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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.
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���, ���	������������ (���������) �	�����!����
� �.

�������!", �	����������"� �. !#, 
� ���$%� �&!�

�'#, ��  ""!", #()��
'���. !��!�� �"���#"�$%, �$#

%*	$"  """�����+&#$,%. &�, ����&$,��� (''����%(

$-�) (�	����)*./���!/ �. �), +,	�	��#*�
$+	"	0'�,�

 � (-&�#%-,�%.&�&(�.1').!2 �0'34��	���'���'(',!���

(����5��)/�#)�)�,)*���)#�(�0+
(1���*+�*��(�,��'

��. -&��)2!,+�Æ*�*+-	6�.+���'�,�', ,�.1
� -,.//, /

�3��-�*0,14 (�Æ*��'�,�'. Æ�,��������),�, !���-�2

*!�, &�	������ 0.03,�����
 �.

�, 7.5��	������ �
 �.��1�
4 2�,/ �. 	- ��,

�$#�1.03"��2. (��) �,% (�	���), &��3.����%+�!���

��, $.03��,��������. 	�7�, 3- �46	"���� �,��'��4

	05 � (multi-port investment option problem with safe path setting, MPOP).

MPOP �.5	"�7,���, $,5�����	��1��, &� MPOP 8'86	


("	 2�,/ �. 2��4 �, ��9�#:6- /;"�<=�>7. 		"��
, !�>7

�3'0	: 97����,/ �>7 [1,2], 5�,/>7 [3,4], �&8:�;?9::4,/>7 [5,6].

	"��
, ��7@1	23, 4:6;�4, !�>7'0	�4: 
5����6;, 2��<,�

���,/,A"�,/ ��>7 [7−11]. -&, Notteboom[12] �+"560B�5, <��+6�6

C�)8$9Æ:�;�5 , 	���&�7,���$,��7 ����	�����. Nam $

Song[13] �������78�+�=, &3��+=�������,%�. Sun $ Zheng[14] �9

�=8:�, 
;0B
2.�	��7 7, 85���	�7 �2.. ;
464	>�<�;

�, �?<9=�:�D		��, 03?<:6�����,/ � [15]. Aversa[16] '<�9>�9%

;�:�, <=><�@�7,���,%�����. Gelareh $ Pisinger[17] .5
(>�9%6'

;��5, 	:E?<9=�
�'D?&@A� , 4003���,/ �, &+;-;A-�5�

�F'&0<'. Zheng[18] '<	03#"(�����$=�0?&"����, >7>=>����'

D?, 4:���=�B�,%���G!�. �?>7�"� ��	D?	��, 3B
��,/

�	>7��, >�	CD���,����� �, !./03&?,%"����� (@H4,/),

&�.���>7�+I �Æ�.

�, >732��	��� �, ��:�>7�@, .5���� �,��'��4	05

:�. >7?/A@&�: 1) 2� MPOP B�#
�	C>�9%05:�&�
!�
�;5; 2) ��

#����� ���,����
�4	05. 	�7�, JE3!#@@ �F? (C 2 2), >D

AA:�B� (C 3 2), &	C 4 2�!5:��
�;5, �D	C 52�G+��%:DB�?:�$

;5�'(', 0B
;B@.

2 <=�>

MPOP ?/C&��GK!��: *? (,���<) ���D�6)< (����,��9�*

H, 46	���6)<), �#��&L 1 3E. 	�?���, *? (,���<) EA"�*���'

� , �F'': "��'	6, ,%�'�>�&�M*��. ���6)<EA�����,���

�����)�$: ����%(, ���,%, ���, ���'��D?������). Æ�

���6)<	����>	E�BG�#, &�������+F&	GK��, >5�����

�	
�GK� “"C”, @	�Æ��GK�,.�, 	�� - �	*��'��. 	 MPOP �,

���6)<�*?��$+	!F��, !FDN. 
�C, ,#��+	'GG������'�
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�HO"", �>DND#��'	C,%+	; ;
�C, D#�,%+	E��#���*�.
(, <

>I�+�,#��+	. 	-F%���,��,��'��&HF�'/. �
, ,������',

.GG*?��'	C,%+	, �>DN!����*�.
. �J, Æ���,������$P*K

+"+, &��������)�8��,.DN.

