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ABSTRACT 

Nowadays the improvement in transport infrastructures 

involves big projects with important investments. If a 

correct analysis of this new infrastructure is not made, 

the return on these investments will be affected and a 

significant increase in costs may occur. In this paper a 

complete conceptual model is proposed in order to 

analyse a new service or infrastructure and to establish 

the conditions to make it profitable. This model allows to 

obtain the use that the freight flows do of a transport 

system, taking into account different levels of resolution, 

like long and short distance travels. The variables of the 

model allow to make the analysis of the system from 

different points of view: flows, times, costs, etc. The 

model also takes into account the multimodality of the 

system, due to the importance that this characteristic has 

in the development of new infrastructures. 

Keywords: Transportation, Modelling, Simulation, 

Freight, Multimodal 

1. INTRODUCTION

Transportation is one of the most important activities that 

takes place every day and has great importance in the 

economy of a region. Taking into account the data of the 

Spanish Development Ministry (Fomento 2014), the 

transportation represents an average value of the 4% of 

the GDP (for 2000 to 2009). And in the case of the United 

States (US-DOT, 2015) this value increases a 10% (on 

average from 1980 to 2013). So improvements in the 

transportation system will have important effects in the 

economy.  

But the construction of new infrastructure is also more 

important when we are talking about developing 

countries, not only by the great investments but also for 

the high number of existing initiatives because of the lack 

of them or bad conditions of the transport system. So any 

initiative that helps the governments to analyse a new 

infrastructure or prioritize the investments in order to 

make a better use of the available budget, will be of great 

value. 

An important tool for transport system analysis is 

simulation based transport modelling. A transport model 

is a tool for planning a transportation system from 

different points of view. It is a representation of the real 

transport system, taking into account the geographical 

scale of the model and the level of resolution that this 

scale needs to be faithful with the reality. Using the 

transport model to simulate different scenarios we can 

forecast the future situations of the services and 

infrastructures. 

In most of the cases a transport model is developed using 

the classical four step model (Ortúzar and Willumsen 

2011). This steps are: 

1. Trip generation: It gives the generated and

demanded freight in the different zones

considered in the model.

2. Trip distribution: Gives the freight flows

between origin-destination pairs in base of the

data of the previous step. It gives the origin

destination (OD) matrices of freight flows.

3. Mode choice: It shares the OD flows between

the transport alternatives of the model, giving a

OD flow matrix for each one of the alternatives.

4. Network assignment: Obtain the use of the

network, giving the route of each one of the OD

flows.

These steps allow to obtain, for the present and the future, 

the generated and demanded freight of different zones 

and how these flows are distributed between these zones. 

These values provide the use of the different transport 

modes and the freight volumes of each arc and node of 

the system, or the vehicle flows. 

Taking this theoretical definition as a base, a complete 

transport model for freight transport will be presented in 

this paper. But some special characteristics have to be 

taken into account. The first one is the geographical level 

of the model. The model has to be capable to consider 

different freight flows; that is, flows of different nature 

like the importation/exportation flows or the flows 

related to the internal consume. For this reason, the 

model should be able to manage a high distance 

variability.  

Another characteristic of the transport system that the 

model has to consider is the transport multimodality. 

This is because most initiatives in the development of 

new infrastructures and transport policies establish that 

the multimodality is the main characteristic a sustainable 

transport system should have in the long term. For 

example the White Paper (European Transport 

Commission 2011) indicates that the main characteristics 

of a quality service are: attractive frequencies, easy 
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access, reliability of the transport and the integration of 

the intermodality. Another example of the importance 

that governments give to intermodal transport is the 

Intermodal Transportation Infrastructure Strategic Plan 

of Colombia (Ministry of Transport of Colombia & 

EPYPSA, 2013). It indicates that the government has to 

guide the transportation sector towards intermodal 

models of higher efficiency and sustainability in the 

middle and long term. In the case of Spain some studies 

for intermodal terminals or logistic platforms are 

cofounded by the European Commission (European 

Transport Commission 2015). In South America the 

Inter-American Development Bank promotes some 

projects to develop the transport modes that are an 

alternative to road transport, using intermodal routes. An 

example is the Central Bioceanic Railway Corridor 

(IIRSA, 2015). This railway corridor will cross South 

America from an Atlantic port (Santos) to a Pacific port 

(Ilo, Arica…).  

