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Abstract: The hub-and-spoke network has been applied in the maritime transport since 1980s. To make
more profit, large containerships are required to calls only a limited number of large ports. Therefore, a
hub-and-spoke network would be a better way, comparing to traditional direct call network, for operating
liner fleets, in which the bigger and faster ships running on the main routes among the hub ports, and the
smaller feeders connect the origins with hub ports or hub ports with destinations. This paper presented a
Hub-and-Spoke Maritime Container Transport model ( HSMCTm) which tried to minimize the total trans-
port cost of the network after the model result defined hub ports, and the spoke ports and their alloca-
tions. The heuristic algorithm was used for realistically sized instances and the solution was optimized by
comparing the alternative results from the model computation. A non-Symmetrical Proportional Model
(nSPM) was developed to calculate the O-D container matrix of the port system. Then they were applied
in the China-Northern west European container liner route, which is under the rapid expansion of contain-

er shipping. The result revealed that the hub-and-spoke network possesses the advantage of economic of
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scale. Comparing to traditional direct call network, the total cost can be reduced to 53% —-95% under

different scenarios. The total cost curve showed a “U” shape. As the number of hub ports increased, the

total cost declined at first then climbed up. The optimal number of hubs in the network is 6 or 7, while

the number varied in eastward and westward route with different discount index. In China, Hongkong,

Kaoshiung of Taiwan, and Shanghai were the unalterable hub location, while in Northwest European,

Zeebrugge , Hamburg, Le Havre, Rotterdam, Antwerp, Felixtowe, and Southampton were alternative

hub ports.

Key words: hub-and-spoke network ; hub ports; optimal model
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Fig. 1  The difference of accumulative cost and direct cost
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Table 1  total cost of hub-and-spoke network and

traditional network 10° TEU - n mile

AL K1) P ]

/M H/ % e/ ME B/ % f/ME EBL/ %
0.5 55709 53.64 24422 53.83 31275 53.47
0.6 66063 63.61 28932 63.77 37123 63.47
0.7 76404 73.57 33443 73.71 42955 73.44
0.8 86710 83.49 37934 83.61 48761 83.37
0.9 99236 95.55 43385 95.62 55852 95.49
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Fig. 2 Total cost curve by different number of hubs and routes
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Table 2 Hub ports location and minimal cost in eastern route 10° TEU - n mile
P a HR/NEAS XA e P a R/NEAS WAL
0.5 25 626 1,2,3 0.5 24 422 5,6,1,10,2,3,4
0.6 29 864 1,2,3 0.6 28 932 5,6,1,10,2,3,4
3 0.7 34 101 1,2,3 7 0.7 33 443 5,6,1,8,2,3 .4
0.8 38 339 1,2,3 0.8 37 952 5,6,1,8,2,3.,4
0.9 42 577 1,2,3 0.9 42 458 5,6,1,8,2,3.,4
0.5 24 804 1,2,3,4 0.5 24 491 5,6,1,9,10,2,3,4
0.6 29 216 1,2,3,4 0.6 29 029 5,6,1,9,10,2,3 .4
4 0.7 33 628 1,2,3,4 8 0.7 33 566 5,6,1,9,10,2,3 4
0.8 38 040 1,2,3,4 0.8 38 104 5,6,1,9,10,2,3 4
0.9 42 451 1,2,3,4 0.9 42 641 5,6,1,9,10,2,3,4
0.5 24 566 5,1,2,3,4 0.5 24 679 5,6,7,1,9,10,2,3 4
0.6 29 031 5,1,2,3,4 0.6 29 263 5,6,7,1,9,10,2,3 4
5 0.7 33 496 5,1,2,3,4 9 0.7 33 846 5,6,7,1,9,10,2,3 4
0.8 37 962 5,1,2,3,4 0.8 38 430 5,6,7,1,9,10,2,3 4
0.9 42 427 5,1,2,3,4 0.9 43 013 5,6,7,1,9,10,2,3 4
0.5 24 468 5,1,10,2,3 .4 0.5 24 870 5,6,7,1,9,10,8,2,3,4
0.6 28 957 5,1,10,2,3,4 0.6 29 499 5,6,7,1,9,10,8,2,3,4
6 0.7 33 446 5,1,10,2,3 .4 10 0.7 34 128 5,6,7,1,9,10,8,2,3,4
0.8 37 934 5,1,8,2,3.,4 0.8 38 756 5,6,7,1,9,10,8,2,3,4
0.9 42 418 5,1,8,2,3.,4 0.9 43 385 5,6,7,1,9,10,8,2,3,4
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Table 3 Hub ports location and minimal cost in western route 10° TEU - n mile