 

 

 

 

 
 

 

 
 

 

 

 

 

 
 

 
 

  

 

 

 

 

 

? 1 � @A!BCD"E#$%F

����0B, MPOP '&&�F?: �����6)<6;, 4	05���� (���

�,%�%(, !�����) �,���D?�
, �����%($-�, 
������ (.I

��$%� 3�@���K+) $��,���D?�
�+�$.  ���0��I'���6)<
�*?GK!L�JD,@*?A5�/GG�'	C,GG�/5���,�
		�M=��'�
(�'0?��'NQ�&�'NQ�6'Æ�),���6)<	Æ��GKJ�,.�,8A5�/B

�,EK��
		�
M=�'��. 2� MPOP, >7*+&L 2 3E�BB�+�:.
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MPOPM (MPOP Model) 		C:�, ��C	>�9%;�:�, +�	�Æ���6)<��G
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KJ��GKGKJ�,.�, ��
M=�'���	+F, 05����%(����,%�

����&���'��D?�
� ; �C:�	��!L0@:� (HFL:�), +�#;�'�

��
	8�!L*(, &:�&#�����'����GK, 	�C:��05.OH�. -:

���0�I'�7 “!L�L” ��=.

3 +H,-

3.1 I./JK0LMN12O
M GL = (NL, AL) 	:I��D?, NL � AL 0I	���'	8��972.�, M GS = (NS, AS)

	:I��D?, �� NS � AS 0I	��	8����2.�. M ALS JE��N.	8��, �JH

6	��N.	8, -	8��+5N.��2.��3O1�972., -&N. Abidjan �� Abidjan

7. 	45 �, ;���2.1��3O1�972.!P. ��M< a ∈ ALS, M φcity(a) � φport(a) 0

IJE��N.	8 a 3P.�97���. Æ� a ∈ ALS �����P5R
�, &�'�G+ a GH

���Q2'.. -&, 		8 a ����/� K%, �GH�� φport(a) ��/� , ,���/K+K

%, �GH�� φport(a) �B- TEU �SK+'. T( (i, j) JE
����',��N.	8, �� i, j

JEQ��,Q972..

3.2 34PQ5RSTU6VW78
	 MPOP �, ?/03���6)<��(�+	. 
5�.I���/� 	+������

���. Æ�-�+	86	���6)<���N.	8�'� ��, &��-�+	&&
�F?. :I h 	�+F��, h = φport (a), a ∈ ALS, M va 		8 a I(��� (@�� h I(��

�), cpcur
φport(a) JE	8 a LN�/� (@�� h �LN�/� ), 6 va �	8 a ��/� (@��

h �/� ) Q%���=&> (1) 3E, �� δ1 � δ2 	!��%.

cpinv
φport(a) (va) = cpcur

φport(a)

(
1 + δ1va

δ2
)
, a ∈ ALS, φport (a) = h. (1)

J5�.I���(���,�'	+����,���D?���. M GIN =
(
N IN, AIN

)
JE�

�,���D?, �� N IN � AIN 0IJE-D?�2.����. GIN Æ"J,��� PAl B�, J

	 GIN = {PAl}, �� l 	��MR. ;� PAl .Æ�����'	8!UN.)�, �
S	�+F

��, ;
S	��97, PAl = {(i, j1), (j1, j2), · · · , (js−1, js), · · · , (jS−1, jS), (jS , h)} ∪ {(h, jS), (jS , jS−1),

· · · , (js, js−1), · · · , (j2, j1), (j1, i)}. ��, i, js ∈ NL, (js−1, js) , (js, js−1) ∈ AL, (jS , h) , (h, jS) ∈ ALS, h =

ψport (PAl), i = ψcity (PAl), h ∈ H . Q% ψport (PAl) � ψcity (PAl) 0ITK�� PAl ����&��9

7S., �� H JE:I������. M frik
(
GIN

)
	��,���D?���Q%, �JN>&>

(2) 3E.

frik
(
GIN

)
=

∑
a∈AIN

Disa · LCa · f sub
rik (ISa). (2)

