRHAE AR AR S, IS A0 7 P74 27
Ao HE—DHET BRI AL AISSGE RS $-TH S8 BT LU TN 5 1 i 52 368 K Al 5 ki 222
R LI A H SRR 82T B AR S B S

R FEOIHT RAE T A G AT BAE . BN, SENE T T hi A R A 7y
MIBRHERS $R4E T BOV WA . BhAh, ARSI 2021~2023 43522058 U5 AT HF RO AT 4
By, Bkl o AR SRS, dEoR T T T AN R Ay A B BRHEBURR AL, Db AR S I
SR E SR AL T RF AR 8 i T H0 2 388 7 (R B AL ) I B B Ok, 3 B0 B 45 AT REATAE (i
22, AEA 5 T L oK BE 25 8 BHT RER AR B HE I s, X AT REPR 1 AR MR . AE e 2k
Wt 7 AT LAaE— 2B SR T A B B HE O SR L, 9] i B 2 Sk PR Al s AT BE BEAT B & M, AT B
255 2 A HUORHI AR AN R RERE Bt AL B T 5

Sk
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