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FOREWORD 

 

The achievement of a fully functional and sustainable transport  network, backing the 

development of a EU single market, is particularly challenging in a key area for the 

European integration process as South East Europe. In such context these goals 

encompasses also the extension towards non EU countries with specific reference to the 

Western Balkans.  

Such topics have been object of the overall TEN -T revision recently carried out. However, 

even though major strategic decisions have been settled, still relevant open issues are to 

be dealt with particular reference to aspects as small investment intervention to be 

prioritised in the short -medium term period and, more in general, the management of the 

intermediate  stages towards the full accomplishment of the overall TEN -T network.  

ACROSSEE (Accessibility improved at bo rder CROSsings for the integration of South East 

Europe ) project, fostering an improved Accessibility at border crossings for the SEE 

integration, is dealing with such topics. In particular, it is tackling such complex issues 

according to a system at ic and analytical approach, by means of the development of a 

transport model.  

In fact, the need of a transport model is strongly confirmed with respect to the additional 

values that it brings in comparison with the possibilities related to a mere data collection 

and a generic (thus applying general concepts not developed specifically with reference 

to transport system studies) statistical analysis.  

As every modelling activity, it leads to a description of the mechanism that determine 

currently experienced situatio ns, values etc. Obviously this brings a higher level of 

understanding than a mere data collection (that, even though needed and relevant, is 

only a part of the modelling activity). Therefore once òlearnedó the functioning of a 

system, it allows to simulate  the consequences of specific changes. In other words,  

scenario evaluations can be performed, which is definitely what is needed with reference 

to transport system planning (especially on a large scale, both spatial and temporal, and 

implying high investm ent). Therefore rather than simply depicting the current situation the 

model provides a Decision Support System for the stakeholder / decision maker . 
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Moreover, as every modelling activity, it calls for efforts and inevitably simplifications that 

ha ve  to be performed for coping with such ambitious goals with available resources. In 

particular data availability is inevitably a critical aspect (and this calls even more to a tool , 

as the model, able to extend evaluations also where there are no data also for the  current 

situation). In fact practitioners are compelled to find a good trade -off solutions between 

resources and needs. Consequently a model has to be developed looking at the main 

specific needs and results that ha ve  to be achieved (obviously there is a great variation, 

for instance in precision requested for small scale analysis). This is the challenge behind the 

implementation of well consolidated general methodologies and tools provided by 

commercial off -the -shelf software (and this is also the reason why we are not talking about 

Research and Development). Therefore currently is not possible to devise a general 

purpose model  even though  there is a great need of exchanging data, information, 

results from different models (in EU projects the similar needs  leads to cross -fertilization and 

capitalization activities).  

The data collection within the Balkan Area proves to be anything but an easy task, given 

the heterogeneity of situations, the lack of official sources and the objective difficulty in 

obtaining data on the spot. It 's clear that if we would have any data for all the links of the 

network that are involved in cross -border transport, we could also save ourselves from 

calibrating a model for the current state. Anyway it obviously will not be the case . 

Moreover  one thing is to reason on current state  and  itõs another thing to  represent future 

scenarios of change.  

It should also be considered that the use of a model allows  to  p resent  an  ac cou nt of  

c hange between the current state and future scenarios . Our task is evidently to assess 

what happens after/following changes in the demand and/or supply of transport, both 

related to infrastructural aspects and management (improvements of cross -border transit). 

The effects of all these changes can only be assessed by means of transport simulation 

models.  

ACROSSEE transport modelling activity has been conceived taking duly into account such 

complex of needs and specific characteristics of the analysed context. All these 

considerations  led to the establishment of  a modelling framework along with a plan for a 
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well -structured data collection process whose methodology and guidelines will be 

described in the present document.  

More specifically, the first chapter will provide the reader with an introductory descriptio n 

of the activity general framework, t hus presenting the overall aims and  background along 

with the approach that will be adopted. The second chapter, instead , will focus on the 

supply side (with reference to the classical subdivision of the transport syst em in to  supply 

and  demand , borrowed from Economics) pointing out how its schematisation will be 

performed as to adequately modelling South East Europe transport system.  

The third chapter, instead , will deepen on the demand modelling emphasising how the 

usage of actual data will contribute to  the modelling activity development and upgrade. 

Hence a description of the brand new data to be collected in the multifaceted 

ACROSSEE survey campaign will be provided.  

Furthermore, in Annex 1 is provided a review on precedent projects that have provided 

both data sources and inspiration for devising the ACROSSEE approach. This aspect is 

particularly relevant in the light of successive steps in the ACROSSEE model 

implemen tation. In fact, the general approach will be adapted in order to maximise the 

efficiency and reliability of the modelling process. In this purpose, it must be noted how 

the modelling activity will be implemented in a flexible way as to capitalise already 

available results taking also into account the level of uncertainty that could be associated 

to each modelling step. In particular, along with data coming from the aforementioned 

data collection process, the results of the previous modelling activities wil l be capitalised.  