In this paper, a complete transportation model is 

presented. The architecture of this model is flexible and 

configurable, because not all the steps defined in the 

model have to be used in all the cases. It depends on the 

geographical level and the objectives of the project. First, 

and introduction of previous European models will be 

presented. After that, the complete model will be 

showed. In section 4 some cases of study will be 

presented. The paper finishes with some conclusions and 

future lines. 

 

2. PREVIOUS TRANSPORT MODEL IN 

EUROPE. 

A significant number of transportation models were 

developed in Europe in the last years. Some of them are 

showed in Table 1.  

 

Table 1: European transportation models (de Jong et al. 

2013) 

 

Model Area Step Modes 

SMILE + Holland 1,2,3,4 a-f 

MODEV France 1,2,4 a,b,c 

BVWP Germany 1,2,4 a-e 

Transtools Europe 1,2,3,4 a,b,c,d 

Worldnet 

Europe 
(focusing on 

traffic with no 

European 

countries) 

 a-e 

Norway Norway 1,2,4 a,b,d,e 

Samgods  Sweden 1,2,4 a,b,d,e 
Mobility 

Masterplan 

Flanders 

Flanders and 
Brussels 

1,2,4 a-e 

LOGIS France 1,2,4 a,b,c 

Basgoed  Holland 1,2,4 a,b,c 

 
(1) Generation and Distribution. (a) Road. 
(2) Mode Choice (b) Railway. 
(3) Logistics. (c) Internal waterway. 
(4) Assignment. (d) Sea. 

 (e) Air. 

 (f) Ducts. 

As it can be seen, all of them use the theoretical basis of 

the four step model. So it could be considered a good 

basis for the development of a complete transportation 

model, but taking into account the limitations 

encountered in the previous models. The four step model 

has been developed for transport of passengers: this 

explains why there are a high number of papers in this 

field. There are also some works that use these steps to 

develop freight transport models, but taking into account 

some changes regarding to the characteristics of the 

freight transport. These particular characteristics are: 

 

 Freight transport has a high number of decision 

agent compared with the passengers one. In the 

second case is the passenger the one that choose 

between a set of options, but in freight transport 

shippers, carriers… can have different decisions 

for a service or a route. 

 The number of transport alternatives usually is 

higher in freight transport (road, train, 

maritime… and different vehicles in each one 

of the alternatives). 

 Also there is more variability in the unit of 

transport or size of the shipment in freight 

transport. 

 

The development of the complete conceptual model for 

freight transport has to consider all these elements. But 

there are also other elements that have to be taken into 

account, derivate from the study of some previous works. 

For the Distribution step, most of the previous works use 

the Gravitational model (Tavasszy 1994) (Fosgerau 

1996), regardless of the geographical level considered in 

the model. When the model considers different types of 

flows this model could not work in a good way. For 

example, if the model considers importation/exportation 

flows between countries with very different economic 

systems, the calibration of the gravitational model is very 

complicated. 

In the case of the Mode Choice step, the most used 

methods are the Logit ones (ETIS 2014). These models 

are robust, and provide good solutions not only in 

transport model but in other areas as marketing or social 

sciences. A limitation of the previous works is the 

number of variables considered in the model (de Jong et 

al. 2013). The introduction of new variables represents a 

good opportunity to consider in the development of the 

model. 

Holguín-Veras (2011) identified that the mode choice 

depends on the shipment; this is an element that most of 

the projects does not take into account. It is very 

important to introduce this interaction as a new step in 

the model.  

