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Configuration analysis of carbon emission efficiency of
provincial transportation and its influencing factors in

China

ABSTRACT: China is currently in a critical period characterized by a strategic
direction focused on carbon reduction, promoting the synergistic enhancement of
pollution reduction and carbon reduction, driving a comprehensive green
transformation in China's economic and social development, and completing the
transition from quantitative to qualitative improvement in the quality of China's
ecology and environmental protection. Among these, the transportation industry has
become a key field in promoting the economic and social development of China, and
it is also a key area for reducing carbon emissions within China's current total carbon
emission control targets. Therefore, conducting research to improve the carbon
emission efficiency of the transportation industry is in line with the trend of the times.
This paper uses a three-stage SBM-DEA model to measure the carbon emission
efficiency of 30 provinces, autonomous regions, and municipalities in China from the
perspectives of labor, energy, and capital input and output - industry value added,
carbon dioxide emissions. By setting six types of influencing factors - transportation
intensity, transportation structure, energy consumption intensity, energy consumption
structure, industry scale, and the proportion of the tertiary industry - the paper reveals
the core conditions and interactive mechanisms of factors affecting provincial
transportation carbon emission efficiency from a configurational perspective,
following the fsSQCA method, and thus further proposes effective paths to improve
transportation carbon emission efficiency. The study found that the overall carbon
emission efficiency of provincial transportation in China shows significant differences
characterized by 'the east being greater than the central and western regions'. SFA
regression analysis indicates that external environment and random disturbances are
important factors affecting transportation carbon emission efficiency. No single
condition constitutes a necessary condition for high-level transportation carbon
emission efficiency, but reducing energy consumption intensity plays a more universal
role in generating high-level transportation carbon emission efficiency. High-level

transportation carbon emission efficiency is the result of the complex interaction of



multiple condition variables, and there are three driving paths for high-level
configuration efficiency: energy intensity-driven, transportation structure - industry
scale-driven, and transportation intensity - industry scale-driven. The research
conclusions help to deepen the rational understanding of the complex interactions
among multiple factors behind the improvement of transportation carbon emission
efficiency and provide references and insights for local governments to adjust the
transportation industry and structural scale according to local conditions, and to use

transportation resources and energy intensity rationally.

Keywords: carbon emission efficiency of transportation; three-stage SBM-DEA
model; configuration analysis
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MDA (A)

593418.8832
363690.6988
564723.0761
494362.4561
426789.244

592617.5985
447957.8655
556562.3438
628754.4201
582745.5971
450857.2644
496041.661

3873429732
449041.8832
679859.5948
679189.3108
513453.6231
514622.2597
987996.4937
479639.7762
330269.9702
423902.3818
572530.3987
412668.0306
437297.8543
496387.5993
441328.8548
319189.1909
297019.0103
419691.5199

RERAN (fZ7)

1063.168
628.065
2670.380
654.932
886.955
384.678
1057.733
1031.936
938.800
3014.493
4163.750
1963.789
2594.192
921.996
4970.011
3304.469
3445.680
2392.057
4098.152
2728.090
230.979
2295.467
5644.456
2286.391
4896.608
2167.570
961.548
383.733
181.714
1117.170

B 1 R REENE

AARAN (127T)

1925.081
2788.497
3493.561
1716.099
1880.977
2014.480
2064.397
2468.550
1557.076
3325157
4808.093
2332.247
2962.055
1603.101
5582.772
3439.426
3934.051
2947.053
5160.306
3031918
1015.196
3369.870
5937.323
2313223
4896.648
2767.664
1264.632
1030.944
1115530
1302.551

REIRIEA
(A FEfFALR)
1424.420108
485.1731364
1098.11363
975.7504288
921.0889851
1889.064098
565.3995821
901.0737079
2527.054404
2439.355634
1434.195867
1091.113199
1309.401835
932.176305
2229.725539
1608.601506
2075.156609
1736.307112
3555.745663
1016.417349
297.585154
936.055472
1576.223587
831.333764
1337.878324
951.172211
504.1399786
227.224124
176.2146165
1053.627143

