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Abstract

Driven by globalization, regional integration and the “dual carbon” goals, the Yangtze River Eco-
nomic Belt, as a key economic region in China, the evaluation of its green logistics efficiency is of
vital importance to resource optimization and regional development. This paper focuses on 11
provinces and municipalities in the Yangtze River Economic Belt from 2012 to 2022, constructs an
input-output index system including energy and carbon dioxide emissions, and uses the non-ex-
pected output super-efficiency SBM model and the Malmquist-Luenberger index to evaluate the ef-
ficiency of green logistics from both static and dynamic perspectives. The research finds that the
green logistics efficiency of the Yangtze River Economic Belt shows an overall fluctuating upward
trend, with obvious regional differences such as leading in the lower reaches, being in the middle
reaches, and lagging in the upper reaches. Total factor productivity is also increasing, mainly driven
by technological progress, but the improvement in technological efficiency is limited. Based on this,
suggestions such as constructing a gradient collaborative regional development system and deep-
ening the dual-wheel drive mechanism of technology and management are proposed, with the ex-
pectation of providing scientific decision support for promoting the high-quality and sustainable
development of the logistics industry in this region.
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VIR AR, W B XIS 0% R AR Y B R AE LU Ase A 2, 7R [0 25 8] B3 AE R IR o
5ZHE[1]-[5].
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VTEIE SRR B [FIRT, B SRS ARG R R IR L0 85 238 AN IR f FEXT SR I A AT 7
AT, $et T 2RV TR R R . R EADIRATIR, A PHAE(2022) 17K B2 (2024) 18 i A4 2 = B
DEA 58153 G0 ST 8 L8 AT I 30 A8 (H)HEAT BN B VENY, 20 B 1l X G ()it 3k 6 22 7
(6] [7]. fRadl(2025)2E T-AEHHEE = H A AL SBM B4, XV 1 2007~2022 44k (L) e 3k AT
M [8]. BPAILEFEQO25) KA AT WA HE I A AR IAEE 7= 5] A% SBM A b, S KIT &5 &
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FIFH 4 J5 2 Lt Malmquist 18500 SR (IR sh AR 3 [ 14] . B K AR(2024) K F AL & JE I EE = Hi (1) SBM
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Table 1. Green logistics efficiency input-output indicators
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BEAh, HE M T REEE, A AL EHBHER AR, B TWRAT B KR RR, H
JIAEF= IR SO — IR PE BB I R RV G, X B A i T 52N o B SRR HE R ) 1 53 46 SR 5 s
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Table 2. Table of main energy consumption series in the logistics industry

2. MRl EEHFE R R R R

PR A R

AT IAVE

€A RES

AEVR ST (NCY) (CEF) (COF) A AR RS bR 25
JR AR 20908 KJ/Kg 26.37 (t-c/TJ) 0.94 1.9003 kg-CO2/kg 0.7143 kgce/kg
iR 43070 KJ/Kg 18.9 (t-c/TJ) 0.98 2.9251 kg-COx/kg 1.4714 kgce/kg
Jitih 43070 KJ/Kg 19.5 (t-c/TJ) 0.98 3.0179 kg-CO2/kg 1.4714 kgce/kg
geah 42652 KI/Kg 20.2 (t-c/TT) 0.98 3.0959 kg-CO2/kg 1.4571 kgcee/kg

AL 41816 KJ/Kg 21.1 (t-¢/TT) 0.98 3.1705 kg-CO2/kg 1.4286 kgce/kg
RIRA 38931 KJ/m? 15.32 (t-c/TJ) 0.99 2.1622 kg-CO2/m3 1.3300 kgce/m?
ML - - - 0.5366 kg-CO2/kwh 0.1229 kgce/kwh

W BECRIET (IPCC EZR 5 SIS HI5) .
5. SEUESHR
51. KILFHFFENRYEMNES S

KA E AR B ISR SMB BN Fa bR, R SBMRUN XKL &5 7w 11 NE T
2012~2022 LR EOPIRER SR IAT b, R WA 3 FE 1.

Table 3. Green logistics efficiency values of 11 provinces (municipalities) in the Yangtze River economic belt from 2012 to

2022
i? 3.2012~2022 FKIIEFH 11 METH)FEYRKEE
s T Hh i ot
E¥g Iy WRL e s Wit Wi B W s B
2012 4 2478 1115 0811 1329 1.017 0396 0.773 0426 0296 0457  0.175
2013 £ 2501  1.085 0.508 1.438 048 0276 0385 0245 0257 0294 0.174
2014 F 1.523  1.063 1.056 1447 1.006 0308 0.603 0304 0266 1.090  0.147
2015 4F 2399  1.079 1.056 1301 0765 0519 0.748 0479 1007 1.089  0.230
2016 F 2312 1.081 1.078 1.328 0.781 0478 0782 0.498 0353 1084  0.224
2017 4 2364 1.075 1.080 1.307 1.104 0505 1.020 0501 0355 1.072  0.229
2018 £ 2507  1.045 1.034 1406 1.006 0441 0463 0390 0254 0297 0270
2019 £ 2608 1.046 1.075 1319 1.006 0458 0.335 0400 0257 0249 0244
2020 £ 2750 1.070 1.077 1353 0568 0396 0313 0394 0225 0228 0225
2021 £ 2767 1.062  1.077 1349 1.014 0458 0319 0416 0218 0248  0.247
2022 4 2692  1.072 1071 1299 1.070  0.569 0354 0441 0215 0271 0322
B 2445  1.072 0993 1352 0.893 0437 0554 0408 0337 0580 0226
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Figure 1. Showing the changing trend of green logistics efficiency in 11 provinces (municipalities) along the Yangtze River
economic belt from 2012 to 2022
1.2012~2022 AT EFH 11 MEHFREPRBUETLED

