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Abstract

The paper studied 5 transport corridors in West Africa, from the ports of
Abidjan, Cotonou, Lagos, Lomé, and Tema, to the landlocked countries
(LLCs) of Burkina Faso, Mali, and Niger. The study found 15 transport routes
available from these ports to the LLCs. It used two modes of transport with
their respective transport costs as variables influencing shippers in their
choice of corridor route. In regards to the modes of transport, the study chose
the unimodal road transport and the intermodal transport as the combination
of the rail and road transport, with a projection of the cargo volume demand
in 2023 from the LLCs. In addition, a survey conducted on the Togolese cor-
ridor with the aim to find from users’ perspective the adequate intermodal
terminal location, identified the city of Mango as an ideal host. As for the
transport cost analysis attached to each of the modes of transport, the results
of this study revealed that in the case of the unimodal road transport, ship-
pers from Burkina Faso would rather choose Tema port in Ghana as optimal
route, while shippers from Mali would rather choose Abidjan port in Ivory
Coast, and shippers from Niger would choose Cotonou in Benin as the op-
timal route. Consequently, the study also found that the added parameter of
the intermodal terminal of Mango on the Togolese corridor would change the
routing habit of the LLCs shippers. In fact, with this parameter in line, the
Togolese corridor would be optimal in terms of transport cost minimization
for the Niger and Burkina Faso shippers. Based on these findings the study
highlights the benefits of the intermodality which it presents to the policy-

makers.
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1. Introduction

In recent years, a number of reports have noted that inefficient transport supply
chain of cargo and high logistics costs in Central and West Africa have negative
effects on trade. These are hindering growth and poverty reduction in these re-
gions more so than in most other parts of the developing world (Arvis J.-F., et al,
2010) [1]. The transport corridors of coastal countries endowed with port facili-
ties play a key role in the development of Landlocked Countries (LLCs). These
transport corridors are critical economic links between community groups of
same or other geographical regions. When a landlocked country intends to un-
dertake international trade activity by using ports, geographical restrictions force
the country to rely on a port located within the territory of a coastal country.
Therefore, the country faces transport costs and risks occurring within the
neighboring transit country. These geographical restrictions, costs, and risks are
determinant factors in the choice of the transport route by shippers for conven-
ience sake to ship cargo.

Over the past few decades, transport corridors have received particularly close
attention, while contributing to growth and regional integration efforts in Africa.
Of recent, several reports noted that transport corridors play key roles in region-
al integration in Africa. African Union programs such as NEPAD and the pro-
grams developed by the Regional Economic Communities (RECs) all place
priority on enhancing interconnectivity and facilitating trade. They do this by
focusing on transport corridors as microcosms of integration and spatial devel-
opment on the continent. Thus, inefficient and over expensive logistics and
transport corridors have negative effects on trade and are hindering growth and
development. These negative factors hinder landlocked countries and promote
isolation, driving up the prices of imports, and reducing the competitiveness of
exports and businesses in West and Central African countries (Nathan Asso-
ciates, 2013) [2]. Depending on the circumstances, transport corridors are by
nature either competitive or supplementary to each other. In the case of the
West African corridors, there is significant competition between the corridors as
they do serve the same countries. Based on the report issued by ATWA (2015)
[3], these transport corridors are categorized into divisions, such as the transit
corridors and the intra-regional corridors. The first division connects a seaport
or gateway to LLCs, while the second division crosses several countries on the
latitude, from west to east (the Abidjan Lagos Corridor for example). A transit
corridor normally serves one coastal country and then competes with other re-
gional corridors for transit traffic to the landlocked countries. They serve as
routes for regional trade.

The centre of the present research is found with the first division of corridors,
namely the transit corridors which are basically used to transport cargo desig-
nated for other countries and are usually bounded by a border intersection at
one end and an international gateway at the other. Covered by this research, the

network of the five selected physical transport corridors in West Africa is con-
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ceptualized as 15 virtual overlapping transit corridors connecting five major
ports (Abidjan, Cotonou, Lagos, Lomé, and Tema) to the capitals commercial ci-
ties of three LLCs (Mali, Burkina Faso, and Niger). The research carries out a
transport cost analysis aiming at identifying the most competitive transport
routes to and from each of the LLCs in term of transport costs. For further in-
vestigations on the transport cost advantages of the intermodal transport, the
research takes into account the results of a survey suggesting the localization of
an intermodal terminal on the Togolese corridor, and then calculates optimized
transport cost inferred by the introduction of the intermodal terminal for the
forecasted year of 2023.

The remainder of this paper is organized in the following way. Section 2 dis-
cusses the review of the literature. Section 3 presents the data and methodology
used to attain the results in Section 4, where transport corridors costs analyses
are conducted. The paper concludes in Section 5 with some recommendations

toward policymakers.

2. Literature Review

Grace W.Y.W. et al (2016) [4] argue that changing logistics strategies and the
evolving role of ports in supply chains to improve hinterland accessibility have
received increasing attention in the transport literature. A research conducted by
Andrius J. & Aidas V.V. (2007) [5] revealed that for many sea gateways, the
weakest link in their transport chain is their “back door”, where congested roads
or inadequate or nonexistent rail connections cause delays and raise transport
costs. In fact, compared to the sea transport costs, the inland transport costs and
other port charges often account for a larger percentage of the total costs
(Lattilal L., Henttu V., & Hilmola O.P., 2013) [6]. Likewise, Limdo N., & Ve-
nables A.]J. (2001) [7] argue that successful and efficient ports are often those
that are effectively connected to their economic hinterlands by adequate and ef-
fective transport corridors. The present review of literature points out to the in-
creasing importance of the connectivity at both a quality and quantity level be-
tween the port and its own hinterland in order to be competitive in this modern

era of transport supply chain.

