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Abstract

The transportation industry is the second largest source of carbon emissions in the world, and the
research on the influencing factors and future development forms of transportation carbon emis-
sions is to achieve the goal of carbon peak in the transportation industry. Taking Shandong Province
as an example, this paper uses the “top-down” method to calculate the carbon emissions of the
transportation industry in Shandong Province from 2014 to 2022, and constructs an LMDI model to
decompose the driving factors of transportation carbon emissions and identify significant influenc-
ing factors. The results show that from 2014 to 2022, the carbon emissions of Shandong’s transpor-
tation will increase first and then decrease due to the impact of the epidemic, of which gasoline and
diesel energy consumption will account for 10% and 43% respectively. Energy structure, energy
intensity and industrial structure inhibit the increase of carbon emissions of the transportation in-
dustry in Shandong Province, and economic output and population size play a role in promoting the
increase of carbon emissions of the transportation industry in Shandong Province. To achieve the
carbon peak goal, Shandong Province needs to take proactive measures to reduce carbon emissions
from the transportation sector.
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1. 5]

AZE IS L AR 4 ER S BEIRH OG Hi EAUR (GHG) HFS b 4R AR K EUEE, AR [ Prag i & a4
Bk GHG HFiLE L 1/4 >k A 2gid@iskmll. b EAZ @zl IEAL T rerid A R B, BOA AR L4
BEVSIH FE R BRHE IO I i 2 R 2 . BRIk, AR ORUEAZ B Sk & FE M [R]I,  PR S A8 e il A i
SN DR ZR, X450 S0 AUk HE TR S B RsR 2k e LA S

T3 CO, HECE AW FUcHb 244, IPCC St 7 “B L~ A “BFim " PR H i HER
M5k, Ha, “B LR s RS RE I AERE T 5 CO HEUEL], “ A MM R iR
WA R TRNRA R, 173 BRREHEE T CO filtE 2], Hrr, “H BN EBR I,
Bl LEORA THHES: W “A ML ERAEAS S, (EEI O SRS, AN
TR ANFRRRT A I B A B i s b T R BRHEBCR B, D TH L AR A8 A s B HE I sk
PrHeice, ASCGER “H L h 7 gtk SR HE .

PR A2 38 32 b B HE TR M R 20 T B B oA R S [ P A 3 MRRHE O 0 A 2 0 A
BEATHESC. e, AERHRBO R R R, e K o R ik S BUA e M. 0o Ml DOk
W TER R AR SRR I SN iR 2 TS R 2, AT W 2% KL ) S DTk I o 45
He 73 i (SDA) MR B A (IDA) B FH IR R 5 IR[3] . MRIESIRIIAF, IDA X . fislofif
A A4, FEARZ T, MECF AL (LMD B A A= B 2 I s, B2 N H I8
Firt . Lin 5 NJEE LMDI J5in 28 ilig ik ¥y CO, HEBGHAT THEFE,  RILA I RUBFIS N K2 5
BURRHE B B BB IAER, MA@ a8 S 4 # A 1 b . Xu S8 NAERTF T8 3 o ] AN o HE T 44

Tk
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N T EARRSER AR R, 45 RBEIIBARKPIIIR 2 B D B HE O K K S A K . Zhang S5[S] A7 if T
2000~2015 “E3R[E 2 X ASE A IR 2R, R B TR Z5 18, AR R 2 i 1l
CO HEBUEIE K5 . Li 5 [6] A A LMDI 2 fifid e i 7 R EAZHE CO HEMUP R 2, 1381 7 AHIF
Maiit. XTI LMD BRI 5 K J A K = At XCRRHE ORI N i 2R 3R . 32855 8] A
iZ 1 LMDI 23 fift T B i R 3R b AR AT TRV, S ORI R K. RERBIRIE . ATk LE
o NV BRI P AT B 45 A X 2 [ A e 3 i M B HE TR R ARSI K I Ik o

NS TE A 3 i A SR SR T B DGR, A SCEERHRAN S R B B BT RO,
EHBOLZRE 2014~2022 FGeitH 2t asla . O il A BB R B SRR A8 il is b AT 15
Fr, FIA] LMDl BERHEREIRA K . BEUESRAE . Pk gk, 25 . N 5 DMASEA NI R
STIBBR AN T IRAN AR, HET 73 2% SR R ZO BRHE R SRR L o 4 e A A G SR
NSEBLL AR A A I L B A e SRR I H ARttt 2% .

