A PARAMETERIZED MODEL OF MULTIMODAL FREIGHT TRANSPORTATION FOR
MARITIME SERVICES OPTIMIZATION

Rosa Rios Prado®, Diego Crespo Pereira®, Juan Manuel Bastida Sardifia®,
David del Rio Vilas®, Nadia Rego Monteil ©

@ ®) @ © |ntegrated Group for Engineering Research, University of A Corufia (Spain)
© Proyfe S.L. (Spain)

®@rrios@udc.es, ®dcrespo@udc.es, ©juanmanuel.bastida@proyfe.es, @daviddelrio@udc.es, ©nadia.rego@udc.es

ABSTRACT

Multimodal transport has been promoted by several
transport commissions initiatives as an alternative to
road transport. A key factor for improving its competi-
tiveness is to provide private and public investors with
means for evaluating and selecting the best options in
terms of profitability. This paper presents a parameteri-
zation schema of a freight transport model for the as-
sessment of a multimodal transport service in terms of
its internal rate of return (IRR). Parameterization ena-
bles the application of optimization algorithms for the
maximization of profitability. In order to verify the pro-
posed parameterization, a case study is presented con-
sisting of the evaluation of a new maritime service for
the interregional freight transport in Spain.

Keywords: logistics, freight transport, multimodal, sim-
ulation, supply chain, optimization, IRR.

1. INTRODUCTION

Environment and economy are two of the most im-
portant issues in the globalised world. Most of the coun-
tries promote initiatives to make compatible the eco-
momic growth with the protection of environment. The
promotion of sustainable modes for freight transport is
one of the objectives of the transport commissions.
Multimodal transport has received a great deal of atten-
tion in the last decades as a feasible alternative for
transport by road.

Multimodal transport is presented as a solution for
the unbalanced global sharing of the transport flows. As
an example, data from the Spanish-French Observatory
of the traffic in the Pyrenees shows (in 2008) a freight
flow of 65.9 million tons between the Iberian Peninsula
and France. This was shared in 83% by road, 16% by
sea and 1% by railroad.

One of the most important initiatives in Europe for
the promotion of multimodal transport is the European
Transport White Paper (2001). It describes the neces-
sary measures to obtain a sustainable European
transport in 2010: promoting a balanced growth of all
the transport modes and paying attention to the multi-
modality of the modes. The development of the
MARCO POLO programme, the promotion of Short

Sea Shipping and Motorways of the Sea, the improve-
ment of connexions between ports and railroad and the
improvement in service quality are the main goals of the
European transport policy in order to reach the objec-
tives of the White Paper, especially for freight transport.

In 2011 a new Transport White Paper has been
published. It reinforces the need of the multimodal
transport and the implementation of actions to support
it. One of them is the optimization of the multimodal
chain performance in different terms (raising flows, en-
ergy efficiency, profitability, etc.).

The goal is to achieve a freight flow from road to
other modes in a percentage of 30% in 2030 and 50% in
2050. To do so, efficient and ecological freight corri-
dors and investments in infrastructures have to be pro-
moted. EU proposes to enhance the attractiveness of
multimodal services for the shippers in terms of profita-
bility. In Spain, the Strategic Infrastructures and
Transport Plan supports the development of multimodal
infrastructures or services. It also promotes the coopera-
tion between all the elements of the multimodal chain,
setting out the possibility that Spain could be an interna-
tional logistic platform.

Therefore, the EU needs freight corridors specifi-
cally developed to ensure a high uptake of the flow of
goods. Competitive, reliable and safe routes would at-
tract the investor and also respect the environmental
rules on energy efficiency and emissions. This context
provides an ideal framework for the development of ini-
tiatives for the optimization of multimodal transport
chains.

The model presented in this work takes into ac-
count both motivations, i.e. multimodal freight transport
services design and its assessment profitability (public
or private developers). An appropriate definition of the
parameters of these services is needed for the applica-
tion of optimization algorithms.

In the first part of the paper a brief review of
transport simulation and optimization is provided. Then,
the developed model is presented.

2. STATE OF THE ART.
From the point of view of optimization, most of
transport planning problems (VRP, network design,
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route planning, etc.) are combinatorial optimization
problems, notoriously difficult to solve. Transport mod-
els can be divided in those concerning passengers or
freight. Bielli, Bielli and Rossi (2011) concluded that
transport and logistics service requires the collaboration
of different disciplines due to their special characteris-
tics. They explained the need of combining data mining,
forecasting methods, optimization and simulation mod-
els, heuristics, etc. in a useful decision system.

