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Measurement of carbon emission efficiency and influencing factors of
port clusters in the Bohai Rim region

YU Shaogiang ™, WU Jinghan, LI Xue, CHEN Kang
(School of Maritime Economics and Management, Dalian Maritime University , Dalian 116026 ,China)

Abstract: With the implementation of the “2024-2025 Energy Conservation and Carbon Reduction Action Plan” , the port
industry, as a core component of the transportation system, faces urgent tasks in energy conservation and emission
reduction. To enhance the carbon emission efficiency and competitiveness of regional port clusters, and to promote more
sustainable development of port clusters in the Bohai Rim region, this study measures the carbon emission efficiency and
dynamic efficiency of 14 major ports in the Bohai Rim from 2007 to 2022 using the unexpected output super-efficiency SBM-
Malmquist model. A Tobit regression model is further constructed to analyze the influencing factors of port carbon emission
efficiency. The results reveal an overall upward trend in carbon emission efficiency among Bohai Rim ports. The regional
ranking of carbon emission efficiency has shifted from Shandong > Liaodong > Jingjinji to Jingjinji > Shandong >
Liaodong, with the efficiency gap between Jingjinji and the Shandong and Liaodong Peninsula ports widening. Scientific
innovation and ecological compensation are identified as primary drivers of port carbon emission efficiency improvement,
while the level of openness, transport capacity, and industrial structure exert negative effects. Based on these findings, this
paper proposes pathways for improving carbon emission efficiency and optimizing management in Bohai Rim port clusters.

Key words: ports in the Bohai Rim region; port carbon emission efficiency; SBM model; Malmquist index; Tobit model

I 7 B 8 :2025-01-16
BB HEKAARAIEE T H (72071025) ; [H 4L 4 0 H (24BGI039) Bt 1)
EERIAY: TR (1969—) , 5, 42 W58 J5 1) A M SRR AE L, " S8 5 /E# : yushaogiang@ dlmu. edu. cn
SRR T00m, B , 2R T , 4F. PRI DX P U VBB HE IOSCRRM B2 B PR 7T [T o AR , 2026 ,49 (1) :96 - 104.
YU S Q,WU J H,LI X, et al. Measurement of carbon emission efficiency and influencing factors of port clusters in the Bohai Rim region

[J]. Navigation of China,2026,49(1) :96 —104. (in Chinese)



T 4 PR DI N R HE SR I E S R D R 5T 97

7E [ P9 [ B XU PR A5 5, 9 1040 S i 32 1 A
AT 10 SRR AL, JHL A S ) I 1 S AN OR 80
G R RITEAT , X 2 ERB R % T
W Y I3t S b B IR 4530, T v 11
%ﬁﬁﬁ%ﬁ%%@%%%mﬁmﬁﬁtMMuf
IRBEIY AU B R AL Bl HE T BB Ok 1) 22 T A
§D%%%%¢%Jﬁ¢ﬂ”aﬁM%%&«m%—
2025 4RI RERE R T T B 5 8 ) WSt , i 11 4% €6 5 7R
T T R R 2

PR R VR I s I Z — MY
FEARAG T 2 0 P 1) T TR A R 4, AR R X A
REVBLHERY TG ., 4ROk, A 78 SRSt 1 5
BERES IS T 3 U, (RS (AR B R R T
TIPS TR 20 B, 2 2 W IR TS &5 B L REJRI #E
o 35 4 [ A, ) 5 B0 T O REAE, 5 5 AE Y
L AR R RIS A 2B . DR, 3R TH BRI X
S5 P s O TRE PO RRHE B3R, B Y R 4 A ke ) T
SR