2.1. Transit Corridor Performance

The basic indicators of performance for the transit corridors are the cost and
time. How much and long it is required to transport cargo from a point of origin
to its final destination. Additionally to these two earlier mentioned indicators,
three other indicators of which the quality of services, the infrastructure and the
traffic flow of cargo have been assessed (Arnold et al, 2005) [8]. The authors as-
sert that corridor quality is measured in terms of reliability (that is the diversity
of services offered), transit time and cost ensured by shipment. In its researches,
Degbe S.A. (2017) [9] asserts that the shipment of goods perspective also relies

on cost and time but with a focus on the supply chain management. Its studies
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further suggested that performance can be enhanced by reducing the time and
cost at specific nodes within the corridor. The quality of services is the utmost
critical indicators for a transport corridor performance and hence for the effec-
tiveness of the corridor nodes. The principal inputs into such indicators are
usually time and cost which helps in recognizing the components of a transport

corridor that would offer the greatest savings if they are improved.

2.2. Shippers Route Based Choice

With the rapidly emerging transport networks, the choice of a chain, rather than
a port, becomes more critical for shipping companies, logistics service providers
and shippers (Notteboom T.E., & De Langen P.W., 2016) [10]. Scholars have
been advocating investigating port choice in a global setting considering the total
transport chain instead of just one of its components. Throughout gathered lite-
rature, the apparently two main decision variables influencing shippers in the
choice of port to call to, are the costs and the efficiency in transport supply chain
servicing. The land-leg is often more costly than ocean transport and becomes a
differentiating factor in port selection. Still, Tom V. & Cathy M. (2016) [11]
found that cost and land transport systems and service levels appeared to play a
dominant role in the port selection process.

The attraction of a port to its hinterland relates to the port capacity and
mainly to its hinterland transport cost. As noted by Michele A., et al (2017) [12]
ports competing for throughput and of which hosted countries share common
hinterland markets are only as strong as their weakest link in the door-to-door
transport chain. Tom V. & Cathy M. (2016) [11] stated that given the significant
transport cost of the unimodal transport, shippers can be expected to adapt their
logistics operating model and lower their service level requirements employing
transport combinations lead by barge or rail. As a cost-friendly, the combination
of transport modes is greatly favorable for the medium and long distance. The
transport decision concentrates on choosing between logistic pathways using
different maritime gateways. Instead of a matter of transport mode choice, the
transport decision is characterized as a “routing” decision, as Tom V. & Cathy
M. (2016) [11] noted. A survey among Austrian shippers and forwarders, con-
ducted by De Langen P.W. (2007) [13] also found that they were not attached to
one particular port or mode of transport and could easily switch their routing
behavior, especially as the commitment to use combined transport stems from
the hard cost savings (Feo-Valero M., et al, 2011) [14]. Their survey concluded
that in the medium and long distance, intermodal transport alternatives can le-
verage economies of scale and reduce their cost. This allows overruling the clas-
sic transport economics on the basis of distance advantage.

The comparative cost analysis presented by Cazzaniga Francesetti D. (2005)
[15] of routing containers through the Italian ports instead of the major load
centres demonstrated the idea that port competition comes into play through the

expensive inland leg. Accordingly, port competition becomes a function of the
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overall network performance. Whereas ports choice is analyzed following the ra-
tionale of supply chain managers searching for faster and more cost-effective
ways to transport their goods from door-to-door. The analyses of revealed pre-
ferences by Malchow M., & Kanafani A. (2001) [16], and Malchow M., & Kana-
fani A. (2004) [17] confirmed that port selection by American shippers was
submitted in the overall strength of the total transport chain, as they were rather
looking for the most performing solution.

Scholars of the field, like McGinnis M.A. (1979) [18] and Cullinane K., & Toy
N. (2000) [19], have been generally concentrating their study efforts on measur-
ing the sensitivity to the cost, speed, reliability, risk for losses and damages of the
transport service. Meanwhile, Tsamboulas D.A., &. Kapros S. (2000) [20] identi-
fied three generic buyer groups of these transport services. The first category of
buyers was referred to as intensive users of intermodal transportation. This cat-
egory was flexible with service levels and could decide almost exclusively in
function of cost. The second group was more stringent as it combined cost and
quality criteria when deciding on intermodal transport options. A smaller third
group hardly used intermodal transport given particularities such as refrigerated
transport.

The analysis by shippers of the choice between routing alternatives confirms
the findings of the many pieces of literature indicating that cost is leading. Tom
V. & Cathy M. (2016) [11] proved that even minor transport chain cost differ-
ences of less than 1.5%, an equivalent of approximatively 20 euros in their re-
search, prevailed in the transport decision among shippers. Several pieces of re-
search have succeeded in establishing a relationship between reduced logistics
costs and trade growth. Few authors to mention, Hummels D., et al. (1999) [21]
estimated that exporters in East Asia who were able to achieve a 1% reduction in
their shipping costs could realize a 5% to 8% increase in their market shares.
Almost identically, a later study of operational efficiency in the South Asia Sub-
regional Economic Cooperation (SASEC) corridor used a gravity model based
on tariff reduction to estimate that a 1% reduction in transport costs would

produce a 5% expansion in trade according to (Padeco Consultants, 2004) [22].

