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Shandong Province, as a large population province and industrial manufacturing province in Chi-
na, creating a green and low-carbon energy system is a key measure to achieving peak carbon dio-
xide emissions and carbon neutrality. Transportation carbon emissions accounted for a large amount
of carbon emissions in Shandong Province, development of the economy is still increasing year by
year, the low-carbon development has become the primary task of the transportation decarboni-
zation. This research adopts LMDI factor decomposition method, analyze the current status and
main characteristics of carbon emissions and main characteristics of Shandong Province from 2003
to 2020. Refer to national and provincial local policies, other scholars’ research results and indus-
trial characteristics, put forward the development path of transportation from the development
direction of Shandong Province. Under the target of decarbonization, Shandong Province needs to
reduce energy intensity by further improving the proportion of freight in railway and water trans-
portation, improve clean energy utilization, optimize the energy structure and more levels to real-
ize transportation decarbonization as soon as possible.
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1. 5|8

AR, MR SEERKEMNGNE, HESEPHBUE S RAERRRR N EE R . RiE
B A5/ 2022 4F 2 F 28 HIRAT IR, A5 AR SR 1 ST g IR AR IR RS K. A& B R
(R = SRR T AR AR Z A R, A RHERE R T SR A R (R R, G SR gk SR T
H R 2, X R T B R DL SRR RS RGN JSINIE B RE

ASIIZ A T P AT, SRR E SRR R ST e R — . AL, ilis
RSN P A BB HETR L) o5 4 BRAE VSR SSRRHEI 25% [1], BEBEALTRIE, SRR AHE E 2 R
PR, JE A AKR L HEN S BRI B R R [2]. SRR R KIEE K EA T,
AC IS i BRI VA AN ARG R R IR K S PR Git 2020 AE AR E A mIE 1T o5 4 E 4%
Uiy BEVRTH FE R B IR 11.1%; 2@ — AL R HECE A 2005 F 12 3.4 /4K 2 2020 29 10.2
i, XK ERIL 5.8%, BN = SR HE RS SR A — , A2 s frhic iR 5 4 B EEEE A 2005
FEH) 5.9% T 2020 FE) 10.3%, A SRATSH SR S B 16K 3]

KB AT R AR K TR K AL AR TR, I IREEREm, I RIEZEAR SR IR T o KBRS
SRR D BB R oy, IR IR AT RE S R R AT B B AR . B L ARG TR R,
RIS B IZ W IN K, A8 I8 S H R B HE SRR R I A AR R — B A, SRR IR
A, WATATING . RREEMIRZBUR, 2060 F (L R 2 lis i RSO ik 2020 4F11 3~4 (4], A8
IZHIR L B O “R” B bR T I E AR5

R 2 MR Bt 5E 38, B AR B IS Kis MR TR N B 45 & s ik R ([5]
2002 4F 10 H 28 HEE LM A N KE R 25 30 axBU@E, 2003 49 H 1 HE L RS BURN K e

(e N BRI AN E PR BT 5200 PEAN VL) TSt , X i e s HE AT AT 2 40 7= I B2, W% EL 2003
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N FEHET B B2, 2003~2020 4F 8], 1L AR 3208 I Hr e IR Y Bt R Y 10%, GDP A IE 12%,
AIF 5 111 2R 48 20 38 3 i i B A 8 o [ S8 R RN H AR I8 A2 1 R4 GDP P Aa i K #R B A 3 B I SE R 3

2. FRIMR

W ANZ R FEIRBL s FEAR K JEIKT M D BE TSR ZEREROR, &5 HAR KN B R 2R
BEHE i = B R [6],  # D 5 R R AN 7T BRI B ] P o T 58 368 da s HE TS R 7 R F
FIEUR T XS KT B AR RGEAT SR, N ik A8 8 s e s 7 AR THIk g oy el
RIRIZERERE T FFHAR . S BEIRZE M K A IR EZIB R R (7] AT R PR F AL & JR A = H 11
Super-SBM 541 fil Malmquist-Luenberger 47 2455, 40 shad s JUANE SOl i AT 7 288 is
HEBOSCER M AN R R 8, A OIR T B8R K, HLE X S E TSRS, Btz
S K 7 PRI ) B 1 S DR SR (8] BHVRBB &S5 & Tapio BLEAREAY 5 LMDI BRI ZE ik, i KIL4u
A JB IS 4 T R 5 388 R IR B HE B B B O S I IR BN R 3, DB B AR e A DRI KR
PR A2 B RSV RRHE R A, FEIE S 2 B S5 AL, AL A I B YR T FE LS M 5 N SR AL T R
W9 R B A G A REUE S A L N E P 30 AN BRI KT it T L R T e
HEATINIE, R FRTERR (071 5 1 THE ST 50 PR SRR TRl 10]: 4 SR4F 36T STIRPAT 4%}
LN . A3 GDP. =t il & b5 R kAT o0 br, T B HE U (b, Al
A BRIR S AN Il Re T PR B, FE ARG R R I ATHE N S 77 2030 il HAR[11]; FARSE
W HE R 2 P = A B IS SRR R AR AT IS, IR A U I A E S 5. A
STV HE AN . LR Z R SRR T B R DUAN R AT 0T, A A L858 5 REVR R T
TR E R L34 [12]; Timilsina 55683508 40 09 B 58 288 R HE IR Sh [ K3 ATRF 7T, RILAIS GDP.
N VR BE Y5 58 P A Il B HE O N i) R 2, M BOBOGR . 99 REIA ORIBUSR DA 2 A VR 1R 28 5% 11 R ke 211410
HIBRHERC /R FH[13].