BETRIZA
(AmEtRER)
1424420126
1595.726987
2058.057302
1996.03219
1687.327462
2993.680017
1576.531824
2109.300729
2849.554706
2570.821462
1793.778087
1799.936319
1552.608735
1767.334755
2930.811851
2277928733
2630.285273
2496.872646
4182.029056
1815.684556
1134773441
1701.386858
2249.125982
1509.234037
1982.939338
1624.10518
1375.214482
1054.640387
1059.807579
1681.224817

BErd (Zm)

1025.33
787.73
2916.01
1006.82
1202.71
1313.36
574.4
533
1650.44
3157.21
1962.13
1973.87
1484.58
1083.72
3636.06
297041
223345
1556.52
3466.42
902.04
246.93
977.14
1468.52
709.88
1113.14
1059.86
438.39
123.18
178.21
953.72

HE/~d (fZ7x)

1025.33
787.73
2916.01
1006.82
1202.71
1313.36
5744
533
1650.44
3157.21
1962.13
1973.87
1484.58
1083.72
3636.06
297041
2233.45
1556.52
3466.42
902.04
246.93
977.14
1468.52
709.88
1113.14
1059.86
438.39
12318
178.21
953.72

B 2 AERAENSRZESE

9

FRHE~n ()

2799.128036
894.6077911
1997.540039
1857.921776
1877.482388
3867.66205
1122.842807
1914.162934
5281.103831
4874.786423
2803.356372
2196.637917
2657466171
1873.769958
4468.453598
316551197
4204.448519
3490.591951
7170.938798
2026.501425
605.8924921
1893.603558
3273.6355
1654.208031
2739.954337
1724.534341
932.7453432
4164.203085
353.3332434
2124.356053

FFEE~E ()

2799.128036
894.6077911
1997.540039
1857.921776
1877.482388
3867.66205

1122.842807
1914.162934
5281.103831
4874.786423
2803.356372
2196.637917
2657.466171
1873.769958
4468.453598
3165.51197

4204.448519
3490591951
7170.938798
2026.501425
605.8924921
1893.603558

3273.6355

1654.208031
2739.954337
1724534341
932.7453432
464.203085

353.3332434
2124.356053
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PRBEAE b 28 H 0 D et A i HE O 5, (HJEiR A R] % i i 2
PMAERRHEBOECR A RAT T, [R5 [& A @iz AT Ik (0 B B ReiE, 278 O SCHE
T ASCRBNIVE R WL UL NY) GDP M IEAR &, DLAIER A FE
i N B 2857 R e 7K T (R A 58 R 300t A2 38 3 i B FIFTBORCR I L 45 R I T4 5 3
M o

NEVEEREE . N B B i AR N DV . N A i el
N3 A AT A AR OL I B EE S B, el vy 1) e Jee ke o S s . i+ A
R B A A ) e i, DRI N 11 8 B BRSBTS 2 i S B e PR A £
SRR PG e X, N EERH iR HE A R R s, N ) SR B A5 REYR A
AN H AT 7 AR AE A, BEWS A ROM IR T BE IR B IR A R E AR AT, e
BEREVEVH FEAR LALLM SETH A IE IS S HE TSR s ARS8 T A 4 2 e
DX, B3E B, WL RASAL IR SR o X, N B B HE IO 1 R 3K 3, oY
R XL 2, G KRR, NS, K80 AT ARG it 75K
$En, e T EACTRAESG I . Bk, AR AN RN VB B BRI
A2 I 18 Ha ik HE RO D E R HE R 1 2 52 2R

WA . AR AR SR — S B S O TN S SN R B R
B E K e X AR 1 By, S T AR (R KT o AR
AR I R ST N VR, 7 AR MLIRCONE, AN R s A 6 8 1 v B2 9
KEVEAE, WK K, Wi E@M g Ha B A, [, ANt
SR RAT BN, (e A i e R, S ECGE N, YITE RACRICR,
S TEAT BB (08 AN, 3 SR T BEIRR 3%, B RSN S BB R HE IR o

