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APPLICATION OF FOUR-STEP TRAVEL DEMAND MODEL FOR 

PLANNING SUSTAINABLE TRANSPORT OF THE CITY OF SPLIT 
 

Summary. The purpose of this study was to build the four-step travel demand model 

for the City of Split. The process of the traditional four steps transportation modelling 

system using a simplified transport network in the context of the City of Split in Croatia 
is described. After reviewing the theoretical data and the described methodologies, an 

analysis of the current situation of travel demand of the City of Split is presented which is 

made according to the model of the city travel demand in the PTV Visum software tool. 
One traffic solution and one increased network load followed by tourist seasons are 

modelled. In conclusion, guidelines for the implementation of the traffic model and the 

complete completion of the project of building a representative model of the city road 

network in the City of Split is proposed. 
 

 

 

1. INTRODUCTION 
 

Transport modelling is an essential part of the most decision-making procedures. Traffic and 
transport are changing rapidly. Roads are increasingly congested, especially city roads. Cities are 

growing due to constant urbanization, and their growth cannot be accompanied by existing 

infrastructure. The purchase of vehicles is becoming increasingly available in most countries of the 

world, which significantly increases the degree of motorization and results in traffic congestion, air 
pollution, noise pollution and many other negative impacts. In addition to the mentioned traffic 

problems, recent times have brought technical tools for solving them. Today, it is possible to model 

traffic flows despite their dynamism using a variety of simulation tools.  
This paper aims to present the methodology of creating a four-step model of transport demand and 

its application to a specific example of the City of Split using the software tool PTV Visum. By 

creating a model, the proposed solutions can be tested before taking interventions and measures in a 
real environment, which reduces the probability of error. Research presented in this paper is a part of 

the research in the master thesis [1]. 

 

 

2. BACKGROUND 
 

Years of experimentation and development have resulted in a general structure which has been 
called the classic transport model. This structure is, in effect, a result from practice in the 1960s but 

has remained unaltered despite major improvements in modelling techniques since then [2]. 

Models are a simplified representation of a part of reality. Their function is to give insight into 

complex interrelationships in the real world and to enable statements about what (most probably) will 
happen if changes occur or put in that (part of) reality. The main purpose of analytical models in 

transportation analysis is enabling 'what-if' calculations. This means the calculation of expected effects 
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in the transportation system if changes (policy measures or interventions) are put in that system (e.g. 

train fare increase) or if autonomous changes occur (e.g. population decline). For such applications, a 
validated model is necessary, which means a model of which has been shown with empirical 

observations that it replicates sufficiently accurate the behavior of the modelled system. 

Transportation models are being used to make predictions and forecasts of future changes in the usage 
of traffic facilities for the sake of facility design, control, and operation. Future changes in travel, 

transport and traffic may be the result of autonomous developments, may be caused by economic, 

social, or spatial policy, or may follow from transportation or traffic measures. Models serve several 
purposes in transportation analysis. They help, among others to gain in a more structural way insight 

into complex interrelationships. The mathematical equations of the model enable us to find out which 

factors play an important role, and how sensitive the dependent variables concerning to changes in the 

independent variables. [3] 
Professionals in transport and land use development also apply transportation models for some of 

the following reasons [4]: Forecasting traffic flow; Assessing the outcomes of alternative land uses, 

infrastructure network and policy alternatives; Corridor studies; Supporting development control 
policy testing; Land-use transport interaction; Understanding travel behaviour; Establishing how to 

reduce traffic congestion; Establishing how to reduce fuel consumption; Establishing how to improve 

air quality; Optimizing the use of resources in building or maintaining transport systems; and  

Providing a platform for testing competing ideas and use in negotiations and decision-making. 
Transportation models should help the decision-maker save money, define the appropriate level of 

transport investment required in support of spatial changes and implement value for money transport 

projects, systems, and operations. According to [5], transport models can be successfully combined 
with Cost-Benefit Analysis to give support to the decision-making process in practices.  

There are many examples where transportation modelling has been used to explore and solve real-

life problems – joining theory and practice. The examples demonstrate the use of models on a variety 
of levels, from the local level site to a regional level. The traditional four-step travel demand model 

includes for stages: trip generation, trip distribution, modal split, and traffic assignments [2]. Although 

the four-step modelling process is no longer the only approach used in urban area modelling, it will 

continue to be used for many years, especially in the smaller- and medium-sized urban areas. 
 

