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Abstract. This paper investigates transport services pricing problems faced by
intermodal freight transport operators with fixed transport capacities in an in-
termodal freight transport network. We first present an optimal intermodal freight
transport planning model to minimize the total transport cost. This model captures
modality change phenomena, due time requirements, and the possibility to sub-
contract transport demands. A cost-plus-pricing strategy is proposed to determine
the service price as the sum of the operational cost and the targeted profit margins
of transport operators under different transport scenarios, i.e., self-transporting,
subcontracting, and a combination of them. For the reference transport demand
specified by a customer, a list of service packages with different due times, de-
mand sizes, and the determined service prices will be offered to the customer.
Based on the urgency of delivering containers and the prices of different service
packages, the customer will make the final selection decisions. A case study is
given to illustrate the planning model and our proposed pricing strategy.

Keywords: Intermodal freight transport planning, cost-plus-pricing strategy, sub-
contracting, transport service packages

1 Introduction

Port-hinterland freight transport has been facing challenges from increasing cargo vol-
umes, limited capacities of transport infrastructures, traffic congestion on freeways
around the port area, traffic emission issues, etc. The concept of intermodal freight
transport provides an innovative solution for realizing efficient and sustainable hinter-
land transport systems for the deepsea ports, for instance the Port of Rotterdam [1].
Cranic and Kim [2] define intermodal freight transport as “the transportation of a load
from its origin to its destination by a sequence of at least two transportation modes, the
transfer from one mode to the next being performed at an intermodal terminal.” By inte-
grating and coordinating the use of different transport modes available in an intermodal
freight transport network through an efficient ICT system, intermodal freight transport
provides the opportunity to obtain an efficient use of the physical infrastructure as well
as providing cost and energy efficient transport services. Apart from intermodal freight
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transport, a number of innovative concepts have been introduced in both the freight
transport organization and the supply chain management, such as mode-free booking,
extended gateway, synchromodal freight transport, and terminal haulage [1,3-5].

The topic of intermodal freight transport has been studied intensively in litera-
ture [2, 6-11]. Quite a lot of research efforts have been investigating transport plan-
ning problem at the strategic, tactical, and operational decision-making levels. However,
a successful implementation of intermodal freight transport and also other innovative
concepts does not only depend on efficient transport planning, but also on an appropri-
ate pricing strategy for intermodal freight services. Pricing intermodal freight transport
services involves determining how much customers should be charged for each ser-
vice with particular service-related characteristics i.e., origin, destination, the number
of containers that have to be transported, and the due time for completing the move-
ment. The pricing strategy will greatly affect the competitiveness of intermodal freight
transport, and it also plays an important role in mode choice. Macharis and Bontekon-
ing [6] point out that the pricing for intermodal transport is complicated since several
actors are involved relating to different parts of the chain. It requires an accurate cost
calculation and insight in the market situation.

The pricing strategies for intermodal freight transport services are often analyzed
at two levels, the individual player in the intermodal chain, and the whole door-to-door
intermodal freight transport service [11]. At the first, individual player level, pricing
strategies for rail haul and drayage operators are evaluated in [12] and [13], respec-
tively. Liu and Yang [14] combines slot allocation and dynamic pricing strategy in con-
tainer intermodal transport. At the second, whole door-to-door service level, Tsai et
al. [15] developed pricing strategies based on minimum logistics cost and logit demand
functions for the whole intermodal transport chain. Li and Tayur formulated in [16] a
medium-term planning model to jointly consider transport planning and service pric-
ing in intermodal freight transport. Dandotiya et al. [17] developed a joint optimiza-
tion model for the rail-truck terminal location policy and the pricing strategy for the
Delhi—-Mumbai freight corridor in India. This study aims to enhance the utilization of
the railway infrastructure and shows the interrelation between terminal locations and
the price sensitivities of customers while allowing for adequate profit for the railway. A
bi-level programming model was proposed by Ypsilantis and Zuidwijk to jointly design
the extended gateway services and determine the pricing scheme for profit maximiza-
tion in [18]. This paper pointed out that for the port-to-door service the corresponding
transport service price depends on the best alternative transport service offered by the
competition and does not depend on the container transport routing in the network,
while for the price of the port-to-port service this is not the case. The best alterna-
tive transport service is chosen from the shippers’ perspective by evaluating a trade-off
among major decision factors, such as transport cost, and transport time. Most of the
research work on pricing strategy for intermodal freight transport in the literature is
performed at the tactical level [8]. The research presented in the current paper com-
bines the intermodal transport planning operation and the pricing strategy so that the
pricing problem is considered in a more detailed level. Moreover, even through there
are many cost-related pricing strategies, such as cost-plus pricing, market penetration
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pricing, discount pricing [12], the current paper will focus on using the basic concept
of the cost-plus pricing strategy.

