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ABSTRACT

Most of the initiatives in terms of transportation promote
multimodal transport, trying to decrease the road
transport flows. In general a multimodal option is more
efficient in terms of cost, fuel consumption and
congestion than road transportation. One example of this
initiative is the Transport White Paper 2011. In this paper
the idea of multimodality and the actions to support it are
reinforced. The optimization of the multimodal chain
performance is one of these actions. This paper shows an
optimization approach for the maritime service, taking
into account the multimodal network. In this case the
objective of the optimization is to maximize the value of
the internal rate of return of the maritime service. To
evaluate it, a multimodal transportation model,
developed in a previous work by the research group, is
used. This model, the optimization algorithm and some
results will be shown in this paper.

Keywords: optimization, transportation, multimodal,
Internal rate of return

1. INTRODUCTION

The current situation is the ideal framework for all the
initiatives that promotes more efficient and sustainable
transportation systems. Nowadays the roads are very
congested: it is an important problem for transportation
companies but also for the inhabitants of areas near the
road, and actually for all the people. This is because this
transportation mode produce high greenhouse gases
emissions and its accidents or incidents have high impact
over the population.

There are some initiatives in Europe that promote
the use of other transportation systems in order to transfer
movements of freight and passengers that usually use
road transportation to other transportation systems.

For example, the European Transport White Paper
(European Transport Commission, 2001) pays attention
to the multimodality in order to obtain more sustainable
transportation modes. Another initiative is, for example,
the MARCO POLO Program. It indicates that road
transportation depends on fossil fuel that produces high
CO; emissions, and also congestion problems. Further, it
underlines the need of integrating the railroad, short ship

shipping, and river transportation in the transportation
chain to decrease the road flows. Another project like
Motorways of the sea or the improvement of the
connections between ports and railroad follows the same
idea.

Another White Paper (European Transport
Commission, 2011) published in 2011, indicates the goal
to reach, that is an absorption of the 50% from road
transportation to other transportation modes. The way to
obtain it is to optimize the multimodal chain in different
terms (profitability, energy efficiency...). But the
services that cover this have to be attractive for the
shippers. To do so, these services have to be profitable.
All these reasons give an ideal framework to develop
algorithms that optimize these services or the complete
supply chain.

In this paper we propose an algorithm to optimize
the maritime services as part of a multimodal
transportation chain. This work is a continuation of a
previous work presented in the HMS 2012 in Wien
(Vienna) whose title is A parameterized model of
multimodal freight transportation for maritime services
optimization (R. Rios Prado, Crespo Pereira, Bastida
Sardifia, del Rio Vilas, & Rego-Monteil, 2012).

Section 2 presents a brief review of optimization
and simulation related with transportation. Section 3
explains the transportation model used. Section 4 shows
the algorithm developed and the last section presents
some results.

2. BACKGROUND

One of the tools best suited to transportation problems is
simulation and optimization because it allows the
establishment of systems with higher performance and/or
with lower environmental effects.

The different levels of resolution and problems that
the transportation presents mean that this kind of
solutions are appropriated. There are some examples that
we can use to illustrate this importance. In 2010 Longo
(Longo, 2010) used this tool to improve the terminal
operations, or Frick in 2011 (Frick, 2011) that explains
the importance of simulation of a transportation network
and proposes their own implementation. Also works like
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Juan et al. in 2010 (Juan et al., 2010) shows how to use
optimization to solve some transportation problems.

In terms of models for transportation planning there
are two main groups. There are models for passengers
and for freight transportation. The first ones are more
developed, it means, there are more works about it. In
most of them the method used is the Classical Model of
the Four Stages (Ortlzar & Willumsen, 2011). This
model is based on the movement of passengers between
zones. These zones are called Traffic Analysis Zones, or
TAZ, which are zones capable of generating and
attracting movement of passengers. The four stages of
the model are the following:

1. Trip generation: Trips generated in each TAZ.

2. Trip distribution: Generate trips between origin

and destinations.

3. Modal split: Choose the transportation mode.

4. Traffic Assignment: Gives the links of the

network used for a trip.

This model, despite being widely used for
passengers’ transportation, can be adapted for
commodities transportation.

The difficulty to obtain a mode choice for freight
transportation is the reason for fewer of these works.
Decisions about transportation in companies follow
complex criteria. More than a couple of variables have to
be taken into account. For example Kreutzberger in 2008
(Kreutzberger, 2008) identified cost, reliability or
frequency as important factors that affect the choice of
mode.

In terms of optimization there are many works
applied to  transportation modeling, using
Dynamic Programming and Operation Research
techniques. Many of these works are referring to the
Vehicle Routing Problem (VRP) in all its forms. Most of
these papers are about a single transportation mode,
meaning that they do not take into account the
multimodality of the transportation.