2.3. Freight Routing and Cost Minimization

Several contributions can be found on freight routing and costs minimization,
many of which advocate transport intermodal as means of land-leg transport ef-
ficiency in terms of costs minimization. The minimization of land-leg transport
costs is the main goal of the models presented in the literature (Rizk N., et al,
2006) [23]; (Selim H., et al, 2008) [24]; (Lee Y.H. & Kim S.H., 2000) [25];
(Chern C.C. & Hsieh J.S., 2007) [26]; (Jang Y.J., et al, 2002) [27]. The post hau-
lage in the intermodal transport chain is performed by road and the cost curve of
intermodal freight transport thus runs parallel to unimodal road transport. Once
the total intermodal cost is calculated, it is possible to make comparisons with

unimodal transport. This opens the way to a series of possible scenarios that can
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be assessed using an appropriate set of tools according to (Cathy M., ef al, 2011)
[28].

Barnhart C., & Ratliff H.D. (1993) [29] considered the problem of determin-
ing the minimum cost routing for each shipment with the combination of truck
and rail. The costs included transportation and inventory holding costs. Like-
wise, Boardman B.S., et al (1997) [30] considered the problem of determining
the transportation route and the combination of transportation modes while

minimizing cost and time.

2.4. Transport Costs Minimization and Intermodal Terminal
Localization Literature Use of a Qualitative Approach: Survey

2.4.1. The Intermodal Transport Stakeholders
The intermodal transport industry is characterized by multiple decision makers
who need to work in collaboration in order for the transport system to run
smoothly. According to Jencek P., & Twrdy E. (2008) [31], the process of devel-
opment or building an intermodal terminal should be discussed from the view-
point of the three stakeholders such as the users of the terminal, inves-
tors/terminal operators and the community (see Table 1). According to Cathy
M. (2001) [32] the aims and goals of the actors involved should determine all the
relevant criteria to be taken into account when analyzing intermodal terminal
location.

Meanwhile, Harper D.V., & Evers P.T. (1993) [33] indicate that non-users of

intermodal transport have a worse perception of its performance than users.

2.4.2. Qualitative Approach Used to Localizing Intermodal Terminal
It seems dubious to not take into account practical considerations including

Table 1. Intermodal stakeholder and interests.

Stakeholders Aim

Their aims and goals can be conflicting. First, they
want minimization of the transport cost consisting of
the cost of the transport service and the value of the

Terminal users transportation time. Next, in some cases, the reliability
(transport operators, forwarders, and the frequency of the services are even more
consignors and consignees) important than transportation time. The services

offered by the terminal and the connection with
other transport modes are two additional
criteria for the user;

They are more concerned with the terminal financial
Terminal owners/operators viability. Terminal possibility to
(Private sector) expand and infrastructure capacity are
important decision factors;

Their concern is primarily with the effects of the
Community as a whole developing/building of an intermodal

terminal on the environment, congestion,

and employment.

Source: Adapted from Cathy M. (2001) [28].
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qualitative specificities in intermodal terminal localization, which are a more
end-user focus. Portugal L. da S., et al (2011) [34] used the AHP method to es-
tablish a procedure for ranking locations that are candidates for cargo terminal
facilities. In their research Rickard B. & Jonas T. (2008) [35] used an approach
that aims at facilitating the planning process of regional logistics systems in gen-
eral and the evaluation process of intermodal terminal locations in particular.
They do this by considering both public and private interests focusing on eco-
nomic and environmental aspects.

Several other researches have been conducted where multi-criteria analysis
was applied to select the most appropriate location out of a number of potential
sites for an intermodal terminal. Researches among which, Macharis C. & Ver-
beke A. (1999) [36] examined four potential sites for new barge terminals in Bel-
gium by means of a multi-actor, multi-criteria analysis. Their criteria represent
the aims of the actors who are involved, namely the users of the terminal, the
operators/investors and the community as a whole.

In their paper, Sirikijpanichkul A., et al (2007) [37] developed an integral
model for the evaluation of road-rail intermodal freight hub location decisions.
The model comprised four dominant agents namely, hub owners and/or opera-
tors; transport network infrastructure providers; hub users; and communities.
Their agent-based modeling approach was introduced to allow such negotiation
to happen in order to achieve a global objective. It presents well an initial loca-
tion selection process, testing with individual objective functions. Likewise, Siri-
kijpanichkul A. & Ferreira L. (2005) [38] have discussed several attempts that

have been made to develop models to evaluate the optimum location of terminals.

3. Data and Methodology Presentation
3.1. LLCs Imports & Exports Demand Data

The data used in this study, are obtained from various West African countries
Chamber of Commerce and the PMAWCA (2016) [39]. Table 2 shows the cargo
demand in million tons from the 3 LLCs. The data information on the corridors
distances (see Table 4) and the average transport cost (see Table 5) are respec-
tively obtained from Google map, and the Borderless. The research will refer to

the basic indicators for evaluating the corridor performance of five countries,

Table 2. Demand imports & exports data for selected LLCs in W/A (million tons).

Year

LLC
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Burkina Faso
1.87 226 2.6 228 331 4.76 552 599 577 6.33 7.02

(Ouagadougou)

Mali (Bamako) 39 454 482 378 476 5.11 589 599 6.06 6.46 7.16

Niger (Niamey) 1.58 1.78 2.26 2.79 3.11 346 334 36 394 521 5.79
Total 7.35 8.58 9.68 8.85 11.18 13.33 14.75 15.58 15.77 18 19.97

Source: Burkinabe, Mali and Niger’s chamber of commerce and PMAWCA (2016) [39].
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from their respective port (seen as the point of origin) to the LLCs commercial
cities they serve.