��, Disa JE	8 a ���;�, LCa JE	8�'� , ISa 		8NQ�%, f sub
rik (ISa) 	�KNQ

B- (>J/U9R) �KJQ%, L��	P�6'LQ%, !3 ISa = 0 0, Q%7	 0. CJ(�

+	���'D?�DN?/F�		���(����NQ. 	GH-DN, @@	8NQVMQ%

f link
rik

(
a,GIN

)
, &> (3) 3E, �����	8 a 1��� AIN, ST-	8�,�NQ3VM	 0, V63

Æ��G.

f link
rik

(
a,GIN

)
=

{
0, a ∈ AIN,

ISa, a /∈ AIN.
(3)

3.3 9:;OLM<=>V
1) ��	8 (a ∈ AL)

	8�B-M=�'�?/+��*�K��'NQ�&��6)<��:�&H. >7L��

?
&H���&> (4) 3E.

uL
a

(
GIN, xa

)
= αL1Disa + αL2xa

αL4/LCa + αL3f
link
rik

(
a,GIN

)
. (4)
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��, ua (·) JE	8M=�Q%, αL1 ∼ αL4 	MK%. 	> (4) �, '>NOC
W+�F?�'MÆ

�DN, CJWGH#*�(��KJ�?�M!���, C:W6F�#NQ&H�&��6)<�+

	�M=�'��DN.

2) ��	8 (a ∈ AS)

M=�'�Q%�=&�:

uS
a (xa) =

{
BCS

a + αS1xa/sca, xa � sca,

BCS
a + αS1xa/sca +M(sca − xa)2, xa > sca.

(5)

��, αS1 	W2K%. BCS
a JE��	8 a ����'�, sca JE��	8 a ��'� , M 	N�

P%. 3 xa > sca 0, M(sca − xa)2 3 O�+, 	8 a �M=�'�3�X�I, M*0*?,%��

�'	C.

3) ��N.	8 (a ∈ ALS)

*+��N.	8��/� �JE����/� . @��� h 	�+F��, ������N.

	8		8 a(φport (a) = h), 63-	8��/� 6	����/� . >7L�-�/� ����

����, ��������N.	8��/� �&*?�M=�'� uLS
a (va, xa) I'> (6), �

� αLS
1 ∼ αLS

3 	K%, M 	N�M%.

uLS
a (va, xa) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩
αLS

1 cpinv
φport(a) (va) +

αLS
2 xa

cpinv
φport(a) (va)

, xa � cpinv
φport(a) (va),

αLS
1 cpinv

φport(a) (va) +
αLS

2 xa
αLS

3

cpinv
φport(a) (va)

+M
(
cpinv

φport(a) (va) − xa

)2

, xa > cpinv
φport(a) (va).

(6)

3.4 ?7 MPOPM

���?��, B�	C05:� MPOPM ��C:�&> (7) F> (11). ��, 9OG( X∗ = (x∗a),

x∗a 	�'D?�	8 a ��!L(. X∗ Æ�C:�
5, �$G( XS
k JE���6)<���

 , Æ���,%� (���'D?�
� T( GIN
k ����� T( Vk) B�. GIN

k �,7�=�

GIN �!4, #O	�@@#XR k JE� MR, Vk 6Æ
��N.	8�� vk
a Æ�. M Ω JE3

�'+T( XS
k B����. zU (·) 	��'D?M=�'��
Q%. ρk 	�C:���$G(, �

�� XS
k 80+, 6 ρk '� 1, V6	 0.

Min : zU (X∗) =
∑

XS
k∈Ω

ρkzU
(
X∗, XS

k

)
(7)

s.t. :
∑

XS
k∈Ω

ρk = 1, (8)

zU
(
X∗, XS

k

)
=

∑
a∈AL

uL
a

(
GIN

k , x∗a
)
x∗a +

∑
a∈AS

uS
a (x∗a)x∗a +

∑
a∈ALS

uLS
a

(
vk

a , x
∗
a

)
x∗a, (9)

∑
φport(a)∈Hk

[
αLS

1 cpinv
φport(a)

(
vk

a

)
+

αLS
2 x∗a

cpinv
φport(a) (vk

a)

]
x∗a ≥ αexp

⎡
⎣frik (

GIN
k

)
+

∑
φport(a)∈Hk

vk
a

⎤
⎦ , (10)

vk
a = 0, φport (a) /∈ Hk, (11)

X∗ = (x∗a) , a ∈ NS ∪NL ∪NLS,

XS
k =

(
Hk, G

IN
k , Vk

)
, GIN

k =
(
N IN

k , AIN
k

)
, AIN

k ⊆ NS,

Vk =
(
vk

a

)
, vk

a ≥ 0, a ∈ ALS.