In the current paper we will consider an intermodal freight transport operator that
provides port-to-port services in an intermodal freight transport network connecting
deep-sea ports and inland terminals. The main contributions of this paper are a new
intermodal freight transport network model for minimizing the transport cost of the in-
termodal freight transport operator and a cost-plus service pricing strategy for facilitat-
ing transport operators with given transport capacity in an intermodal freight transport
network.This paper considers performing off-line pricing where all transport demands
in the planning period are assumed to be known when the transport planning and pric-
ing decisions are being made. It is noteworthy that some transport demands might be
rejected by the operator in case that the determined prices of transport services for
serving these transport demands are higher than the market prices. The proposed pric-
ing strategy considers the operational cost and the targeted profit margins of intermodal
freight transport operators, and also the market price for transporting freight. Therefore,
an optimal intermodal freight transport planning model is first developed for represent-
ing the characteristic behaviors of the network (e.g., modality changes at intermodal
terminals), to guarantee the due time requirements of transport demands, and to capture
the possibility of using subcontracted transport services from other transport opera-
tors. The introduction of subcontracted transport services in the intermodal container
transport network model was first proposed and investigated in [19, 20]. The network
modeling approach in the current paper is based on the multi-node method that has been
proposed and used in [21-23], which works at the tactical container flow level, while
extensions are made in this paper to enable the network model to be capable of directly
capturing the due time requirements of transport demands and the possibility of doing
subcontracting at the operational container transport planning level. After that, the pro-
posed cost-plus-pricing strategy determines intermodal freight transport service prices
by adding up the transport operator’s operational cost and the targeted profit margins
while taking into account different transport scenarios, i.e., self-transporting, subcon-
tracting, and a combination of these two. Moreover, for a reference transport demand
a list of transport service packages with different due times, demand sizes, and the
determined prices will be provided to the customer. The customer can make the final
transport service selection according to his transport urgency and the service prices of
different service packages.

The remainder of the paper is organized as follows. Section 2 briefly introduces
intermodal freight transport networks and presents an optimal intermodal freight trans-
port planning model. Our proposed cost-plus service pricing strategy is explained in
detail in Section 3 under different transport scenarios. A simple case study is given in
Section 4 to illustrate our proposed pricing approach. Conclusions and directions for
future work are given in Section 5.
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Fig. 1. A graph representation of an intermodal freight transport network. Each doubled-headed
arc in the figure represents two directed links with opposite directions.

2 Planning intermodal freight transport

2.1 Intermodal freight transport networks

An intermodal freight transport network is a network of interconnected single-mode
transport networks, for instance the road network, the railway network, the inland wa-
terway network. The interconnected network consists of a set of intermodal terminals
and a set of transport connections with different modalities among these terminals. In-
termodal terminals function as the connecting points for multiple single-mode transport
networks, and as the switching points for containers to switch from one modality to
another. Unquestionably, certain amounts of transfer time and transfer cost will occur
when containers switch among modalities.

