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Abstract

The low-carbon transition of urban transportation is a critical link in achieving carbon peaking and
carbon neutrality goals. Taking Fujian Province as the research object, this paper calculates carbon
emissions based on the activity level (turnover volume and vehicle population) from 2010 to 2024,
adopting a bottom-up approach to overcome the limitations of macro-energy statistics. Combined
with the LMDI decomposition method and the Tapio decoupling model, the study reveals the evolution
mechanism of emissions and their coupling characteristics with economic growth. The results indi-
cate that: (1) Fujian’s transport carbon emissions exhibit a trajectory of long-term rigid growth, short-
term fluctuation, and strong post-pandemic rebound. After a brief decline in 2020 due to COVID-19,
emissions rebounded significantly in 2024 driven by the release of passenger and freight demand,
hitting a historical high. (2) Structurally, the emissions are characterized by road dominance, surging
private traffic, and water transport underpinning. The explosive growth of private vehicle ownership
is the primary endogenous driver of emission growth, while water transport plays a crucial buffering
role in emission reduction due to its low energy intensity. (3) Regarding driving factors, the economic
growth effect is the dominant positive driver, while the energy intensity effect acts as the core negative
inhibitor. (4) The decoupling analysis shows that the industry is generally in a weak decoupling stage.
However, a risk of re-coupling (shifting towards expansive coupling) emerged in 2024, signaling se-
vere pressure from scale-driven emissions. Based on these findings, the paper proposes suggestions
such as deepening the modal shift from road to rail/water, accelerating comprehensive electrification,
building a digital monitoring and early warning system, and perfecting the dual-drive mechanism of
policy and market. These insights aim to promote robust emission reduction and high-quality de-
velopment in the transportation sector of the National Ecological Civilization Experimental Zone, of-
fering a reference for similar coastal provinces.
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1. 5|8

TEAFRBRE S PR R R UGB R HR I 5 T, D ERHER O AR RS AHAENLE E WG
R RGMEE (1], B ER, 2023 S48k COHEMZ) 37.79 12, HEZ 11.9 12, & 31.5% [2].
PENEERIFIRT, ACEIEHIRHMT S IR H . FRIE @ AR (5 4 EHR 8.34% [3], HEMEN4
BRI MRS, (2030 FFERTARIEIEATSN T 5 WARTE R SRz iA R, @I THER K
P HIE TR SEPAT A . REA A EEIREE A EFEANESCHREX, HA @k 25
BRI B b BRARFAE 5 TS AR GRS m o B I AR SR BN 4 IR A B AR e XS K DL R i ]
MRS T, ACEAUIR O RN N IRHEBOE KOG IK SR . BRI, SERE ik R T
P AN AR T REVR £ A 78, Bk 55 T8 Ik 22 I8 R G IRAL S HI BRI HOR SLBUBCR T, B andE 1
LYMAT I [EIE ] I TE 7R BT LA B SRR A (PR T ) R RS 4 A A 4 S S 2 Wi A )
WA EET 4], Bk, BHEEEAR A SRR, RS L SIS, X1
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fe %

Z2 5 A X 3k AR A B e

FEJHERIR T, AZIE A% 55 e RS AT 7 2 2 4 A8 N i DA AR 22 v B
MRk B R RS a4 ar FII(LCA)A[S] [6]: BT # WO WL RETR-T- B2, 3 LAZI i 2208 1 R ST A
FRAA-T[7] [8]; LCA iR 24 HEWR SR L R[9]: M2 T, A N bkE g aite, Bid
T XIS A SBORIEAL[10]. SR, BUA B N LR T 2 T 20 dh A REVEE 2% S0 THE0E (i S 52
Yoir), OO Tz 417 REIR ST B I XA B 1 A BB 22 BERTIR — MRk L, SIS BT (R B
B R E)S G REFERE N T IS TE, R RIS i A R HE SR R i SR AL 1 BRI AT
MRl BR AT . BeAh, EIRBIHLEIZ T I, LMD B R TEs 22 70 ek, W TR AL 235,
SRS SRR R I TTHR, PR S Tapio AR LIPS 52T KM &G X R . EZERS
PALIR T, SEEERASE T BOR K AW R FETH I MIZAT R b TOARHRIAR it 7 B ZSHF[11]. 3K
ZNZWiJ5 T, LMDI Al B MREEH « 98 IE 5% EN vk, JF% 5 Tapio AU PPA% 55 257 K (X
KA[12]-[18]. SRTT, DA T2 JE AR FE S X IR 1, 307 A B2 T BRI 2% RS 4R A S S L e
Py AL, R AN PR KB R 3R i S OIS B AR SRS &, MAFIRAIR R