P a /DA HX A HE A0 P a /DA HRLL S 7
0.5 32 041 1,2,4 0.5 31 275 5,6,1,8,2,3.,4
0.6 37 676 1,2,4 0.6 37 123 5,6,1,8,2,3,4

3 0.7 43 310 1,2,4 7 0.7 42 971 5,6,1,8,2,3,4
0.8 48 945 1,2,4 0.8 48 819 5,6,1,8,2,3.,4
0.9 54 580 1,2,4 0.9 54 667 5,6,1,8,2,3,4
0.5 31 690 5,1,2,4 0.5 31 356 5,6,1,9.10,2,3 4
0.6 37 406 5,1,2,4 0.6 37 242 5,6,1,9.10,2,3,4

4 0.7 43 122 5,1,2,4 8 0.7 43 126 5,6,1,9.10,2,3 4
0.8 48 838 5,1,2,4 0.8 49 011 5,6,1,9.10,2,3 4
0.9 54 527 1,8,2,4 0.9 54 896 5,6,1,9.10,2,3 4
0.5 31 460 5,1,2,3,4 0.5 31 586 5,6,1,9,10,2,3 4
0.6 37 258 5,1,2,3,4 0.6 37 533 5,6,1,9,10,2,3 .4

5 0.7 43 022 5,1,2,3,4 9 0.7 43 479 5,6,1,9,10,2,3 4
0.8 48 761 5,1,2,3,4 0.8 49 425 5,6,1,9,10,2,3,4
0.9 54 501 5,1,2,3,4 0.9 55 371 5,6,1,9,10,2,3,4
0.5 31312 5,1,8,2,3.,4 0.5 31 836 5,6,1,7,9,10,8,2,3 ,4
0.6 37 134 5,1,8,2,3,4 0.6 37 840 5,6,1,7,9,10,8,2,3,4

6 0.7 42 955 5,1,8,2,3.,4 10 0.7 43 844 5,6,1,7,9,10,8,2,3,4
0.8 48 777 5,1,8,2,3.,4 0.8 49 848 5,6,1,7,9,10,8,2,3 ,4
0.9 54 569 5,6,1,8,2,4 0.9 55 852 5,6,1,7,9,10,8,2,3 ,4
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Table 4 Hub ports location and minimal cost in bi-direction route 10° TEU - n mile

P a /DA MR A HE A P a /DA iR A
0.5 57 757 1,2,4 0.5 55 709 5,6,1,8,2,3.,4
0.6 67 696 1,2,4 0.6 66 063 5,6,1,8,2,3.,4

3 0.7 77 634 1,2,4 7 0.7 76 417 5,6,1,8,2,3.,4
0.8 87 573 1,2,4 0.8 86 771 5,6,1,8,2,3 .4
0.9 97 388 1,2,4 0.9 97 125 5,6,1,8,2,3,4
0.5 56 615 1,2,3,4 0.5 55 848 5,6,1,9,10,2,3 4
0.6 66 743 1,2,3,4 0.6 66 272 5,6,1,9,10,2,3,4

4 0.7 76 872 1,2,3,4 8 0.7 76 695 5,6,1,9,10,2,3 4
0.8 87 000 1,2,3,4 0.8 87 119 5,6,1,9,10,2,3 4
0.9 97 129 1,2,3,4 0.9 97 543 5,6,1,9,10,2,3 4
0.5 56 025 5,1,2,3,4 0.5 56 269 5,6,1,9,10,8,2,3 .4
0.6 66 289 5,1,2,3,4 0.6 66 798 5,6,1,9,10,8,2,3 4

5 0.7 76 552 5,1,2,3,4 9 0.7 77 327 5,6,1,9,10,8,2,3 4
0.8 86 815 5,1,2,3,4 0.8 87 855 5,6,1,9,10,8,2,3 .4
0.9 97 067 5,1,2,3,4 0.9 98 384 5,6,1,9,10,8,2,3 4
0.5 551792 5,1,8,2,3.,4 0.5 56 706 5,6,7,1,9,10,8,2,3 ,4
0.6 66 098 5,1,8,2,3,4 0.6 67 339 5,6,7,1,9,10,8,2,3,4

6 0.7 76 404 5,1,8,2,3.,4 0 0.7 77 971 5,6,7,1,9,10,8,2,3,4
0.8 86 710 5,1,8,2,3.,4 0.8 88 604 5,6,7,1,9,10,8,2,3 ,4
0.9 97 016 5,1,8,2,3.,4 0.9 99 236 5,6,7,1,9,10,8,2,3,4
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Fig. 3 The hub ports location and allocation of feeder

ports in China-Northwest Europe container liner route
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