AT, B0l 2248 e HE R 78 R E0an R . 4885 3 5518 I SCRR AT B Ze v Hi20 Ll ZR iR Wl e FE AN
ARG AT AL S T, $2 BRI A8 3 1) R AR R B FSORT BRI SR T B [ 14]; B
LIS R R AT 3 B kA e L B BLAE ISR [ 15]: XIS 2632 ] LMDI 43 fifi2: A1 Tapio i)
FERR AT T P 38 KRB B B S AN T A 55 I B, AR e, R M R R R 4 e
AR E] S G B F 1) B ER AR 16]5 T BRAER H8) (F 1k E A3 A9 %o B HJC 1) S 1 DR 34T TE ik 22 0
fift, INETE R JEXBRHEBOR RSN R, AEVR R B B HE ORI IE T, REVR S MR 5548 0 B HE I 5
i £ 1 [/ SR s AN G g U A, K 22 8 0 N RS B HESCA IE SRS AR F (1715 B 555 R A DU 25 v 0
DMSP-OLS Fl NPP-VIIRS & [HJAT e Edf AT A& 8 1, AABRHEBURA B35 2 [ A e, A gRE
SRR IE KR BE Bk, SR TIT SRR A 34 v PN 552 oy AR L 2R 1 v i R 4 X A R H R R 75 R e SR 41X 5
AB18]5 JE 2 s LA b [ (1 29 AN X AE 72 3G, 8 F B4R B0t R Br i K SR HEGh S A R R,
ANAI X G55 R SRR I 5 6 R B I [R) (AR R A2 Ak, 55 F LMDI (R A ifd, A5
A R R AR TS 3 AN TN 548 X B HEBCE AL AT AT, DO P B A BRI 3 52
S A IR AR S R e AR RN, 5 R RN S M AR TR/ 19]; BRERS53E A LMIDT 59250k 8 Tl e e Hk i f
BEAT XA, DONBRHE IR I PE AR 3 (A S BRI B 5 S 48 5 318K 80 R i X i HIR s 2 ) O A
2[20].

PR R Z R T A E B E A0 FE T, SR L AR AT R I RO . RAF A
565 R B L IBIS A R R VR JBIRES KL R RS, 12 “ B B R 7 A 2003~2020
EILZRAE 2@ IE SR 3 LMD DR 2690 A 43 AT 3838 12 S iS5 Bk 20 DR 36T Bl Jc s = s
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I8 A 30 AR RGBT T B S 2SI A Jan i A RE I, AT L R R AL R S 2 5 BER. A 2R
HISC R IR AN DL AL B, DLl 2R 48 A Tl Az fan ik il B A H AR AR 2%

3. ARG ERBEKRIE
3.1. BRHEMAE

ASCRH E BT S RN 2003~2020 S0 4011 R R ilE i A HEUE &, A
W

n

C=YE,-F-CP-R-IN (1)

Hor, i NSRRI CONAIs iR B E ORI BRI AR R Fi O i PRBEIR T bR
BEZR KL CPON i FREIRIIBRHEBUREL R Dy i MhREIR A SE AL IN FORER S SR 2 18] e e R4
WUHE 3.667. 4 1 AR RBEIRIT HTMARIE . BRHEIU BRI AL R S 4L

Table 1. Energy converted margin coal, carbon emissions and energy carbon oxidation rate

R 1. BRAEIRITH TR BRHPBU REERR AR S K
PrEcbrdE R v M &k RN b AR A RIRRULAITTIK) WAERARR LT L)