ST AREE S AE IS M Kz G e A BRI TE) J A AR R v IR 5T R e v AR 4 3t
i, ARSCREIFAL Goxt ReIR GE vH s (i BEMRSE, R s sk B R bk, R 2010~2024 E4R
BAE DT ARG B VR R BEEE, MRS I SOEBRHESIR H fEIEA B, 454 LMDI
I R M HE IR B I OB YR B R 3R, IR Tapio 4574 225 21 ) A JE AR HETR 5 DX DR 1 1
BLEARZS o AW TT & AL SRR PR, D 8 e R R 40 (R B A2 T e L4 1 m] 52 ) A% S AE 28
55 R HE R BUR A -

2. ARFE
2.1. BRHEBUZE S %

BTG B AE w38, A FUR 2R TS 3h /K B R 2% (Activity-based Bottom-up Ap-
proach) Iz AR 4 SCHIE BRI 1207 1% AR O 38 0 8 1 Sl s S TS sh K (n g Sis & Bl
AR )G A AL REFER L, M REURTHAR S, MM SRR . 2 T HGEAE IPCC (H R E S
WIBHRARE) TR T RBIRIABEAZ SN, ADGE ] T = R IR ST BE Xk, e Be RS
B A AR A B ARSI LI . A2l s i AU C 42 ()T E19]:

C=C +Cpue = 2T X EL X EF,)+ Y. (VP x VKT, x FC, x EF, (1)

operation private
i J

o, COAZSEBRAFBUS (T tCOy; N NEBIEASEAL:  AEkir (k. ABEIZ. K
B BN 7 95 @ sk T SN R (N A BREALME A B EL NS i Mz s S i i i g
FEIRFZ(HN kgee/ AWML ) EF, Xt B BEIRAOBRHL R 8. 5 — 8 MR SSEEARE 12 HR: j N5
REFNGFE . DB VPO j REWRA RGN VKT, A5 j REFREAT R
(km): FC, N3 j 24010 2 B/ A RE IS FE(L/100km 55 kWh/100km). ARSEHEBIERITER, AHF5T
PEAZSIL T 3 9 ELEEHECS TREHE OL A 1)

(1) BB

KT B ABEIS . KE L RAUSH, TEET E@GHELE) SRALN % IS A 2t I
F T AN IR 32 i 77 2 R SRS R (oA s S B FERR ki S5 5, A S B R ), F SIS
7 I AL REFESRZ (K7 (Energy Intensity VK i 5% 4 (U9 BEVRTH i, FRafe LM O BRHEICR B 1H5E
KAL)
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Table 1. Accounting boundary and examples of transportation carbon emissions

1. @A E R SR

HORRR iR B HE ORI I
B BshiER e HIBRE. BRFE. M. WHURR. S, WEBIKE < BALERRE <
BB IS AR CO2 BB RCA T
EEH RAPRTIEFEHR BB (RSB AREEVIHFER T R E < REURRF
PRI S COn HEBA 7
E =T xEI @)
Ci = Ei XEFfuel (3)

Horb, E NG i Mg AT AR RERE AR R EF,, NS IREHER ) I — S = 8, EES
% (APRESE R RAT)) LB E.