 On this purpose it must be also underlined in particular the relevance of the SEETAC 

project. In fact, it constitutes the previous experience that paved the way to the 

development of the ACROSSEE project idea. Therefore differently from a complete/pure 

implementation of the classical Four Stages Method, when feasible and preferable, 

already existing results will be capitalised. For instance, instead of running brand new 

transport generation and distribution modelling steps, already availa ble matrices will be 

exploited and updated (making use of newly collected data and also taking into 

account their consistency with indicators based on the four -step modelling approach).  
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1   THE GENERAL FRAMEWORK 

 

The transport model development plays a centra l role in the overall ACROSEE project 

workflow. In fact , it allows to substantiate with quantitative assertions the evaluations 

carried out in different WPs. Therefore the various topics addressed in the other project 

activities exert a relevant influence in setting the scope and goals of the modelling 

activities.  

Moreover in order to meet such requirements, it is important to adequately make use of 

the possibilities and resources provided by well -consolidated methodologies implemented 

in specialised softw are.  

Another important aspect, to be  duly taken into account , is the background provided by 

already carried out modelling activities, above all the SEETAC project.  

Consequently , in the present chapter will be reviewed such sequence of elements 

influencin g the development of the modelling methodology that will be described in the 

following chapters.  

 

1.1  The transport model within the overall ACROSSEE project  

Transport model development is the main object of the WP4 within the ACROSSEE project 

architecture.  

More specifically, the aim is to create a unified transport model for the whole SEE, a region 

consisting of both EU and non -EU countries. Other WP4 activities are also meant to support 

such main objective by collecting necessary, adequate and updated data  associated to 

the demand analysis and traffic forecasting.  

In particular WP5, which is dealing with Cross Border analysis, will provide detailed 

information concerning one the most relevant issues for the SEE connectivity.  

Concerning WP3, the analyses on  the network implementation and extension will be 

chiefly linked and based on the WP4 outcomes.  
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Figure 1 -  WP4 in the overall ACROSSEE project framework  

 

Within the context of WP4 , the present document reports the outcomes of action 4.1 

regarding methodological aspects as well as a preliminary review of relevant sources for 

demand analysis including precedent project activities sources (see Annex 1 ); hence, it  is 

paving the way to the other activities belonging  to both action 4.1 and 4.2 (see Errore. 

L'origine riferimento non è stata trovata. ). Furthermore the results of these two action will 

feed all the other steps until the overall accomplishment of WP4 tasks.   

 

 

Figure 2 -  WP4 actions  

 

WP 4 

    Transport  Model 

1: Demand analysis 

2: Transport Model 

3: Extension of the Transtool model to 
the Western Balkans 

4: Evaluation of different scenario 

5: Data Manager Centre 
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1.2  Transport modelling methodologies and tools  

The results of such relevant trans port model activity have to be consistent and reliable in 

spite of ambitious goals set and difficulties related to data availability (that will be 

explained in the following of this document ). Consequently such analyses must be based 

on well -consolidated m ethodologies and applied by means of a specialised software. In 

the following pages the instruments  matching such requirements  will be described and th is 

will be the basis of transport modelling activity: the Four Steps Model and the Cube 

Voyager simulatio n software.  

 

1.2.1  THE FOUR STEPS MODEL 

The Four Steps Model is the most widespread and consolidated modelling approach for 

describing mobility and transport systems by means of currently available statistical data  

(socio -economic, territorial data). It is based  on the idea of splitting the trips analysis into 

partial compounding phenomen a  (transport system users' decisions) which are chained to 

each other and are, singularly taken, easier to be simulated. Furthermore, it is also 

associated to a macroscopic appro ach, in which all the trips origins and destinations are 

referred to a macroscopic subdivision into a finite number of zones composing the overall 

area of analysis (zoning). The logical scheme for  such an approach is presented in Errore. 

L'origine riferimento non è stata trovata. , and consists of a sequence of successive 

estimations:  

1. Trip generation  determines the number of trips whose origin belongs to each zone 

in the study area distinguishing by trip purp ose, as a function of land uses, 

household demographics and other socio -economic factors. Conversely the 

assessment can be made, similarly, with reference to the trips whose destination 

belongs to a specific zone.  

2. Trip distribution  matches origins with destinations, evaluating  the number of trips 

connecting each (ordered) couple of Origin -Destination zones (O -D); often the 

estimation is made by means of a gravity model function (so called since it 

resembles the well -known gravitatio nal model of Physical Mechanics).  
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3. Mode choice  determines the ratio of trips between each origin and destination 

that use s a particular transportation mode.  

4. Route assignment  allocates trips between an origin and destination (by a particular 

mode) to a spec ific route. Often (especially for road traffic route assignment) 

Wardrop's principle of user equilibrium is applied, wherein each user (driver or 

group) chooses the shortest cost path, subject to every other user doing the same.  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 3 -  Four Steps Model scheme  
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1.2.2  CUBE VOYAGER 

Concerning operational aspects, transport models have been implemented using the 

commercial software Cube 6.1 (Citilabs, 2013), which is a n advanced transportation 

planning tool offering high level of compatibility with other software as well as the 

opportunities of integrating transportation models with the functionalities of a Geographic 

Information System. Its functionalities, allowing a smooth geographical representation, 

have proven particularly relevant in the detailed and georeferenced modelling approach 

of WP4.   