> (7) 	�C:��+FQ%, +��Y5�
��'�. > (8) +��Æ1�
��� 8,

5. > (9) !5#Q% zU (·) �JN>. > (10) +��Æ���6)<�IKQ/GKGKJ αexp, ��

'>NS
;#���6)<�GK, @S6
;#���. > (11)+��Æ1�O1��� Hk ��
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�'�I(�����. �C:�JN>&�:

Min : zL(XS
k ) =

∑
a∈AS

∫ xa

0

uS
a(ω)dω +

∑
a∈AL

∫ xa

0

uL
a(GIN

k , ω)dω +
∑

φport(a)∈Hk

∫ xa

0

uLS
a (vk

a , ω)dω (12)

s.t. : qij =
∑

c

fijc, (13)

xa =
∑

i

∑
j

∑
c

fijc σijac, (14)

xa ≥ 0, fijb ≥ 0, σijac = 0 or 1.

�C:�+�4:!���� XS
k , 
;5��!L*0RT( X∗. 	-:��, XS

k 	9OG

(. �C:�5
�HFL=P:�,�+FQ%U��F6Q�<=,PPJD> (13)�> (14)46Y UE

!L*0@:�!4, �� qij 	. i F j � OD (; fijc JEP. OD � i-j �	C c ��(; σijab

	 0 ∼ 1 G(, 3 OD � i-j ?�	C c 'Z	8 a 0+ 1, V6	 0.

4 XAYB
MPOPM G�C Shintani ' [19] B��:6D?05:�. -:��?/ �5: �/@@ “'+D?

�
� �” (-&7��� Ω), 45#05:��PP��, &3D?�
 �=5	�' �. 	�

4�:QZ�, '+D?�
� ���86	:I, V�'+�D?�
� 5V80+�	�$�[[.

Æ�'+� �%R'Z�0� , &�-4:����'�Æ�5�0�. Shintani ':6�-4:��

\Q'&/4/0B, &R5-:�%�
5R��. S��, 7�
#��\EWT&S� Frank-Wolf

;5�X >;5 (MPOPMA), ;5��&J 1 3E. �C, >7�'AAM6�5�&
;B@

ST �S�'���UU/..

D 1 MPOPMA �EFG
Step 1: TVUVTW, Y�Z]]XW]^]X_������[\��YY��.

Step 2: U^Z]]X, ]V Frank-Wolf Z�, [Z`V��a[_\^W`�_W\,

YZ]XHa��WX��`��^ba, Y]Z�]b^]X�cbc].

Step 3: _[\dZ�_cd]^^e�Y, cZ[_ Step 4.

Step 4: ^TW�`e\, �_�`]a�Yd` Step 2.

4.1 IJKL
MPOPMA�abFÆ:ÆMabFB�, &L 3 3E. ��, MabF 1 	
Æ 0 ∼ 1 M6, ��&-

%Æ7,��%��. 	-MabF�, � i R�&+7	 1, 6JAMR	 i ���8,	�����.

-&	L 3 �, MabF 1 � 1 R� 2 R�&	 1, &��� 1 ��� 2 8,	����.

MabF 2 	9%M6, ��&-%�MabF 1 !4, V��&�+7A� 0 ∼ 100 �?, +�JE

����B-�b%. !R, ��B-5R
������. 	#fc�5?, L����6

)<������^�5�?����9%b. MabF 2 ��F�6/�&�: 1) 4:��, G�B

-�f������� Inv; 2) e+MabF 1, I+�	 0��&MR i; 3)e+MabF 2 MR i�

�&, I(�b%%7 k; 4) 
;�f� k � Inv �ca, (I(�� i �����.