Another limitation of these kind of models, is the way in 

which congestion is considered. As SteadieSeifi et al 

(2014) found, the importance of congestion for freight 

transport is in the nodes of the network, especially of 

long distance. Special nodes as Customs, tolls, train 

terminals, ports… are important elements capable to 

increase the travel times because of their congestion. The 
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congestion is related with their capacities and the flows 

that can make use of them. Most of the studies uses 

queuing models to consider the delay due to the 

congestion in nodes, (Tan et al. 2015), but they do not 

consider the interaction between the transport mode (that 

calculate the freight flows) and the delays in the node. 

All of this leads to set out a complete transportation 

model, for multimodal freight transport, that allows the 

assessment of infrastructures and services. This model 

takes into account different geographical levels, and 

different freight flows. It is configurable and flexible, 

because not all the problems need the same steps or 

calculations. The model considers more variables and it 

lets to introduce new ones depending on the problem to 

solve. It also takes into account the limitations in the 

consideration of congestion and the relation between the 

freight flows and the size of the shipment 

 

3. MULTI-STEP TRANSPORT MODEL. 

The great investments that a new infrastructure needs 

gives importance to all the tools that makes easier or give 

support to the decision maker. These decisions could be 

about infrastructure or the services that will use this 

infrastructure. Even these tools help in the development 

of transportation policy design. 

A transportation system is a complex network with 

complicated relationship between the different elements 

of the system. The process for planning usually is a 

hierarchical process (Bussieck el al, 1997). 

The network that support all these infrastructures have to 

be perfectly defined. Horn (2003) identified that most of 

the studies follow the next steps to define a complete and 

characterized network: 

 

a) Identify the most important nodes, as origin, 

destinations, intermodal nodes etc. 

b) Establish the transportation modes of the 

systems and the arcs and nodes of the network 

that each mode can use. Also if some services 

have fixed routes or arcs. 

c) The time and cost are two important variables 

of the system. For a service this values are 

established, for other routes it is necessary to 

build or identify a time and cost chain. 

d) Time and cost are not only important on the arcs 

of the system. Some of the nodes of the system 

are intermodal nodes, so it is necessary to 

identify the penalties in terms of cost and time 

in transfer processes. 

e) Limitations of the system like arcs that cannot 

be used by some modes. And requirements and 

preferences. 

 

The transportation system belongs to an environment, 

and it is not isolated of it, there are relationships between 

them and changes in one of them affect to the other and 

vice versa. For example, the changes in the 

socioeconomic characteristics have influence in the 

demand and therefore in the transport flows. In the other 

direction changes in the network could affect the 

economic and social environment, improving the 

communication of some areas and helping the 

development of these areas. It also can improve the 

external or internal trade of the country because of the 

improving of the transport routes.  

Taking all these things into account and the uses 

searched, a methodology for the construction of freight 

transportation models will be presented in the paper.  

The characteristics of the methodology are: 

 

 Adaptable to the data available, the geographic 

level and the objectives of the analysis. 

 Oriented to the national and international levels, 

not regional. 

 Take into account the congestions on the nodes. 

 Influence of the shipping size. 

 

The projects analysed before showed that theoretical 

basis of the Four Step Model (Ortúzar and Willumsen 

2011) is useful for transportation planning models, so it 

will be the basis of this conceptual model. 

Figure 1 represents all the steps and methods considered 

in the multimodal freight transport model that will be 

presented in the paper. As it was said before, it follows 

the Classical four step model theoretical basis, but taking 

into account that is a freight model, that have to consider 

high variability in the distance of the shipments, and also 

the limitations funded in previous studies. 

 

 

Figure 1: Complete conceptual transport model. 

 

3.1. General elements of the model. 

The model developed with the methodology must be 

useful for systems with high variability in the distance, 

for different types of cargo and different periods of 

analysis (not all of them with the same length). So there 

a set of elements which must be established or defined, 

depending on the problem to solve.  

First of all, the objectives of the study must be set. They 

let us identify the results that the model searches and 

establish the steps and calculations of the model that 

must be used. Another of the elements are the zones of 

the study (Traffic analysis zones, TAZ). All the possible 
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origin and destination nodes of freight flows. These 

define the geographical level of the model and transport 

system. The relationship between transport system and 

environment make necessary to know the socioeconomic 

characteristics and they present and forecasted value. 