In particular the built -in mathematical models which are implemented into a modular 

system coherent with the Four Steps Model structure previously described and which 

incorporates powerful and flexible tools for network and matrix calculations that  are 

fundamental for key issues as travel demand estimations or detailed scenarios 

comparison.  Furthermore it implements standard modelling approach but it is also 

characterised by a high level of flexibility; in fact it allow s the user to design its own 

modelling approach by means of a dedicated programming language.  

More specifically, Cube is structured according to a sequence of module, each one 

dedicated to specific tasks. Among the others, in the present activity are particularly 

relevant the followin g ones:  

¶ CUBE BASE: is the comprehensive user interface for all Cube mode lling modules; it 

includes transportation GIS system fully compliant with ESRI technologies and data 

formats (for creating, analysing and editing maps along with  related data), 

Applica tion Manager (flow -chart component for designing and creating the model 

process), Scenario Manager (scenarios development interface).  

¶ CUBE VOYAGER is the module dedicated to the transport model development by 

means of a specific  programming language implem enting transport system analysis 

algorithms; it also includes an extended library which allows to implement the 

different kinds of models (including the Four Steps Model) with a high level of 

flexibility , making possible  the  develop ment of  specific ad -hoc solutions. 

¶ CUBE ANALYST is the module devoted to the estimation and update of trips 

matrices, both with reference to private and public transport. It allows to make use 
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of a wide variety of different partial data which can contribute to the 

reconstruction of the O -D matrix providing the most accurate and exhaustive 

possible travel demand description (on the basis of the available data ).  

In particular, the following CUBE Voyager functionalities for modelling transport supply and 

demand, along with their mut ual interaction s, will be used:  

¶ Supply modelling by means of the NETWORK component: for processing highway 

networks, analysing them and developing well formatted network files to be used 

within CUBE. Therefore it often acts as a first step bridging with ex ternal GIS data 

sources.  

¶ Demand modelling by means of the MATRIX, DISTRIBUTION and GENERATION 

components. It allows to describe adequately and comprehensively the transport 

demand affecting a network, distinguishing among its different components, as a n 

Origin-Destination (O -D) modal matrix. Such matrix records in its cells the number of 

trips for each Origin -Destination couple with reference to the subdivision in zones 

previously  applied to the area of analysis (zoning).  

¶ Modelling the interaction between  Demand and Supply with the HIGHWAY 

component that, by reproducing the users route choice behaviour (assignment 

model), allows the reconstruction of traffic flows along the network links with 

reference to each specific configuration of the demand and suppl y (what -if 

scenarios).  

¶ Intermodal systems modelling thanks to the PUBLIC TRANSPORT module and its  

extended application to the evaluation of chain of trips made on different modes , 

which is applicable also to freight transport.  
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1.3  Capitalising previous ex periences and going beyond  

Another key driver for the modelling activity is the aim of achieving the maximum result 

capitalising previous experiences as to provide a real added value to stakeholders and to 

complement already ongoing or achieved analyses.  

On this purpose, among the various previous activities carried out ( which are further 

analysed  in Annex 1)  which interested at least partly th e SEE, it must be underlined the 

relevance of the SEETAC project . In fact, it constitutes the  previous experience  that 

paved the way to the development of ACROSSEE project idea.  

The South East European Transport Axis Cooperation (SEETAC) project was funded under 

the South East Europe Programme. SEETAC aimed at analysing possible integration 

between the Western Balkans (WB) and the EU transport systems in order to generate 

transpor t continuity and infrastructure development in the European area and beyond, 

thus implicitly leading to a rising in competitiveness and economic development with the 

ultimate aim to integrate the WB countries in the European single market. It tackled both 

administrative problems, such as missing institutional and legal transnational framework as 

well as common safety, security and environmental standards and harmonisation of 

transport modes. The analysis performed was supported by a transport modelling acti vity 

dealing with main relevant transport links in a multimodal perspective (i.e. dealing with 

roads, rails and waterways) and with reference both to passengers and freight traffic. 

Such network analysis, supported by a data collection process which involv ed SEETAC 

partners, allows performing wide area evaluations. Therefore it provides a relevant 

background for the more specific analysis requested in ACROSSEE (which, instead, will go 

well beyond in the level of detail). An example of the SEETAC modelling l evel of detail is 

provided in the following  Figure 4.  

As a result of the SEETAC activities , it has to be mentioned that  some relevant informative 

gaps  have  to be fil ed  (thus providing a remarkable indication for ACRO SSEE modelling 

and data collection activities). In particular it has been ascertained the lack of 

information on a key impacting issue for transport activities (and related decisions) as 

c ross-border crossing ; the assessment of their  impacts and of eventual improvements is, as 

said, a key object of analysis in ACROSSEE.  More in general, various informative needs will 
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be satisfied by a specific survey campaign for feeding the transport model (that will  be 

briefly addressed in the third chapter).  

 

Figure 4 -   SEETAC project road network traffic assignment  

 

Among other key references to be considered, it  must be mentioned the SoNorA project 

(see http://www.sonoraproject.eu/ for further details) that carried out a comprehensive 

multimodal analysis with reference to the Central Europe context (thus partially 

overlapping with SEE).  