TE2E AR FEATIR, s 17125 3R 5 B HE TR R 1y
i B Hos e R 2 o0 — BRI S . FER 2
S HE T RCRIEA (9 STk, 32 B AL 45 1 AR BT
ST —E AL o Mk (DEA) o AR MARTI-
MEZ 2 f£ 45 DEA #91, 5 DONG 45 # ## f1y
CCR #% MUSTAFA %5 i) BCC #5750 25 i
R A TONE"™ $5 35 T 408 ot 75 5k 0 2005 3
J7 1% (SBM-DEA #27) , DEA J7 1 A W i 1 L o ofe
B M S e S 1T R0 b 7 R R B IS 4 R
Super-SBM 5 Malmquist #5455 59 7 2, 0 3 % K
T2 T R L BT 3 FE 4 0 2 JRE i o
PEAT TR ATEAG o Bl 25 4 Bk X A5 M 735 1 T 90
B WS TR R HE R ARCR A HESE . HE 5 I
2517 Fiy gt Super-SBM-GML FE BT, ik 11 43 ¢ 41K
RS AT I A R A, B HR AT I L T = by B
SBM-DEA , #5551 =MW R % i HE ik 8 &=
TR ShAS ORI, Ry ik 1 a0 ] e K BRI T
FESE,

TEA3H #8 T T HE R (9 500 R 28 ), R 98
Pk — A B BE Y RL A, LIRS B T LA
mL“ , B I 1 4 B O 1l Ak R
R S e PR A AN D B A N
M%DﬂKM%%ﬁ%oﬁiﬁ%mﬁﬁﬁwé
IRV T it b DX 1 RSCR T AR RRAE S 3K )
BL o

BUAT SCHRAE U 1B HE RO R B I e S 45

AR A, R R T s Rt . B,

R TE A I A4 58 DEA ) SFA #7173 #7 47 Mk 2%
R A BT RE R I e BUER 5E IR 3R K sh 2530 A
o LU, ARSIEE ™ H AN B R R5 2 0 H 2™
STREET I EHE X Wi gt-Se e S/ SENS 3V
P HEHE 2R O R B EOR T 100 B =, [E G
THE DBRHEBOSCR FM R R AT T 2 D) 4 B 20
TR 11 28 SRR, B X R A DX Sk A 3 i i o R Y
RAGRIT 4 A E o
UET I, AN ST R Bl T bl DR U
FHRHE TR RN H R R R
ZRDWE EUE H D NG WU | H
14 A~ OB FERT G, AR 23 6] 23 A d) 2310 7 1
A HUHSEHE VR LR DU = Rl e, R
HRYAR SBM-Malmquist #5250 50 HL A HECSCA, IF
TR TR AR HE ORI R, B 18 X0
PR BRI A AR , 2 1 2 (8 R Ak vl £

1 BF R i R A i B

L1 #MRAE
1.1.1 AxF SBM 4ZA

SBM( Slack Based Measure ) 5171 & TONE!) #i
) —FhEAR A AL, A SCRE IR 5 SBM A5 Y
Xof P iite XIS A HE B HEBCBCR AT WA . H RS
AF .

ALis
. m & ox,,
/" = min p = S (1)
NN F
Yo =1 by,
T
x[:z Loxg, +s;,0=1,2,-m
P i
T
Yoy = z l/lyrj,l —S:,I‘ = 152a”"q;
s. t. t=1j=1,j#0
T
bkn{ = ljlbkjt +Sk k = 1’25“'9}1;
’ =1j=1,+0
[, sf,s: s, =0,(Vj,i,r,k)

(2)
A (D) —(2) H: 0" HHRIFEHIT o BIBR, m Fon ik
AFERRII AR, ¢ FOn IR = H AR b Fon AR
G L R, n FR PRI A
B0 FORIHIRG 0, ARG 0 DBRIEICE ¢
JRYE BN 5y, 0,0, BN 0 D IRICFHICER ¢
SRS r BUBEE™ 5 by, by, ARG L 0 RFEHTT
55 e ISR B DRI B s s s A BIERR
A B AR R AR B, 2 0T KT