2. WRHEEY SR 75 A S BRI

H T DX A T B HE R AE AR HE AR, I FLAS & O BRT SO, AHIE 7R A IPCC2006 1 “H E
MR fTH5TrE, RS AR 8 Sl b REVE T AR A B HE ISR Bl 55— S A e

2.1. BRHERBUT B iKkE

HERf TS A ImIE Sl COp HEMUR — TN BAT 55, A& & B Ml HE R e D8] 25 1) 3 AR, A Al ik
ISR A T AR B A . Sk BdE AR A diE g AT R R e, BRIk, 1EHL 2014~2022 FE 4
THEE R @l gL ATIREOL F kAR A @ i 17 . E AR R

c=Y C=Y EH50IN 1)

Horb, i ONRRIERNSE, C ORISR, C NIz | MEIRIA AR E, E NZS @IS LA i
REURTHAERE, 6, 20 | PhEeEARHEIRIT & R, & N | MRl A R E, O, 8 i Mg BBk
1, IN RoRi 5 AW BINEL R 0 . & MEAREIRET (B X ESAEHGE B8/ )
W 1 (IN = 44/12).

Table 1. Energy carbon emission coefficient

1 BERRRHR R

REdR A Prbr it 2 4 e R 4 R
JE A 0.7143 0.7599 0.94
JE i 1.4286 0.5854
VR 1.4714 0.5854 0.98
S 1.4714 0.5714 0.98
Seih 1.4571 0.5921 0.98

PR 1.4286 0.6185 0.98
RIRA 1.33 0.4483 0.99
) 0.1229 2.2132 1

2.2. BRATREGR

3% 2 fion, 2014~2019 4F, Sl AEPTH 9 HE LS B A 2 ETHES, BHEM IR BOR.
RN, 2019~2020 FRAFBUS B2 P Y, 5 X EM K@Y . mRE D, SEm R

E=EN
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KA P, 2014 4E1) 833.1111 J3midE K 2= 2019 4E (1) 930.491 JiMi, [ 2014 4F, SE3MIH Pk HE R
—E G ESHAL A R HE 2 T REES R BE TR E 2 B, W
BN VR T R RHEE B B R, S SO AR S R R AR R T R,
XS HTE A mE KRR DA R, B RHEES B TGS, ERM . S s E AT &5
FAALAT

Table 2. Carbon emissions from transportation industry in Shandong Province (unit: 10,000 tons)
2. WREARXBEHRHEE (B : )

WS RRULST
(i) 77K

BT

/NI

fem

Ffr FERCTIE)  RMOTRE) B CIeE) S (7 )

2022
2021
2020
2019
2018
2017
2016
2015
2014

27.2130423
26.3975361
26.58461998
28.09999945
30.13921379
30.13921379
49.40885389
48.28635058
48.28635058

442.0329123
446.7806402
418.9072932
427.4970113
422.5968365
402.3619972
373.9409836
352.8414075
328.3405337

325.1287492
319.4189467
312.331065
372.3149719
354.1464717
378.9695333
354.1774232
301.5290096
300.33778374

826.238493
815.3211236
783.4211236
930.4911236
920.6611236
954.3411236
861.4511236
846.8711236
833.1111236

100.3478392
94.29839593
97.15592308
511.8466131
503.8137867
502.8612777
388.2109384
366.2714799
669.296359

23.3485923
21.21060619
19.26269337
15.86466769
15.47508513
13.31073756
12.66143328

10.8650248
7.402068689

153.424523
153.8898233
144.8140139
122.9423105

109.557985
99.92366426
89.40170939
80.63507591
72.25740568

1897.734151
1877.317072
1802.476732
2409.056697
2356.390502
2381.907547
2129.252465
2007.299472
1969.031625