At a more strategic level, it must be considered the TRANSTOOL initiative, developing a 

European tran sport network model (see http://energy.jrc.ec.europa.eu/transtools/ for 

further details) ; its modelling activities is currently facing an upgrade and update process 

that ACROSSEE project is aiming to complement with its higher level of detail in the Balkan  

context with specific reference to some pertinent and relevant issues (as the mentioned 

one related to Cross -Border transits).  
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Figure 5 ð ACROSSEE model features  

 

Bearing in mind what reported, the ACROSS EE model analysis will be characterised by a 

high level of detail allowing smooth evaluations of the consequences of small investment s 

and short term interventions with specific reference to the achievement  of a sustainable 

freight transport system throughout SEE. In any case , it must be underline d  that it will be a 

comprehensive modelling activit y including also passenger transport, which shares the 

usage of the same infrastructures. Moreover such analysis will encompass the different 

modes of transport (road, rail and inland wa terway navigation) seen as complementary 

supporting each other. The detailed representation will be georeferenced, as to provide 

an adequate visualisation and analysis tool able to depict the collected data in a 

comprehensive manner to support the other ac tivities of the project.  

A transport model, dedicated to the needs of simulati ng  the existing situation and 

assessing future scenarios will be then developed taking into account all the necessary 

travel cost  components  perceived by the user . Such comprehensive cost, named as 

generalised cost, includes all the  monetary and non -monetary costs of a journey ; being  

perceived by transport system users (that are willing to minimise it), it affects their trip 

choices leading to the actual status of the tr ansport network flows. Therefore such 

modelling framework will  allow  to simulate  the impact of different kind of measures 

(ranging from infrastructural realisations to various "soft" measures, as for instance the 

LIST OF REMARKABLE ADDED VALUES AND FEATURES 
FOR THE ACROSSEE TRANSPORT MODEL 

1) NEWLY COLLECTED DATA FROM SURVEYS 

2) WIDE GEOGRAPHICAL COVERAGE 

3) HIGH LEVEL OF DETAIL 

4) FOCUS ON BCPS 

5) ACCURACY IN MODELLING AND SCENARIOS EVALUATION  

6) COMPLEMENTARITY WITH OTHER MODELS 
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adoption of smoother and simpler administra tive procedures at borders)  which provide 

transport system users with different trip alternatives, each one characterised by its own 

generalised cost value . 

As a conclusion of this first chapter, it can be summarised (see Errore. L'origine riferimento 

non è stata trovata. ) that a traffic flows simulation i n transport network will result  from 

modelling the interaction s among different components of the overall SEE transport 

system, classically subdivided into S upply and Demand. Furthermore the confrontation 

between simulated and actual data will allow the fine -tuning of the modelling process, 

that will be further described in the following chapters.  

 
 

Figure 6 ð The transport modelling  framework  

TRANSPORT
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2  TRANSPORT SUPPLY MODELLING 

 

The present chapter focuses on the solutions to be adopted for modelling the multimodal 

transport supply of the SEE transport system.  

The improved level of detail with respect to SEETAC project will address, first of  all, transport 

supply modelling the main and secondary infrastructures of all transport modes under 

study (road, rail and waterways). The graph will cover the whole SEE including the 

accessing points of the Balkan area and will be also linked to other mod elling graphs , thus 

extending as far as Central Europe area.  

In practical terms, such activity will imply the development of a multimodal graph 

designed for supporting the traffic simulations to be performed. Such simulation processes 

make use of algorithms applying the mathematic theory of graphs.  

In the pure graph theory a link is nothing more than the expression of the connection 

between two nodes, eventually associated with a cost value. However in modelling true 

reality transport networks as t o match stakeholder -requests  for realistic representations , a 

greater deal is been more and more paid to a link inherent characteristics . 

Therefore, In compliance with the usual GIS approach, a link will be characterised by both 

morphological component, th e geographic representation (that in this specific case will 

turn to be a georeferenced one) and the associated informative content, in form a 

tabular set of attributes.  An example of nodes and links of a georeferenced graph 

represented according to themat ic representation of a link attribute, determining the 

width of each link in the representation, is provided in Errore. L'origine riferimento non è 

stata trovata. . 

One particular remark concerning supply modelling is related to the distinction between 

free -access (e.g. road private transport) and ruled -access networks and services (e.g. 

public transport and railway transport in general) . In the second case what is provided to 

the user is not simply the usa ge of the infrastructure but, instead, a specific service. 

Therefore in such cases supply modelling will be dealing with the overall service 
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characteristics.  In this purpose, it could be noted that some aspect could be addressed as 

either demand or supply -related according to the specific viewpoint of the analysis.  

 

Figure 7 ð Links and nodes in a georeferenced graph thematic representation  

 

For instance trains running through a link could be considered as demand from the 

railways infrastructure managing perspective. From the point of view of multimodal 

transport, instead, they are a supplied service providing an answer to a transport demand 

(be the case of travelling persons or of tonnes of transported commodities).  

Concerning the modelling approach, an important aspect that has to be adequately 

taken into account is the balance to be achieved in the level of detail with respect to the 

object of the analyses and the overall schematising process, including demand 

modelling.  