The case of Passenger Transport Modelling has
been widely studied, using generally the Classical Mod-
el of the Four Stages (De Dios and Willumsen 2011).
This method requires network modelling (graphical and
operationally) and transport. Although this model can
be adapted for the carry of goods, it often fails due to a
lack of definition on policy makers’ preferences (by the
limited availability of data). Specifically, Kreutzberger
(2008) identifies four parameters that are usually char-
acterized, namely the cost of transported goods,
transport reliability, frequency of shipments and
transport time.

Unlike passenger transport, the consideration of the
carried goods (transported unit and level of disaggrega-
tion) is a decision that influences the transport system
design. If the study is focused on a specific sector, it
may be of interest to restrict a very specific type of
goods. For instance, in Gursoy (2010), only the goods
in the textile sector are studied. Multimodal freight
transport models are complex systems composed of dif-
ferent transport networks, infrastructure, different media
and transport operators, which further increases the
number of possible combinations. Regarding the type of
merchandise, both the same unit for all modes of
transport is defined in the model or other variables such
as media storage and loading / unloading operations
have to be included. In this work, the container has been
adopted as the homogenous transport unit used for
goods with high added value. This assumption has been
considered convenient since containerized freight is eas-
ily transferred between transport modes and thus suita-
ble for multimodal transport.

There is abundant literature on the field of simula-
tion and optimization applied to transport modelling.
The majority of previous papers are limited to the anal-
ysis of a single mode of transport. Fagerholt et al (2010)
present a methodology for strategic planning of a ship-
ping company. The simulation is performed by solving
the route planning time considering a “rolling horizon™
where information is updated. In the long term, the so-
lutions can solve strategic problems on fleet size and
terms of contracts. Chou, Song and Teo (2003) raised
the problem of optimizing shipping routes where there
are two types of problems: the direct service and the
transfer service. Mu and Dessouky (2011) presented
their work to optimize the time plans for rail transport.
They combine local search heuristics to find optimal
feasible solutions in the short term with a heuristic that
optimizes the overall total delay.

A noteworthy example in problem solving multi-
modal transport is the work of Yamada et al (2009).

This work optimizes a particular network of multimodal
transport for the exchange of goods. On the other hand,
Andersen et al (2009) present an optimized model for
tactical design of service networks for several compa-
nies, with special attention to the effect of timing and
coordination of services as parameters for improvement.

Our work proposes the development of models of
multimodal freight transport with a focus on simulation
and optimization. Unlike the previous works outlined
above, this model does not distinguish the freight by its
nature but uses an aggregate unit. Another difference is
that restrictions on sending terminal or fixed destination
are not assumed; their choice is part of the solution of
the optimization (the definition of routes) and the indi-
vidual decision process of the network users. This is a
computationally expensive optimization problem be-
cause of the size of the modelled networks as the hum-
ber of variables and relationships between different
modes listed as alternatives increase. Also, considering
the economic aspect is less common as a criterion to
optimize transport problems.

Some studies in Spain (Romero—Hernandez 1999)
in medium cities show the positive influence of improv-
ing the communication roads of the city. The invest-
ment valuation techniques that have been traditionally
employed are based on static net present value (NPV
static). However, the employment of his technique for
the assessment of long term and complex projects is
now seen as incomplete, rigid and myopic, and often
leading to major deviations (Romilly 2004).

The freight transportation problem is complex in its
a priori definition, and it has wide horizons for plan-
ning, implementation and operation. Extended NPV
based on real options are best suited to dynamic projects
with high uncertainty, as it is the case.

Real options assessment (ROA) has been success-
fully used in sectors like pharmaceuticals, energy and
aeronautics. However, applying this methodology in the
field of logistics simulation is an original and promising
approach.

Although not yet accomplished, the parameteriza-
tion schema and the transport model explained in this
paper are the first steps in order to obtain the complete
simulation model that will allow applying ROA algo-
rithms and optimization algorithms based on typical
NPV or Real Options NPV.

3. METHODOLOGY.

As it was said in introduction, this work seeks to pa-
rameterize a multimodal freight services model in order
to apply optimization algorithms. The new service
modelled is parameterized in terms of a set of design
variables that influence the expected return from the
point of view of the shipper. To do so, a GIS (geograph-
ic information system) and a transport planning soft-
ware (TransCAD) have been used.