 

3. METHODOLOGY 
 

In this research, the traditional four-step travel demand model known as the four-step process was 

applied. The approach starts by considering a zoning and network system, and the collection and 

coding of planning, calibration, and validation data. These data would include base-year levels for a 
population of different types in each zone of the study area as well as levels of economic activity 

including employment, shopping space, educational and recreational facilities. [2] 

To create a model, it is necessary to choose the best method of data collection. There is no ideal 
method, but the chosen method needs to allow the collection of the necessary input data on population 

movements with the least financial and time costs. The required input data should representatively 

show all the traffic on the observed network. The practice is to model the network as a system of 
nodes and links, where most nodes represent intersections and links homogeneous road sections 

between intersections. Links are characterized by several attributes such as length, speed, number of 

lanes and others. Currently, the main sources of network data are numerous digital maps available for 

most cities. The next step is to create zones. Zones are represented in computer models in such a way 
that all their properties are concentrated in a single point called the centroid. It is not actually located 

in a physically specific location on the map, but is used exclusively for practical coding reasons. 

Centroids are connected to the network via connectors that represent the average cost (time, distance) 
of joining the transport system for travel with origin or destination in that zone. They should be close 

to natural access/exit points for the zones themselves. There are different approaches to create a traffic 

analysis zone (TAZ). In [6], authors present a comprehensive approach to the definition of TAZ and 
attempts to overcome previous limitations using geocoded travel demand data to achieve an optimal 
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zone design embedded in GIS software. This new methodology was developed using the Lisbon 
Metropolitan Area (LMA) as a case study. 

The trip generation model is used to estimate the number of trips starting or ending in a particular 

traffic zone being analysed. The trip generation model aims to estimate the total number of trips 
generated by the origin Oi and attracts the destination Dj of each zone in the analysed area. Production 

and attractions provide an idea of the amount of travel in the research area, but this is rarely enough 

for modelling and decision making. There is a need for a better idea of the trips, where they take place, 

the chosen modes of transport and the routes by which they take place. From this arises the next step, 
the trip distribution. The goal of this step is to get the OD travel matrix (OD = Origin-Destination) of a 

certain time interval (e.g. peak hour). The gravitational model is most used to estimate travel between 

zones. The idea for the formation of this model arose from an analogy with Newton's law (the force of 
attraction between two bodies is proportional to the masses of these bodies and inversely proportional 

to the square of the distance between them). Application in the field of traffic modelling: the 

interaction between two zones depends on the power of generating or attracting travel of these zones 

and their mutual distance. 
The modal distribution (Modal split, Mode choice) of travel is the third phase of the classical four-

step model. The choice of transport mode is one of the most important classic models in the process of 

traffic planning. The reason for this is that public transport plays a significant role in transport policy. 
Finally, the last step in the classic model requires the allocation of each trip to the network, 

according to fashion, private and public transport. Assigning trips to the network gives the final 

picture of the model because routes arrange the trips. Therefore, it can be said that this phase answers 
the question of which route the trips take. The representativeness of the output data will mostly depend 

on the quality and quantity of the input data. 

Once the model has been calibrated and validated for base-year conditions, it must be applied to 

one or more planning horizons. To achieve that, it is necessary to develop scenarios and plans 
describing the relevant characteristics of the transport system and planning variables under alternative 

futures. Having prepared realistic scenarios and plans for testing, the same sequence of models is rerun 

to simulate their performance. A comparison is then made between the costs and benefits, however, 
measured, of different schemes under different scenarios; the idea is to choose the most attractive 

programme of investment and transport policies which satisfies the demand for movement in the study 

area [1-2]. 
 

 

4. CASE STUDY CITY OF SPLIT  

 
4.1. Study Area and Network 

 
The area covers the city of Split, the second-largest city in the Republic of Croatia (population 

178,192), an important Croatian, Mediterranean cultural centre, today the second largest university 

centre in Croatia, and after Zagreb has the largest number of diplomatic, consular and international 

organizations in Croatia. 
The first step in creating the network was made by loading the geoinformation system, Open Street 

Map (OSM) [7] file in PTV-Visum [8] with the entire traffic network and the associated data on links 

and nodes (Fig. 1). 
 