They are the basis of the econometric models that give 

the production and consumption flows, origin of the 

freight flows. Also these values are useful to estimate 

another variables or parameters of the model. The 

transport system has two main elements: transport 

alternatives and transport network. First one is all the 

modes or modes combination available in the system. 

The second one are the physical infrastructure or routes 

that the modes use in their trips. Both have to be 

characterized in the present but also in the future, because 

of possible changes in infrastructures or services. All 

these things allow to define the model to obtain the main 

result that is the freight flows over the network. Joining 

the freight flows the model gives another skimming 

results, like travel cost, travel time, distance, etc. So some 

parts of the complete model must be the assessment 

components, that are oriented to the different wanted 

analysis like emissions, economic, profitability, social, 

etc. 

 

3.2. Steps of the model. 

The methodology to define the transport model is based 

in the classical Four Step Model, but with the adaptations 

that the freight transport requires. This methodology is 

widely used for passenger transport, but there are less 

studies for freight transport. In these studies, the analysts 

use the four step model but with adaptations. It is due to 

the differences between both cases. In freight case there 

are a great number of decision maker (carrier, shipping 

company, user…) compared with passengers 

(passenger). Other difference is that freight transport 

usually has a high number of transport alternatives. And 

also there is more variability in the shipping size.  

The study of previous model gives some limitations, 

explained in section 2: 

 

 Use of the gravity model for distribution, 

independently of the geographic level. 

 Logit model in most of the cases for mode 

choice. These models usually use time and cost 

as variables of the model, so it is important take 

into account more variables. 

 The interaction between mode and route choice 

and shipping size is note taking into account in 

most of them. 

 For freight transport the effects of the 

congestion are more important in nodes that in 

links, where is taking into account in most of the 

cases. 

 

The steps of the model take all the characteristics and 

limitations in order to give answer to the requirements of 

the analysts. 

The model presented is a model for freight transportation 

using multimodal systems, in order to assess 

infrastructures or design transport policies.  The model is 

flexible and configurable, it means, not all the steps of 

the model have to be used in all the cases. The steps used 

depend on the geographical level of the problem, the 

results that the model searches, or the data available. 

Some characteristics of the model related with the 

limitations of previous models are that the model 

considers the congestion in the intermodal nodes, it 

considers a high number of variables and takes into 

account the shipment size and its relation with the mode 

choice and network assignment. 

Figure 1 represents in a general way all the steps of the 

model. As we use as basis of the methodology the four 

step model, it has the four main steps of the model, but 

also the steps that allow to take into account the 

limitations or opportunities identified in the previous 

studies. 

The model has some requirements. First one are the 

socioeconomic aspects. They have influence in the 

transport system and vice versa. Another one is the 

network that represents all the infrastructure that the 

transport modes uses. Not only physical infrastructure 

but routes as maritime routes. Also all the transportation 

modes which make use of the network must be 

established.  

 

 
Figure 2: Bidirectional relationship between transport 

system and environment 

 

Some restrictions in terms of links of the network (for 

some alternatives) or regulations must be considered in 

order to define the real network for each alternatives or 

the value of the parameters or variables used in the 

model. 

It is also important establish the aims of the study and the 

geographical area, because they define some of the steps 

that must be used, or not.  

The main results of the model are how the freight choose 

among the transport alternatives in the system, the freight 

flows over the network and another supporting results as 

travel cost or travel time. All of them allow to make differ 

analysis under diverse points of view (economic, 

environment, GHG emissions…). 

The construction of the model begins obtaining freight 

production and consumptions, in the origin and 

destination nodes. When the methodology is used to 

build a transport model, we have to choose the points that 

generate or consume freight. These are the origin and 

destination nodes. Econometric models give the total 

Transport System

Enviroment
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amount of freight by means of the social and economic 

variables of the environment. Usually regression and 

time series methods are used, but also input-output 

methods could be used. 