The first step of the work was the construction of
the multimodal freight transport model. This work ex-
tends the model of Spanish interregional freight
transport developed by Rios et al. (2011). Based on the
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classical four steps method, it allows the evaluation of
flows absorption between road and multimodal options.
It was observed that the transport characteristics (fees
and times) lead to variations on the absorption of freight
flows by the multimodal option.

In the second step, design variables of a new mari-
time transport service were defined together with the
parameters for the profitability calculation. The
transport model is used to forecast future multimodal
flows and thus to estimate the discounted cash flow of
an investment option in the designed service. The span
of the simulation was 10 years. Available data were
used to verify the model definition and implementation
in TransCad and to demonstrate the utility of the pro-
posed parameterization.

3.1. Multimodal Transport Model.

The classical four step model was used to develop the
transport model. The four steps of the model are Trip
Generation, Trip Distribution, Modal Split and Assign-
ment. The first and second steps define the freight flows
between zones (Traffic Analysis Zones, TAZ). The
third one splits the flows between unimodal and multi-
modal transport. The last one assigns the flows to the
network stretches.

In this case the TAZ chosen were groups of council
clusters (with identified functional relationship between
the councils) gathering population levels high enough
for generating and attracting flows of goods. Figure 1
shows the TAZs of the model. Data from the National
Statistics Institute (Spain) were used to obtain the
freight flows between TAZs.

Figure 1: TAZs of the Model. Multimodal Options be-
tween the Spanish Atlantic and Mediterranean Shores
were considered.

The method applied in the Modal Split step was
logistic regression (Equations 1 and 2). The probability
of multimodal transport choice (Equation 1) is modelled
as a function of a relative utility measure that depends
on the ratio between costs and times for both modes
(Equation 2).

1
1+eUn

P, (MM) =

o)

U, = —3,9848 + 1,16066%’:4 - 3,7944% +8,955 ;ﬁ% @

In this context, the cost term refers to the door to
door cost for the user of the transport service. Thus, it
will be the fare charged to the owner of the freight for
the transportation of a container from the origin to the
destination point depending on the mode employed. Al-
so, the term time refers to the door to door travel time
when using each mode. The time and cost calculation
will be explained in more detail in the parameters defi-
nition section.

The model employs a GIS network containing the
main roads of Spain. The maritime legs had to be pur-
posely developed for this research work. This model
was used to obtain the future freight flows under differ-
ent conditions. The simulation has a span of 10 years,
which is a common period of time when assessing the
Internal Rate of Return of transport services.

3.2. Model Parameters.

The objective function is the profitability of the service
(new multimodal route) of a potential shipper. The pa-
rameters are the design variables that influence this
profitability, such as the ones related to intermediate
stops, fees and frequency. In particular, we have con-
sidered the following variables:

e Fare: Value per TEU and distance. Each route
has a particular fare. A condition is imposed in
that this fare must be higher than the route
cost; otherwise the route would generate loss-
es. Fare affects the flow absorption by entering
in the equation 2. Thus, it determines the ser-
vice incomes which are calculated as the prod-
uct of the freight flow by the fare applied to
each container.

e Cost: Both fare and mode option depend on
the cost of the service, so it is important to ob-
tain a well fitted cost function. Three possible
costs are considered, depending on the link of
the transport chain (Equation 3). These costs
are the same used to fit the transport model.
Road unit cost term is described in Table 1.
Costs of the time that the truck is in movement
and the time that the driver has to rest have
been included (which also depend on the
origin-destination distance dj). On its part, in-
ventory cost is an opportunity cost of the TEU,
and depends on dj; and truck speed v, in kilo-
metres and kilometres per hour respectively.

Costs = CoStryqq + COStyarpour + COStseq 3)

Table 1: Road Cost Functions.

Item Function Unit
Unit Cost Cyy =1221xd; £
Inventory Crnventory = 0.0764 X ED
Cost 27483 x °4
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Table 2: Harbour Cost Functions.

(F;c())rsttoperatlon Cpo = 22,2925 X GT 08448 €/stop
Inventor:
Cost Y Clnventory = 0.0764 x TPG €/TEU

The costs on harbour are showed on Table 2.
These costs depend on the gross tonnage of the
ship, GT, and the port operations times, Ty,
due to the loading and unloading operations
and transhipments.