The research forecast the cargo volume flow for the next 10 years (from 2017
to 2026). To attain this forecast, the researcher proceeds by simply calculating
the rate of evolution by variation period of n and then the overall average evolu-
tion rate which is both mathematically presented as followed:

Calculation of Rate Evolution by variation of year,

V.-,
t, =—L—= x100 (1)
v,

i

t; : Rate of evolution by variation period of (n).
¥, : Initial volume of year (n).
V. : Final volume of year (2 + 1).

Calculation of Overall Average Evolution Rate,

Tm:tGI+tG2+---+th @)

n

T,,: Overall Average Evolution Rate.

t;, : Rate of evolution by variation period from (n) to (22 + 1).

15, : Rate of evolution by variation period over (z2) period.

n: number of variation period.

From the precedents mathematical calculations, we obtain the forecasted re-
sults of the cargo demand in million tons from the 3 LLCs, presented in Table 3
which starts from the year 2017. Therefore this study is using the year 2023 as a
benchmark.

3.2. Alternatives Available Corridors Route to Shippers

Consideration is given to the transport system between an origin and destination
(OD) pair in the model. The study assumes that the traffic demand is generated
from major commercial cities (capital cities) of each of the three LLCs. This, due
to the fact of unpublished traffic volume from other potential important com-
mercial city centres of the studied LLCs. The 15 alternatives available corridor
routes, involve three LLCs, Burkina Faso, Mali, and Niger, and five major ports,

including the ports of Abidjan, Cotonou, Lagos, Lomé, and Tema (Figure 1).

Table 3. Forecasted demand imports & exports data for selected LLCs in W/A (millions
of tons).

Year
LLC

2017 2018 2019 2020 2021 2022 | 2023 |2024 2025 2026

Burkina Faso
7.79 8.64 9.58 10.62 11.78 13.07| 14.49 |16.07 17.83 19.77

(Ouagadougou)

Mali (Bamako) 794 881 9.77 10.83 12.02 13.33| 14.78 | 16.39 18.18 20.16

Niger (Niamey) 642 7.12 790 876 972 10.78| 11.95 |13.26 14.70 16.31
Total 22.15 2456 27.24 30.22 33.51 37.17| 41.22 |45.72 50.71 56.24

Source: Processed by the author.
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BURKINA
FASO
Ouagadougou

MALI
Bamako

Abidjan Cotonou Lagos Lomé Tema
COTE D’IVOIRE BENIN NIGERIA TOGO GHANA

Figure 1. LLCs alternative corridor route selection (Source: processed by the author).

Instead of transport mode comparison, we are studying the selection of alterna-
tive corridors to route the containers by using different ports. A route is consi-
dered as from a point origin to a point of destination (OD) irrespective of the
transport mode.

Table 4 summarizes the distance of the corridors between the five respective
ports (Origin) and the major commercial cities of the LLCs (Destination).

A comparison overview of the distance from O to D is given in Figure 2. The
longest corridors to and from Mali, are respectively the Cotonou-Bamako, La-
gos-Bamako, Lomé-Bamako, and the Tema Bamako. Abidjan is at the shortest dis-
tance away from Bamako destination with about 1382 km. Regarding Niger, La-
gos-Niamey appears to be the shortest path, closely followed by the Coto-
nou-Niamey route, then the Lomé-Niamey corridor route. The Lomé-Ouagadougou
corridor, is the shortest path among all other four corridors routes to and from
Burkina Faso. The corridor route of Tema-Ouagadougou is the second, and fol-
lowed in third position by the Lagos-Ouagadougou corridor route. Abidjan ap-
pears to be the most distant to Ouagadougou with 1232 km. Analyzing port
choices in the United States, Blonigen B., & Wilson W. (2006) [41] concluded
that distance and transport prices and individual port efficiency play a signifi-
cant role in determining a port’s market share. Figure 2 illustrates the length of

the corridors from origin to destination.

3.3. Average Transport Cost within Corridors

The average transport costs in USD per ton per kilometer are represented in Ta-
ble 5. This average transport price mechanism is calculated based on the fuel
cost, road conditions, as well as any indirect and direct costs associated with in-
land transportation. Among the cheapest road transport rate, is Ghana’s with
0.14 USD/ton/km followed by Togo, 0.16 USD/ton/km. The highest transport
rate is noted with Nigeria, 0.2 USD/ton/km. The objective is the identification of

the minimal transport cost route. Hence in the following course of the corridors
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Table 4. Corridors distances from origin to destination.

Country Corridors Distance (km)
Abidjan-Bamako 1382
Cote d’Ivoire Abidjan-Niamey 1694
Abidjan-Ouagadougou* 1232
Cotonou-Bamako 1947
Benin Cotonou-Niamey* 1070
Cotonou-Ouagadougou 1200
Lagos-Bamako 1942
Nigeria Lagos-Niamey* 1028
Lagos-Ouagadougou 1095
Lome-Bamako 1973
Togo Lome-Niamey 1222
Lome-Ouagadougou* 928
Tema-Bamako 1967
Ghana Tema-Niamey 1576
Tema-Ouagadougou* 1057

TOTAL CORRIDORS LENGTH 21,313

Source: Google map [40].

Table 5. Average transport cost (US$/ton/km).