3. T LMDI BicHES M E R ER
R4 1L 458 A I B 52 B R SR A U0

z 455 FAbBIE TEE 5% T DX SR 3 sk HETSOR Wi R 2R AR 9T 1
Ry IRIEEAE RIS, FIR] LMDI BRI #07i%, WEMUZETE L, GEHURERATE . 2 2R5 il R IR
MR BRHEBCR DL S S e

I LMD AR, X6 1L 2R 48 A2 8 MV R HETBOR i DA 32 AT 0 o
3.1. #33 LMDI {28

BRHECGE Wi R R T MR B A e . kS REVRSSH . BORACTSET5, T RE 759 7 itk

PIEAER . iz R e = ERIE . N DEENRE R,

JRCERARAC IR N o SR EOEATT IZ R 5%, S B R B HE IR BE IR SR N 2 AR FE AR
IR, RS MR AN [R] OB B 5 T VA REAT A0, DABE BB bR B E H B i DTk /N . 4R B
RHFREATE AT

C:Zivi :Zi xlix2ix3i"’xni (2)

Horb, COAWTTIX B, x N RN CAHMKIAER, i ARERAE P AT ReUR AR Bt . Bk
HECS 2 R 2R (19K R Bd) 2 YoichiKaya 7E IPCC #ifi 2> B4R 1 Kaya 1HSF 3, BERS &AL S BRAE IR T
WA SRR SRR LK R, HIEHER T

co,-C0, E GDP ,
E GDP P

Hr, CO, Fm ~EAHNE, E /RAEIEEAER, GDP NEMN A M, PR A IEE., @it HA 4
fift, 4 CO, JEIT AR S5 KITR DR (COLE). a7 GDP HEFE(E/GDP). A GDP(GDP/P) LA K A I HiHE(P)
X AANHEE, MK CO HEM SREEMAEE . EWNAEREE. ANHIX 3 MR ERIATRES, Nt 4 25K

©)
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FX CO HUsZm it 1 280, 7EmRHEIERp: )2 A
W FL R I REVR Y e HEBOR 5 P 850 REIRBCR S R E UM, IEFER R A 6 B0 ik o e

HE 5| N2 A&, BIY RN Kaya fE55 50, 75545 Kaya 150880 b, X RERZ T 1l 744 ik

AR RS R — P 0. BAkRIA 0~ PR

. CE, EC, EC GDP, GDP,

“LEC, EC GDP, GDP, PO

Horb, 1 RORSCEBEIRASE;  CE Rom | FAZIREIH M BRHEICE ;  EC, RoR 1 AT AREIFHAE R, EC &R

CE = PO (4)

A AEIRAIIFE R . GDR, FoR MBI GDP,ZR S =P PO Fm I A LTS
I A B T, 4
EC, EC GDP, GDP, PO

Hr, a Fon i FACHEARIRIRHE R B, AReIRRHFEGRE R 2 b Ron i KRR IR Sl REIRTHFE AT
WAL, NERIREEHIN 2 ¢ RS @SN A INERERE, FARIFREE N E: d R Zimis il =8 &
= ERI L E, AP R e R A =M, NATEHEER: fOvHIX N D3
B, NATIBIRZE. A5 LLERR AN :

CE=)" axbxcxdxexf (6)

i=1 1
RIS HV R A > RN REVRBRHE GRS . BEURSE M. BEVRORIE . FoMbEER . &R A AD
AR AE 6 FRORSN R R e m 2 A, AT IRAEBCR AL AT & B R, THER AR, B HRR SRR
FIP 1K Ang AT Choi $2 H ) LMDI 53, BfkRE AT