FrAERE 0.7143 1.4714 1.4714 1.4571 1.4286  1.7143 1 12.143 17 1.229
HE &% 0.7559 0.5538 0.5714 0.5921 0.6185  0.5042  0.5857 0.4483 0.6276 2.2132
WEALE 094 098 098 098 0.98 0.98 0.98 0.99 0.99 1

3.2. ZiEEHERERE RS R

H DX A28 55 R AR L N LIl 7 b 5 46 DA S R T 9t 2546 55 IR 3R 5 e s B A7 AE — @ AH OGP 21,
BT LTI F AR, M 2R AR S E B AHRTOM IR (Divisia) e 8 R AL, BARSRIA T
c-$G E_E_GDR GDP

S E, E GDP. GDP P

n

2

Hr, GEoR i REGERIRIHR; E20R | REGHBEIREAER,; E Rl g MERE; GDP,
ARAZIRIERIE N GDP FoR\ZRE GDP df; P R NHUERE . YW S A iR HS AL 1

i, 4

&
=

E , GDB  GDP

) E.
aizg’b[z—l’cz ,d , €= 3
E E GDP GDP P

e REIRBRHE IR L R RN a0, Rom | RAEEBRHE AR REIRES IR T by, R0 i RAEIR
FEAZ I A AR FE T T EG s BEURSR R RN o, RonAims i AL NG e FE: Sl a5 R = L
N d, FoRASEISEEINE S AR GDP L, @Bt R R TN e, Rom ANY GDP W nfE. A5
BB AR

AC:ial.~b[-c~d~e~P 4
i=1
2003 FE B ONFEUESE, 0N 2003 EAZEIEH AL TRHEBUE, 1 v 2004~2020 SE[A] 15— A4
XA S B CEoR, n Nas by e dv ew PRMEETRAEE T, WHAC, FRE—
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Wi PR 2% ) BONE AR o

AC=C'-C’=AC,+AC, +AC, +AC, +AC, +AC, (5)
. clcl
quz——%—LTmPﬂ (6)
=1 lan—lan ;

1 1

3.3. BUEKkiR

ARGV DB RIS T 2004~2021 4 (P EBERGIHE LD 2004~2021 4F CLLARG %D I
PRI REORIET (A BERETHEIEN ) (GB/T2589-2008), BRHFMIA 75T (4 i = <Ak T S dmblTe
Y (R AE[201111041 5, HLTRRAEBUA 7R U5 T B S ARSI B AR I (ki %= SR HE 0% &
TrE SRR K R .

4. WREXBHRAENBRAMME RS
4.1. ILFREZRBBEARRE

RIEE 1 BoR, WWRE A @S iR A T Lo A AN B . 5P Bt 2003~2012 4F, HATA] LR
BRI HE S R 2 BTSN 2003 4E 1694 JIHIEE 2012 4F 7806 Jil, EIHEE 20.4%, [A
1] GDP 3T 16%. 2012~2013 4FHIA] L1 ZR 48 38 17 A L5800 5 4 B 38 A2 3 7 1 K 5B R 22 LA
P REPRRCR L ZEWE 1H 250 SRR, 2013 FEARHEBUE R AR EE 2012 R BT 40%. 55 N 12 2013~2019,
AR AR R R B AT JUAE I B SR, B R ARG 4%, WIIE] GDP BEEAREFE 6%, BRHEK
5 GDP K 2§ [22]. 2020 FRZHaEE R, HATHRRPERED, BiRisEHMEZ TR,
SRBURVE ARG 18%. BE H S B & Wb 5% thAT F R a1, 23 Inid & e b Sk 22 3 BUcHEBGHE — 2D
e A B L AR AR A mIE B B AR T B

m— CEGHRUS R (JTHD R ATRIY TR
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Figure 1. The rate of carbon emissions and changes in Shandong traffic transportation from
2003~2020
B 1. 2003~2020 4 L A A IS i HE R b A2 A 5

3000 - 0.2
2000 - - 00
L 02

1000 I I L 04
0 = T T T T T T T T ~ -06

MRAE 1 2 Bow, B I K R e, TEARBRIBUR HES) T M 2003 41 14.8 4T FLIS LASE Y
14% PR FE K 2 2020 4F 1) 1352 /T BUBFs 73 SEME A RS EERR I, 1 &5 SRR
AN G BER T B 2010 A KA BB R VR IK T 7% 18 K A AR 008 R g die X, RS T 4R S
B, RARSMEFHTES: TR IR RRRRD I KORAS s Sl AR 2 T 2012 RBCRZR R #E T
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HEART R, T 2013 FEHBURME N, 2013 /568 GDP #§ K ORFFFa 2 BTt BRRE, fENHEBTA
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Figure 2. Shandong Province Transportation and Transportation All kinds of energy carbon
emissions from 2003~2020
Bl 2. 2003~2020 4 11 45 45 A8 32 i 45 BE IR BT