N GDPo N2 N A7 i (B NATT T AT SR — A B R b X ) 2 W e
ARG R, B “ A GDP” , HAE KR RA U h i & 25 R R
ifebs, REEZEMEMNET I — DRIMETKFE T, NSRBI LR
BEEM R RCR A« BRGNS, A TR BRI REVR
TS E R, DT G 3R EGE B S AL, e BT BARR, AN
RN T 2t ] 2 R BUBIAE R R 1 T Bl R T 2o@sfirk, ARZEK
PR, NRAE P EFAT NN T RoE s R 2 A AR F . BRIk, X
JUAZ 8 3 S A HE TR B0 52 S 30 ok DA b = T b ) 22 A e, HERR I F0 T
DM BT J5E (ARG VR
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3.2 3%xH%8

75 R A2 3 32 S B TR S e R B AL S e A B, AR S H A2 i 32 i o
FE. Al kAt . REURTEAROR L . REURTE AR . ATV B8 =l BB AR
NFEMARR, DUIRTUSR A8 I B BOSCR R R kA . BARIIEE D775 2
PERIRAIR 2 Phos

R 2 KA BE T7 5 B B RIR

A MBEETT B (BAD HERIR

LIS R AT SRS W B 5 & X GDP HE

IIsEEE R AR AR SRS R AR ERE (%)

REVRVHARIRAE PRSI ™ N N R A RE VR VE AR (S i AT M REVRH

) T R ARE SR
FEGY L SRR ML I AR A LA T MERRIE AL 7D
REIRELER B IR AR N R I 5 B 0 17 Al BT R T
BILLAE (%)
(RS

A7l A ALIEIEHAT I A5 GDP Mt (%)
HEralkbe HXKE =P ERT S HEX GDP HEE (%)

A2 3 3z o i LA B IS S AT b R 45 B SR e BT 3 X GDP L HDOR AR IR . A2
B AT R FERE B R, AR SZ B 2 HBUR BV SRR 2, (REHLRCR
AIFET

ATIBIS M AE M AR A PRIE DR . A B JKER =R 7 b & Bois i A i
Fr i bel . N Rz Pr 8RB g2 b iz i e 1 5185 i KRG AL, 75 F
sk 7 A H CIER G TR /L (B A% G028 Bz S 7 sUAN I s 2238 113 7]
A, AR R RS R R . M, SR S KiE T AR S
I3z B R AT E AR A PR B o

AE RV FE 5 5 DL REJR T AL B B R 2@ s fnE I UAEDR KR, BETRTH MBS
I RAR R A I8 I AT ML AR RS B AR SS, 32 RUHTRE 1 SR AR TH I B 25
M o

REVRTFAESE F 95 LLHL /T RIR SN AR B BEIR T A B 5 2 imiz fm AT Lk e i
HAERS R EAE, R 1 2s@s sl REPRTH AR S MR B, BT REVR S 1% Gt REVR 1M
FELLBISC R o BEVRESA R B 1 X REYR T 70 A0 22 4 U o % St REE 2 B
TACEIRRL, AR . A AR IR, IR EEREYE BT AT RAR SR 1 L
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IS5 G AN AR e o 11 HL, 4 BOnt IX 464G IR BT YR A AR AURE SE BB iy, T
25 H a5 5 AR fA I e A Bl ity RS o BRI, 3B I R MR i i AT
AMREIR BT, W] AR I AR S RE TR AR, PR REDR M N s A 22 4 XU o

TTAT MV R 5 58 =l 7 B AN ] AR I AZ 38 3 Fan A7 b 1R F R, Bl EA
—RE RS S WA [F) B B T R R KT 22 5

Horp R e br B TR IR T

(1) 2B S 4 ) L2 s f i R e i SR S R A e B LU LR
MR A R=T M R ORI ER A R0 , KR HEER
Fhhiz ) NS A R R 2, Sk U B ST R BN 3 w1
Wi K] 2 PP A 3 i o 5 B S B A L XA S L B

R3 BT ANERBRERY

BTk B N K

BEAK ! 0.1 0.33

(2) BEPRIF AR L 5 REVRIH A 45 H) T A8 Iz a7 b Be IR FE 2 BT 557k
el 7 By Sy BORR . TR s, BT B ISR R e
NS, BRI E IR 55 2 8 (S H I K Git 2 A4 1 & A eI bR
MRS RHO Gi—Ira BARHERE, DAIn kT B2 8 s fa A T ML A e I #E
B MHEAMRRTHFLSERFIEMM, St A EEE.