ATCE =CE'-CE' = ACE, + ACE, + ACE, + ACE, + ACE, + ACE, )
n CE/-CE' al
ACE, =" — i _|n| 3 8
: Z':llnCEi‘—InCEiL ai'] ®)
n CE'-CES b
ACE, =" ——_“=i__|n| 1L 9
° Z':llnCEi‘—InCEil bi'J ®)
n CE{-CES c'
ACE, =>" "7 _|n| = 10
¢ z':llnCEi‘—InCEil c'j (10)
n CEl-CEf d*
ACE, =" — "l _|n| — 11
‘ Z':llnCEi‘—InCEil d'j ()
n CE -CES '
ACE‘*zZi:llnCE.‘—lnCE-l n e (12)

Horp, tFRoRIH, CE' vt WiRRHE S &, CE' B AWM HEI U &, ACE,. ACE,. ACE,.
ACE, « ACE, FRUN S N VR s IHe Ak 2% 8 31 % 2R A8 i eV B BCR BO B E L, BRHFIN ] 22
%, HJACE, =0,

3.2. HITBKIR

S5 B K AT RIS PR AT AT, AR SCRAIL AR BT FORT B, B HE IR B ok B o 1 B R
(CEADS)FEME I 70 AT ML B HE A o LSl R H T BURF ) R AR 1125 SR 2 (IPCC) A% 5T 1%,
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R385 (R HETBOR B LR BB () BEVROH FERUE TR R, DA IR SRS TR iR, 1 E
47 ML TR TABEI 17 AR HES (55 BEVRA SR M HEI) A S R A SR R . s 5 AT
WETRBON R G, B R MR HEBOSOR BEAT B AR T - B A, AR STRENET 9% 2 okl T 2014~2022
FChERIRSGTEE) |« 2014~2022 F (UARGFEE) o PR EBORIET (CraReAETHEE M)
(GB/T2589-2008), HiHFI FHE S M A RIET (48 Pl = UAE il FE g ) « % XI5 GDP K A\ M ¥4l
BpRIE TS giit % . TR 3 AR Sl sk S MR g itk .

Table 3. Statistical table of various data of transportation industry in Shandong Province

F# 3. WFREATEl X MRS TR
Ty OEBAPSRECTH)  SZdEisik A S E (12 T) 5 =k A B B (MG ) UNEIVPN!

2022 1897.734151 4911.01 46122.33 10163
2021 1877.317072 4344.65 44011.65 10170
2020 1802.476732 3553.15 39153.05 10165
2019 2409.056697 3636.66 37640.17 10106
2018 2356.390502 3384.94 37877.43 10077
2017 2381.907547 3268.01 34858.6 10033
2016 2129.252465 2725.41 31751.7 9973
2015 2007.299472 2503.65 28537.35 9866
2014 1969.031625 2400.43 26894.24 9808

4, \WEEAXBRABETHEHS T

R4 Fid S H Az sk i g Us B UL R B gt B EdE, FIH LMDI A, STl R
2014~2022 F A7 iz b SR AR 5 45 AT R, MBEIRSEH . BEVROREE. FoNbEE . &5 AN
FASE ARSI R RN TF, 15 H & R B ST BRI A = A 1) B 5 M 0N, DA BREE RN, IR N4 AT 2% TR
N A B s s R HE B R .
41. HHEER

%X ) PR 2 A T v AR B HE AR AL ) B RUON AI AT AR HE AR A Y BAAE RN . IR R 4L
5 FR.

Table 4. Cumulative effect of driving factors of transportation carbon emission change in Shandong Province (10* tons)

= 4. WWERETERHMT HIEENE & B350 (104 fE)

Fy REVRZE 14 REJR 5L Pk g 2ot PNEFT
2014~2015 703.1271165 107.842179 —51.2797564 185.700015 11.6897673
2014~2016 840.7465506 161.371262 —97.6053663 383.894882 38.0499868
2014~2017 1088.443463 317.8160578 87.95453445 596.009736 53.3044029
2014~2018 1042.159039 426.6195989 —15.8499871 762.415674 62.4478544
2014~2019 1177.529599 544.8187003 154.1297537 751.181273 69.4334616
2014~2020 799.0688181 453.6534695 315.3448433 712.168254 70.9472177
2014~2021 627.1526626 860.5806619 —244.498857 944.839371 73.3340008
2014~2022 667.1443446 764.9453464 —200.934252 972.342231 72.3342453
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Table 5. The effect of annual changes in driving factors of transportation carbon emissions in Shandong Province (10* tons)
F 5. WIFRE B IHEE IR EN E R X F T LR (10 FE)