In contrast, there are some works that search the
optimization of transportation services. In 2010
Fagerholt (Fagerholt, Christiansen, Magnus Hvattum,
Johnsen, & Vabg, 2010) presents a methodology for the
strategic planning of a shipping company; he solves a
route planning problem considering a “rolling horizon®,
updating information, to obtain the optimization.
Another example is the work of Chou et all (Mabel Chou,
n.d.) that optimizes shipping routes taking into account
the two subproblems that it presents, direct and transfer
services. For rail transportation we can cite the paper of
Mu and Dessouky (2011) which optimizes the time plans
for rail transport combining local search heuristics with
heuristics that optimize the overall total delay.

It is important to mention the work of Yamada et al
in 2009 (2009) where they show the optimization of a
particular network of multimodal freight transportation.
In 2009, Andersen et al. presents an optimized model for
tactical design of service networks. It pays special
attention to the effects of timing and coordination of
services for improvement.

As we said before, there is an important factor that affects
transportation planning. This factor is the cost, so not
only infrastructure and operational configuration affect
the performance of the service. The economic aspect, like
fares or price policies, has to be taken into account. They
are often treated separately from other design factors, as
could be seen in the reviews of this kind of works made
by Ortlzar and Willumsen (2011).

3. TRANSPORTATION MODEL

Before optimizing a transportation service, it is necessary
to develop a transportation model that takes into account
all the transportation modes available in the system. In
this case the network has road and maritime links,
because we want to optimize the maritime service taking
into account the freight flow rates between road and the
multimodality road-sea.

The transportation model developed comes from a
previous work of the research group (Rosa Rios Prado,
Crespo Pereira, del Rio Vilas, & Rego-Monteil, 2011)
and a parameterization described in the paper of Rios
(2012).

3.1. Input Data

The transportation model needs a set of information to
develop the model, and also for the experimentations in
order to obtain the results. The elements of this set are:

o Traffic analysis zones (TAZ). They are the
zones capable of attracting and generating
freight flows. In the case of our model these
zones are areas of Spain. In Figure 1 you can see
the TAZs of the model (the red areas). The
model takes into account the Atlantic and
Mediterranean areas of Spain.

France

Figure 1: TAZs of the model

As much in the model as in the algorithm the
subscript for origin is i and for destinations j.

e OD matrices. A transportation model is useful
for evaluating how freight flows through the
different transportation systems. The origin
destination matrices (OD matrices) represent
the total cargo in tons that have to be moved
between each origin-destination pair. We
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represent the flows by F,; ; where tis the period
of time considered (in this case, a year).

e Cartography. A GIS contains all the links and
nodes necessary to define all the transportation
systems. It allows to obtain the real distances
and travel times between nodes, and also the
associated costs. The transportation modes are
identified by the subscript I.

e The fare and cost chain of each transportation
system.

3.2. Network

The network of the model has to include all the
transportation systems that we want to evaluate or that
compete between them.

In this case we uses a GIS that represents the main
roads of Spain and the maritime routes that can be used.
As main roads, the roads and highways available for
freight transportation are wused. For maritime
transportation, the model uses some regular routes
available when the model was built. It also have a node
layer that contain all the origin and destination points,
and other singular points as the ports for the maritime
routes.

The GIS is important because some elements of the
model are based on the distance or the links used.

3.3. Transport model

Transport Model

Demand ;f
Scenarios T

Network TI’Ip‘ Fare§
generation Scenarios
l’ T!,/,j> o
<f/,i,l> < - (Ct,uD
e —
>

Network
Assignment

Cost

7~ N

KTgu j——T* CashFlow <«— _
o Scenarios

(lRR) Economic

N Assesment

Figure 2: Transport model.

The model was developed using the Classical Four
Stage Method for transportation modelling (Figure 2). In
this case the OD matrices are inputs of the model, so we
did not develop the first two steps. However, a
modification should be made in the OD matrices for the
Trip Generation Step.

e Trip Generation. This first step transforms the
OD matrices units of tons into OD matrices of
trips. We consider a standardized twenty feet
container (TEU) as the transportation unit,
because it is an element that can be carry by
road and by sea. The TEU is a standardized unit
of transportation, which represents a high intake
of the global trades. This assumption simplify
the model, because we do not have to take into
account different handling systems due to
different cargo. An average weight of the
containers is used to transform tons in TEU.

e Modal Split. This step give us the freight flows

between each OD pair by each transportation
mode considered in the model. This is the most
important step of the model because it gives
how competitive a transportation mode is
compared with the other modes considered in
the model. The competitiveness could be
evaluated by the freight flows that each
transportation mode is capable to attract under
some operational characteristics.
There are several models developed to solve
this step (Ortlzar & Willumsen, 2011), it means
to predict the freight shippers choice. In this
model a Multinomial Logit Model is used
(MNL). It is one of the model widely used for
shipper’s choice.

eVl

Vi 1)

Yieag €

P ;)=

Where:

P; ;(1) Probability of the alternative I for a trip
between i and j.