98 B M R

5549 5 11

5T 1 I, %550 DEA 2L, 0" /NT 1 i DEA
JeR
1.1.2 Malmquist #5242 A

AR SCHE MY Malmquist i ZOBERL, Xof 36 i) ¥ s
B o R s [ Y e S 7L ) Y R = A
Malmquist F8E0 5 AU
B (%1590 565000)

M, = (3)
¢ Eg<xj,rsyj,tsbj,z)
C — Et+l (xj,ul ’yj,ul 9bj,l+l ) (4)
¢ Et(xj,t’yj,t’bj,1>
Eg(xj,H-l ’yj,t+1 9bj,z+1)
C'r Ez+l (xj,wl ’yj,t+1 9bj,z+1 ) (5)

- E (x,,5.,,b,)/E (x;,,%.,,b,)
KB =) F B (059015 by00) FTE, (g,
¥i0b; ) FORYERBATT j T G A A H Al
ﬁﬁ?ﬁﬁﬁgéi%’Eg<xj,t+l s Yjue1 ’bj,1+1 ) Eg(xj,z s Vi
b; ) BRI IIC j He T AR A A R ¢
+ 1AL e I IR v, 0, by, 0 ) R BRSRE
AT TE AR B AR B

M, > 1 R E A g, M, <1 R
HORE FIAT T TR M, = 1 FOREAE . HR
RORAACAEE(Cy) HR T o« NFHE] ¢ + 1 WHHEOR
RORARAY, , WA 12 D SR B TT I B BRI 7 T 1 22
FEAUS, Cp > 1 RIIBORGER SR o 5 FoRHEL A2 AL
FER(CH AT ¢ BHIR ¢ + 1 BHEE AR T 52
31, Cp > 1 FoRFORBAG T #5
1.1.3 Tobit A&

FIFH R SBM UG 2 () AR b & KT 0,
FIFH— M L BB 257 L g 22, DRI, BIF SR R
VEPEAL ] Tobit #5551 4752 W 5 28 43 #r, Tobit f)—
IS/ Wik

(6)

at

{a +Bx, +e,a+pPx, +e=0
O, +Bx, +e& <0
(6) Hoy TR B AR, « FORMBLR, o
RO, B M A REL, e AT, I H e N
R0, 5 2H o WIESI

TESCRAHE L RRHROSCR g PR AL B 5200 PR 3R 4
iy B AR R B HEOES Tobit [0 U9 7577 «

E, =By +B1Zu +Brlus +BsZ s +Bal s +
BsZus +BsLus + Eu (7)

K (T) L E, IR o DU AR ¢ AR R RRHEIOIOR,
Bo FARFHI,B, (s =1,-+,6) F/RFEM R Z A 2] )5
B, e, FRH a DL  FEFRNLIR 22, Z,,
PR a DUEDIES ¢ AR5 s A2 R A ILINE o

1.2 5fRIEER S 4018
1.2.1 A HI547ER

A S Ak BT SCHR I 8 I 5 A R R
SRR MR R A6 b AT B, e B 78 1 A
FrA P AR PR BT 15 AR XS B b, JLT- BIr A SCk 3y
FeAr i A 7= AR bR s AR AR B ORI
PR RE HEG AR | 0 TR 55 BT RAE o2 A
SCFAE R AT AR , 2 7% Kot 5 B g, A S0
WO S A BE , A7 TS SR IR RO AR, B
i SRR A i R AR HE R D AR AR
W1,

s TR HE T35 32 B B PR 2 AR A G
VDU, A5 SO FH A 368 3 A 78 2 A ) s 1 Aol A g
BAFERE LA S s L A TR TR AR

C=Cs-Hn (8)
A (8) H: € g 10 ALt HE R ; Cs O B4 1
Al A7 WA i AR E R AR s H AR DT
A s JIRRHER R, B 2. 458 9 (1 ¢ iAAHE A
PR 3.67 I CO,, BT R A e ol #E 22 RE IR
WFFE AT HERS BB FRICR B 0. 67 HEATIHER, 1 ¢ Bpife
BERRBEIG 774 2. 458 9 1Y CO,) o
1.2.2 #a B ERARLR