MRAE 1 3 BoR, ARG A @ s WA E 7T, B 2003 4 fHER Ak 0.19 W/ A8 0
F 2012 £ 0.8 Wi/ N, FEHIEKFBIT 20%, HEHBOGERFE 8 MERE TREARTH, 2017
PR 2 0.59 W/ N 5 ORFFARR AR 22 @i = g i B 2003 421 653 J370HE 22 2019 4[] 3636 J1
I, KPR, SIREER R ET R, AR VIR E IR RIRS R A RN, &
Grf K SRRV D B . BARRBREBUCR R B2, (HEEAS @S ok H b th i@z, prAfEidE—
AR NI B HE O BT SR REAE = f 7 THI 7 B 4k S 2 .
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Figure 3. Shandong Province’s transportation industry added value and per capita carbon emis-
sions change from 2003~2020
B 3. 2003~2020 4 L1 4248 A28 32 ™ ML 0 AE -5 NS BRHE A AL 1]

4.2. \WWAREZBHRATmWE RS

SBONAE RN RGE T IZ 3 S A R R AR, 2o (B S R Bl g, IE AR
TR B ISR AN HIE R - 7E 2004~2019 4F[H], KRAAR G 9t 5l PiE, aelRmReE . A
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JREEik . 25 5 N D BEAAR L E 0 ARG B E R, M g5 R 2HEIES . 8T
Feg A L AR AR 3 SRS B R BUR X 2004 3 2019 FE &M R AT 4047, BT 2020 F525%
TH AL, MOR AT T R A N 2~6 X ILARG Sl ik HEBSOEAT e R R i B, 3314,
R 4~8 AR o

4.2.1. BEIRSREE

AR B B FE AR IR T R IR I A AR = BRI, . A i S0 REVR o REVRTH 2l i & 00 LU ) B A

AL GDP REFESTBE 2 FRR[23]. B ER, 1E 2012 EE 7T K HE 2 G40 RS TR o B AR AR R v, X BRHERGER 31

TEREERT: 2012 4 DR IL AR A WHETR Z IH I S RE ARS8 TR FaslissE THRERAEH, IWARASR

WIE AT REIR R R RE B, . RARARSETEVE AR UR A A 2 M I, Be U R RO IR RS, X

BicHE R H 0 T G 3, 5 B ST 18] (0 A S0 4 F AT 7, e 05 1 348 o 5 AR 5 5 B HE 7 )
fEE SHNHEARRFF— 80, (EAR R — D PR REIR 38 B2 Ll AR 48 A8 i as S i e I B o
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Figure 4. Energy intensity from 2003-2020 affects carbon emissions on transportation (wT)

FE 4. 2003~2020 4= fit 5 558 5 X 22 18832 S BrHE R ) (5 )

4.2.2. BERGEY

RS ZE M ARTE T % 250 D o5 LI . ARSI 5 SR, RRUEAEHOIR 2004~2007 4F 4 4RI AE 342 1%

HEER, FREMHEIEIEN . SR, AMmATAEMERN @A M AR, HiE

EHHEAER K, IR AR AR R BAXS, AREIRE K2 B A B AT BAREE, IF

HBE% GDP AWK, FIEfkItm, T30 BRSSP AWK,  #C I a] P I T A i T

EASHIURIE TR BTk S3R A W Re R A i b, D0k BRYRSS M4 1) 5 VA AE L 2R 78 A8 38 12 Hin b Tk %
frh o BISREAIEA .
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Figure 5. The impact of energy structure in 2003-2020 on carbon emissions on transportation (wT)

B 5. 2003~2020 £ BE YL K406 228 18 H B HE U R (75 1)
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4.2.3. =l g
FONVEERIAEA S i 1L R4 Al i 3 A 5 GDP I LLEE . MRS ] 6 AAEF H, BTN
A R B ARG B AW HEIE N . HD TR e R e . SRR N D Fe i, Al is il
A AR BUR AR A Ak B4k GDP (g s FLAE 2006 4FIIZREBURFETAR I (iR 4 [ R &5
HEFERA “+—I7 KA HEFERZAMIE “—uli” ERRS, BaE N AKX
WU, JRE TR . = kSR A R 2 A Ukis Bl it . RS RE I I, A
LR A A2 JAE 22 57 A KRS ) [N A5 AR R A e - R (R R B, FE 0 AR L 2R3 48 Vil
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Figure 6. The impact of the industrial structure from 2003-2020 on carbon emissions on transportation
(wT)
& 6. 2003~2020 5= b 5 ¥4 %6} A2 3832 Fr ik HE G W (5 )

