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The hierarchical multimodal hub location problem for cross-border
logistics networks considering multiple capacity levels, congestion

and economies of scale
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Finally, we formulate the problem as a mixed-integer nonlinear programming as follows:

min Z E VIE! + Z E X Fo + 2 Z Wik cu

ueH gqeQ ueN veN keEK (up)EAnppUApegUAgs psiFy

SN R UA R AT ¥ Wefk cu,,

keK ueH veH u#v pelP kek ["‘U}E‘J‘GDPU"‘U{'EUAHSP#H

+0, ), ) Wefut0 2, Y, Wit
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Fig. 2. An illustration of the piecewise linear approximation of congestion cost.
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We also update constraints (11), (12), and (18) with the following ones:

Z§3=ZZ foupwk'l'z Z f:uwk Vue H (20)

geQ) peP kek veEH kek veQuD
gl <yict Vue Hq€eQ (21)
gl>0 Yue H (22)



take the value of the largest output of any segment, the cost is given by:
wumax[m;qu + E;q] (23)

Thus, the linear congestion cost term w, at hub u can be expressed as:

min{w, @ @, > wu[mzqgﬂ + E;q],"i"q €Q,reR) (24)

Finally, the total congestion cost term ) _,, @, can be calculated by incorporating the following constraints:
w, > y,(m g"+e:q],b'uEH,qEQ,rER (25)
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Fig. 12. The changes in the cost components under three different scenarios.
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Fig. 13. The changes in the cost components under three different scenarios when further considering EOS and Congestion in the congestion-only and EOQOS-only
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solutions, respectively. (The vertical axis on the right is converted to a logarithmic scale.)
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In this appendix, we present the results of the sensitivity analysis.
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Fig. C.1. The changes in the cost components under different EOS functions.
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