JEEL {5 5 M Bl R 20038 1) PR 3R S B i T s 11 ik
HERCERAR T R B3 . PRI T R 7K )
SNFBOKFE Gk 25k BHRHT A S M Sgiiliz
il FE 0 25 7N AN 7 THIAR S8 B 0 PR it DX ek A s 11
B HE R B IR R AT T ST, WAk 1o TRl o
TH R 5707 22 RS2 IR, 7 SO 52 W R 3R 46 Bm 0647 00 4
TRAL 3
1.3 HiEskiR

s 1 B A I B3 R A U o o 1
ARNE)  CRE GETHAFE S ) |, STl Az fi vl 0, b
1Al A 7 f e o Y AR AR TR R R DR R T AL i s
faB A A i) (Sl as ATl & AR o W H B
G ESALISEN PS4 €12F 31 R ESh i S R i s
S AT GEVE R Wl 25 T R ST A,
IR IR P 2 4

2 BUFHARELMN

S MR IR, AR ST A T 3R it
X FEAY 14 A~k 1 1E 2007 4F ~ 2022 4 G $
AT S , M Dearun B3 8 5 21 (9 i A T
FEA R SBM AR A, 45 2 14 538 11 R
BRECR AEHORBCR ZRARCREUR I DL =A X



T 5 PRI DA N R R S A

EALESEN I

99

=1

& D BHE R R R R M0 B R B HE ARk 3

Tab.1 Indicator system of port carbon emission efficiency and influencing factors
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Tab.2 Carbon emission efficiency of Ports in the Bohai Rim region
LT HIX TR X IR HBIX.
LREMCR AIEARMER MBSR ZREHCR AR MBESCR ZRGACR AR HIBTCR
2007 0.516 0. 655 0.814 0.455 0.510 0.899 0.538 0.619 0.875
2008 0.524 0.652 0.828 0.494 0.544 0.916 0.557 0.635 0.882
2009 0.539 0. 665 0.836 0.488 0.532 0.928 0.548 0.624 0.891
2010 0.542 0.658 0.849 0.494 0.532 0.935 0.542 0. 604 0.902
2011 0.556 0. 659 0. 864 0.479 0.508 0.945 0.580 0.643 0.910
2012 0.558 0.655 0.870 0.477 0.505 0.948 0.572 0.624 0.917
2013 0.615 0.678 0.911 0.482 0.506 0.956 0.591 0.642 0.917
2014 0.625 0. 680 0.919 0.464 0.483 0.961 0.625 0.697 0.903
2015 0.537 0.613 0.886 0.458 0.478 0.959 0.623 0. 667 0.931
2016 0.544 0.619 0.887 0.477 0.500 0.956 0.627 0.675 0.931
2017 0.534 0.604 0.890 0.499 0.515 0.971 0.468 0.491 0.937
2018 0.540 0.612 0.888 0.513 0.537 0.952 0.513 0.531 0.949
2019 0.504 0.581 0.875 0.507 0.524 0.969 0.519 0.541 0.937
2020 0.499 0.578 0.874 0.539 0.584 0.912 0.537 0.557 0.941
2021 0.470 0.545 0.870 0.679 0.755 0.880 0.558 0.731 0.792
2022 0.463 0.823 0.614 0.762 0.799 0.933 0.662 0. 855 0.799
SOf (] 0.535 0. 642 0.855 0.517 0.551 0.939 0.566 0.634 0.901
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of Ports in the Bohai Rim region
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Fig.3 The spatial distribution of carbon emission efficiency of Ports in the Bohai Rim region
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Tab.3 Decomposition of total factor carbon emission efficiency index for ports clusters in the Bohai Rim region