V; j. Utility for I travelling from i to j. In this
case the variables are cost and time.

A, Set of transportation modes. In this case road
and multimodal (road-sea).

e Network Assignment. This step calculates the
total freight flow for each link of the network.
The “all or nothing” assignment method is used,
because congestion effects in the network can
be omitted or are not significant due to the
analysis period of time considered. The freight
flows are assigned by the shortest path method,
minimizing the time, the cost, a generalized
cost, or the length.

3.4. Parameterization
This model was developed for freight analyses but also
for optimization purposes. An important aspect is to
define the parameters needed for freight analysis and also
for the optimization algorithm.

One of the first parameters that it is necessary to
define is the Number of Routes. As we said before they
are defined in the network.
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Another parameter is the Number of Vessels
because it was related with the capacity of the service. In
our case the type of vessel is fix, as the more common
vessel in the routes considered.

The Total freight flow (T, ;) represents the total
freight between origin and destination in TEUs, and
using the model they have to be converted in freight
flows between origin and destination for each
transportation model (T;; ;). These OD matrices are
obtained:

Teijo = Pij(D) X Ty 2

When these matrices are assigned to the network we
obtain the freight flow of each link of the network, n €
network,(Ty; ).

The mode choice model depends on the utility
functions. The variables of these functions are Time
(tt,,j,) and Cost (C¢; j;), because are the most important
ones that affects the shippers choices (Kreutzberger,
2008)

e Road time: It take into account the travel time
(function of the length and the speed) and the
legal rest time of the drivers.

e Multimodal time: It has a haulage time (by road)
that is calculated as it was said before. For sea
links the time is a function of length and speed,
but we also have to take into account the waiting
times in ports.

e Road cost: The cost of road transportation
comes from the data of the Freight Road
Transport Observatory (Ministerio de Fomento
Gobierno de Espafia, 2012). It considers the
total cost of the transportation chain by road
(crew, car tires, amortization, etc.)

e Multimodal cost: For road haulage we use the
same data of the observatory. For maritime
option we built a cost chain similar to the road
one, taking into account the costs of fare or
taxes in port, port operation costs and inventory
costs.

The objective is to optimize the maritime services in
terms of the Internal Rate of Return (IRR). For this, we
consider the Fare of the maritime service, because it
allows to obtain the Incomes of the company.

The Intermediate Stops should be considered in
solving the problem because they are associated with
obtaining the shipping costs.

4. OPTIMIZATION ALGORITHM

After the multimodal transportation model has been
built, the optimization problem could be defined. In this
case the optimization search maximizes the maritime
service profitability. The objective function is the
Internal Rate of Return, according to the following
formulas:

Income = Fare X Ynemr Tein 4
Earnings Before Taxes = Income — Costs (5)
Earnings After Taxes = (Income — Costs) — Taxes (6)

Cash Flow = Earnings After Taxes + Depreciation (7)

no, 2t _— (8)

t=0(141RR)t ~

CF is Cash Flow, and t the time period. MR is the
set of links of the network that belong to the maritime
route considered.

In this case the tax rate is 30% of the profits
(common rate of Spanish Corporate Income Taxes). A
life time of the vessel of 20 years and a residual cost of
the 15% are assumed.

The calculation of some parameters of the function
comes from the evaluation of the multimodal
transportation model, so simulation approaches are
required for its calculation.

The decisions of the model are:

e The number of maritime routes

e The sequence of ports in each route

e The fares of each route. It must be greater that
the cost per km.

Some variables are fixed in the model, as the
characteristics of the ships of the routes, and also their
number is high enough to cover all the freight flows of
the maritime links. The costs and the times are calculated
in the transportation model.

As the objective function shows, the optimization
problem is quite complex, because its characteristics
gives a combinatorial nature to the problem. The
objective function has continuous decision variables (the
fares), integer variables (number of routes, vessels...)
and port sequences. There are different mythologies that
can be applied to this kind of problems as metaheuristics
(Dullaert, Maes, Vernimmen, & Witlox, 2005),
hyperheuristics (Dowsland, Soubeiga, & Burke, 2007) or
hybrid approaches (Mahjoub Dridi,Imed Kacem, 2004).
The characteristics of the problem means that we cannot
adopt some previous solutions and we had to develop our
own algorithm.

The solution adopted in this case is a combination
of heuristics and metaheuristics specifically developed
for this problem, and that takes into account the
combinatorial nature of the problem and the complexity
of the objective function.