The maritime costs are shown in Table 3. They
are calculated following the methodology used
by the Spanish Freight Road Transport Obser-
vatory (2012). They take into account the fi-
nancial cost, maintenance, crew, fuel consump-
tion and port fares. These functions depend on
GT , distance between ports d., (in miles) and
ship speed v (in knots).

Income: Income will depend on both the con-
sidered starting and destination points as well
as on the freight flow between TAZs.It ac-
counts for the total amount of money that the
company receives due to the total number of
TEU (freight flows) that moves in a route.
However, there may be routes with intermedi-
ate stops, so the turnover is the sum of the
goods that targets the middle and the end
points.

Qrigin i Middle j Destination k

+Load ij - Load ij - Load ik
+Load ik + Load jk -Load jk

Figure 2: Example of a Route with Intermediate Stops.

Table 3: Maritime Cost Functions.

Capital Ceapitar = 04228 X GT €/day
Maintenance | Cyaintenance = 0.0148 X GT €/day
Crew CCTEW = 386.217 X GTO'1371 €/day
Crort Fares = 1.521 X % +53.96 x
0.3307 x GTO08448
Port Fares +0.85 X -+ 0.03 X 144 X €/stop
0,3307 x GTO848
+5.0759 x GTO4154
Fuel Cruer = 0,1457 x GT*3%81 €/miles
Inventory Cinventory = 0.0764 x €/TEU

Thus, as shown in the Figure 2, for routes with
stops, we should also consider the goods from
the TAZ i to intermediate TAZ and goods from
TAZ j to TAZ destination.

The main disadvantage of the routes with
stops, are the high costs of each stop in port.
The port charges, together with the time wast-

ed between unloading and loading of goods,
may contribute to discard the maritime route
compared to the road alternative.

Intermediate Stops: They should be consid-
ered in solving the problem because they are
associated with obtaining the shipping costs.
Time: It is the time from origin to destination.
In most cases this parameter is critical for the
company that hires the shipping services in
choosing one alternative or another. If there are
intermediate stops it is necessary taking into
account the load and upload times in port. The
time for the road stage takes into consideration
the time in movement and the time on rest.
(Equation 4). d, is the distance in kilometers
between origin and destination and v, is the
speed of the truck in kilometres per hour.

Troaq = 2,7483 X % 4)

t

The maritime time is a function of mari-
time distance (d,, in miles) and speed of the
ship (v, in knots).

dm

Tnaritime =
Um

©)
The time in port depends on the number of
stops, Ng, and the time a TEU awaits at the port
for being loaded on the ship, the residence
time, Tres-

Tport = Ng X Tres (6)

Tres 1S proposed as half of the frequency (F, in
trips per year) time:

365%x24
Tres = ToxF (.

It accounts for the time a TEU spends on port
waiting for the next call, including the time for
port operations. This is quite a rough estimate,
which indeed penalizes the multimodal option
against the road-only one.

Number of Routes: Due to the number of
ports and the geographic dispersion, it could be
more profitable to have several routes to
transport goods. Two routes may serve differ-
ent sides of the shore and it may be goods in-
terchange between the routes. Thus, another
variable to consider is the number of routes.
Number of Ships: Another possible solution
would be to have more than one ship on the
route, thereby minimizing the time that the
TAZ would have to wait to receive two con-
secutive deliveries.
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Np = . (8)

Where d,, is maritime distance, v, is ship
speed and F the frequency.

3.3. Objective Function.
After defining the variables involved in the problem, the
next step is to calculate the cash flow for the simulation
span (10 years). Then, an economic analysis to check
the profitability of the route can be performed. To
achieve this end, we calculate the Internal Rate of Re-
turn (IRR) as follows:

Fare = Costs + Net Profit 9)
Income = Fare X Freight Flows (20)
Profits Before Taxes = Income — Costs (11)

Profits After Taxes = (Income — Costs) — Taxes (12)

Cash Flow = Profit After Taxes + Amortization  (13)

CFy CF, CFio
1+t (1+41)? (1+1)10

CFy + =0 (14)

Where CF; denotes Cash Flow in year j, and r is the
IRR. As it was previously explained, fare is the price for
the loader per TEU. It represents the total cost of mov-
ing a TEU between origin and destination and the profit
after taxes (per TEU). The Net Earnings account for the
decreasing effect of taxes. In our case study the tax rate
is the 30% of the profits (the common type of the Span-
ish Corporate IncomeTax). The amortization of the ship
is the annual cost of the ship during its life time due to
its initial and residual cost. A life time of 20 years and a
15% of residual cost were supposed in the case of study.

