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Abstract

The collaborative enhancement of pollution reduction and carbon emission reduction in transporta-
tion is crucial for China’s achievement of its “dual carbon” goals. This study, based on panel data from
30 provinces (excluding Xizang, Hong Kong, Macau, and Taiwan region) from 2008 to 2022, explores
the spatial-temporal evolution and influence pathways of these collaborative effects. By constructing
an evaluation index system and applying coupling coordination and spatial convergence models, the
study analyzes the evolution, convergence trends, and driving factors of these effects. The findings
show: 1) From 2008 to 2022, the collaborative level of pollution reduction and carbon emission re-
duction in transportation steadily increased, shifting from low-level to middle-level coordination,
with economically developed eastern provinces exhibiting stronger collaboration. 2) A clear spatial
convergence trend and spatial spillover effects were observed during this period. 3) Key driving fac-
tors include energy consumption structure, pollution levels, transportation structure, economic de-
velopment, foreign openness, and pollution governance. The study concludes that while the collabo-
rative effects are strengthening, regional disparities are decreasing, and spatial heterogeneity among
influencing factors remains significant. Therefore, multi-dimensional governance policies are recom-
mended to enhance collaboration, leveraging advanced regions to promote green, low-carbon, and
high-quality transportation development.
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Table 1. Classification of development levels for the synergistic effects of pollution reduction and carbon reduction in trans-

portation
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Table 2. Integrated evaluation index system for the synergistic effects of pollution abatement and carbon reduction in trans-
portation
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Table 3. The level of coordination in pollution reduction and carbon reduction in transportation
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Figure 1. Kernel density estimation map of pollution and carbon reduction synergies in China’s transportation sector
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Figure 2. Spatial evolution of coupled pollution and carbon reduction in China’s transportation sector
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Table 4. Factors affecting the synergy level of transportation pollution reduction and carbon reduction
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Table 5. The spatial convergence results of collaborative pollution reduction and carbon reduction.
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) (SAR) SAR)

0.138" 0.133"

’ (1.74) (1.91)

B A W AT
(=6.73) (—13.40)
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DOI: 10.12677/sd.2025.1511311 90 CIERE59/°4 2


https://doi.org/10.12677/sd.2025.1511311

Ho
&
S

4R
. 0.001**
BRI
(2.18)
o 0.016™*
V5 4R
(7.17)
) 0.792°**
X AL
(10.92)
e -0.040"
RETRYH TR 45
(-1.91)
0.050"**
EZNS RS
(9.67)
N -0.034** -0.372**
BN
(-2.91) (-13.51)
. -0.010** -0.052**
Bk
(-2.09) (-1.83)
. -0.045"** -0.424™*
SRRV
(-2.98) (-11.31)
A FRUCSLE 3 75.930 20.939
W Sl B 0.009 0.033
N ETRVA YES YES
[#] 5 5 YES YES
Hausman 536 39.45"* 118.66™*
2 0.114 0.496
. 0.000"** 0.000"**
sigma2 e
(14.47) (14.48)

VE: ¢ statistics in parentheses p < 0.1, *p <0.05, ™ p <0.01,
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Table Al. Results of the collaborative level of pollution reduction and carbon reduction in transportation across provinces

from 2008 to 2022
= A1.2008~2022 &4 KIBIBEHREISERTEKE
EA
BT 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 Mean

dentii 0.619 0.629  0.636  0.639  0.651 0.669  0.690 0.697 0.716  0.749  0.734  0.736  0.738 0.749  0.757  0.694
KHET 0.615 0.634  0.643 0.652  0.657 0.663 0.679  0.687  0.651 0.656  0.629  0.625 0.637  0.633 0.640  0.647
S|y 0.517 0.531 0552 0.570  0.571 0.573 0.576  0.579  0.594 0.618 0.646  0.619  0.643 0.641 0.627  0.590
[ITEES 0.471 0475 0.496  0.514  0.528 0.534 0529  0.537 0560 0.548 0.540 0.546  0.561 0.566  0.570  0.532

e
Hif X

0.528 0539 0547 0560 0.564 0580 0579 0565 0579 0567 0552 0552 0556 0555 0561  0.559
SIS 0587 0609 0.635  0.646  0.667 0.654 0.640 0591 0568 0.583 0610 0574 058 0591  0.601  0.609
FHE 0515 0523 0531 0533 0537 0543 0548 0.555 0565 0.566  0.570 0547  0.558  0.567  0.563  0.548

ERITA 0536 0538 0542 0544 0551 0562 0564 0574 0586 0586 0572 0532 0.541 0546 0546  0.555
#0589 0593 0.591 0586 0.606  0.608  0.628  0.633  0.639  0.638  0.653  0.666 0.680  0.701  0.704  0.634
ITH% 0580 0592 0613 0633 0654 0665 0666 0676 0.686 0706 0707 0717 0739 0743 0743  0.675
WHLE 0613 0600 0616 0614 0632 0635 0651 0665 0.688 0692 0698 0.693 0709 0714 0712  0.662
2 0517 0515 0529 0546 0561 0577 0583 0595 0.612 0617 0645 0.637  0.646 0.649  0.626  0.590
WEE 0598 0597 0.604 0603 0614 0619 0.621  0.637 0648 0.656 0.638  0.642 0.656 0.663 0.667  0.631
794 0558 0568 0.578 0582 0.594 0589 0593 0.600 0.616  0.623 0631  0.631 0.639 0.640 0.606  0.603
R4 0534 0529 0537 0548 0559 0598 0587 0590  0.619  0.636  0.639  0.625 0.656 0.672  0.680  0.601
WA 0481 0478 0491 0506 0520 0529 0544 0558 0579 0.605 0616  0.619  0.635 0.640 0615  0.561
WIkE 0502 0519 0523 0533 0543 0554 0565 0570 0589 0.596  0.609 0614 0607 0.625 0.620  0.571
WEE 0520 0538 0539 0545 0562 0567 0575 0595 0.594  0.605 0.644 0606 0.625 0593 0594  0.580
&% 0571 0585 0635 0597 0605 0619 0.623 0635 0.641 0672 0735 0735 0767 0.783  0.785  0.666
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Wik 0415 0415 0426 0433 0444 0454 0447 0454 0463 0473 0483 0492 0497 0506 0515 0.461

HiEH 0431 0440 0447 0454 0459 0457 0462 0467 0479 0484 0484 0497 0499 0508 0512 0472

T ]
T%JT]FEI 0458 0476 0486 0496  0.504 0506  0.505 0.514  0.527 0.530  0.515 0.528 0.534  0.541 0.544 0511
=)
e R
A 0.419 0427 0435 0447 0470 0477 0486 0484 0491 0.506 0492 0512 0.495 0.509  0.518  0.478

Mean 0.523  0.531 0.544  0.551 0.561 0.568  0.574  0.580  0.588  0.597  0.600 0.599  0.610 0.616  0.615
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