W (PEgGHES) o (CPEBESES) - (PESGHEE) FIRIE
e £ 211 ] 254 DA NI i[R3R B AR B I 2 i 3
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ZBEHRE ERERSN BEREE g=4

5 pwaman) T W upesgm | TREE SRR Ty,
it = 0.036 22733 0.040 0126 00289876 0.835
x & 0.204 21.092 0.034 0244 00558504 0.635
LT 0.418 54850 0.031 0272 00830665 0513
1) 0.336 47341 0.057 0212 00591319 0514
Rk 0.285 40.003 0.054 0.243 0.0698741 0496
i F 0.386 28.004 0.076 0097 00527254 05

EE 0.179 61.020 0.048 0.195 0.0489817 0538
=2y 218 0.141 42172 0.066 0.098 00391547 0501
Lt & 0.798 2791 0.066 0035 00432558 0727
T 0.109 30.366 0.024 0141 00316889 0513
#r 5T 0.211 16.090 0.023 0071 00314687 05

T 0.299 20733 0.029 0.116 0.053184 0508
B 0.205 11271 0.031 0063 00350178 0453
) 0.187 66.272 0.038 0.068 00437734 0475
15 0.156 £1.489 0.031 0107 00511634 05

= 0.181 54638 0.030 0127 00547448 05

# A 0.152 33.072 0.045 0087 00487352 05

] 0.092 37.320 0.044 0130 00391556 0532
% 0.265 0.377 0.033 0084 00321945 0555
) 0.212 33.389 0.048 0114 00424746 0507
BE 0.322 2818 0.056 0067 00465122 06

E K 0.122 33.925 0.040 0138 00413941 0532
0 ) 0.068 49282 0.034 0120 00315026 0524
&M 0.098 36.343 0.050 0.107 0.042332 0503
== 0.076 58.913 0.058 0.039 00479311 0526
B 7 0.156 43615 0.037 0331 00410907 0.458
H R 0.337 34.114 0.058 0238 00502839 0551
= & 0.162 27.273 0.077 0200 00415314 0.507
TE 0.186 63.454 0.047 0.237 0.0475419 0503
2 0.166 35.930 0.077 0.161 0.0701414 0516

B 3 FHREHE

4. ZBTMBEABCIENELIER SR

4.1 B—HrEx SBM 534f

NE BB P HEdE, ASCRAIEEMHE SBM AR B4 S
DEA 7%, FIH MATLAB #AE6 R E 30 M O, M. 6. 7D
(AT WIS SRR AT 56— B BN, S5 a3k 4 Pos R R EEE) .

M 4 AEFTEEE T LR H, LT, Wb WS B IR XA EE
HEBO R R, 4908 13159, 1.2174 5 0. 8473; 175 14 W RCRE AR,
R 0.1707, SFEIET A PUIE. SiE. mE . HlamacREd
ST IR %28 12K, ZEE A 09: 0.2679. 0.2529, 0.2744, 0. 2853,
0.2623, ENEWURMELBRAKER . BAERE, X Z@EEHmmHBEE R S
%Kﬁaigﬁﬁﬁozﬂ9mgﬁw,%ﬂg%vkﬁ&ﬂﬁ“ﬁ%%ﬂ%

[FI SR, BEAAR 52 2R pi I I X A8 I8 A FE RO  mR s mr, EHRIX A iE
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S HE RO 3 I R AR 1
& 4 FEEHZEEEBEEBE