4.2.4. ZFrEH

25 HIEEANY) GDP H. K7 AMEH, XSS @S ie g E IR R, B 2012 410

AT RS HCR R %, S5 H A A BT N R, HAE IS INE 54 GDP ¥ K ih 2k

EEARGRFF A E 8 WARAHA RS, Wanil, RinEhE, B EREFEE, B DOk A2
H, B SCEHTRCA R T AR R, BRI R E RS, BEE TSRO, T8 SRR R K
HATAT NI, AT 5 BCcHE U I3G I o DRI Pk B 5 3 — 2D 2 5 KR, BB 2 R FF B TS 3,
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Figure 7. Economic output in 2003-2020 affects carbon emissions on transportation (wT)
B 7. 2003~2020 L85 i AL IE IS F g HE O I (7 )

42.5. AO¥=E
MNAERNAEFE JE AT N R, HBE IR S 38 iliE i s~ A, K& 8 B, A
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B T RHEBGE B MR HEE o R — & 2003~2020 4EILARE A D REZHRAE R, FEHME

0.64%, ZBWIFSNFE/N; ZRINREAC RGN “WHE - K7 RKIEBA24], BEPMADEE S E

AT T RIERS, (R B R /K AT DASCHEHRHE R0 2 35 R IR B R R 08 . B kR E BN C 221

A 3 R IR HE G W AN 2, (B A BRI = Ao by, b AT DL R SR 22 08 A 2 X i HE T

AW K[25], BEEZRBURH G 552, N DER S5 1) 25028 B T R 208407 SR V8 AR R i,
AR N HUEE T 25 R0 A8 388 ARz 7= A B HE TSCR i 04 75 75 2133k — 20 i 7t

350 1

300 1

250 -

g 200 -

150 -

100 -

50 -

0

2004 2006 2008 2010 2012 2014 2016 2018 2020

Figure 8. The impact of population in 2003~2020 on transportation of transportation carbon emissions
(wT)
A 8. 2003~2020 4= A F #0222 i BHE O i (3 )

5. &R

Az “H B WE L ZRE 2003~2020 A @IS kAR, I LMDI K 2 7 ff 5 0 br
MR R P A s, AR AR B SE A, 1SR BRI R

5.1. KRZKERERIE &5 be PRI RE TR R B

£ 2013 SR B HIKZ A SSGE TR G, REYRSE FZ K 36 2082 S B HE O™ 28 B o AR o AR %
IBE K2, BEVR R BR AN H IR ARE BT, S — 0 BRI REIR IR . 2021 4F 12 A,
WREZBERITE R QLRE “+UR” 2RISR hiah, BSehe Hir, o iz
45K, Ky R D BoKIE , 2 RIS HAAR T 55, ST I0E AT o1 RE ik . B 2021 4R,
AR RIS IZE AL R 7270 AW, ARIEERFE 288 HAH, AMF B, HEEERED, N
RS AR . KiE2 NBGE i KR, EFESFE - mitss, KRR RSEIE, #Hzhe
B fabdh B ABEPFERIF L ALBIZ K f . R, DABRKIGE N E A, 3Tl 2 Ui R 2%, 1
BRI 22, IR e — AL, HEshag Sy E e E 2 ks “—ffi]” dRifEdBt. 2022 4 9 A,
R R R BV A I 55 B 5% 1 SCRF LR ERAL BT TH 30 B 5 403 2 2 0 IR Be v o B R R R L) P A R
AL BEAT 5 5 454, INPRE B ER G LRSS, 523 2 KIS R R, HEEIORT “ A 8E7 .
“CRFOKT 1R 2 A AR IR, — L BT AR, B Kis A ETER,
REFESEARMIPLSS, B, fEisfmtierhdRmBk. sk i by ar DA AR BRHERG 55— i, sk %
AUIBRIE W] A BT BB A e is i AT, Insssb XA, feterkaity, fifcisiimie, _maBiy

5.2. REAGRERSER S REIRG
H 2008 £ELLR, AR 4 REVR S M DR 3o Sl is i — FUR RIS 2R 5 R AR
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