Once the total amount of freight is defined, it is necessary 

to share it into Origin-Destination (OD) pairs. It means, 

share the productions and consumptions in the nodes 

making OD freight flows. In the methodology explained 

in this paper, the variability of the travel distances in the 

model is considered. Trade relationships between 

countries or regions have different nature. For example, 

the importation and exportation relations are very 

different taking into account an origin country and all the 

possible destination countries, and it is usually related 

with long distance. By other way the trade relations 

between regions in the same economic area are more 

stable. 

It means that the model has to consider methods to share 

these freight flows which take into account this different 

nature of the trade relationships. For example, a system 

that share the production and consumptions using 

partition coefficients estimated using historical data, 

works in a good way to build the OD matrices when there 

are very different relationships among the areas of the 

study. In other way the gravity model works better when 

these relations are more stables. Depending of the model 

and its geographic level could be necessary apply one of 

the models or both of them.  

Once the total OD matrices of freight flows are obtained 

is necessary to know the way these flows use the different 

transport alternatives existing in the model, it means 

freight flows for each alternative. In most of the cases 

logit models are used. But there is a limitation in most of 

the studies and it is that the relation between the size of 

the shipment and the mode choice it is not presented. The 

solution presented in this paper is the following. The cost 

of a travel usually is one of the parameters that some user 

takes into account to decide which alternative should be 

used for a shipment and assess its viability (Kreutzberger 

2008).  So the methodology implements a step to do that. 

In this step the size of the shipment is calculated, using 

formulas of economic order quantity, regression models, 

etc. The size of the shipment allows to obtain in a more 

accurate way the real cost of the travel, because it makes 

possible to define the vehicle and to handle the cost of 

the shipment.  

As it was said before, the cost is one of the most 

important parameters for mode choice, so the cost is the 

element that relates the shipment size and the mode 

choice, that is one of the limitations detected in previous 

studies. 

The choice between alternatives using mode choice 

models gives the OD freight flows for each transportation 

alternative in the model. Logit models are widely used, 

but there is another method like minimize a generalized 

cost. In previous studies, it could be seen that the number 

of variables used to make the choice are minimal. The 

proposal methodology takes into account an important 

number of parameters, which could be used or not, like 

travel cost and time, distance, GHG emissions or incident 

probabilities. The higher the number of well-defined 

explanatory variables, the better the establishment of 

mode choice.  

Last main step is assign the freight flows to the 

network. The way that the route for each OD pair is 

calculated depends on the result searches: generalized 

cost minimization, short path methods…An 

improvement of the classical studies is that the 

congestion is taken into account in the nodes of the 

system, not in the links. Due to the capacity of the nodes 

(ports, train terminals, customs…) and the freight flow 

that try to use it, it is possible that delays may occur in 

those nodes.  

This model is useful for macro models, where long 

distances and high periods of time are evaluated. It makes 

that travel times can be of days or weeks compared with 

travel times of hours in meso and micro models. So the 

problems that a model for urban transport or pick and 

delivery transport have with the congestions of roads and 

streets are not representative in the macro models. 

Nevertheless, the congestion in the intermodal nodes, 

as a congested port or a custom with waiting times of 

weeks, has important effects on the total travel time. This 

is the reason why it is important the node congestion. In 

most of the studies of delay times in intermodal node the 

time is obtained by queueing theory, so in function of the 

freight and the capacity of the nodes, the total time could 

be obtained. 

 

 
Figure 3: Congestion: Nodes vs Links. 

 

3.3. Model results for infrastructure analysis. 

The main results of the model are the freight flows in arcs 

and nodes of the network. They are obtained using 

simulation of some scenarios and they allow to know the 

future use of the infrastructure under different 

conditions. It means, if a new infrastructure will be used, 

if an infrastructure could have congestion problems, 

define the characteristics of this infrastructure, the 

operational service conditions, etc. 

But the model gives another results like travel times, 

travel cost or travel emissions. They allow analysis the 

infrastructure for another points of view, like economic 

assessment, GHG emissions or logistics times. 

The mode choice gives the total among of freight for each 

transportation mode, so it gives a measure of the rate of 

use of all the modes in the system. 