This second aspect is particularly relevant nowadays since the growing availability of 

highly detailed digital maps would lead to a corresponding rapidly increasing level of 

detail in the network representation. In fact such higher level of detail, at a first sigh t, could 

look like an always desirable improvement; however if not carefully managed, it could 

turn to be a source of errors in the traffic simulation process. In fact, in case of a network 

where the transport supply is overrepresented, with respect to the  transport demand, the 

simulated traffic flows will prove to be lower than the actual ones.  

This is due to an inevitable underestimation related to the representation of transport 

demand with reference to zoning system: it is not possible to take into acc ount each 
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traffic connecting areas within the same zone. Consequently, it is not possible to take into 

account the traffic affecting in real life local links relevant for connecting internal portion 

of the same zone. In such cases, the only way for reprodu cing a realistic flow in the 

modelled links would be to overestimate the long distance travel demand components 

(i.e. the only one that are taken into account in the modelling activity), thus committing a 

mistake in the simulation. Such mistake even if not  perceived in the current state 

simulation will led to difficultly identifiable errors in the scenarios evaluations (which are the 

real goal of a transport simulation).  

Therefore, since the statistical data for performing transport demand analysis are ava ilable 

only at a macroscopic level, thus limiting the level of details of the zoning (and that will be 

better described in the following chapter), the supply modelling activity will be kept at a 

macroscopic level as well.  

In the following pages the supply modelling guidelines will be present ed  starting from the 

geographic  representation guidelines which constitutes a common issue of the activity; 

specific issues related to each specific transport mode or link category will be then 

described in the successiv e and last paragraphs.  

 

2.1  GUIDELINES FOR A GEOREFERENCED REPRESENTATION 

The transport network that will be developed will be characterised by a high level of detail 

and realism. Therefore the number of links and nodes making up the graph will be higher 

than those presented in SEETAC project. However the improvements will be even related 

to each single link representation, as explained hereafter.  

 

2.1.1  A comprehensive geoferencing: nodes and links  

The realism of the representation will be dramatically improved by m eans of an accurate 

geo -referencing that will be made with reference both to the nodes and the links of the 

graph. In fact, it is important to point out that in the SEETAC project, instead,  only the 

node were georeferenced.  
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Such comprehensive geoferencin g (both nodes and links) implies that each link of the 

graph will be associated to a polyline, i.e. a geometric object made up of an order 

sequence of georefenced points representing the real path going from the initial node to 

the final one. When georefer encing only nodes, instead,  a link is represented simply by 

means of a straight segment connecting the initial and the final node.  

Apart from a mere appealing representation effects the georeferenced polyline 

representation allows to achieve further added values. First of all, it constitutes an 

informative content itself since it implies the morphological description (obviously limited 

to the bi -dimensional sytem of the general geographic projection adopted).  

In particular, it is characterised by a length value which is a good estimation of the real 

length of the link; however this aspect have to be duly evaluated since it can be affected 

by an error related to level of the detail for the polyline itself (and that could be eventually 

highly impacting, for i nstance, with reference to short links). Another relevant information is 

the level of tortuosity that can be associated to the link on the basis of the curvature 

degree affecting the stretches of the polyline.  

Moreover a fully georeferenced representation  prove to be also an efficient system for 

linking to other external informative contents which are associated, on their own, to a 

georeferenced representation, by means of spatial operators (i.e. by means of 

functionalities allowing to associate different objects on the basis of their spatial 

positioning, as for instance in the case of a polyline and a surrounding area).  

In particular, the context in which the transport infrastructure is passing through can be 

identified, thus allowing for instance the ide ntification of the area impacted by 

externalities from the transport infrastructures .  Therefore once mapped the sensitivity 

index of different areas, it can be ascertained the impact of traffic generated emissions 

(which can be estimated on the basis of t raffic flow simulation performed in the modelled 

network).   

On the other way round the urban context is an important aspect for classifying a link and 

attributing to it some performance characteristics (e.g. a link passing through a urban 

context will be c haracterised by lower allowed speed than another one with the same 

inherent characteristic but located in the open country).  



ACROSSEE  

 

Action 4.1 ð Demand analysis and transport 

model  

METHODOLOGY 

 

page 21 of 53 

  

 

In general, it can be said that each link can be matched with the characteristics of the 

area in which it is located.  

However the  correspondences that could be made by means of spatial operators 

profiting from smooth links georeferencing are even more. One pertinent example is for 

sure related to the association with traffic counts performed at a specific georeferenced 

location whic h can be then precisely and unambiguously associated to the 

corresponding link, thus providing an important source of information for testing and fine -

tuning the simulation outcomes (as it will be further pointed out in the following of this 

document).  

 

2.1.2  Sources and general criteria  

The abovementioned benefits have, as a drawback, a higher level of efforts and care to 

be applied in order to perform such fully georeferenced representation.  

A good support is provided by recent developments in dedicated GIS software, that are 

also currently embedded, as reported in the previous chapter, in the transport modelling 

software.  

However, the greater deal is related to the availability of a precise georeferenced 

representation of the overall network that will be use d for extracting the subset of 

elements that are really relevant for transport planning purposes (i.e. to be included into 

the model).  