4.2. Zones 

 

For creating zones, the boundaries are determined by the defined boundaries of the city districts 
(Fig. 2), according to which the city is administratively divided. For the area of interest, 40 zones have 

been created, 3 are external. The city of Split has 27 districts, some of them are divided into several 

smaller zones with the aim of greater detail of the model. Also, major traffic attractors are defined as 
separate zones. 
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Fig. 1. Part of the traffic network of the city of Split in PTV VISUM software 

 

 
 
Fig. 2. The zone that represents district Blatine – Škrape (PTV VISUM software) 

 

4.3. Model  
 

In trip generation model, it is determined how many trips each of the created zones produces and 

attracts. Each zone generates trips according to a formula that contains certain variables. For the city 
of Split, formulas for production and attraction were used: 

 

  (1) 
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  (2) 

“Number of apartments” is a variable derived from publicly available population data. The official 

website of the city contains data on the districts and their population. This method is not precise 
enough to create a maximally representative model. Much more detailed data would be obtained from 

the survey. The production and attraction of non-residential zones is generally determined by the 

number of vehicles entering or leaving the zone. Peak hour traffic for non-residential areas is assumed 
for this step as well. The load of external zones is publicly available data from the website of a state-

owned company that performs traffic counting at places that are presented in our work as external 

zones. 
According to the Federal Highway Administration (FHWA) [9], the average number of passengers 

per vehicle is 1.7 (Average Vehicle Occupancy Factors for Computing Travel Time Reliability 

Measures and Total Peak Hour Excessive Delay Metrics) [10]. Based on this data, the number of trips 

for non-external and non-residential zones was determined. 
Due to the lack of more detailed input data on population strata and their preferences, only one 

demand stratum was created. This stratum was used in all further sub-models. The survey would 

provide better input on layer preferences and it would be advisable to have more stratums created. 
The possibility of editing graphic parameters was also used. The demand display in columns is 

selected. The yellow columns represent the production, and the grey the attraction of the trip. 

Returning to the graphic display in PTV Visum, the traffic demand by zones and where the largest 

generators are located is clearer. As expected, the largest generators are the outer zones through which 
workers come to work in the morning peak hours from the surrounding towns and villages (Fig. 3). 

 

 
 
Fig. 3. Trip generation (PTV VISUM software) 

 

Before the trip distribution phase, a matrix of travel costs between passenger car transport zones 

was developed. This so-called PrT SKIM matrix represents the travel costs between OD pairs, tCur 
was selected as the cost factor. In a traffic-laden network, the travel time on a link is determined by a 

so-called delay-load function (also known as a capacity limitation function) that describes the 

relationship between current traffic volume and capacity. The result of the function is the travel time 
in the loaded tCur network. Creating a distribution sub model requires the selection of appropriate 

parameters. The demand matrix is previously created, then the calibration parameters are defined. A 

combined formula of production and attraction restrictions is selected. 
In this paper, no modal distribution of travel is made, but all traffic is converted into an equivalent 

number of passenger cars. The fourth phase of the model was performed by creating the PrT 

assignment sub-model. Since Split is a distinctly tourist city and the amount of traffic on the network 

varies, the sub-model was made for the winter and summer period. A car was selected for the 
reference object and equilibrated for the method. For the operation to be performed, the matrix for the 

Car segment was selected in the demand data. By running the sub-model in the Network editor, you 
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can see the traffic load assigned to the network (Fig. 4). It is shown in red, and the widths show the 

traffic densities. For better visibility, links are shown in uniform lines. 
 

 
 
Fig. 4. Network travel assignment (PTV VISUM software) 

 

In addition to a graphical representation of the entire network, it is possible to access various other 

data, such as traffic by network elements. It is useful to see which intersections and roads are the 

busiest and the ratio of their load to their capacity. Selecting a specific link from the list of links 
simplifies its location in the graphical representation of the network. The display of the problematic 

link (Fig. 5) gives a better insight into the problem and possible options when designing the 

conceptual solution. The same procedure is possible with other elements.  
 

