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Abstract In this paper, the unique characteristics of West Africa was addressed. The game relationship
between the owner and the port operator, and the relationship among the hub ports as well as the geography
risk in West Africa were all considered. Accordingly, based on the principle of equilibrium, a mixed-
integer model was established. The model could collaboratively optimize the hub port investment program
(including the selection of investment targets, the amount of investment ports, and the investment quota)
as well as the inland safe path setting scheme. The objective of this model was to minimize the regional
integrated transportation costs. A genetic Frank-Wolf hybrid algorithm was proposed based on genetic
algorithm to solve this model. The results show that the selection of investment targets in hub ports, the
amount of investment ports, and the investment quota concerning security risks can be optimized by the

proposed model, which can also simultaneously improve the corresponding inland safe path network.

Keywords container shipping; hub port; security risk; network optimization
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XTI AR, FANDRE 5 Bres i ayH XRS5 B ATIRGLAS &, 23] Hi P SIIT 51A] oI,
VISMATTEA R RS TREE T, STiAEZ M Ly 22 e o A 2257
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5.2 HHLERMA
5.2.1 & 1 (0% BEMRLNE)

L ARYIRRE TCH XSS, ARIEA SR, A[RATHRSH Cotonou #E (Hub Port 1), Abidjan #%
(Hub Port 2) 1 Freetown # (Hub Port 3) N XA, &R RE147#% €A 5000 TEU/MA, 2600
TEU/JA, 2400 TEU/JA, SZhraEuli/ 310 4416 TEU, 2420 TEU, 2226 TEU, 4354 KB4t 0 skt
B 27.08%, 15.24%, 14.02%. HIt, WLABEITES | TEERESRE ZX VR K2 Gz R oy A B,
e 7 R,

D Flow (TEU/Week)
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HE 7 AT, X = MR O s, SR RBORR T 3 KAiEsZERS. H—, AU
Conakry A DHITETNRGERIZ RS (K A), ZRFRS BT EEMLFE Conakry, Bamako, Kenema,
Kankan P4} Freetown. H: " FPA Abidjan A% Uy 532 24 (K B), EEARS Bobo-Dioulassou,
Yamoussoukro YA J&% Abidjan. FH="# LI Cotonou ANZ LI ARIRHLX FTE RS (XK, C), ARG NEE Ik
55 R e KA LT g KRBT 2t REE R, A Ve KA B k2 2 R PSR A G, NIFEHAD
HRAZBREI T, PHEARTRHIXA Cotonou ¥ BABE KRB HE, B8 KR X% O O g 1
TAEARERHL X, Freetown HENITEE SRR AKALME. 5340, 1T RIER IS 1 BR 28 AR AT
O EZEIZEERE, XSRS T
5.2.2 & 2 (50% BENRELNEE)

N 8-1 FrR, M4Zee R A IURIER 50% B, FAER T4 0 Dakar # (Hub Port 1), Monrovia
# (Hub Port 2), Cotonou # (Hub Port 3) PAK Libreville # (Hub Port 4), #&-4# T BIARS BE 19 T E N
600 TEU/J&, 2600 TEU/ J&, 5500 TEU/J&LAJ 2200 TEU/J&. Bk, 458 % Cotonou HEHyEEH 42248l

O Flas (TEL Wtk

pr]
ERREEZEEEE

8 50% RPSRAMMRABIRTSRLBEXITHE
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(4N 8-11 fif7R), —2% A Niamey % Cotonou #HiE, iZEEREREFIZE N 1112 TEU/H; B—5 K N'Djamena
£ Lagos, 1ZlE SRR BRI SRR 1140 TEU/F. & RIGHE, 4 MK HRR F bRt
AREEE] 545 TEU, 2423 TEU, 5469 TEU DL K 2025 TEU, 4355 A& 3.44%, 15.26%, 34.43% LA K
12.75%, FHEBFEIERMIBR T —ME DERIZE RG L KPP MEIERIZE R A, % OEHIERGME 8-1
FIXI B iR, LR, 55 TLEEER R, Cotonou # (Port 3) HIXESAE SRRk, EIEPT
JEHh XA ER SR OB s O T BN BLZ RAN Y 8-1 Ay Xl A FHIXH, C, 2
R 55 PE AR A A AT PG S X

