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ABSTRACT: For low-carbon multimodal transportation planning problem with fuzzy demand (LCMTPP-FD) under the
low-carbon background, the work aims to construct a mathematical model to minimize the cost, and transform the
LCMTPP-FD by combining existing policies, such as mandatory carbon emission, carbon tax, carbon trading and carbon
offset, so as to study the impact of different low-carbon policies on logistics costs and carbon emissions. According to the cha-
racteristics of the model, a sparrow search algorithm with ¢ distribution was designed to solve the model under different
low-carbon policies, and the number of iterations was taken as the degree of freedom of ¢ distribution to improve the perfor-
mance of the sparrow algorithm. The improved algorithm and several models were applied to a real transportation case. The im-
proved sparrow algorithm could obtain the optimal solution in a short time, and the minimum carbon emission under the man-
datory carbon emission was 9 522.28. The costs under the carbon trading and carbon offset policies were reduced by 11.41% and
17.24%, respectively. The experimental results show that the improved sparrow search algorithm has high convergence and
search ability. Moreover, mandatory carbon emission can effectively reduce carbon emissions. Carbon trading and carbon offset
can reduce the total costs, which are suitable for the promotion phase of low-carbon transportation.
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Tab.1 Distance between two cities under different modes of transportation

FH B /km FH B /km

jie32 B

N B K i N B K &
(o, 1) 604 875 105 (6, 9) 675 614
(o, 2) 986 1338 422 (7, 10) 942 998
(1, 3) 1156 1264 337 (7, 11) 1356 1497
(1, 4) 793 949 (7, 12) 1206 1328
(2, 5) 932 1159 658 (8, 10) 366 349
(2, 6) 1285 1492 1322 (8, 11) 775 926
(3, 7) 728 807 (8, 12) 695 814
(3, 8) 743 817 (9, 10) 446 668
(3, 9) 1056 1162 (9, 11) 526 529 497
(4, 7) 1 066 1173 398 (9, 12) 410 495 1026
(4, 8) 993 1247 (10, D) 1976 2139
(4, 9) 1181 1291 (11, 12) 491 568 612
(5, 7) 821 811 (11, 13) 1304 1452 1168
(5, 8) 641 595 572 (11, D) 1774 1 846
(5,9) 846 976 (12, 13) 840 938 697
(6, 7) 437 457 (12, D) 1288 1278
(6, 8) 318 295 (13, D) 1032 946
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BARHERRHEC R o, MBLUHRBEE o, 5255 %  HRBAMEEOR T R FA N 10 « s
SCHRIIEEE, W3 2 PR, MAh, WEEEMEGE RO RIREMEERALA O 7.8 JT kg BALIRBL R R 10,
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Tab.2 Parameters of different transportation modes
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N BREE KB N Bl N
NS 0.162 0 8 9 0.044 0 0 0.128 0.117
BRE 0.491 8 0 10 0.012 7 0.128 0 0.113
TK 0.462 9 10 0 0.009 1 0.117 0.113 0
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Tab.3 Experimental results
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