(2) A IEHEBL A

BT GRS T 0 B S i 2 R R E IS 0, ik st o ok I KO AN S IE R, A
WHEEET (RESRIHEE) PRIRMARERAEREE, 456 M ERETH BT A Bkt
MSTARE . X T HEIREEVY), HAASE AR, ki Fe R SR a g k- s Hs i A
3.
2.2. WRIERDESE

NIRRT 8 A8 W IB i HE R A I N TENLEE, AR PR S i R AR
S DR B R AR TBCR AR IR DT HRFR B2, AR B 70 R A 0 $50T- 3 il 36 $i0% (Logarithmic Mean Divisia Index, LMDI)
Mo R . LMDI J775H Ang S8 A&, HA A R ek, BRED. HigH 83Ut RE
RS, B2 N TRV S PR AU R 2R A A FE[20]
2.2.1. LMDI 4> @t 8k zE

5T Kaya tHEF P FEAJFIE, A TR S I@ AR IR BN R R4 il N RS, 235K 18
FVRIE IS A A AN BRI B TR KR o e S A BRAHE R 1E S T

Yy - ¢,.2.2.6G
C—ZCi—Zi:(PxPxGxQin] @)
NfERE, 4
G 28 2 G
g_P’ h_G’ S; Q’ fz Q[ (5)
A (4 TS Ay
C=) (Pxgxhxs;xf) 6)

i

He, ¢ ZBBHHHRUR (T tCOY); C,: 26 i Mgy sk . AR KEE . BT IR ;
P: WAENOHEJIN), REANOBEN; G HXAEMEEGDP, #2010 EAEMTHE), g
FNY) GDP, JRBLATEREAKERN: O A @sk A e E A B, h K HRAL GDP XK
B, RSN (RN AT KON RIS RS O, 3 i Fluafin iy s R
B, s, MEZHRERFEEEPN G, RSN, f . 5 0 Misir R0 BT
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B, fARERBRHEEGR BN (R 5 1 ISR IR BEIRSS LA BRI I ER & ). 1 ETHEH
AR O I, ARIEAT AR EIR s F e BN Bt i A A B LRI SR (B 10 N 24 B =1 2 HEL) B P 42
ICRATEED I W TR, KRR B S E 5 BRET E N N BN R

22.2. AEREEITE
FRHE LMDI ko et 8, IIEHESE 0 B HARAE ¢ B8 0 HERCE L& AC 7T LA il IR FL I 3K )
FSENSD NP
AC=C"-C"=AC, +AC, +AC, +AC, +AC, (7
B SUTE VAR 7 /N T
N RS L N AC,, ):

AC, = m[%} ®)

Lo K VA AC, ):
AC, = m(j_;j ©)

BRI LN AC, ):
AC, =TI (Z_J (10)

BRI (AC,):
26, =X m(j_] (n

BRI AC, )s

Ag:me&%j (12)

SR B K, UM
M=E%3%?(q¢d) (13)

B B g, RIS AMERT 0, RUNZE RS TR RIIEINOE M IKED); &/NF 0, N
FRUZ IR ZHNE) T BSOS I (A ) o AT AR IR AT, PLRAIAR A 2l i HE R L
HENES =,

2.3. BRI T 5k

NN WE T A VA AR A A Il s R HE S XA T R B 2 RIS R R, PRREFF KSR
DU IR AN, ABFFL 5] N Tapio B3 PEREAL . A% T OECD B8 [H 7%, Tapio HiAL@E T 5] N
MRS, W T EONAERITEI R R, BE sl I AR & 0] REBUE AL, AMUIHRER T SRR
Zm RIRZE, R HERI A R . S Tkt R E 2 MRS, EEA T KA
AHT[217.
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2.3.1. REE
Jit A I P (& ) SONAS BB HEAR M 5 X IR PR KR i Le i, AR R

_ AC/C _ (Ct _Ct—l )/Ct—l

“7aG/G (G,-G,,)/G,, (14)
K, e AR EG C v C RS ¢ FAE AR R A s i E (7 tCOo)s G« G,
IIRINEE ¢ SERIEE ¢ — 1 SRR R HL X A2 77 E(GDP); - AC/C NZCIBIRHEBOIG K AG/G AHLIX A 7=