Transport cost-road Transport cost-rail

Country

(USD/ton/km) (USD/ton/km)
Cote d’Ivoire 0.17 0.14
Benin 0.18 n/a
Nigeria 0.2 n/a
Togo 0.16 n/a
Ghana 0.14 n/a

Source: Borderless (2016) [42].

transport cost performance analysis, where direct rail transport is available and
operational, the model will make calculation utilizing the average rail transport
cost instead of the average road transport cost. In the case of Abidjan to Ouaga-
dougou, different costs are allocated to different transport modes. The transport

modes considered are two namely; rail and truck.

3.4. Intermodal Terminal Localization Using a Survey Method

A Questionnaire was systematically administered to a chosen target population
at the Port of Lome. In all, 100 questionnaires were dispatched for the survey of
which 70 copies were retrieved; and only 60 copies were considered valid for the
survey analysis. Information was gathered from several interviews and that data

gathered was used to derive current conditions from the general perception in
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Corridors Length

2500
1973 1967
2000 1947 1942
1694
1576
1500 1382
1232 1200 1222
1095 1057 1070 3028

1000 928
B I I

0

Distance (km)
 Mali u Mali Mali H Mali m Mali

Burkina Faso m Burkina Faso B Burkina Faso m Burkina Faso M Burkina Faso

| Niger m Niger m Niger m Niger Niger

Figure 2. Corridors length. Source: processed by the author.

the transport supply chain.

This illustrates the approach used by the researcher in selecting the respon-
dents for the case study. Random sampling was used to choose a select group of
the population. This sampling method is meant to be an unbiased representation
where every member stood an equal chance of being selected for sampling. It has
been noted by Descombe (1998) [43] that when selecting a sample size, there are
two major factors that can be explained about the population and sample size in
qualitative research. Firstly, they are unlikely to be known with precision or cer-
tainty at the beginning of a research paper. Secondly, the sample size will gener-
ally be relatively small to the entire population. Hence, an adequate and com-
prehensive data must be obtained in order to provide a solution the outlined
problems.

The questionnaire therefore mainly focused on the first stakeholders along the
Lomé-Cinkassé transit corridor and extending to Ouagadougou, Niamey and
Bamako. The target population subject to the survey was the freight forwarders,
the truck operators, and the transit importers and exporters. The questionnaire
was accompanied with an introductive letter of the researcher and its research
purpose in Appendix 1. To this utilized method was added the ID Number at-
tributed to each respondent, to actually ensure not only the anonymity of the
respondent’s information, but also to avoid duplicate respondents’ survey. This
survey technique also assures a higher response rate from surveyed participants
and encourage their openness. A sample of the questionnaire can be found in
Appendix 2. The results and analysis of the survey are presented in the follow-

ing sections.

3.5. Mathematical Function

The total transportation calculation cost can simply be written mathematically as
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follow:

k
TTC=)d,D,F, (3)
n=1
where,
TTC= Total Transportation Cost.
d, = distance between two locations.
D, = quantity in millions of tons.

F, = average transportation cost in USD ton per kilometer.

n

4. Empirical Results
4.1. Unimodal Transport Cost Analysis Forecast, for Year 2023

The unimodal transport cost for freight transiting from each of the five major
ports to the destination to each of the three LLCs commercial centres (Bamako,
Niamey, and Ouagadougou) is presented in the Table 6. This freight rate com-
parison only considers the amount paid to the railways or the truck and does not
include terminal handling costs nor loading or unloading cargo at final delivery.
By the year 2023, the volume of cargo imports and exports to and from Ba-
mako (Mali) would increase by 128.9 % from the year 2015, a yearly growth rate
of about 10.9%. The best option route in the case where coastal countries by
2023 continue to still use a unimodal mode of transport for shipping cargo,
would be first the Abidjan with USD 3.472 Billion. This is followed by Tema

Table 6. Overall unimodal forecasted transport cost by route, for year 2023 (value in Million USD).

HLLC Corridors Distance A;;I‘:(.)(i;st év.Tr.Cost by Demand Imp & Unmg())i:l(—é}r_zgport
(km) (USD/t/km) @il (USD/t/km)  Exp HLLC total demand)
Abidjan-Bamako 1382 0.17 - 14,780,037 3472
Cotonou-Bamako 1947 0.18 - 14,780,037 5180
Mali Lagos-Bamako 1942 0.2 - 14,780,037 5741
Lome-Bamako 1973 0.16 - 14,780,037 4666
Tema-Bamako 1967 0.14 - 14,780,037 4070
Abidjan-Niamey 1694 0.17 - 11,952,013 3442
Cotonou-Niamey* 1070 0.18 - 11,952,013 2302
Niger Lagos-Niamey* 1028 0.2 - 11,952,013 2457
Lome-Niamey 1222 0.16 - 11,952,013 2337
Tema-Niamey 1576 0.14 - 11,952,013 2637
Abidjan-Ouagadougou* 1232 - 0.14 14,491,042 2499
Cotonou-Ouagadougou 1200 0.18 - 14,491,042 3130
Burkina Faso Lagos-Ouagadougou 1095 0.2 - 14,491,042 3174
Lome-Ouagadougou* 928 0.16 - 14,491,042 2152
Tema-Ouagadougou* 1057 0.14 - 14,491,042 2144
Source: Processed by the author.
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USD 4.07 Billion and in the third position the Lomé corridor route USD 4.666
Billion (see Figure 3).

In regards to the cargo to and from Niamey (Niger) to the coastal countries,
the first option route shippers might consider would likely be Cotonou USD
2.302 Billion, followed by Lomé USD 2.337 Billion and then the Lagos route
USD 2.457 Billion in terms of unimodal transport costs. Abidjan and Tema are
the most costly transport corridor routes among others (see Figure 4).