3.4. Implementation and model execution

The software used to implement the transport model is
TransCAD which fully integrates a Geographic Infor-
mation System (GIS) and planning transport tools. It
also provides a proprietary programming language,
GISDK, which allows developing of customized
transport planning methods by means of macros pro-
gramming.

In this case, transport network data are stored in the
layers of a GIS map and freight flow data in origin-
destination matrices. A GISDK macro has been coded
that estimates the internal rate of return for a given solu-
tion in terms of route configuration and fares. The deci-
sion variables are:

Number of routes.

Ports and sequence of ports in a route.
Fares.

Number of ships.

The macro uses as an argument the previous in-
formation. Then, it estimates the freight flow in each

route stretch by means of the above presented transport
model. Finally, the cash flow is estimated and the IRR
calculated. The next procedure is followed for each pair
of origin-destination pairs:

1. Time and cost of the road transport mode is
calculated by means of equations presented
before. Built-in functions allow for the calcu-
lation of the shortest path distances between
pairs through the road network.

2. In order to calculate the cost and time of the
multimodal option, first of all, the closest port
to the origin TAZ is obtained. Then, for all the
maritime routes that include this port, the one
which includes the closest port to the destina-
tion TAZ is selected. The total cost for the us-
er of the multimodal service is computed as
the sum of the road link (origin to port and
port to destination) and the maritime link. The
total travel time is computed in an analogous
manner.

3. Once the cost and time of each mode have
been evaluated, equations 1 and 2 are em-
ployed to calculate the fraction of flow ab-
sorbed by the MM mode.

The income for a given route is calculated by add-
ing up all the flows absorbed by each route (for all the
origin-destination pairs). The calculation is repeated for
the origin-destination matrices for each single year of
the time span and thus the incomes of the cash flow can
be obtained. After that, the costs of the service for every
year are calculated. The macro checks that the occupa-
tion of the ship is lower than 100%, otherwise the num-
ber of ships for the service will be accordingly in-
creased. Once incomes and costs are known, and also
the initial investment, a macro calculates the IRR.

4. CASE OF STUDY
From the model implemented in TransCAD the results
that show the main characteristics of the service are ob-
tained, i.e., the occupation of the links of the net, the
cash flow distribution, the number of moved TEUs and
the IRR.

In order to demonstrate the capabilities of analysis,
a service with two routes is evaluated. The first route
was aimed to link the ports of Barcelona, Valencia, Ca-
diz and Avilés (R1) whereas the second route linked
Castellén, Cartagena, Huelva and Barcelona (R2). Table
2 presents the values of two of the parameters of the
model, used to obtain the profitability of the two routes
proposed.

Table 2; Data for the Model.
Frequency Fare
50 trips/year 0.50 €/km

Fixed Data

Table 3: Route 1 IRR Results.

Barcelona | Valencia Cadiz Avilés IRR
Valencia Cadiz Avilés Barcelona Route 1
-- 7.30% 9.08% 0.93% -6.54%
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Table 4: Route 2 IRR Results.

Castellon Cartagena Huelva Barcelona IRR
Cartagena Huelva Barcelona Castellon Route 1
--% -6.46% 12.29% -19.00% -11.02%

As incomes and costs depend on the number of TEUs
moved in a certain route, a first step is the calculation of
the TEUs moved in every stretch of the route. The
number of TEUs between origin and destination is cal-
culated applying the Mode Choice Model of the devel-
oped transportation model. It gives the probability of
taking the multimodal option considering the cost and
time of the freight. Figure 3 shows the percentage of
occupation of the route, which informs about the extent
of use of the ships in this route. For example there are
two ships operating the Barcelona-Valencia route reach-
ing an occupation between 90% and 100% during the
whole timeframe.

Applying these probabilities to the O-D matrices
(matrices of the total number of TEUs between origin
and destination) we have the total freight flow that
chose the multimodal option. Figure 4 shows the annual
multimodal freight flows in TEUSs, for the first route of
the case of study.

Occupation Rate Route 1

1

L

8
o7

6

= Barcelona-Valencia

0s = Valencia-Cadiz

A ® Cadiz-Avilés
03 o W Avilés-Barcelona
02
0.1

1 2 3 a 5 6 7 8 9 10

s o

o

a

]

Years

Figure3: Occupation Percentage of Route 1.