As the model uses the support of a SIG system, where 

information about population, regions, etc, is present, the 

model gives some secondary results as the population 
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affected by an infrastructure or services or distances to 

the infrastructure. 

 

4. CASES OF STUDY. 

The methodology described in the paper was used in two 

real projects. Both projects are developed in countries of 

South America: Bolivia and Brazil. They search different 

aims. The case of Bolivia searched the assessment of a 

new railway infrastructure that cross the continent from 

the port of Santos in Brazil to the Ilo port in Peru. The 

model of Brazil allows to prioritize a set of projects 

related with logistics and transportation infrastructures.  

The aims of both projects and the data available makes 

that each one of the models uses different steps of the 

methodology. 

 

4.1. Bolivia Transportation Model. 

An international model to assess a railway corridor 

between Pacific and Atlantic coasts was developed. The 

aim of the study was establishing if the railway corridor 

will be profitable, under which condition it is profitable 

and also the characteristics of the infrastructure. The 

purpose of the model was obtaining the freight flows in 

each link and node of the transport system. It also allows 

to obtain another secondary results as travel cost and 

time.  

The steps of the methodology used in the model are 

showed in Figure 4. 

 

 
Figure 4: Steps of the Bolivian Model. 

 

The productions and demands of each one of the origin 

and destination nodes considered was build using 

socioeconomic data, importations and exportation and 

some more sources. 

The OD matrices were built using two methods. For 

import export flows, a method that share the productions 

and demands using coefficients based on historical data. 

Inside the country, gravity methods were used. The use 

of both methods allows to take into account the different 

nature of the trade relationships.  

Once the OD matrices were built the step to obtain the 

size of shipment is not necessary, because the units that 

the analysts need are physic units. The mode choice 

model, a logit model, was calibrated using cost and time 

variables, based on physical units.  

The mode choice gave the total freight flow that will use 

each one of the transportation modes. An all or nothing 

assignment was made to see the total freight that use each 

link and node.  

As the model was built for simulation, some scenarios of 

speed, cost and times in nodes were evaluated to obtain 

the optimal characteristics of the system. 

So the methodology allows to assess the new 

infrastructure. 

 

 
Figure 5: Network assignment, flows results. 

 

In the case of Brazil, the aim of the study was to prioritize 

a set of projects (logistics and transportation projects). To 

do that, a multi-criterion matrix was built, where some of 

the variables used are results of the transportation model.  

 

 

 
Figure 6: Steps of the Brazilian Model. 

 

In this case the geographical area of the model was the 

north east region of Brazil. 

The OD matrices come from input-output data of the 

Institute of Statistics of Brazil, using as in the case of 

Bolivia a mixed system of coefficients and gravity model 

to transform these data in the OD matrices. In this case a 

joining choice of mode and route was made. To do that, 

a generalized cost build with the travel cost and the cost 

of the travel time, was minimized. The congestion was 

considered as penalized time in the nodes. 

The results of the model were the flows in links and 

nodes, and also another elements as affected population 

or saving transport time and cost. 

All these elements are part of the multi-criterion matrix, 

that in function of the points given to each project for the 

variables prioritize them. 

The methodology was useful to establish transport and 

investment policies. 
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Figure 7: Flows in the system. 

 

 

5. CONCLUSIONS. 

This methodology allows to build complete models to 

assess infrastructure and services and define policies in 

terms of transportation or investments. 

It is highly configurable, only is necessary use the step 

that are consistent with the data available and the aims of 

the model. 

The methodology takes into account the variability of the 

trade relations between zones, and it propose a mixed 

model (coefficients and gravity model). Also implement 

the relation between shipment size and mode choice by 

the step of size shipment calculation and the calculation 

of the cost of the travel. 

The congestion in the nodes is taking into account and is 

related with the mode choice. 

As it was explained the methodology was used to 

develop the transport model for two real projects. It 

allows to verify the utility of the model. In the case of 

Boliva, the assessment of a new infrastructure and in the 

case of Brazil, it was a tool decision support to choose 

better investments. 
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