Ty AR REYR 5 E Pk S et th N FEA
2014~2015 703.1271165 107.842179 —51.2797564 185.7000151 11.68976733
2015~2016 137.6194341 53.52908305 —45.2062403 194.4322298 26.25608667
2016~2017 247.6969123 156.4447958 198.7536875 196.8308865 13.51530375
2017~2018 —46.2844243 108.8035411 —113.482557 186.4019008 10.36715223
2018~2019 135.3705603 118.1991014 185.8367426 —21.8184183 6.846972067
2019~2020 —378.460780 —91.1652308 202.1813812 70.2311556 12.17272892
2020~2021 —171.916155 406.9271924 —541.757796 208.7662753 14.90466841
2021~2022 —134.323454 386.3425324 —341.535344 248.4535644 15.04533363

A 2022 4, BRESSHRER. BEIRRE R R, S5 MR N RE R 1) BN #T 1LR A
AR AERGEIE R RSE T, PEMb g AR R RN i SRS . AH B SEHESE, S IRBNIR R R
MNARYKN 667.144 J3, 764.945 Jim, 972.342 Jjmi, 72.334 Jjlli. —200.934 Jjmii,

4.2. 3ZEBAREY LMDI iR

(1) REVRZER RN

MR ST DL S REVREE A4 ()4 BB 00N A Xof L 2R 48 2 s Sl AR HE S B0 IE BTk 1) 18] u 7Y
A RE, RIS B RAS shie A IE RS E A, Bk nl DU H 1L 2R 48 s B I8 il 1 REJR T 97 45 M A7 —
Se ) i, —J7TH, MAEIRIE REERSRE, 1ENACE T EE) SRR . e, JERRHERCR B xt
B, AEBEANRARCR T 5 LA K . REVRSE MR SR N T DA, B ROSLEET T RE, R B AR
VRS T AW F, RILT IR TR Bt Kk FTRRSER R E AL T, AW
RIS IR, BIRITRE @SR TR, AR E .

(2) AEVR5E RN

A A Y RV 5 B S R 1A P A= HUIR DL — D E R bR . WRBHRE, ILARE R HE
BN REIERI A FARS NS AL, B B REIR VR TR, S ARIRIE T S 7 2 RO R A ATk
#, M 2014 4E1 0.82 Wi/ J3 7 FFE3) 2022 41 0.56 Wi/ /376, Hrf, 2019~2020 4F, (A3l RRAE
% T 606.58 Jilli, fitiGE K2 TRk OB N—91.165 i, A TTEREOK, R IHAEIRGEE 2
AR B LR 3 . LR R SERREBURE,  BEARAE ST/ - 0 RE VR 5 BEXT B HE SO KA 3 1
—EMN, (HE FRE, HRBUSNANIRNIE, RP\LEACREIRRE 7, AR R s =
o Att, 2R Rgk S s A wis il FEoR GH, s 8@z T ARSI T, $&F-aeERI &L
e, YD BRIEIEAE . R, AR IR SCiIs i T 1, AR AT, #E DR
RER AR, PR RRHE

(3) PNk EE RN

PS5 R RRAE L AR AR A BCHE SO 2RI A SR, R HES) L R4 S AT e R R Bk
HOR i R R . M RTEROSE, 7 b 25 h s8R A Sl 3 1) AR BscHR TSR g /b 1 200.93 5l ax— 45
ML, Frae S5 (L ARB N LG AW IARE . AP A R ECRTE A ¢, TR, ILRE—HE
NTERERE, e, H=rb EARRRT . BACRE, M 2014 4] 2022 4E, 1%
BRI 8.3:49.7:42.0 AHE R 7.2:40:52.8, 77 b SE F S BRcHE R R 1) RN, 32 B AT S s il 4
D5 28 ==\ 3E B R JuE[9]. Wi R B LR, PG i R BORAE FAE 25 == b 34 in i 3
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R 2 3 i b A H o PR 15 0L R D9 S B IR E RN, e 2 TR IE R SR B RN o SRR 77 M 5 ) RO X 32
HRRHEBGE R T A SREN T, (EREYR S H) B AR RSB B B ORI S H 7 e Y B R 1 R 2
AIXR BN, AR b 28 R U B PR R v I 2 OV e 5 B, DA DR R B HETBC 7 ) BX i 11 FH REAS R