Though the distance between Lomé-Ouagadougou is listed as the shortest
compared to other routes, Burkinabe shippers would likely in the forecasting
unimodal transport cost prefer the Tema route costing USD 2.144 Billion. The

Lomé-Ouagadougou route, USD 2.152 Billion would come as the second best

Unimodal - Transport Cost (Mali)
7000

6000 5741

5180
5000 4666
4070

4000 3472
3000
2000
1000

0

Abidjan - Bamako Cotonou - Bamako Lagos-Bamako Lome-Bamako Tema - Bamako

Figure 3. Unimodal transport forecasted cost route of Bamako, by year 2023 (Mali).
Source: Processed by the author.

Unimodal - Transport Cost (Niger)

4000
3442
3500
3000
2637
2457

2500 2302 2337
2000
1500
1000
500
0

Abidjan - Niamey Cotonou - Niamey* Lagos - Niamey* Lome - Niamey Tema - Niamey

Figure 4. Unimodal transport forecasted cost route of Niamey, by year 2023 (Niger).
Source: Processed by the author.
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corridor route option, followed by the Abidjan-Ouagadougou route USD 2.499
Billion. This is interesting given that cargo routed through the Abidjan-Ouagadougou

corridor goes by train (see Figure 5).

4.2. Survey Results on Intermodal Transport Localization

In regard to the introduction of an intermodal transport system along the Lomé
corridor route, 55% of the respondents opposed the idea with the majority 53%
of the truckers, who argued that such transport modes would increase the rate of
unemployment in the transport industry (see Table 7). On the contrary, 42% of
respondents welcomed the idea of an intermodal transport system; of that 22%
of the truckers and 20% of freight forwarders who stated that this would lead to
transit time saving, security improvements, avoidance of the Alédjo-Mountains,
transport cost reduction, and the reduction of road accidents.

Considering the choice of the intermodal terminal along the Togo corridor
route, the majority of the respondents’ for the adoption of an intermodal trans-
port system, here about 36% voted in favor of the city of Mango as the best host

city for an intermodal terminal (see Table 8).

Unimodal - Transport Cost (Burkina Faso)

3500
3130 3174
3000
2499
2500
2152 2144
2000
1500
1000
500
0
Abidjan - Cotonou - Lagos - Lome - Tema -
Ouagadougou* Ouagadougou Ouagadougou Ouagadougou* Ouagadougou*

Figure 5. Unimodal transport forecasted cost route of Ouagadougou, by year 2023 (Bur-
kina Faso). Source: Processed by the author.

Table 7. Intermodal transport system.

Intermodal Transport Assessment % Number
Yes 42 25
No 55 33
No answer 3 2
Total 100 60

Source: Processed by the Author.
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Table 8. Preselection of intermodal terminal location.

Intermodal Terminal Preselected Locations % Number
Mango (550 km from Lome) 36 9
Dapaong (620 km from Lome) 28 7
Blitta (263 km from Lome) 28 7
Kara (411 km from Lome) 8 2
Total 100 25

Source: Processed by the Author.

4.3. Intermodal Transport Cost Analysis Forecast, for Year 2023

In the previous section, the survey-based terminal localization gives the city of
Mango, at 550 km north to the capital city of Lomé, as to be the best intermodal
terminal location. This research, therefore, uses the survey results for calculating
the intermodal transport cost of cargo flow through the Togo corridor. Calcula-
tions are thus taking into account this new parameter. The transport cost is a
function of several factors such as the volume of cargo, the distance from the
origin to final destination, the average transport cost by road and by rail, the
demand from each LLCs, and the available mode of transport.

The choice of the best route in terms of cost minimization will depend on the
total transport cost whether in unimodal or intermodal case. The total unimodal
versus intermodal transport cost calculation is presented in Table 9. The section
deals with analyzing transport costs by routing. This implies the comparison of
the different cargo traffic flow from ports and routed to each LLCs market. The
upper limit on the freight rates will be fixed by the road freight rates; 7e the
railway cannot set the freight rates higher than the road freight rates unless the
customer is willing to pay more than the road freight rates. As for Rajiv D., et al
(2011) [44], they suggest that the freight rate should be set in sort to determine
the optimum pricing policy and terminal location in order to guarantee a certain
level of profit for the railway from the intermodal service. This means that pric-
ing should be set in such a way that the railway can achieve profits without los-
ing traffic to road transport.

Moreover, for the case of Togo, it is given based on our survey research that
customers are not willing to pay more than the road freight rate, and therefore
the truck shipping cost using the intermodal service should be less than the cost
of shipping by road. Consequently, the research applies the freight rate of 0.14
USD/ton/km as same as the one from Ivory Coast, added to the fact that these
two countries share numerous similarities.

Regarding the forecasted demand, the Ivory Coast corridor offers the least in-
land transport cost for cargo traffic in direction and from Bamako in Mali, with
a total cost of USD 3.472 Billion. This followed by the Tema-Bamako route, with
about USD 4.070 Billion then the Lomé-Bamako route with USD 4.503 Billion.
The Benin and Nigeria corridors offer the highest transport costs USD 5.179 Bil-
lion and USD 5.740 Billion, respectively (see Figure 6).
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Table 9. Unimodal vs. intermodal transport forecasted cost by corridor route for year 2023 (value in Million USD).