By representing intermodal terminals and transport connections as nodes and links,
an intermodal freight transport network can be abstracted as a directed graph. Figure 1
shows a graph representation of an intermodal freight transport network with 4 inter-
modal terminals, 8 freeway connections, 2 railway connections, and 4 inland waterway
connections. Adopting the multiple node method used in [24], in [21] an intermodal
terminal is modeled as a set of multiple nodes that correspond to each single-mode ter-
minal and the storage yard at this intermodal terminal respectively. The use of multiple
nodes enables the analysis of modality change phenomena at intermodal terminals in
the same way as the transport connections. This paper will also adopt the multiple node
method as used in [21].

Briefly speaking, an intermodal freight transport network can be modeled as a di-
rected graph & (¥, &, .4 ). The node set ¥ is generated using the multiple node method
and on the basis of the structure of the physical network and the possibility of changing
modalities at intermodal terminals. The node set ¥ = %uck U #frain U Pharge U Fstore 15 @
finite nonempty set with the sets #ruck, #rain> Pbarge> and Fiore representing truck termi-
nals, train terminals, barge terminals, and storage yards shared by different single-model
terminals inside each intermodal terminal of the network, respectively. The modality
change set . is constructed according to the available modalities in this network. This
paper formulates the network model for three modalities (i.e., trucks, trains, and barges),
but the network model can be extended to include more modalities. The mode change
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Fig. 2. The intermodal freight transport network model for the network shown in Figure 1. Each
doubled-headed arc in the figure represents two directed links with opposite directions.

set A = ./ U .4, indicates modalities and modality change types in the network with
M = {truck, train, barge,store} and .45 = {m; — mp|my,my € A\ and m; # my}.
Note that the storage is considered as one type of virtual modality. The link set & C
¥V x ¥V x M represents all available connections among nodes. The symbol ["; is used
to denote link (i, j,m) € &. All links in the network are categorized as either transport
links or transfer links depending on whether a modality change happens on this link
or not. Figure 2 gives the intermodal freight transport network model of the network
shown in Figure 1. The dotted blue arcs, the solid black arcs, the dashed red arcs, and
the dash-dotted green arcs indicate 4 transport links of the inland waterway network,
8 transport links of the road network, 2 transport links of the railway network, and 30
transfer links among nodes with different modalities in the intermodal freight transport
network, respectively. The dashed green nodes indicate the storage nodes.

With the above multi-node method based network model, the paper [21] develops a
generic intermodal freight transport network model in a discrete-time formulation from
an aggregated container flow perspective for optimal container flow assignment. The
optimal intermodal freight transport planing model proposed below is also in a discrete-
time formulation but considers individual containers in the planning, and is therefore
able to directly capture the due time requirements of transport demands ordered in the
form of mode-free booking [3].

2.2 Optimal intermodal freight transport planning model

This section presents an optimal intermodal freight transport planning model for an in-
termodal freight transport operator. The transport operator has a fixed transport capacity
on each link of the intermodal freight transport network and provides intermodal freight
transport services to shippers. Shippers order transport services in a mode-free booking
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fashion, in which shippers only specify the characteristic information of their containers
(i.e., the origin, the destination, the size, and the due time) while leaving the freedom to
transport operators to choose appropriate modes of transport for transporting containers
under the up-to-date network conditions. In order to guarantee the reliability of trans-
port services, the transport operator strives to complete shippers’ orders before their
specified due times with the lowest total transport cost possible. Therefore, we choose
to consider the due time requirements as hard constraints in the planning. Meanwhile,
in practice there are situations that the transport operator does not have enough trans-
port capacity available when some orders from a valued long-term business partners
arrive. It is then really important for the transport operator to accept and finish these
orders in order to establish a stable cooperation with the business partner. Therefore,
we assume that the transport operator can subcontract a part or even the whole order to
other transport operators in order to serve the order at the price of making less profit.