AN, 7ERE 8111 A, BATTxT /R T P AR AR XU X dsit oA LA B PRl 32 5 R SRR A A& L. "I RA %
B, A 8-IIT A X3 A IR, B2 XUt X R PEER, SVEEERE IR XA Rpy RE Tk (RO MO
TR) ARBFEBARITH Freetown HEVERIRAURTT, T ZLEHEZEHE | Dakar # (Hub Port 1) 5 Monrovia
& (Hub Port 2), X 51EF 1 CREBREL) ME0A % XA, RIATEIERR /R T X 35 R ERT Tz
X NFlEE RAREERG BE M. TR X TS 7 Zeis i, e DLcsiaadE$ (i
8-III X38 B FIi7%), fff Cotonou # (Hub Port 3) MJXAMREGEI 70 AAE, Wik TIXTEREJEHHtH XK
W OHLAL.
5.2.3 &% 3 (100% BEMLLNE)

W 9-1 BiR, S0 XK RE VIUIRER 100% B, RAAERKALY 83 047454 Dakar # (Hub Port 1),

O Flom (TEL Week) |
»

9 100% RFERAMMXABIRTSREBEIXITHE
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Monrovia # (Hub Port 2) DA K Cotonou # (Hub Port 3). -4 0B BRE 11433 4 900 TEU/JH, 2200
TEU/M, 9500 TEU/J, S2h 52 By 552 843 3% 784 TEU, 2118 TEU, 9151 TEU. 3% Cotonou HEfiEE
ZHTEE (WA 9-11 BrR), 4138 N'Djamena 5 Cotonou j@iE (Safe Path 1), Niamey % Cotonou &
i# (Safe Path 2), Ouagadougou % Cotonou jBi# (Safe Path 3). LT HFEEGHER 2 WL T EREER
Bk, AR ZAFET Libreville HEARFRAE AR FEXTGHE, BIGM T —&FriyE2i@E (&l 9-11 H1iy Safe Path
3).

TE LIT %, Cotonou MR A RAEMKALY @B 2 —, JAFLEEE T 9000 TEU, &1tz 8 /FKHE
W E IR 57.62%, #E—2 RN T HAT R KEk R P ET . W, Ed sy O EVEIERHTER T
P SZ M BTz R 58 — KL Cotonou # (Hub Port 3) AZUHIZRESIIZRM AL H— MR
VL Bamako iR #%L>, Ph Dakar # (Hub Port 1) 5 Monrovia # (Hub Port 2) SyFE[ ] Pk A PEI R
BRG. ST ARG S XU KIS 2 H RS R S5 2 sl i 9110 frw.

6 it

ZSCEXT PR D RRAE, SR H T — PR IR XU R R 1 AR 9 7 R 5 e alE B UE AL
MR, TR R SRR EE NWNTEE3IER, MPHIERKEMKA AR, SRR R, 815
BUEEVL B e MR 22 2@ E BT T R T Rk, Rz aial, T GA FukMghm, it T ek
FE, IR P 2R ORI A AR e scdeh, FATRN B BAIGAR, B3 [ Yy P i XU
BRI T AR T R G EERAL BT S, BT RS R, WAL R4

1) XFFAEBUNM 7, Cotonou #5EABEEM XA, TEAEMREEER T, %4 0 # A HE T
e, R XA X T Dakar #, Monrovia #§RA K Freetown #EHIFHEHME NI Z 3% 4 H
R, HEAHERIE, 2 KIL 2 R B & FHIKET, Freetown HETE A HRPHME, T4 KL 2 XA
PEEFPUIRET, Dakar 355 Monrovia #E 8 N E 2L,

2) PHEH XA 24 KU R R X T 502 TR R A DA AR AL e iR Bt i B B — g s, {HIL e R EEAR
PEMBARIMAAEES. MAXT S, PHIEVE A KA A HE R R 7 222 NE 2=k, RAREA:
Freetown W82 J 11 X ZZ @G OLAMER M, JoIk 78 KAEH XA S, SBRESIZFRKIEBE MR E
KA % MAETTAERPaEs#X, B\ TS R AyZ 2 ROUERT A, S5 KB R A H A 3= 5 r
FANA G 2 B2 B AL 5.

3) P X 25 RGN 447 A ARSI T RS, AT TR 407 L Bamako, Freetown, Conakry
SRR BARGS A, BRI EZ 2EIE, TPET RSN LL Cotonou, Lome [F#1H1 X, Ouagadougou,
Niamey, Abuja, Yaounde 55Nl A AR S X4, ARGE XU AR B 38 A fili 42 421

I RERANE, EACTRIMBEE O8RS G —77, MAERL WO REETTREEZ T
XEWRE, e OB, RO M BURAE) TRFATEARREMESEE G mhiX
FFE & R R AW 2N R AW R T T FE M E BT, TERFIE N 22 0@ 1 B M, Ai{el 5800 %5 45 7 HY
T HEVERR, TREREAKI EELIF 7 M.
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