Nowadays an interesting option is provided, in this purpose, by the growing availability of 

digital maps. Under such des ignation there is a wide set of materials ranging from 

commercial to open source. However, apart from limited (especially with reference to the 

geographical coverage) exceptions,  it must be pinpointed how such materials are chiefly 

developed and maintaine d for objectives which are different from transport planning (i.e. 

especially for real time navigation purposes). This means that both the level of detail and 

the informative content is not fully in line with the needs of tasks as those of the present 

acti vity.  
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In fact many attributes that are needed for performing traffic simulation are either missing 

or partially filled in the related recordset.  Moreover the overall set of links reported is way 

bigger than the one desirable for a transport modelling act ivity (that, as said  at t he 

beginning of this chapter, must be balanced also with level of detail that can be 

achieved in the demand modelling); besides there are usually some difficulties in founding 

out consistent criteria for extracting the subset which  could be taken into account for 

transport modelling. Last but not least, the bound to an external dataset, which is regularly 

but also independently updated (i.e. without full control and information on the new 

versions development process), implies relev ant practical complications for the long term 

maintenance and update of the transport graph based on it.   

Furthermore the financial cost for acquiring and updating the digital maps, along with the 

related datasets, must be taken into account. One appealing  opportunity, in this purpose, 

seems to be provided by Open Street map dataset. In fact Open Street Map project (see 

www.openstreetmap.org ) has developed an open source map of the whole word which 

is continuously updated according to a cooperative approach  by the users community. 

However, even though it is remarkable the level of information that is provided cost -free, it 

must be said that, at the current stage, it does not provide a ready -to -be -used uniform 

and complete data set for transport modelling pur poses on a wide scale (as the whole 

SEE). 

Therefore the solution here adopted was to develop a new graph, based on previous 

experiences but introducing remarkable novelties, by collecting and integrating 

information from all the different available data so urces;  this new graph will have to be 

coded and traced according to specific rules that are hereafter summarised.  

The graph, with reference to all the mode of transport will be made up of nodes and links 

that are georeferenced when representing real links or nodes. The exception is related to 

fictitious nodes or links, that will be discussed at the end of the present chapter,  

schematising in a single point a whole area for procedural reason (e.g. zone centroids) or 

specifically conceived for modelling by m eans of a link particular functional aspects as to 

acknowledge their contribution to the overall cost of a path (connectors or mode 

interchange/transfer links).  
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The level of detail of the modelling and georeferencing process will be adequately 

matching th e goals of a macroscopic approach thus skipping not relevant details.  

For instance, in the present context are deemed not relevant specific ramps at motorway 

entrances/exits, roundabout arcs/legs while it will be schematised the general alignment 

of the ro ad axis (even in case of double carriageway  infrastructures).  

Moreover useless nodes will be skipped thus linking together the whole arc connecting 

relevant nodes. Nodes are meant to be relevant (that is to be schematised) in the present 

model when markin g a discontinuity of the link modelled attributes (described in the 

following paragraphs) and in correspondence to intersections or other relevant points 

allowing a correct path representation; such relevant points include entry/exit or transfer 

(e.g. conn ecting different modes of transport) nodes.  

 

 

Figure 8 -  Relevant nodes examples in the road network graph  

 

The operational procedure implementing the criteria and guidelines discussed is 

represented in Errore. L'origine riferimento non è stata  trovata. . It is named as ògeneraló 

development process also because it is applied to all the different modes of transport, 

obliviously with some specific peculiarities; such peculiarities are particularly related to the 

last step: filling the links attributes table with informative content. In fact these last step is 

substantially affected by differences among modes of transport; therefore it will be a 
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major object of the following paragraphs, in which each mode of transport will be dealt 

separately.   

 

 

 

Figure 9 ð General ACROSSEE graph development process  

 

 

 

2.2  THE ROAD NETWORK LINKS 

Road network graph will include all primary links, as motorways and expressways, and also 

relevant secondary roads as national, regional and even, in some cases, provincial ones.  

Each element of the road network graph will be coupled with a set of features 

concerning , a part from naming and administrative identification of the road,  the ma in 

performance characteristics.  The list of the main attributes associated to each link is 

reported in the following Errore. L'origine riferimento non è stata trovata. . 

In traffic assignment the users route choices are modelled assuming such choices are 

based on the general criterion of minimising the overall travel cost. Such cost, as 

perceived by a transport system user, is not merely a monetary one since it encompasses  

SEQUENCE OF STEPS IN THE  

ACROSSEE GRAPH DEVELOMENT PROCESS 

1) DATA SOURCE GATHERING (DIGITAL AND NOT MAPS) 

2) SORTING OUT TRANSPORT INFRASTRUCURES TO BE MODELLED 

3) FILTERING NOT NEEDED LINKS (E.G. RAMPS) 

4) IDENTIFYING AND MAPPING RELEVANT NODES 

5) CONNECTING RELEVANT NODES WITH GEOREFERENCED LINKS 

6) FILLING UP ATTRIBUTES TABLE ASSOCIATED TO THE LINKS  
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various aspects as, first of all, travel time. Therefore it is of key relevance identified the user 

cost experienced for travelling along a link, starting from the travel time. Obviously the link 

travel time is not fixed, depending on various conditions, in particular the traffic flow 

situation on the link itself.  