VT R
“in BES:N “in LELEN “in BELEN “in BELEN
b w 0.3196 1] 0.6216 b 3 0.3591 Il 0.8734
R 0.8565 il 0.4243 K HE 0.3077 il 0.5366
ok 1.2174 il 0.3708 ok 1.2174 il 0.4103
7o 0.8302 TR 0.384 v 0.3686 TR 0.5169
e 0.8473 JT T 02679 | WZh | 04724 | 7 0.265
o7 1.3159 3] 0.3946 ST 0.3662 3] 0.1445
N 0.3048 #H K | 03051 FH oA | 02111 #H K | 03021
BT 02114 Ll 02529 | MJIL | 0.1477 1Ll 0.3104
E 0.6202 5t 02744 | Lk 1.0388 5t N 0.2544
L 75 0.5377 = ™ 0.2853 T 75 1.0528 = ™ 0.2845
W YT 0.407 [ i 0.3193 Wi | 0.5564 Bk v 0.3445
zZ B 0.6672 H R | 02636 | % # | 07414 | H & | 02073
Ciay = 0.398 H O 0.1707 f& & | 0.5139 H O 0.071
v 0.5999 T H 0.431 v 0.4378 T B 0.1071
R 0.5599 e 0.4115 th 7R 1.0017 #oiE 0.4253

4.2 LM Ex SFA B35 4R

W28 —Br BOFRGIBR A A 2 BENLT- PO 500, DR I AN B St
S R A8 A A s S R BORCR U HCSE G Blo 1f0 HL, AR 4 R A A Kt v] LR
i, BWHRERRI . AERENRIE T A 0 B LGRS . T AONAR KR T A I RCRE
R, ok e R I Pk HER R 7 R, B TSR HEmR il JEAN (R 4 43 B HE T
RO E M, T EEAT S I B S8R BE . 5 ) Frontier 4.1 B4,
o2 — B BUS A XN AR R (b s AL B A OB R AR &, RN L L 9k
BULR . TR =R R KA R &, 2547 SFA [0, 455R
K5 PR

FoARNAR BN Ry RN 0. 98, ULIHMIEAR B IR RN A, B
BTN RN A B . BhAh, X TR R X1 (Ll
EHEATIEEOL ML NED FastifE, = DIAEERM LR IR REE 1 5% N
600 7.045) (R ZERLS, X THifRARE X2 (ALi@izk. i AR Eol b E
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POTRBD 5 X3 LB AEIIHAR S R it (E, =SEMIEIERM LR il
Rl 1 1% G RAE Y 10.501) I ER . PR AT AR 48 ANEAE S BTG
BRI, RREN VSR BLR . EFF R KT =R A
HanEm",

&S BT SFA KB BAGTHER

ZimIE g MBI | liz. SB[ A2 s AR FE
NN Ly X IF] 7 B 7 5 AL st A SRR
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.8
o 20912135000.00 2350411.40 398759.26
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Y o 8 IR B8 AR Bk e B IR P st AT 3 BORAR N AR R IR TR 2 ml b
H AFIF IR BER AR T . R THAR IR AT 3 ANPREEAR B AR B ) 52
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N VRS o N VR FER 2SI 5. i AR B0 Mol N O =2 i iz danlb e 5
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AR, AR LN 55 BERTEFE R TUAR, TR N 1 P A B 48 £ T R
BN Z ] E B4R 0T, 1 RO e IR
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B Lot [X A2 @IS R 18« REURVEAESE M AT LS T7 T 34k TR AR A o I
b8z mis R H R A, 1A 1. 2174, HATABEREEE, 2 58:
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TR Q3 H AT RS 2 M4 PP ST AT SR et 7
5. XiBEMRHMC R ME RS HS S

5.1 BIERE

i fsQCA LR T2/, 2R R TR ME IR N & R R
&, R R RERIOVEGRBE BN 255 2 U TR
PAR RIS PR B, ASCR S BIREA R VEGE T B (1 90% 0 2AH . 50% 0 hidd
5 106 AEEARAER e R IE R XA BaEARER. K5 R T HZ
BB BEAh, HTE SQCA i, SRIBEDHON 0.5 B = B3l
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