MabF 3 �BB!�\Q, 	;����9%Xg, V��&�+7	 0 ∼ N ?�9% (N JE��

97�%), d;�!U�&�+7	 0, )�4d� “0-XXX-0-XX-0-XX-0” �:>, -&L 3 �, MabF
3 �M6	 0-41-0-23-0-3-0-0-434-0. -M6+�GHQ���,���D?, �F��6/�&�:

C
	, L�6, I(P��� 0 �&�?��&Xg, &3�6	B���,�D?�����,2

.. 	�-�, MabF 3 �����,2.gh'': �� C4-C1, �� C2-C3, 2. C3, 5� ∅, ��
C4-C3-C4. !R+ CX �J��, 	�7+ PX �J��2.; ;9, eO ∅ �_&5MabF 3 � 9 R$

10 R�&!	 0.

CJ	, f`�e_6, ��
��/2.�P.��+F��. 	�-�, ��������	�

� P1��� P3, 64:�e_6'(: �� C4-C1 ��� P1 N. (C4-C1-P1);�� C2-C3 ��� P3N
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. (C2-C3-P3);97 C3��� P1N. (C3-P1); ∅��� P3N., dÆ�	5, &�f
; �� C4-C3-C4

��� P1 N. (C4-C3-C4-P1).
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? 3 NODPOQG

C:	, 4:��/2.����N.� , ���g	_6, �CJ	I(�� �+VM&gh%/

2., I('+�,��'	C. 	�-�, 2. C3 ��� P1 A,.N.	C, <>4:�g	_6, g

h2. C2, I('+	C C3-C2-C1-P1.

Cf	, 	8�&, I(,����'+�
� . 	�-�, ,�	C'' C4-C1, C2-C3, C3-C2-C1,

C4-C2-C3-C2-C1,!2	CÆ�	
hI(B�D?� 4 J,���, &L 3 �&Æ97 4 F97 1, 97

2 F97 3, 97 1 �97 2, 97 4 �97 2, fJ	8B��D?.

4.2 Z[\]6RS
�?M6�5gI';5./, dÆ�M6;��'i, h�i3
;ST. ��, >70+���

51���. �5 1, MabF 3 �Vh. MPOPMA ST�a&�
5MabF 3 M6;������

',&�03	
;/��Vh-MabF,�jj�;�ii.�L 3	-,4:I(�,����
� :

C4-C1, C4-C2, C3-C2 �& C2-C1,�;��g	_6, 3MabF 3VM	: 0-41-0-42-0-32-0-21-0. �5 2,

j��7bF�. -�5''��	c. !#, G+> (15) ��Fj��7�+'iF�, �� Avg JE3

,(D�"!j��7, Max 	3,(Dj�����7. >D, G+> (16), �VhD�j��7�+b

S�, �� min(fit′) JE3,(D� fit′i ��Y7.

fit′i =

{
Avg/(Max−Avg)fiti + (Max− 2Avg)/(Max−Avg), if Max �= Avg,

fiti, if Max = Avg.
(15)

fit′′i = ln(fit′i + min(fit′)). (16)

5 BX^_

5.1 `aVTUb, VVc2d`aKWcX
��	��	�j�
, *� OD 4:�
�97?���%:���*�.
(#;(=, ��%:

+C���8O* 2014–2016 �9- R��
ki. 	���'D?�C, !#�����	d?/��

-�9	D?B���	D, RD4:�	
�6Q  ""gh��i��	$��, <>I(L 4 3E

���'D?.

	F�	8NQ�C, !#4: Yakovenko ' [20] �>7��3,DN�	��5��?/&H�&

+	� �, &B� Marc ' [21] �>7ki, ��>7�
�
?/�	�97�&��e��,�NQ
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��; �), �� MapInfo "k, L	�L&F�#
?/NQ�
�jk�k�; �D, 	#�ÆF��5

�', l�#*0�C!��<��#�,��
jk�mQ'b&#&#$nM. �/�?l , JEI

(#�	��,�NQ��E<L, &L 5 3E.

? 4 eYfZghi[

? 5 eY\j]^jk_l`abc

4:L 5 3Egh, ��	���'	8�NQ'b&#F�, I(
	8�NQ'b�% ISa. 7

3	8�NQ��	 20 �'b, 0 bJEANQ, 20 bJENQN+. ��-��c"L 6, ��l6J	

8NQ"+ (NQ'bQ/ 15), o6J	8NQ" (NQ'b 12).