An order can be interpreted as a transport demand in the transport planning, and
it is defined as a group of containers sharing the origin and destination nodes (e.g.,
(0,d)) and also a given due time (e.g., T, 4). The number of containers corresponding
to transport demand (o,d, T, 4) (, which belongs to the set of all transport demands
Ooat TV X ¥V x .7) can be indicated by doar,, The due time T, 4 is actually the
latest time point for finishing transport demand (0,d, T, 4), for instance 5:00 pm on
April 20, 2015. The proposed optimal intermodal freight transport planning model is a
discrete-time model with a time step of 7; (h). The planning horizon of the intermodal
freight transport is N - Ty (h) with N € N\{0}. The planning horizon should be large
enough to include the due time of all transport demands. The objective, the constraints,
and the optimization formulation of the proposed planning model will be explained in
detail in the following subsections.

2.2.1 The objective of the planning model

For an intermodal freight transport operator with fixed transport capacities on trans-
port connections in the network, the optimal transport planning consists in determining
container routings and making subcontracting decisions by minimizing the total de-
livery cost while fulfilling the due time requirements of all transport demands in the
network. In this optimal intermodal freight transport planning model, the total transport
cost Jyoa1 18 the sum of the storage cost, the transport/transfer cost, and subcontracting
cost of transport demands in the network and is defined as follows:

N
ol = [Z [ Z Xi,0,d,To 4 (k) TsCi store + Z x;’?j,o,d,TOd (k) nczlj,tran
(oadﬁTo‘d)Eﬁodt k=1 LieV (i,j.jn)EéD
b sub
+dyar,,(DVCour,, ] 7 (1)
where

- The value of x; 5 41, , (k) (TEU) is the number of containers corresponding to trans-
port demand d, 41, , and staying at node i at time step k. The container storage cost
atnode i € ¥ is given as C; siore (€/TEU/h).
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- The value of x"; ;1 (k) (TEU) is the number of containers corresponding to

transport demand d,, 47, , and traveling on link /", at time step k. The container
transport/transfer cost on link (i, j,m) € & is given by C}"} ., (€/TEU/h).

- The value of d5%°, ,(k) (TEU) is the number of containers corresponding to trans-

port demand d, 41, , that have to be subcontracted to other transport operators at
time step k. The value of dis.,tt;t.,)d.TO,d (k) corresponds to a planning decision when i = o

and k = 1, and otherwise it is zero. Here we assume that the subcontracting decision
is made about each transport demand only at the time when the demand enters the
network. The price that has to be paid for subcontracting one TEU of the transport

demand dy 41, , 18 CZ‘;"’d,To.d (€/TEU).

2.2.2 The constraints of the planning model

The transport planning has to be performed with respect to multiple constraints on
network dynamics, transport capacity, due time requirements, and subcontracting deci-
sions. For each transport demand d, 4T, ,, the network dynamics include node dynamics
and link dynamics, and can be formulated as:

Xiod T, (k+1) =xioar,, () + Y, d}iur, (k)
(jm)eAfn

- Z QT}I’E?L{’TO‘d (k) - dggfd,T(,_d (k)
(j,m)e,/lf"“‘ :

+ ;2),11,1,,6, (k) — zl(l)l,)d,de (k), 2

Xi0,d,T, 4 (k)7d}27sd-To,d (k), 33fd,T0_d (k)vdis,l(l)]?d7Tuﬁd(k) € N\{0}
V(O,d,Tg_d) c ﬁodta Vi,j S 7/, Vm € %, Vk,

CIT}?;ELTM (k) = q;’fﬁgd;m (k - TZ'})? 3)
Xj0.d T,y (K1) = x50 a1, (K) + (qzr",l}fz,d,To.d () =4}, , (k>) ’ @)

where

m,out
l',j,o,d,To‘d
transport demand d, 41, , and leaving link /" to node ; at time step k. The set N in
is defined as

- The value of ¢ (k) (TEU) is the number of containers corresponding to

A= {(j,m) | [7'; is an incoming link for node i}.