MR 3 FIFE 1 FRALLE R, 2012 4F & 2022 4FEHAIE], KITEGHH &4 I EPmE0R Stk E 28
st K . BRI S, KILSHE Nl X 8CR S ma m, 1 Edeh X 208 A
XK. 7 2012 4242 2015 4EJHMR], RE(EL 7 7R E MG, M 0.843 $2F %2 0.970. JA1, 7£ 2016 4F
£ 2022 WA, REFIERMBE D), SRR LORFFAE 0.8 2 0.9 XA . 7ERERY B, H502 2013
RN EE FIEZE 0.695, DL 2018 4E 5 2020 fERFEM 0.828 (4% 0.782. EXHKITLHH 11 4
B SEED AR IMEIAT /W 5 I, i 22 YL 95 RTH LAE SR Ei 203 5 TR AL TS H A
AR S, BHELL 2.445 F3E S E 0, ZHEANTIR RS, BCERME BN 1.352 Al 1.072. WL
BRAEN 0.993, LRV, X B TR L X AR S i R T T B SR 3. R X SR i L
RMEHN 1215, HIE TRINARALE, S THiaLEE. Wi wie) A BiEEER. I M. =
b X SR AR IME, 52 50N 0.628 F1 0.388.

MILSEAEHKE, N X IESR AR T A, 35 T HAFSL ), e EEAeERR . 4
SRR = AR BBV, RFEECE R B R X FEORLAA, (RS a7 RE SR . P
e 7> B I AE AR AR T P B R, BERA Pk G AT, SOl el v & 2 sk & 15
XTI B E] T HRAEA . LUt X G ERACRIL, EIEZRTAGREMTS . I E A
R A R, JEHRRHX, BRI SEMREAR . Ah, SR BOR AT X5
HIX PR 2R DR P A T AN BRI M) o

WRHEE 2 B, AWZIE, 2015~2022 4 11 DNME D FRIREE N 0706, Hod, R E RS,
N 2.445; mERCRMERIR, 70226 WRIEE 4 FE 3 R, MBEE, 11 ADE)TTEFRBCRE R
0.845 fity, Hrt, 20154 11 BRCFEMERE, N 0.970; 2013 FRCRERIL, 4 0.695.

Table 4. Showing the average green logistics efficiency of 11 provinces (municipalities) in the Yangtze River economic belt
from 2012 to 2022

52 4.2012~2022 FACGTI 5 11 N E RN ERAE

Hi X /Ay 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

11 A48T 0.843  0.695 0.801 0970 0909 0965 0.828 0818 0.782  0.834  0.852
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Figure 2. Showing the average green logistics efficiency of 11 provinces (municipalities) in the Yangtze River economic belt
from 2012 to 2022

&l 2.2012~2022 FKIEFH 11 NMEMH)FRBIREE

. 00
.95
.90
.85
. 80
.75
.70
. 65
. 60

BEE
oo oo

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Fhr

Figure 3. Showing the trend of green logistics efficiency in the Yangtze River economic belt from 2012 to 2022
[ 3.2012~2022 FRIIZFHFEIRBERLZLEE

5.2. £ Malmquist-Luenberger 388 3 #h 8 EDSTLE

NEBEMMS ST R EERMNBRBN, FERK = MRODRICENNERE, KR
Malmquist-Luenberger (ML)f&£i%, 5 #T KIT 4505 S (i R B AN RCR s 24k, W& AE R
Rl £F S iR R B 5 IR Z R I o 45 SR L& 5.

Table 5. ML index of green logistics efficiency in the Yangtze River economic belt from 2012 to 2022 and its decomposition

%2 5.2012~2022 FKTEFHEBYRMERN ML s8R E D

Eh EC TC ML
2012~2013 0.681 1376 0.938
2013~2014 1.409 0.798 1.124
2014~2015 1.321 0.672 0.888
2015~2016 0.908 0.997 0.906
2016~2017 1.065 1.040 1.108
2017~2018 0.785 1.282 1.006
2018~2019 0.955 0.967 0.923
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2019~2020 0.913 1.057 0.965
2020~2021 1.089 1.080 1.176
2021~2022 1.067 0.977 1.042

BiE 1.019 1.025 1.008

HRHE 7 5 BT, 2012~2022 4[], VL4855 7 Sk (Wit &k J@ 4 2 3R AR P2 22 (ML $8 50 [1)~F34E R 1.008,
T % X AE IS A 4 B A 77 R AR R AR 0.8% M K A%, Horh, i ARMER BRI HME N
1.019, EXHK 1.9%; HARBEBIEEAIIME A 1.025, FEHHK 2.5%. X—FEREY, KILAKHEM0
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B BHRC EANE FRAR AL 7 T SRR SR T A ]
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Figure 4. Showing the dynamic trend of efficiency value in the Yangtze River economic belt from 2012 to 2022
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Figure 5. Showing the trend of total factor productivity in 11 provinces (municipalities) from 2012 to 2022
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Figure 6. Trend chart of technological efficiency index of 11 provinces (municipalities) from 2012 to 2022
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Figure 7. Trend chart of technological progress index of 11 provinces (municipalities) from 2012 to 2022
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