ATTRIBUTE DESCRIPTION/NOTES 

ID 
Identificative field which includes the codes of the delimiting nodes 

(e.g.1500_1245) 

NAME  If available 

TYPOLOGY e.g. motorway, main road, secondary road, etc.) 

ONEWAY 

Allowed traffic directions                                                                                      

¶ 0 bidirectional (default value); 

¶ 1 monodirectional link with the same direction of the traced 
polyline  

¶ -1 monodirectional link with the opposite direction respect to 
the traced polyline. 

CATEGORY 
Group to which the link is belonging according to the links performance 

classification 

NUMBER_OF_LANES Number of lanes per direction 

CAPACITY 
Maximum number of travelling vehicles per hour (with reference to a specific 

direction) 

FREE_FLOW_SPEED Average desired speed experience when the link traffic flow is close to 0 

LENGHT Link length  

TOLL_ ROAD 
¶ Yes 

¶ No 

TRAFFIC LIMITATION 

It is referred to permanent limitations valid throughout the year 

¶ 0 no limitations (default value); 

¶ 1 no entry for all vehicular categories 

¶ heavy vehicles ban 
 

Table 1 ð Road links attributes  

The traffic speed -flow  relation is usually expressed , for  traffic assignment  applications,  as 

the òclassicaló travel time function known as BPR. Such formula is mainly used in extra-

urban transport (where can be  waiting time at intersections  can be neglected in the 

estimations ).  

It is expressed by the following adapted formula tion : 

 ὠ
ᶻ

 

where:  

Å V: travel speed associated to a link [km/h];  
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Å V0: Free Flow speed (i.e. experienced when traffic flow is equal to zero) [km/h];  

Å VC: travel speed when traffic flow is equal to the link capacity [km/h];  

Å f: link traffic flow [ve hic les/hour];  

Å C: link capacity [ve hic les/hour];  

Å g: calibration parameter.  

 

The parameter g along with  V 0, Vc  specify the particular link cost and are usually 

determined on the basis of the link category. In particular in the present activity a wide se t 

of link categories (about 50) will be applied. Consequently each link will be associated by 

means of a specific category, thus inheriting the related parameters values. It must be 

underlined that in the present case even the capacity will be attributed o n the basis of 

such links classification. In this purpose it must be underlined the fact that a specific 

category will be associated to borders including a non Schengen country, whose 

transiting cost will be then adequately taken into account when analysin g paths across 

the network.  

As said, the link travel time contributes to overall link travel cost, will be estimated on the 

basis of the following formula:  

Cg i= ȀTi +ȁDi +Pi 

Where symbols have the following meanings:  

Å Cg i: generalised cost for the link i [û]; 

Å Ti: link travel time [h];  

Å Di: link length [km];  

Å Pi: eventual toll [û]; 

Å Ȁ: coefficient expressing distance value of  time; its first estimation is set to 18û/h; 

Å ȁ: coefficient expressing distance value; its first estimation is set to 0,17û/km. 
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Such coefficients, associated with different cost categories (Ȁ, ȁ), are meant to 

homogenised  to monetary values different heterog eneous quantities, each one 

characterised by its own unit of measure (as time and distance).  

2.3  THE RAILWAY NETWORK LINKS 

The railway network will be modelled almost entirely into the ACROSSEE graph. In fact 

there will be discarded only minor links of local relevance (especially those specifically 

related to urban or touristic mobility)  

In the case of railway links the number of  relevant attributes is smaller than in the case of 

road transport, as can be seen in Errore. L'origine riferimento non è stata trovata. . It is 

important to mention, with particular reference to freight transpo rt, the monetary cost 

which remarkably contributes to the generalised cost.  

ATTRIBUTE DESCRIPTION/NOTES 

ID 
Identificative field which includes the codes of the delimiting nodes 

(e.g.1500_1245) 

POWER SUPPLY 
ñeò= electrified;  
ñneò= not electrified 

ELECTRICAL VOLTAGE Value in kV 

NUMBER OF TRACKS Overall number of tracks (no distinction is made with reference to directions) 

CAPACITY 
Estimated maximum number of trains/day vehicles per hour (summing up both 

direction) 

MAX_ALLOWED_SPEED Maximum allowed speed  

LENGHT Link length  

PROFILE_CODE 
UIC Loading gauge classification of the maximum allowed transversal height and 

width (of travelling railway vehicles and loads) 

AXLE LOAD                   Classification maximum allowed axle load  

USAGE COST Cost for the usage of the infrastructure [ú/km] 

Table 2 ð Rail links attributes  

 

2.4  THE INLAND NAVIGATION LINKS 

Since a thorough evaluation of different routing options including maritime transport is well 

beyond the scope of the present activity, the navigation mode of transport will be 

addressed only with reference to Inland waterway transport.  
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Therefore, maritim e ports will be considered as originating/destination nodes in the present 

activity. Only a limited exception will be made, with reference to alternative routing 

opportunity provided by ferry connections in the Adriatic Sea (that will be dealt as a sort 

of  particular case of road connection).  

Inland navigation links will be characterised by an informative content essentially limited 

(a part from naming, etc.) to the average travel time and the ECMT classification, which 

sets standards at E uropean (not only EU) level for technical aspects  of inland  waterways.  