m,in
i,j,0.d
port demand d(,yd%’ , and entering link ll’-’f]- from node i at time step k. The set .4/ out
is defined as

- The value of ¢ (k) (TEU) is the number of containers corresponding to trans-

N = {(j,m) | [i"; is an outgoing link for node i}.
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m

- The transport time on each link l}"j is given by T} f

each link is assumed to be constant.
- The value of &, , ¢ (k) (TEU) is the number of containers corresponding to trans-

port demand d, 41, , and entering node i from the outside of the network at time

T (h). Here the transport time on

step k. The value of d, ar, (k) equalsdo g, , — df"j}”d,Tg’d (k) wheni=oandk=1,
and otherwise it is zero.
- The value of d™* k) (TEU) is the number of containers corresponding to trans-
1,0,d,T, 4 P g
port demand d,, 4T, , and arriving at the final destination node i at time step k. The

value of d;! AT, (k) equals X(jme yrin q:"JlE AT, (k) when i = d (here, we assume

that containers coming from each transport demand will immediately leave the net-
work once they arrive at their destinations), and otherwise it is zero.

The transport capacity of an intermodal freight transport operator on each link ;";,
G (TEU), is the maximum number of containers that can traverse within this link. The
transfer capacity on each transfer link is basically determined by the equipment capacity
and the operation of the intermodal terminal to which this link physically belongs. The
transport/transfer capacity constraint on each link llmj applies for the combination of all

transport demands d, 41, ; € Oodt, and can be formulated as follows:

Y, ear,, k)T o)
(OﬂdﬂTn.d)Eﬁodl

The due time requirements set the latest times before which the transport demands
should be completed. It means that after the set due time of one transport demand its
corresponding container flow at the nodes and on the links of the intermodal freight
transport network should be zeros. Considering the network dynamics (2)—(4), the due
time requirements can be simplified by only requiring the container flow of each trans-
port demand in the network to be zeros at its due time. The due time requirements of
all transport demands do,d,To‘ 4 € Ooq, are considered as hard constants in the transport
planning, and can be formulated as:

s Vie V,V(O,d,To_’d) S ﬁodt, 6)
) V(l,],m) € gvv(ovdvToAd) S ﬁodta (7)

Xi0d,T, (koa) =0
X7 0a,  (Koa) =0
where

- The time step k, 4 corresponds to the due time of transport demand (0,d, T, 4) that
is assumed to be a multiple of 7. The relation &, 4Ts = T, 4 holds.

This model allows the intermodal freight transport operator to subcontract transport
demands to other operators in case of lacking transport capacity or for reducing the total
transport cost for serving these transport demands. It is assumed that there is unlimited
transport capacity from other operators for serving subcontracted transport demands.
However, for each transport demand (o, d ,Ta,d) € O,q; the number of containers sub-
contracted to other operators should not be larger than the size of this transport demand.
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Moreover, recalling the assumption that the subcontracting decision for each transport
demand is only made when it enters the intermodal freight transport network at the
origin node, the relation is guaranteed by the following constraints:

ig?d7To‘d(1) S d(),d,TwW v(07d7T0,d) S ﬁodt (8)

2.2.3 The optimization formulation
The optimal intermodal freight transport planning problem can be formulated as the
following optimization problem:

min - J(%,5,4°",¢",d") ©)

2.0

subjectto (2) —(8),
where

- X contains all x;, 41, ,(k), fori € ¥ ,(0,d, T, 4) € Oogi,k=1,--- N,

- % contains all x}"; , ;1 (k), for (i, j,m) € &,(0,d,To4) € Ooa,k =1, ,N.

- §°“ contains all q:"JO:L,Tod (k), for i€ ¥,(j,m) € A", (0,d,Tpa) € Ooar,k =
I,---,N.