SMEHRE,

2.3.2. EFRIENAEMLE

NG BRAN A KPR B (G B B K SR i) R 2 D K ER I BT, B ORI 3 BT () B S, AN R
M CGRESTHEL) P HJE R M T5 5 CPO A Tk A = T i Fe (PP S A e i F6 5k, K 1
EI GDP FENLL 2010 SENIEHIIAZA GDP. MR E A3 K R AG/G B NFET AN
GDP T ISRk

2.3.3. BiSIRZSH EAR A

M5 Tapio H7>brifE, WARFEMEIRE e MAUE X AC . AG HIIESRFT S, KRR >y 8 Fhk
R 2). Horp, SRALER AR A R IV BLARRAS RO 22 DRI (1 [ I B HE TR A 0 AR kD 59 A
FORBHTEEA R, (HER T2k, T skt GOl B4 B Tk Ak 1 B U TR 2 B s, R
b e S R T 2 T i

Table 2. Classification criteria for Tapio decoupling states

% 2. Tapio BREIRZSXI A HRE

PR BHTBARAC) ZTFRAG) EHEIEH() REE X
SR <0 >0 £<0 s, Hogusd
Bl >0 >0 0<e<08 HEs i < Z5FHE

FEIRTE <0 <0 e>12 ST RR T HCN %
IR >0 >0 08<s<12 Hosomi ~ 23k
ER L <0 <0 08<e<1.2 HEBBENR ~ 20 b iR
Ik g >0 >0 £>12 HEGME > ZUrig iR
Egnliikaa) >0 <0 £<0 ZUr iR, HEBURY
8847 i 4 <0 <0 0<e<0.8 HEbmE < 225 iR
3. #iE

3.1. ARXEENR

A Ak T B R VR, W R B O X R E R WA S SRR X . 2024 4, AEHIX
A P= BAE(GDP)IA 5.77 Jifeot,  EAEREK 5.5%; FWAAEN BN 4193 N AR 93 E 21 m
BB, fREA OB, A, K. REDARERNSGEZBBHIAR. E8BERB
Wi 5ig 15T, WA O RIEFEE, MAThEERE . 2024 £, SRRSO RY A ESITHEE] 7.44
2, oA AE N PSR T TR A O AL, L et & ) 5 A28 16 45.0%F1 28.3%. A FRIZHIE N IX
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WA E B S, KRS S R K. SN, WWEEVEM KT E RS EE T, 2024 4F
MNEFREECIS 798.42 Ji%#, FET 2010 FIK T4 418 5. 1EANSEMRBRERITEN, &
AR AEMEBN GO AT ML AL T LA B R IR M AT, BT 9% LA BRI AT A U S IR B WL, % TS
AW B B A SR BB A HEE L.
3.2. BRHEBUZE IR

AT TE IR OZ S S E A AR RS BTG sh /K PR et 2 b, BB N E B SRS SR
BTGB AYESE
3.2.1. EEMEEHREINKEEE

BB 7B, AR K RRAIUM EEZH . BdERET (BESRIHES)
ZiEIEHy . WAL BT . 22 3V T ST (2010~2024 £F )48 E 44 A2 I IE Hi e T AR T .

Table 3. Traffic turnover and average transport distance in Fujian province (2010~2024)

3. REAXBEMEREERFHIEEQ2010~2024)

4 RER R Ry E i 2@ pe ] BB
LNAE) ((ALPNES] (BB (AB)
2010 648.76 2983.52 84 450
2011 723.83 3404.11 89 452
2012 771.93 3877.73 92 459
2013 785.01 3943.77 138 408
2014 902.36 4783.48 148 428
2015 915.21 5450.96 169 491
2016 987.52 6074.83 182 505
2017 1086.22 6785.16 201 513
2018 1153.28 7652.89 224 559
2019 1190.02 8296.62 241 621
2020 661.97 9020.34 260 645
2021 650.89 10164.20 297 612
2022 511.82 11344.64 282 671
2023 1004.18 12235.42 349 684
2024 1194.39 12976.76 240 707

ATLAE R, PR sAri 2 15 AEIEREE T omah HRp S K95, 2010 421 2983.52 A4
BT A 2024 F[1) 12976.76 ACHEA B k% i e 5 0] 2 3 H B 2 I B REAE: 2010~2019 4FA2P E
Tty 2020~2022 fERAMERIAEE ph i tHEURIZL T W, (HTE 2024 SECUSEIL AT e, GAE] 119439 L AAH
(I3 1 o
3.2.2. FAAZIBIESh KL