Av.Tr.CostAv.Tr.Cost Unimodal- Intermodal-

i Distance Distance R Demand Transport
HLLC Corridors Distance Lome- Mango to byroad by rail Imp & E Transport Transport Cost
(km) 89 (uspi/k (USD/K TR TP Gost (HLLC  Cost (HLLC )
Mango HLLC HLLC Saving
m) m) total demand) total demand)
Abidjan-Bamako 1382 - - 0.17 - 14,780,037 3472 - 0
Cotonou-Bamako 1947 - - 0.18 - 14,780,037 5180 - 0
Mali Lagos-Bamako 1942 - - 0.2 - 14,780,037 5741 - 0
Lome-Bamako 1973 550 1423 0.16 0.14 14,780,037 4666 4503 162.58
Tema-Bamako 1967 - - 0.14 - 14,780,037 4070 - 0
Abidjan-Niamey 1694 - - 0.17 - 11,952,013 3442 - 0
Cotonou-Niamey* 1070 - - 0.18 - 11,952,013 2302 - 0
Niger Lagos-Niamey* 1028 - - 0.2 - 11,952,013 2457 - 0
Lome-Niamey 1222 550 672 0.16 0.14 11,952,013 2337 2205 131.47
Tema-Niamey 1576 - - 0.14 - 11,952,013 2637 - 0
Abidjan-Ouagadougou* 1232 - - - 0.14 14,491,042 2499 - 0
Cotonou-Ouagadougou 1200 - - 0.18 - 14,491,042 3130 - 0
Burkina
Lagos-Ouagadougou 1095 - - 0.2 - 14,491,042 3174 - 0
Faso
Lome-Ouagadougou* 928 550 378 0.16 0.14 14,491,042 2152 1992 159.40
Tema-Ouagadougou* 1057 - - 0.14 - 14,491,042 2144 - 0

Source: Processed by the Author.

. Tema
USS$ 4.070 Billion

Billion

Figure 6. Forecasted unimodal vs. intermodal corridor route ranking to
Bamako in MALI by year 2023. Source: Processed by the Author.
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The Togo corridor route is considered to offer the least transport cost with
USD 2.205 Billion for cargo in direction to and from Niamey in Niger. The Be-
nin and Nigeria corridors come as second and third with USD 2.301 Billion and
USD 2.457 Billion respectively. Abidjan-Niamey route exhibits the highest
transport cost, therefore, cannot be considered unfortunately as profitable for
Niger shippers (see Figure 7).

In regard to the transit cargo to and from Ouagadougou in Burkina Faso, To-
go corridor route offers the best transport cost in terms of cost minimization
with USD 1.992 Billion, directly followed by Ghana corridor exhibiting a trans-
port cost of USD 2.144 Billion and the Ivory Coast with USD 2.499 Billion. The
Lagos-Ouagadougou routing holds the highest transport cost among all the
routes, with the Cotonou-Ouagadougou routing closely behind (see Figure 8).

The city of Mango intermodal terminal and the application of the intermodal
transport for transit cargo to and from the 3 LLCs through the Togo corridor,
would enable substantial transport cost savings for shippers. This will, therefore,
reflect on the final product price in the retail stores.

A shift from unimodal transport to the intermodal transport would by 2023
lead to a transport cost saving USD 162.58 Million on the Lomé-Bamako
routing. The Lomé-Niamey routing transport cost saving would account for
USD 131.47 Million while costing savings the Lomé-Ouagadougou routing USD
159.4 Million. An overall transport costs savings of USD 453.45 Million for the 3
LLCs understudy in the account of the year 2023 (see Figure 9).

As a result, the costs advantage to serve medium and long distance with rail is

significant and is directly reflected in the pricing of intermodal transport. The

Cotonou
‘USS$ 2.301 Billion

Figure 7. Forecasted unimodal vs intermodal corridor route ranking to
Niamey in NIGER by year 2023. Source: Processed by the author.
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Tema
SS 2.144 Billion

Figure 8. Forecasted unimodal vs. intermodal corridor route ranking to
Ouagadougou in Burkina Faso by year 2023. Source: Processed by the

Author.
Cost Saving by Intermodal Transport Through Togo Corridor
5000 4666 4503
4500
4000
3500
3000
2337
2205
2500 2152 1995
2000
1500
1000
500
0
Lome - Bamako Lome - Niamey Lome - Ouagadougou*
® Unimodal - Transport Cost (HLLC total demand) o Intermodal - Transport Cost (HLLC total demand)

Figure 9. Forecasted cost saving by intermodal transport through Togo corridor route by
year 2023. Source: processed by the Author.

rail-truck intermodal service can be a key strategy adopted to shift the high traf-
fic density from the road to the railway. It will include the advantages of both the
truck and the rail service. Pricing and willingness to pay are fundamental in the
strategic planning for the development of the new infrastructure for an inter-
modal transport system.

The present research assumes that road distances will not alter within the time
period forecasted. An average transport cost per ton-kilometer remains the
same. It also assumes that transport costs are the main factors intervening in the
transport decision, as we can realistically suppose that operators try to optimize

the transport mechanisms. Other factors which have not been taken into account
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in this model, although they should not be neglected in the final decision, in-
clude speed, security of transport, deterioration of the goods and queuing time.
The study found that the function of transport costs is most important in the
transport intermodal problem, and determine the choice of cargo routing by

shippers.