 

2.5  FICTITIOUS LINKS 

Not all the links making up the graph corresponds to real infrastructures and are therefore 

referred to as òfictitious linksó. Such links account for specific aspects affecting the travel 

time or, more generally, the generalised cost along the path even though they cannot be 

referred specifically to a real link schematised in the modelled network. A first example, 

and more widely used,  of fictitious links is provided by connectors.  

Conn ectors are closely linked with zoning activity that will be addressed on the next 

chapter and which foresees a discretisation of the area of analysis in zones which are 

represented by a barycentric node, called centroid. The centroid is the starting point of all 

paths originated from the zone and, conversely, it is also the arrival node of all paths 

having the zone as destination.  A connector is a link bridging a centroid (and 

consequently a zone) with the real network modelled. Therefore they accounts for  the 

process of entering into the modelled network, thus allowing the development of paths 

into the network originated from such zone. In the other way round, there is a specific 

connector devoted to modelling the exit from the modelled network of paths re aching 

the destination zone. The connectors are characterised by a limited informative contents 

that notably is merely represented by the cost associated to this entering/exiting phase 

related to the zone accessibility with respect to the real node which i s linked by the 

connector.  

Another relevant kind of fictitious link is provided by those modelling transfer process 

between different modes of transport. The more common example is provided by those 
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modelling waiting and transfer times at Public Transport  bus stops. However given the level 

of detail and the object of the present activity, in this context such concept will be mainly 

applied in the conceptually analogous case of mode transferring processes (and related 

costs) experienced at intermodal nodes.  
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3  TRANSPORT DEMAND MODELLING 

 

Transport Demand modelling is usually a fundamental but also challenging task for 

achieving the correct insight into transport system , thus allowing to perform scenarios 

evaluations.  

In order to reach an overall quantitative vision and, above all, to allow the 

implementation  of the traffic simulation algorithms, the transport demand has to be 

expressed  in form of an Origin -Destination (O -D) matrix.  An O -D matrix is a tabular dataset 

in which each cell represents the transport  demand from a specific zone to another one. 

Evidently such matrix is closely linked and depend on the zoning system adopted in the 

analysis (and that for such reason will be commented in the present chapter). Moreover, 

as in the present activity, the over all matrix has to be split according to the specific mode 

of transport, thus achieving the O -D matrix for each mode.   

However, in real practice, such data are usually not available apart from generic or 

outdated estimations (which have to be updated). More over a survey campaign for 

collecting the related data, implying the interview of an adequate set of travellers (or 

carriers  in the case of freight transport), is usually beyond the limit set by the available 

resources (especially in case of wide area mode lling).  

 This situation has led to the development of the estimation techniques that correspond to 

the first three steps of the òFour Steps Modeló (see first chapter). 

On the other hand traffic flow data related to a specific link are easier to be observed  

than the flow along an overall path from its specific Origin to the Destination. Furthermore 

it can profit from a growing set of detectors and road monitoring devices.  

This fact has also fostered the development of adequate techniques for exploiting such 

(relatively) easy made available data. This is the case, above all of the matrix estimation 

and update methodologies that will be described in the present document and will be 

intensively implemented in the present activity.  

Such estimation techniques usua lly make use of an initial matrix that is eventually 

upgraded or updated on the basis of the other available data that can be processed by 
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matrix estimation algorithms. In the present case, the initial matrix will be provided by the 

SEETAC project.  

Howeve r data availability remains a critical issue in such a context as SEE. Therefore, for 

adequately feeding the modelling activity with data, the collection of brand new data 

will be performed within ACROSSEE by means of a complex survey campaign that will be  

summarised at the end of the present chapter (and will be further described in the 

specifically related deliverables).  

 

3.1  THE ZONING SYSTEM 

The zoning system to be adopted will have to match the opposite needs of a detailed 

representation on the one hand an d of referring to such an administrative subdivision for 

which are available socio -economic data (at least total population and GDP), with 

reference to all the zones. The adoption of an international acknowledged classification is 

evidently a desirable gua rantee of uniformity.  In this case it will be made reference to the 

level NUTS3 of the EU standard territorial subdivision Nomenclature of Territorial Units for 

Statistics (NUTS from the French Nomenclature des Unités Territoriales Statistiques ). Usually 

non EU countries areas are not classified according to such standard. Therefore in some 

cases it will be necessary to take into account comparable administrative subdivision.  

For instance, A lbania  will be subdivide in its twelve counties  and  Bosnia  and He rzegovina  

will be subdivided in twelve counties (encompassing 10 cantons  of the Federation , 

Republika Srpska and the Brcko  district ). 

Such considerations are valid with reference to the internal portion of the study area , 

which is subdivided in the so -call ed internal zones . However it also important to take into 

account travel demand which related to external areas, whose transport network is 

beyond our area of  analysis, but which attracts or originates traffic flow t ha t area crossing 

somehow the modelled network. The corresponding zones are named as external zones 

and for which is requested a lower level of detail: NUTS0 (whole country).  

The following figures show the zoning system adopted distinguishing, by means of different 

colours, between internal and  external zones.  
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Figure 10 ð ACROSSEE project zoning system  

 

 

Figure 11 - ACROSSEE project zoning system (detailed view)  

 