- §" contains all qQ’f;iZ,d,Tvﬁd (k), forie ¥, (j,m) € ™ (0,d,Toq) € Coark=1,--- ,N.
- d™® contains all di‘j}y’dVTo"d(l), for (0,d, T q) € Ooat-

This problem (9)-10 is a linear integer optimization problem, which can be solved very

efficiently using state-of-the-art solvers such as the intlinprog solver in Matlab, and

CPLEX.

3 Pricing intermodal freight transport services

In this paper, we use a cost-plus-pricing strategy to determine the price of intermodal
freight transport services. Before introducing the pricing strategy, some important as-
sumptions and issues are listed as follows:

— For an intermodal freight transport service offered by the intermodal freight trans-
port operator, there is always an market price for it and this market price is known to
both transport operators and shippers. Therefore, the determined intermodal freight
transport service price should not be more expensive than the corresponding market
price.

— The intermodal freight transport operator has different targeted profit margins for
different types of transport services, Mgs for the self-operated services and Mgy,
for the subcontracted services. These two profit margins are preset by the transport
operator according to its marketing objectives.
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— For subcontracted intermodal freight transport services, the targeted profit margin
Mgy, is smaller than Mer. Because when the order is carried out by a subcontractor,
the main job is done by the subcontractor and the transport operator will have less
space to make profit.

— The intermodal freight transport service price is determined and charged at the
moment when the order is made by the customer even if the actual execution of
the container delivery changes later. For instance, the shipper pays the service price
(determined by the operator) of finishing one order when the order is made. This
order was planned to be served by trains at the beginning. But some or all containers
of this order might be finally moved by trucks instead of the preplanned trains
in case of unexpected situations during the container delivery process e.g., train
cancellation due to bad weather conditions. In this case the actual operational cost
of serving this order will increase since road transport is typically expected to be
expensive than railway transport. However, the operator will not be able to charge
the shipper any extra costs on this order.

— This paper works for the case of determining off-line pricing. It means that all
transport demands in the planning period are known by the operator when he or she
plans the freight transport and determines the service price.

With the above mentioned assumptions, our proposed cost-plus-pricing strategy de-
termines the price of intermodal freight transport services as the sum of the operator’s
operational cost and the targeted profit margins. The operational cost includes the trans-
port cost and the other related cost (e.g., the administration cost). The intermodal freight
transport operator provides transport services by using its own transport capacity and
subcontracting one part or the full order to other transport operators to serve the order
with a predetermined negotiated price when necessary. The corresponding cost calcu-
lation and targeted profit margins are different from that of self-operated transport ser-
vices. Therefore, the proposed pricing strategy should be tailored to take into account
different transport scenarios, i.e., self-transporting, subcontracting, and a combination
of them.

The optimal intermodal freight transport planning decisions for all transport de-
mands are made by solving problem (9)—(10) in order to minimize the total transport
cost. The operational cost and also the corresponding transport service price of each
individual transport demand are then calculated and determined according to the trans-
port cost, the other related cost, and the profit margins associated with it. The proposed
pricing strategy will be subsequently illustrated for one transport demand in detail. For
the sake of notation simplicity, the subscripts o,d, T, 4 for J, Cgftllfer’ Cgtﬁ’er, Mgeis, Mgup,
P, and Ppyke are omitted in the rest of this paper. For one order or transport demand

(0,d, T, ) with a size of d,, 41, ,, the operational cost is calculated as

J
el = T + ¢t for the self — operated case (10)
O,d.To’d
Coan =C2% 7, +Coiiey,  fort the subcontracted case (11)

where
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- The total transport cost J (€) for transport demand (o,d, T, 4) is obtained by solv-
ing the planing problem (9)—(10).

- The other cost is assumed to be proportional to the size of the order, but will be
different for the self-operated transport service and the subcontracted transport ser-
vice.