	:�K%���C, K%�$,���?/f�JE� �%:�Wm$m�, ��*0K%�I+

+	"�$%, -&�	�����	ddQ%�!�K%', 	
;0^�4:<=p�!�%:1��

;. >	;5K%���C, �j(D;:��	 1000, ��Æ�)%	 1000, GA ;5�n7J	 0.9, G

O7J	 0.1, ;5lge7	 0.01 ((D��j���"!j���#7).

	�j� �
�C, 	#0BNQ&H��	���� &�,������DN, ��#:(B

�, 0I	B� 1, 	d��A,�NQ; B� 2, NQf�	��7� 50%; B� 3, NQf�	��7. �

/0B�?:(�4��, �m�,�NQ&H��	����'���DN.

	�jB@o��C,JE�
;B@S��	: !#��- � C++�X$��k�K%ef,


;505D������,%� �!�����, ���'D?�
� , �&!��*0R�
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 (@I(#�'D?�
	8��*(), >D- &�:�C���. C
, ��
;(5�*!L

0R�� (@I(#�'D?�
	8��*(), c"*0RL (&L 7, L 8I �&L 9I), �0B!�

���@*+D, *�5?0R��. CJ, ��
;I(���,����
� , c"��,���

f+E<L (L 8II �L 9II), +� E���,%���,����?���. C:, 	# ENQ&

H��
;B@�DN,JE$3L 53!5���NQgh�*0R��B�,c"5L 8III�L 9III,

�0B	�4NQf��, *	�D��5?0R#O.

? 6 eY\j]^ghgh_l`abc

5.2 Xmijkn
5.2.1 ol 1 (0% pm6nqor)

3	d��A�KNQ0, 4:7B��:�, '�
;(5 Cotonou � (Hub Port 1), Abidjan �

(Hub Port 2) $ Freetown � (Hub Port 3) 	�g��, 
�HO� 0I��	 5000 TEU/e, 2600

TEU/e, 2400 TEU/e, ��$%(0I	 4416 TEU, 2420 TEU, 2226 TEU, 0I	�
*��5��(
� 27.08%, 15.24%, 14.02%. &�, '�(=B� 1 �,�NQ&H��	����'��DN�E<L,

&L 7 3E.

? 7 s_ltpuqvr�@Astuwxy
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ÆL 7 'h, Æ�!:�����DN, 	�	���3)�# 3 ����(���. �
, 	�

Conakry 	[[��*��*��� (�
 A), -��HO�97?/'' Conakry, Bamako, Kenema,

Kankan�& Freetown. �J	� Abidjan	[[��*��*��� (�
 B), ?/HO Bobo-Dioulassou,

Yamoussoukro�& Abidjan. �:	� Cotonou	[[�<*��*��� (�
 C), -���	'/, H

O<*���il3���97. -
;B@JA, ��	���9F,�#n(=4'G�, 6	��

&H�G�B��, �	<*��� Cotonou ���'���j7, �7  �	�
[[���7 ;

>	<*��, Freetown �61j���	��. ;9, 
;B@$JA�0���6)<�%	M?

����,��'��, !�B@m�GK.

5.2.2 ol 2 (50% pm6nqor)

&L 8-I 3E, 3,�NQf�	��7� 50% 0, �g���	 Dakar � (Hub Port 1), Monrovia

� (Hub Port 2), Cotonou � (Hub Port 3) �& Libreville � (Hub Port 4), 
���HO� 0I��	

600 TEU/e, 2600 TEU/ e, 5500 TEU/e�& 2200 TEU/e. �9, ./	 Cotonou �B��J,���

? 8 50% _lzpqvr�@ADv{|w}xst
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(&L 8-II3E),
J	NiameyF Cotonou��,-�������(	 1112 TEU/e;;
J	N’Djamena

F Lagos, -����NQ	8��C*(	 1140 TEU/e. -� ��D, 4 ����e��$%(

0IN= 545 TEU, 2423 TEU, 5469 TEU �& 2025 TEU, 0Ih�$%(� 3.44%, 15.26%, 34.43% �&

12.75%, &*(�	��)�#
�[[�(����&��n��(���. [[�(���&L 8-I �

��
 B 3E. 	-���, (K�,������, Cotonou � (Port 3) �=o� (=f5, 5�0�

	���**��5��'/H6��. >��n��(���60I	L 8-I ���
 A $�
 C, ?/

HO�	���<*$�*��.