The solution uses an evolutionary algorithm, for the
metaheuristics. In this case a Differential Evolution
algorithm is used (Storn & Price, 1997), it gives a general
and robust optimization method, and it shows good
performance in problems with a low number of
dimensions (Caamafio, Bellas, Becerra, & Duro,

Fare = Costs + Net Profit ®) 2013).The genes include the parameter of the
constructive algorithm and the route fare. The heuristics
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is specifically developed for the problem. The flowchart
of this algorithm is shown in Figure 3.

Inizialize
Diferential Evolution:
Random generation

l‘—

- Nodes per Route
Local no-optimality factor
-Fare

Heuristic Algorithm

« Chosen Harbours
- Frecuency
- Fare

TransCAD
[

IRR | Differential Evolution

Figure 3: Optimization algorithm.

1. Initialize Differential Evolution:

Random generation of the initial population
Number of individuals = Population Size
parameter

Three dimension individuals

Evaluation of the individuals by the heuristic
Calculate the IRR of each individual

New population

Loop repeat

aprwbd

4.1. Evolutionary Algorithm.
The Differential Evolution algorithm used in the work
was implemented in the Evolutionary Algorithms
Framework (EAF), developed by Caamano et al
(Caamano, Tedin, Paz-Lopez, & Becerra, 2010).

The parameters used in this case are the ones in the
Table 1:

Table 1: Parameters settings.

Parameter Value
Population size 8
Number of Generations 8
Parameter F 0.5
Parameter CR 0.5

The Evolutionary Algorithm is used to optimize the
parameters of the heuristic. The decision variables of
Evolutionary Algorithm are the parameters of the
heuristic in 4.2:

e  Number of nodes per route: Between 2 and 5. It

have to be an integer.

e Local No-optimal Factor (L): Integer. It makes
that a harbor has not been selected twice or
more in a route.

e Fare: For each route. Its value goes from 0.3 to
0.7 euros per kilometer.

As it was said before, the first generation is a

random generation. At the beginning of the execution of
the search, the initialization is made. The break criterion
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is the number of generations. The quality function is the
internal rate of return.

4.2. Heuristic Algorithm.
The Evolutionary Algorithm gives individuals with three
dimensions: nodes per route, Local non-Optimality
Factor and Fare.

These values feed the heuristics algorithm, and they
are evaluated to obtain the ports sequence.

The flowchart of the heuristic algorithm is shown in
Figure 4.

« Calculate the IRR of the stretch between each
possible pair of harbours
« Make a sorted list by descending IRR

l

Move L positions over the list

l

Origin-Destination
Harbours

4% Add to the route ’—>< Route )

(For i=1 to (Number of nodes per route-Z))

L] l
Search pairs on the list with nodes having
first or last harbour on the generated route

4‘ Select pair with highest IRR

Figure 4: Heuristic algorithm.

A TransCAD macro calculates the IRR of each link
between each pair of harbors. A list of this links is created
and ordered by descending IRR. After that, L positions
are moved over the list, giving the Origin-Destination
pair of harbors. These pair of harbors are added to the
route.

Now from 1 to the number of nodes per routes
minus 2, the algorithm searches the link that has an end
point in the origin or destination harbor previously
selected. From all of them, the one with higher IRR is
chosen and the other node of this link is added to the
route.

These steps have to be repeated to obtain the
predetermined number of routes.

When the sequence with all the ports is obtained, the
IRR can be estimated. Then it is sent back to de
Differential Evolution for further exploration.

5. CASE OF STUDY.

Two scenarios are proposed to evaluate the effectiveness
of the optimization mixed algorithm. These scenarios are
a problem with a single route and the second one is a
scenario of two routes. Both scenarios are represented in
the Figure 5.
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Figure 5: Maritime routes for the case of study.

In this evaluation some assumptions are made. One
of them is the frequency of the vessels, we considered a
travel each week, 50 travels per year. This frequency
minimize the number of vessels, but the algorithm checks
if they are enough, if it isn’t the algorithm increases it.

Table 2: Scenario 1.

Decision Variables (Genetic Algorithm)
Number of ports in a route 4
Non-Local Optimality Factor 3
Fare per Route 0.67 €/Km

Decision Variables (Optimization Problem)
Valencia-Barcelona-

Routes Solution Marfn-Cartagena

Frequency 50
Fares 0.67 €/Km
VAL-BCN 9.54%
IRR BCN-MAR 35.34%
MAR-CART 30.67%
CART-VAL -2.72%
IRR Overall 18.12%

Computation Time 40 minutes
Table 3: Scenario 2.

Decision Variables (Genetic Algorithm)
Number of ports in a route 5
Non-Local Optimality Factor 4

0.57 0.62
€/Km €/Km
Decision Variables (Optimization Problem)
Huelva-Barcelona-Cartagena
Cadiz-Barcelona-Marin

Fare per Route

Routes Solution

As the tables show, the algorithm is capable to obtain
good solutions in terms of profitability of the services.
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