 
 

Fig. 5. Display of the link (PTV VISUM software) 

 

The authors have developed a conceptual solution that plans to solve the problem of congestion at 

the northern entrance to the city. Despite the spatial possibilities for road construction, the justification 
of the construction is questionable due to the emergence of new points of conflict and the limited 

capacity of the ramp. The proposed conceptual solution for connecting the two roads of Zbora narodne 

garde Street turns the upper road, which is currently underused and used only as a bypass, into a road 
that leads directly to the city centre. For this reason, the lower road would undoubtedly be relieved, 

and the northern entrance to the city would be less congested. The construction of the ramp would, 
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according to the model, cause a load reduction at the northern entrance to the city of 31.19%, which 
probably justifies the investment in construction. Still, much of the traffic is diverted to the upper road, 

which causes new network problems. For the justification of the conceptual design, it would be 

necessary to calculate the service level of the road segment on which there will be overlaps using the 
HCM methodology. Given the model obtained using the software tool PTV Visum, which can be 

switched to PTV Vissim [11] (Fig. 6), the acceptability of the proposed solution is questionable. 
 

 
 

Fig. 6. Traffic simulation (PTV VISSIM software) 

 

 

5. DISCUSSION 
 

The model is developed according to currently available data. Such a model would be sufficiently 

representative of all micro and macro areas that can be used in the development of projects by 

stakeholders. While links only need to change the associated data by opening the link list dialog box, 
nodes need more changes. Some intersections do not geometrically correspond to the actual situation 

or their number of traffic lanes and directions are incorrectly set. A model that would correspond to 

the real situation can be achieved with a few corrections. For the purposes of this paper the developed 
model has 40 zones. This number of zones is sufficient for planning the main traffic flows in the city. 

Still, the development of a more detailed model would enable long-term planning of interventions and 

measures of all areas on the network. It is proposed to collect data on all major parking lots in the city. 
For public car parks, data are available as the city owns them, the rest would be collected by counting 

and surveying methods. The third sub model of the four-step transport demand model was omitted 

during the preparation of this paper due to the lack of quality input data. The collection and entry of 

data on public urban transport requires larger amounts of time and resources that can be realized if 
decision-makers engage in the development of a high-quality model. 

Before creating a model of modal traffic demand, the offer of public city transport is approached. 

The first step is to build all public transport lines. The OSM file already contains some lines, but they 
have too many errors, most of which are incorrect routes and isolated stops. To implement the first 

step, it is necessary to enter all the obtained data on carriers, such as fleet details and charging 

systems, in advance and the timetable for each line as well. 

An online sample size calculator determines the choice of population size that should 
representatively represent the whole set. Error acceptability of 2%, a confidence level of 95% and a 

response distribution of 50% were selected. The recommended sample is 2,308 households concerning 
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the total number of households in the city. One household member can only complete the survey form, 

not all are required to participate. It is desirable to collect data on income, personal car ownership, 
household size and its structure, and then travel data. It would be advantageous to examine the 

elasticity of demand for public transport services. It is best to survey from mid-September to the end 

of November when the routes are most established (non-tourist season). It is also recommended to 
enter the data in the form on the previous working day.  

Checking and supplementing the collected data can be done by surveying drivers, counting traffic 

and cordon surveys. It is especially necessary to emphasize the importance of cordon surveys during 
the summer period because the most influential changes in production and attractions occur at several 

characteristic locations in the city. 

 

 

6. CONCLUSION 

 

To sustainable traffic planning in the city area, it is necessary to create traffic models using 
simulation tools. The development of a high-quality model with a high degree of network and traffic 

detail would enable high reliability of testing conceptual solutions. For such a project, it is necessary 

to use relevant software tools and hire traffic experts who have the necessary knowledge and skills in 

the field of traffic planning and modelling. Authors propose that the city or stakeholders take 
responsibility for gathering an expert team to develop a project of a representative model of the city of 

Split that would contain a detailed network with completely correct elements, to plan long-term 

sustainable transport of the city of Split ultimately. Also, more detailed and extensive input data is 
needed. It is essential to estimate the demand with as much accuracy as possible to save resources and 

adjust the transport offer. It is best to collect data using existing internet platforms and periodic 

surveys and based on the collected data to update the model. It is known that traffic largely generates 
society’s costs, and congested traffic network further exacerbates the problem. Therefore, investing in 

the long-term planning of a sustainable, demand-driven transport network of the city has no 

alternative. 
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