�9, 	L 8-III �, JE�" E#�	��NQ�
0R�&���'���*0RB�. '� 

�, &L 8-III ��
 A 3E, ,+NQ���do, ��	<*�������*�.
 (''��$5�

.
) (,%"	D�� Freetown ��	?6��, >5p	,%# Dakar � (Hub Port 1) � Monrovia

� (Hub Port 2), !�B� 1 ((03NQ) �B��"��I, JA�	��<*���%-#n��-�

����'�������"�DN. >�*��Æ�B�#,��'��, *'����F�� (&L

8-III �
 B 3E), * Cotonou � (Hub Port 3) ��-0n(=h0 O, f5#-�	�	�*���

[[�-.

5.2.3 ol 3 (100% pm6nqor)

&L 9-I 3E, 3,�NQf�	��7� 100% 0, �g�n����G	 Dakar � (Hub Port 1),

? 9 100% _lzpqvr�@ADv{|w}xst
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Monrovia� (Hub Port 2)�& Cotonou� (Hub Port 3). 
������ 0I��	 900 TEU/e, 2200

TEU/e, 9500 TEU/e, ��Æ��*�(0I	 784 TEU, 2118 TEU, 9151 TEU. .	 Cotonou �B�

:J,��� (&L 9-II 3E), 0I	 N’Djamena F Cotonou �� (Safe Path 1), Niamey F Cotonou �

� (Safe Path 2), Ouagadougou F Cotonou �� (Safe Path 3). �?�
� �B� 2 �05� �34

d, �4�S	� Libreville ��b8�	����, !L�#
Ji�,��� (L 9-II �� Safe Path

3).

	�?� �, Cotonou ��	�g�n�����
, e$%(Q/# 9000 TEU, h*��.
(
�"'+N 57.62%, �
	JA#�	�	���'����'/'. �9, �?� *(�	��)�#

��p�p9�*��'��. 
	� Cotonou � (Hub Port 3) 	[[�<**��'��; ;
�65

� Bamako 	HO[[, � Dakar � (Hub Port 1) � Monrovia � (Hub Port 2) 	?/H6����**

���. *0R���NQ�
�?����B� 2 �B�4d, &L 9-III 3E.

6 yz

72��	��� �,.5#
(i�03NQ&H�"���� �,����
	C05

:�. -:���*?����6)<��	F%��, ��	�
���%(����,%��

���&!����,����
� �+H405. 	
�-:�, �� GA ;5�BB, �
#X >

;5, &0+
(1�qBG�;5�ST �. 	�j�, JE�+�?:�$;5, 2��4���NQ

'b, 0B#"���� �,���05�
 �. ��
;0BB@, JE(5&�B�:

1) ������>q, Cotonou ���'/��-0n, 	M?NQ'b�, -��P��'/��

j7, 5���
���!,��; > Dakar �, Monrovia ��& Freetown ���j76,=,�&

H�DN, ��;o5, 3�
,�NQ"�	0, Freetown�1���j7, >3�
,�NQ�

Æ���0, Dakar �� Monrovia �1	'/.

2) �	���,�NQ&H��*�.
�0R�&���,%��
�DN, d�DN��4

:�
�4>+	#O. !�>q, �	�*������� ,=NQ&HDN1�, �FJ�	:

Freetown �,e���,�B��g�DN, A5h0 O��-0n, i3�(*�.
,%�'MÆ1

;��'� . >	�	��*��, Æ�����,���!�"k, *(-�
���05��

 !���,=,�&HG5�DN.

3)�	����'���3r0	<���&g�M��, �<*M���� Bamako, Freetown, Conakry

'97	?HO��, !��iB�,���, >�*M��6�� Cotonou, Lomee���, Ouagadougou,

Niamey, Abuja, Yaoundè '��97	HO��, 4:NQ��B���,���.

�D./qA�5, 	7�JEL����#^�
�, >	�������#'�+	"�.

!<r�, 	����$/��, 41'���? (@��) '�+	�4���kj,#��, >!

(k���n%Æ��k��� ��,.DN. 	>7��,����� �0, &?h003
��

kj�����, '�5(��'/>7�T.
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