BT 81 i e e DU AT w2 AN IR BIHETG. AR TR 9 A NIRZE AR EAE RS Il HE %
HHREEK AR R . BRI A H5E 13~5 PNRERARER.
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mE 4 fron, WEEMNNEFRE BV AN EIEREEK, S5\ 2010 £/ 154.15 T3t
HIZE 2024 1) 798.42 Jiff, IKIE 4.18 5. H, NHBRERE SRS EARMAL, ER A B
TR 32 BRI

Table 4. Possession and composition of private vehicles in Fujian province (2010~2024)

F 4. BEANMNEREREERMA(2010~2024)

S MNEE BT Her: BEREGTW) Hep: BIERECTW)
2010 154.15 122.57 29.04
2011 191.58 155.04 34.13
2012 232.79 191.38 39.00
2013 279.23 233.78 43.15
2014 331.23 282.34 46.56
2015 379.28 330.87 46.41
2016 436.68 388.69 45.91
2017 492.88 443.85 47.14
2018 545.24 493.55 49.87
2019 591.40 538.00 51.69
2020 632.67 576.87 54.95
2021 675.79 618.54 56.39
2022 718.62 661.16 56.59
2023 760.46 703.31 56.29
2024 798.42 742.26 55.32

3.3. EERSZ5FHE

PR 8 S B HETSCHEAT WX R 2R 0 S B e At s BT ST SIN 1WAt N U e RE U
HREREDUEIIR . MRS EERNE (MESIHFES) WERAEFZE. N RRIRET.

3.3.1. &F 5MBERRIE

SO KR RIS i T R AR E IR A J) o AN U AR A8 7 A M X AR B (GDP) K A8 il is
i A REAEBO I IMEE R AT R AR . I BR A AR 3l (Gl B B )Xo K JE JTRE 8] 5 510 43 A ) 4
B ORI E AT 8 R LS, AR TR P A 2 v 9 8 DRV 9 R A 48 B0 (CPD AN Tl A 73t T A& 48 4
(PPI), “RFHZ&URAEE0206 B B4 GDP 3 a4 5 L 2010 445 MR A0 4%

3.32. AOSERY REIE

N ORI BB IE TR . WHC A AR A B N DR FEPARIE K, H 2010 4R 3693 15 AN
22024 1) 4193 1N

UbAh, BARAE AR B N ERESIACEERE R, EAUE T Gt s mis i . Gl
RHB O ) BEVE T o el (L il 2 ) BURE A E M SR . Wik 5 PR, AT \LREVRTH 2R S BN 2010 4F
19 753.38 JIMFRESEI K 22 2024 FE14 1153.83 J7WibREE, K 35 A0 73 T 8 i S S M HER
ERIERY) G, BUE T E IR RN
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Table 5. Socio-economic and transport energy background data in Fujian province (2010~2024)
5. EEAHSEFERBEESRHIRQ2010~2024 45

IR ERFHEAND IS AT AR 2 M
%IN Az.7%, H4EH WAL
2010 3693 853.73 753.38
2015 3984 1117.13 1060.62
2020 4161 1385.50 1018.64
2021 4187 1629.24 1020.46
2022 4188 1713.45 1059.84
2023 4183 1734.15 1115.62
2024 4193 1885.66 1153.83
4. LR

B A3 ERH R T HE S 4
4.1.1. EIFHSLUE‘“@ZU&
FeT % RIS G BN K KAL) REFESREN -, ABFFENE T 2010~2024 AR 4 20 IHIE i
IR S B BARE, ARE A S BRI K RIS K - SRR R - SRS E R
B S ()RR
WIE 1 7R, 2010~2024 5548 G 44 A0l Is S iU 2 2 I H B2 1R G2 P, BTN, BRAROE
A AEWRI N =B 5B BOYBRE S K (2010~2019 4F), fEBERERE “+—H” 5 “+=1"

BEAXBEEERHINEERETHEE (2010-2024)