The profit margins for self-conducted transport services and subcontracted transport
services are set as Mejr and My, respectively. There are three transport scenarios and
the corresponding prices P (€/TEU) are calculated as follows:

— Scenario 1: The order is completely served by the intermodal freight operator itself,
ie., di‘(‘,bd‘Tod(l) = 0. The price is:

P =C3 (14 Miexe) - (12)

— Scenario 2: The order is served by both the intermodal freight operator and subcon-

tractors, i.e., 0 < d;‘:}”d,To.d(l) <dyar,, The price is:

J=Cp d o (1)

o,d laosdﬁToﬁd

Pmax = Pself ( + Cgfé;) (1 + Mself) + psubccs;ggt (1 + Msub)

do-,dvT[ud - dzl;l?d,T,;?d (1)
13)

where pger and pgyp are the percentage of the self-operated containers in the trans-
port demand (o,d, T, 4) and that of the subcontracted containers.

— Scenario 3: The order is served by subcontractors, i.e., dil;?d,To,d(l) =dyar,,- The
price is:

P=C (14+Mqyy). (14)

The market price of the transport service to serve the order or transport demand
(0,d, Ty q) is Pmarket- In case that the determined price P > Pparker, the order is not in
this transport operator’s targeted marketing areas and the transport operator will either
recommend another related service packages (e.g., service packages with a longer due
time) or decline the order.

Considering the practical booking process, the intermodal freight transport oper-
ator will provide several service packages to customers according to their inexplicit
reference order information and let the customers select the final service package. The
transport service booking procedure is as follows: the customers first specify the ref-
erence size of the order in number of containers, the origin and destination pair of the
order, and a reference due time. The transport operator will provide the customers with
a list of transport service packages with different due times, demand sizes, and deter-
mined prices by solving the transport planing problem (9) in multiple times. Generally
speaking, a shorter due time or a bigger order size would leads to a higher price. Tak-
ing into account the urgency to finish the order and also the price, the customers will
determine which transport service package will be selected.
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4 Case study

The case study considers a simple intermodal freight transport network, consisting of
three different types of transport networks that are connected at four intermodal ter-
minals. Figure 1 shows the network topology and the four nodes 1, 2, 3, and 4 repre-
sent Rotterdam, Tilburg, Nijmegen, and Venlo, respectively. The corresponding network
model is given in Figure 2. The network parameters, i.e., transport time, transport cost,
transport capacity on links and storage cost and storage capacity at nodes are given
in Table 1 and Table 2, respectively. The network is considered to be initially empty.
Profit margins for self-operated transport services and subcontracted transport services
are Myr = 5% and Mgy, = 2%. The other costs for the self-operated transport service
and the subcontracted transport service are Cgfllfer = 0.5 (€/TEU), and Cgltlltl)er = 0.001
(€E/TEU).

This case study assumes that transport capacity from subcontracting intermodal
freight transport services is unlimited. The intermodal freight transport is planned for a
period of N = 24 hours for different transport demand scenarios by solving the linear
integer optimization problem (9). In this paper, we use the dual simplex algorithm in
the intlinprog solver in Matlab to solve the optimization problem (9). The simulation
experiments are done in a desktop computer with an Intel® Core™ i5-2400 CPU with
3.10 GHz and 4 GB RAM.

The reference transport demand information (i.e., origin, destination, the number of
containers, and due time) and the corresponding subcontracting information (i.e., sub-
contracting cost, and subcontracting capacity) are presented in Table 3. A list of four
transport service packages is provided to the customer in Table 4. This table presents
the operational cost of the four different transport service packages and their corre-
sponding intermodal freight transport service price resulted from the proposed pricing
strategy in Section 3. It is clear from Table 4 that the demand size and the due time
in the transport service packages influence the determined transport service price from
the proposed pricing strategy. For transport service packages designed for transport de-
mands with the same size the determined transport service prices decrease significantly
as the due times become longer. For instance, for transport service package of 100 TEU
the corresponding service price drops 29.1% from 19.996 (€/TEU) for a due time of 6
hours to 14.175 (€/TEU) for a due time of 12 hours. Meanwhile, the enlargement of the
size of transport demand may require more expensive transport service packages. This
is because the transport operator may encounter a lack of transport capacity and has
to do subcontracting, which is typically expensive. For example, for transport service
packages tailed to transport demands with a due time of 12 hours the corresponding
transport service prices are 14.175 (€/TEU) and 14.569 (€/TEU) for the size of 100
TEU and 200 TEU, respectively. There is a 2.8% rising in the service price. The case
study shows that the transport demand with a larger size and/or a shorter due time might
require an higher priced service packages.