2014-20224F 111 R4 58 =72 5 38 3 iz s 5 i 8 1 3 Xt b

30
S 20
¥ 10
0
-10
-20
2015 2016 2017 2018 2019 2020 2021 2022
Fhy
——ASEB G IE I —— SR =BG I 3R

Figure 1. Comparison of the growth rate of added value of the tertiary industry and the transportation industry

1. =l S5az@Eiml B nEEEx

(4) &G = RN

-8 A Il B HE O K R B2 BIA 5P X — B R R . W RERRE, KUr-hEER
SO HETBO A AN, IR LTSS, REUH BB R IREER, 5aIERHEBUKE 208 E 1
IEM . 2014~2022 4, (%A A\ GDP M 5.19 JieHiK 5 8.6 /i, MK T 65.7%. fEULHAmE, Xf
225577 DT HR BRI M 185.7 JNitEK: 33.8% % 248.45 Filfi, X — RAE K IR T A BB
&P MR HEKR. E9K, IWRESITIARR TEDKE, EFRESfREsK, GDP Hi4—
HALERH, RIHEANLEEE ). ERFIREMKNE ST, WAREROEEH &R m,
B S PE i AR IS T oRAWIE K, N S ERHRE AW T SUkEIR, A E N A B E
MIEAE EFF, B RAT SRR B %, & RO 2RI AT F5 SR BB 2 39, IR RA B84 LI,
e HER) 1 AS @R HES A .

(5) N RN

Mo REE R T LAE H, N USSR, — B IR KSR, BEBA N DR R R AE — e FE 3
T zZ@E i R R, H IR IR R AT T I S IR M 2014 3] 2022 4, 1L
REFHHENDMN 9808 7 NHEK 3.62%% 10163 J1 A, N FIHUALA R0 28 188 REVRAACHE A DR ELAN 11.69
Jimg b % 15.05 Ji, 2015~2016 4N AR R I ) R0 B SR 4 vy, X2 R IR IECR B AT S,
N DHEARWE N, X PHER) T AR . S, RN DA AT e, AT
WWARBET IR EEET S, A DB RMXT 18, sk, A 2R A 25 ZA0[9]-
FEE, WRAENALDRSE, NOEEER, MWKBEHERE, N DU RN A @ BHE T DTk 2
SO HFFEIE KRS . Bk, AR USRI L 2R 48 s il BB s, ER R IR
Jer, NLREFBANOFEER, HlEEnaTm. BB i AE IR R .

5. G REW

A “H BN BT L AR Sl R FEBGEAT AL, JERIAT LMD AR AT i Ak
TR IR BEAT PR A0 i, 0 #T T #% RIEON SSIE BRI B &5 52, 13 T — RAIE5 .
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(1) MBRHPECE BRI RS, LR A 2@ R HERCE 2L R E R K S, X5 a5l
JEANZS IS AW KRB VIR G, AEPRE AR RATF IR, @R RARY K, SO@E AR &
& LTt

(2) FIAI LMDI AR AT R R 0 i S, RBLREIREEH . REVRORIE . bS5 H L et AN AR 25
PR R AR A B HE SR ™ A T RN . R L AR AN, REURAEH . BEURAICR. AT AL
XA S HE TG K A e

(3) EPMACIEBRHBIAL AR . WKBIRI R M, S SSE SRt L, RIS @ R T EDR,
FEMUUT W —RWPROIER, KRR REFaERENRaE, ARt i r i s
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