TEUs Route 1

60000 -
50000 -

40000

® Barcelona-Valencia
30000 m Valencia-Cadiz
Cédiz-Avilés

20000 m Avilés-Barcelona

J.DODOI‘II‘II‘II‘II‘II’II‘II‘II‘II‘I

0 -
1 2 3 4 5 6 7 8 9 10
Years

Figure 4: TEUs moved in Route 1.

For this case study we supposed that the initial invest-
ment is the cost of the ships of the service. As we are
taking into account a generic approach, we disregard
any financing method. There are a lot of shipping com-
panies each with different operational set ups, so some
of them might not even use external financing. In our

case, we assume that the cost of investment will be
borne by the shipping company.

The life time considered for the ship is twenty
years, which is twice the period of time considered for
the profitability assessment. Therefore the residual val-
ue of the ships is accounted as an income in the last year
of the period. Figure 5 to Figure 8 show the values of
Incomes, Costs and Cash flows calculated as they have
been explained in point 3 of the paper.

As we can see in Figure 3, Cadiz-Avilés and
Avilés-Barcelona are the routes that increase their
freight flow over the years. Both routes also give the
best results in terms of Cash Flow (Figure7 and Figure
8).

Tables 3 and 4 exhibit the results of applying the
parameterization model to both routes R1 and R2. It is
important to note that these routes are based on actual
operating general purpose routes —thus, timetables, fre-
quencies, stops and other operational parameters have
not been specifically design for the optimal exploitation
of the routes in terms of multimodal transference- so the
IRR values may seem not good enough. But the pro-
posed parameterization is useful to obtain the profitabil-
ity of the route and the stretches that belong to it.

Cash Flow Barcelona-Valencia Stretch (10° €)

60 B Incomes

W Costs
a0

2 Cash Flow
B

20
o4
ol PPN STETY NTPW ERPR ERYT ETFR ETRT GLL e
-40
=60

J2.48
80 -

Years

Figure 5: Cash Flow for Barcelona-Valencia.

Cash Flow Valencia-Cédiz Stretch (10° €)

8

30 1 mincomes
® Costs

207w cash Flow

R

L
Years

Figure 6: Cash Flow for Valencia-Céadiz.
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Cash Flow Cédiz-Avilés Stretch (10° €)

23,83
W Incomes
= Costs

Cash Flow

UL

Years

Figure 7: Cash Flow for Cadiz-Avilés.

Cash Flow Avilés-Barcelona Stretch (10° €)

60 1 wincomes
® Costs .07
Cash Flow

Ew*%%?%%%%%

Years

Figure 8: Cash Flow for Avilés-Barcelona.

5. CONCLUSIONS
The assessment of multimodal transport services against
road transport in terms of their internal rate of return is
achieved thanks to the development of a valid parame-
terization schema both for the multimodal transport
model and for the evaluation objective function. It puts
the bases of new IRR optimization algorithms, and as a
result, the proposal of new interesting exploitation mul-
timodal services. This is the first step to obtain opti-
mized multimodal routes for freight transport which
carry out the objectives of the White Paper of the
Transport. The developments of the parameterization
together with the transport model also allow obtaining
the operation conditions that increase the freight absorp-
tion rate of the multimodal mode. So we have the possi-
bility of implement algorithms for a double optimiza-
tion, i.e., absorption rate and service profitability.
Another important point to take into account is its
versatility. In spite of a specific software has been em-
ployed to develop the model, the approach and method-
ology are generic and do not depend on it, so any soft-
ware that allow displaying GIS networks and implement
some transport utilities could be used.

6. FUTURE RESEARCH

A first line of future work is focused on the improve-
ment of optimization algorithms for multimodal ser-
vices, which is on the original roots of this work. In ad-
dition, despite the IRR has been employed as a measure
of utility, optimization algorithms should also take into
account the possibility of a more flexible kind of as-
sessment, like the ROA (Real Options Assessment).

Although improving the Mode Choice Model really
does not have influence on parameterization, it may im-
prove the results of the optimization. Obtaining an im-
proved fitted decision function that better represents the
shippers choices would increase the future freight flows
estimate and so the IRR values.

Last, but not least, as the availability of data is the
key factor in transport simulation, future collaborations
with shipping companies that provide the necessary data
to develop better models would eventually improve the
results of the complete model.
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