5 Conclusions

This paper proposes a cost-plus-pricing strategy to determine the price of intermodal
freight transport services by adding together the operational cost of the transport op-
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Table 1. Network parameters: links. The symbols in the second column, e.g., 1r, correspond to
the labels of nodes in the intermodal freight transport network model presented in Figure 2.

Link type OD pair|Transport time (h)|Transport cost (€/h/TEU)|Transport capacity (TEU)
Ir-2r |2 5 20
Road 2r-3r |1 5 20
2r-4r |1 5 20
3r-4r |1 5 20
Rail 12t |2 2 30
Water 1w-3w |6 1 50
Iw-4w |10 1 50
Modality — modality|any 2 2 1000
Modality — storage |any 1 1 1000

Table 2. Network parameters: nodes. The symbols in the first row, e.g., 1s, correspond to the
labels of nodes in the intermodal freight transport network model in Figure 2.

1s [Iw]|1r|1t|2r|2t| 2s |3w]|3r| 3s |[4w|4r| 4s
Storage costl | o 1510 10l0] 0 |olo] o [0o] o
(€/W/TEU)
Storage 1 600( 1010/ 10/ 10| 10/ 1000/ 10| 10| 1000| 10 | 10| 1000
capacity

Table 3. Transport demand and subcontracting information. The symbol “/” in the table means
either. For instance, the notation “100/200* means that the size of the transport demand could

either be 100 TEUs or 200 TEUs.
Oriein|Destination Number|Due time|Subcontracting|Subcontracting
& (TEU) ((h) cost (€/TEU) |capacity (TEUs)
Iw  |4r 100/200(6/12 20/15 unlimited

Table 4. A list of four transport service packages with different operational costs and determined
service prices for serving different transport demands (i.e., the number of containers, and the due

time).
Demand Due time (h) Subcontracting|Demand served (TEU) |Total transport|Operational cost|Price
(TEU) |- MM WIoost €/ TEU  |overall/itself/subcontract|cost € €/TEU €/TEU
100 1940 —
6 20 20 340 17.5 19.996
80 1600 20.001
100 100 1300 13.5
12 15 100 1300 13.5 14.175
0 0 15.001
200 3940 —
6 20 20 340 17.5 20.198
180 3600 20.001
200 200 2740 -
12 15 130 1690 13.5 14.569
70 1050 15.001
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erator and also its targeted profit margins under different transport scenarios, i.e., self-
transporting, subcontracting, and a combination of them. The transport cost is one im-
portant part of the transport operator’s operational cost and is minimized by optimizing
transport planning based on a discrete-time network model. It assumed that the refer-
ence transport demand information such as origin, destination, the number of contain-
ers, and due time are given by the customers, and that the transport operator will provide
a list of transport service packages with different due times, demand sizes, and also the
determined prices to the customer. Based on the urgency of delivering containers and
the prices of different service packages, the customer will make the final selection deci-
sions. The simulation results indicate that a shorter due time or a lack of capacity could
result in the requirement of transport service with a higher price.

For the future work, we will investigate the application of the proposed pricing
strategy for performing on-line dynamic pricing. For the case of dynamic pricing, only
transport orders that have already been confirmed earlier are known when the current
transport planning and pricing decisions are being made, and other transport orders will
arrive later and the transport planning and pricing decisions for the newly arrived orders
have to be adjusted accordingly by then. In addition, an integrated approach including
joint consideration of intermodal freight transport planning and service pricing will be
implemented to investigate the effect of demand response to the transport service price.
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