FEHS
5000 (2024)
4500
FEMEE
4000 (2020)
B
IR 3500
i)
E 3000
oy
E =y
2500
2000
1500
2010 2012 2014 2016 2018 2020 2022 2024

Figure 1. 2010~2024 trends of transportation carbon emissions in Fujian province

1.2010~2024 FREAXBEMHFHIRE 2 ETTHE
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i %

IR A3 B A B ) 76 35 MAAK R BB R G, BRSO 2N BT, Sl YRR (e
BRI BONZ BRLIEA (2020~2022 ), 28 WAL AL b tHAT IS B 2 PR, IR AT
i R OKIRZE e, 32020 FERHAPBCE IR V AU ER, BEJR P EELERFE BB BRIRES . S5 = BOv#REh X
5111(2023~2024 ), FHEA LRSI RS, PENFIZFRETER. BNKBICEK &ALz
17, HES) 2024 FEBRATBUS BERBARFIRETACE, BN I, X —EERN, fREe Eis AT Ik R
KRS RE IO, BEE BT RPERIB I, RS T AR ™ IR

4.1.2. HEGAQFFAEST
A IS HEE K I BT R B SR (OGBS [Fis T SR . A BR . KB R
SR NAZIBYBIHE R AR T, B 2 JBZR T 2010~2024 4FAR £ 78 A2 I8 BicHE TRORUR 45 1) (1 T8 AR REAIE o

2010-2024F 1812 & X @R HIN R

SRR T
IKEEITH
RAVER
REBEE

AR

5000

4000

3000

HEgE ()

N
o
o
o

1000

5610 2012 2014 2016 2018 2020 2022 2024

#15

Figure 2. Evolution of transportation carbon emission structure in Fujian province (2010~2024)

2.2010~2024 SFIREE BN EEE

w2 frow, fRER B 2O BN ER E 5 RASSEBEIY . KIS KR R .
G, EEACH(EEIZ IS 5N ) R L0 I HE AR . RN AU, B R GRS PR IRHET
BRI R FEALRARANSCE IR 2 drarta/f L2 X3 /Eid 25 15 SRRl 5k, HHEK
i EEAEBE N NIRZE DR B 1R R G (FH 2010 414 154 J54EE 22 2024 FF 13T 800 J5 %) Hr4:2E 7t .
KRYW, BNNIECEHIRAES I EIZ R, BOVIKaIE R ol SO K EANAE . H
R, KIS i S IR (R AL SRR AE o AEORIBE KA, MR KR TRIs 2 E R, 2024 FFHAE &
SRR 5 H OIS 80%. SR, WLERHERZE W BT A, KB IE S B HE I ok (1] 2 H s e X ) I ok
B JE e B R A R, FEHE RO B IR AN . X A A TR A S A B K T A B S i AL REAE
SR, R TR RIEH O HEEARKIS WA IR . R, RS SERHEOS T
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i%

=
iz
>

S ES . Rt 2 pREXE)REL RN, BE R RAEF AT R IR 14T
Koo A A R OUNIEY SRS, RRRTE 2023~2024 (FAE UGN AR E M BUR B . AHEE
2, SRS (P 2 gt D) FEAE LR IR BE R 5 AR HH H aR I K M s Bk I8 5 R BB 5%
(RIS, R RIS AR HEBOK T, RARRAR R SRR Y 5 2l P SRl T

4.2. ZEBHMIERE & 5 B LMDI)

BT R LMDI 70 B8, ASHIEFEK 2010~2024 FFAR £ 48 AT I BHE IR A2 40 B 23 il R 25 7K 2L
JS2s NIRRT | 3 45 A4 A0 S A E 0 P 2808 (55 AR 0 5 R ST UK IR Bl AL

4.2.1. REYR R

I IR A5 R T RO BTRREL, R ) B e 7 A A SRR TR ) I [ 3R B g 5 v . P
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Figure 3. Decomposition of driving factors for transportation carbon emissions in Fujian province (LMDI)
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Figure 4. Tapio decoupling elasticity index of transport carbon emissions and economic growth in Fujian province
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