5. Conclusions

The corridor agenda is increasingly widely adopted by governments, the private
sector, and development agencies. There is a realization that a poor corridor
performance can hurt the economic prospects, of especially developing lan-
dlocked economies, with disproportionate impacts on their small and me-
dium-sized enterprises (Kunaka C., & Robin C., 2014) [45]. Trade flow in this
part of Africa is unique in that they are carried on a network of five corridors,
linking ports in five coastal countries (Ivory Coast, Ghana, Togo, Benin, and
Nigeria) to the landlocked countries of Mali, Burkina Faso, and Niger.

In the present condition of unimodal transport, the study found that it will be
more costly to ship cargo to and from Bamako through the Nigeria, Benin, Togo,
and Ghana corridors. The Abidjan-Bamako routing, appears to be the most cost
efficient for Mali shippers. Furthermore, still in the account of the unimodal
transport, it is more costly, for shippers from Niger, to ship through the corri-
dors of Ivory Coast, Ghana, Togo, and Nigeria. The Cotonou-Niamey cargo
routing remains the most advantageous in terms of cost saving. The study also
found that the Lomé-Ouagadougou cargo routing, costs more despite being the
shortest distance among the studied corridors. The routes of Lagos-Ouagadougou,
Cotonou-Ouagadougou, and Abidjan-Ouagadougou are not profitable to Bur-
kinabe shippers. The Tema-Ouagadougou routing holds the first position in
terms of transport costs saving, among all the corridors. Thus the study high-
lights that by the year 2023, Burkina Faso shippers would rather choose the
Ghana corridor, while the Mali shippers would choose the Ivory Coast corridor.
Shippers from Niger would go through the Benin corridor. This analysis ac-
counted for unimodal transport, which is largely used by developing countries.

Nevertheless, the present study encourages policymakers to take into account,
the recommendations of this research on the necessity of the introduction of an
intermodal transport on the Togo corridor by 2023, thus meeting the Togolese
PND which is a national development plan, aiming at the structural transforma-
tion of the Togolese economy. The qualitative survey conducted by this study
revealed that the city of Mango would be the ideal city host for an intermodal
terminal. The introduction of this parameter would change the routing habit of
the shippers from the 3 LLCs. Among all the corridor under study, the Togo
corridor will be considered the optimal in terms of transport cost minimization
by the Niger and Burkina Faso shippers. It will face fierce competition from the
Benin and Ghana corridors. The present study found that the 3 LLCs of Burkina
Faso, Mali and Niger will by 2023, with the availability of the intermodal trans-
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port on the Togo corridor, enjoy a total transport cost reduction of approxima-
tively USD 453.45 Million. Respectively, USD 162.58 Million on the Lomé-Bamako
route, USD 159.4 Million on the Lomé-Ouagadougou route, and USD 131.47

Million for the Lomé-Niamey route will be saved in transport costs contrary to

the unimodal transport.
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Appendices
Appendix 1: Invitation to Participate Letter—Survey

TO WHOM IT MAY CONCERN

Dear Sir/Madam,

You are invited to complete an academic research survey. If you would like to
participate in the evaluation, you will be asked to complete this survey. This re-
search seeks to investigate the present transport mode of transit containers from
the Port of Lomé to the land-locked countries, as well as exploring the possible
transport mode optimization of the transit traffic of containers cargo. It will take
about 30 minutes to finish. Your participation is completely voluntary and very
much solicited. This survey is purely in the context of academic research.

There is no cost for you to participate in the evaluation and you receive no
compensation in exchange for your participation in this survey. Your inputs are
extremely valuable to this research for your opinion on the appropriate mode of
transport in terms of efficacy and efficiency along the corridor of Lomé-Cinkassé. I
will be very grateful if you could help out in answering this academic survey.

I solely assure you that all answers and information obtained from this aca-
demic survey remain totally confidential and will be generally analysed with spe-
cific reference to you or your organization and be used for academic purposes
only.

Each respondent will be handed one (1) copy of this survey and kindly tick (V]
the box below or fill the blank space where applicable.

Looking forward to your contribution.

Sincerely,

Bomboma Kalgora

PhD. Candidate

School of Economics and Management
Shanghai Maritime University
Shanghai, China

Email: research.kb@outlook.com
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Appendix 2

Answer the following prompts to develop a participant-specific ID number.
Note that each participant should be assigned his/her own specific ID number
because this ID will be used to link a participant’s pre-survey and post-survey.

1- The first 2 letters of participant’s First Name -

2- The first 2 letters of participant’s Last Name Develo;)r:glr:ll-lf'Number
3- Date participant was born (2 digits) for Jane Doe
Name: Jane Doe

1 2 3 Date of Birth: 04/21/90

ID#: JADO21

SQ1. What is your function along the Lomé-Cinkassé transit corridor?

Freight Forwarder EI Other:

Container Truck Operator D

Transit Importer D

SQ2. To reduce transit time and cost, to enhance efficiency and reliability
of container transport goods along the Lomé-Cinkassé corridor, do you
think the introduction of an intermodal transport mode would be profitable

for the actors of the transport sector?

Yes I:I No I:I

SQ3. In response to SQ2, Why?

SQ4. Based on your answer, what town along the corridor you suggest as

an intermodal terminal (i.e. Hub)?

Blitta (263km from Lomé) ] Other(s):
Kara (411 km from Lomé) ]

Mango (550 km from Lomé) D

Dapaong (620 km from Lomé) D

SQ5. Your remarks or suggestions for optimization of transport capacities

to policymakers?

Note: Please if you wish to receive the general results of this academic survey

or have any queries, kindly contact me through email.
THANK YOU FOR YOUR KIND ASSISTANCE AND PRECIOUS TIME
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