HARBCRIER  HOREEPIER AEORBCRIER IBECRIERL SRR HRICCR ISR

2007 ~2008 0.973 1.093 0.990 0.982 1.042
2008 ~2009 1.037 0.971 1.051 0.986 1.006
2009 ~2010 1.052 0.983 1.044 1.008 1.012
2010 ~2011 1.129 0.937 1.053 1.076 1.031
2011 ~2012 0.958 1.081 0.959 1.000 0.997
2012 ~2013 0.977 1.099 1.012 0.965 1.050
2013 ~2014 0.941 1.093 0.966 0.976 1.012
2014 ~2015 1.103 0.875 1.103 1.002 0.954
2015 ~2016 0.988 1.038 0.995 0.994 1.019
2016 ~2017 1.046 0. 891 0.988 1.071 0.928
2017 ~2018 1.010 1.032 1.017 0.996 1.042
2018 ~2019 0.919 1.054 0.959 0.960 0.963
2019 ~2020 0.976 1.050 0.995 0.990 1.014
2020 ~2021 0.944 1.368 1.040 0.915 1.039
2021 ~2022 0.949 1.202 0.996 0.967 1.137

SR 1.000 1.051 1.011 0.993 1.016

x4 RYBTFEORSEZHRARBAEELSE

Tab.4 Decomposition of total factor carbon emission efficiency index for Bohai Rim sub-port clusters
LT HLIX TR IX LA b X

PR HoRBE eRFmE PR HoRiE emERmE SR BoREE B
RIBRC PEB ICERIER REER PHREC HOCRIERL RIEEC PHERL ICECRIERL

2007 ~2008  1.012 1.009 1.021 0.869 1.296 1.079 1.019 1.016 1.036
2008 ~2009  1.044 0.991 1.033 1.037 0.952 0.987 1.025 0.962 0.985
2009 ~2010  1.007 1.004 1.011 1.170 0.921 1.019 1.000 1.012 1.009
2010 ~2011 1.085 0.962 1.041 1.191 0.890 0.982 1.133 0.948 1.065
2011 ~2012  0.952 1.058 1.006 0.889 1.241 0.992 1.037 0.957 0.988
2012 ~2013  1.022 1.080 1.092 0.877 1.207 1.007 1.012 1.021 1.030
2013 ~2014  0.984 1.028 1.011 0.818 1.220 0.964 0.999 1.063 1.061
2014 ~2015  1.143 0.794 0.898 1.112 0. 898 0.988 1.034 0.973 1.004
2015 ~2016  0.956 1.067 1.015 1.073 0.969 1.035 0.952 1.062 1.008
2016 ~2017  1.065 0.923 0.982 1.181 0.899 1.051 0.882 0.837 0.724
2018 ~2019  0.909 1.024 0.931 0.905 1.102 0.983 0.946 1.049 0.990
2019 ~2020  0.918 1.073 0.987 1.071 1.006 1.048 0.966 1.058 1.021
2020 ~2021  0.676 1.424 0.940 1.383 1.007 1.189 0.906 1.645 1.038
2021 ~2022  0.974 1.012 0.986 0.851 1.539 1.343 1.007 1.150 1.158

HiE 0.981 1.032 0.998 1.028 1.079 1.046 0.999 1.052 1.014

WE Dy 4. 31, HAA TR A 2 SRR R, Ui W] XU R A A T I AR A 40 £ I 7 5N 2
BUHESRA R Wit Statal8. 0 FAFRZ I IR NI BEHLACNAG T, ARG LR A Wald K35 25 R (W%
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Tab.5 Tobit model regression results

R SR X
In Z, ~0.011 (-0.591)
In Z, -0.011* (-2.180)
In Z, o114 ( ~2.674)
In Z, 0.038 " (3.627)
In Z; 0.015 (1.859)
In Zg -0.033* (3.627)
_cons 0.799 " (3.727)

Wald K3 30,78 "

LR 5 161.91

AL 279
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