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The most important things during transport infrastructure changing are the estimation and forecast of the traffic flow 
distribution over the transport network of the city. This article describes the example of using macroscopic simulation for decision-
making during transport infrastructure changing. There exist plans in Liepaja city connected with the transport infrastructure 
changing. These changes include the new bridge construction over railroad, alternate streets creation, etc. The changes involve big 
investments, but the confirmation of effectiveness and practicability of such changes should be given. New transport infrastructure 
elements should cause big redistribution of the traffic flow on transport network of the city that’s why for investigating  
the effectiveness and practicability modelling on macro level with the help of PTV VISION VISUM software application is used in 
the given paper.  
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1. Introduction 
 

Liepaja is one of the biggest cities in Latvia, with 85477 inhabitants registered in 2007 [1].  
With the surrounding regions, there are more than one thousand inhabitants. The negative inhabitants’ 
growth dynamics is observed [1]. At the same time the growth of private cars number is almost linear as 
could be seen in Figure 1. In 2006 the motorization level in the city was approximately 290 (private cars 
number per 1000 inhabitants) and it is growing at present. Accordingly, [1] the length of municipal streets 
has not been changed since 2000 that’s why the transport infrastructure overloading is observed.  
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Figure 1. Quantity of the private cars [1] 

 
Thus, in 2007 the city administration is planning wide changes in the transport infrastructure. 

These changes include as follows: 
• Reconstruction of Karosta Bridge over Karosta channel (Karostas tilts). 
• Alternate street creation for Brivibas Street from Riga side. 
• New bridge construction over railway between Jaunliepaja and Ziemelu district of Liepaja city. 
• Using Ganibu and Zirnu Streets as the streets with one way movement.  
The task of analysing the effectiveness and practicability of these changes should be done.  

Also the decision about the number of lanes for the bridge over the railway should be made. Usually such 
tasks are being solved using modelling on macroscopic level. Description of macroscopic model 
construction and use could be found in [2, 3, 4]. But Liepaja macroscopic model does not exist, that’s 
why the task of model construction and calibration appears. That is done using PTV VISION VISUM 
software [5]. 
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2. Methodology of Model Development Using PTV VISION VISUM Software 
 

For the model constructions there is used PTV VISION VISUM software which is one of the leaders 
in macro-modelling of transport flows. For the system of models development the special metamodel that 
is presented on Figure 2 is used.  

 
Figure 2. VISUM transport model [6] 

 

The transport model normally consists of a demand model and a network model. The demand 
model contains the travel demand data. The network model describes the relevant supply data of  
the transport system. It consists of traffic zones, nodes, public transport stops, links and public transport 
lines with their timetable. The impact model takes its input data from the demand model and the network 
model. VISUM provides different impact models to analyse and evaluate the comprehensive transport 
system. VISUM displays the calculated results in graphic and tabular form and allows analysing the results 
graphically. In this way, for example, routes and connections per OD pair, flow bundles, isochrones and 
node flows can be displayed and analysed. The transport model like all models represents the abstraction 
of the real world. The model creation can be divided into few points which are described in details below. 

Transport Infrastructure Development 
This stage includes the development of the transport infrastructure using the system of special 

objects Nodes and Links, those objects representing roads intersections and roads accordingly. The nodes 
are connected with the links and in such a way the transport network is implemented. Of course before 
constructing network the scale should be defined, allowing the program to calculate the link length 
automatically. Also for all links a set of the following parameters should be defined: 

• Speed restriction; 
• Link capacity; 
• Allowed transport systems. 
Also for each node the allowed direction of moving should determined. 

Zones 
On this stage, the investigated object must be divided into zones. The zones of the model are represented 

as geometric shapes. But it should be taken into account that transport flow movement starts and ends in 
the zone geometric centre. It is not obligatory to define zone as the geometric shape; it could be presented 
as the point. Using system object called connector the zones centre must be connected with the transport 
network via nodes. In such a way incoming and outgoing points of flow can be determined. A lot of such 
connections for one zone can be defined. If a zone has more than one incoming/outgoing point, then the 
weight for each point should be defined. This weight defines the percentage of the transport flow which 
uses this node for getting into the zone and getting out of the zone. 
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Demand Model Development 
The demand model defines the quantity of trips between different zones, with different goals using 

different transport systems. But in this work only one type of transport system – private transport system 
and no goals are defined and used. So the demand model is presented only with one OD matrix (origin 
destination matrix), which describes the volumes of traffic flow moving from one zone to another. 

 
3. Model Construction and Calibration 
 

Using methodology described above the model of transport infrastructure of Liepaja city is 
constructed (Figure 3).  

 

Figure 3. Transport infrastructure of the city  
 

Constructed model presents the most important elements of the city transport infrastructure. 
50 nodes are defined in the model. They present the main crossroads. Using different types of objects 
links the nodes are connected to the network. Types of the object link are presented in different colours in 
Figure 3 and described in detail in Table 1. For each link possible capacity is defined. The connection between 
speed and capacity for each type of the link is also described in the Table 1.  
Table 1. Link type description and connection between speed and capacity for one lane 

Type of link Description Capacity, cars 
R70 Speed limit is 70 km/h 870 
R50 Speed limit is 50 km/h 620 
R40 Speed limit is 40 km/h 490 
R30 Speed limit is 30 km/h 370 
R20 Speed limit is 20 km/h 250 
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In the model of Liepaja 8 zones according to zones implementation theory [7] are defined. As the main 
factors of division there is used the information about number of inhabitants in each zone and the number 
of work places per zone. Also 3 external zones are defined. External zones are used for the model traffic 
flows which go to the city from the external directions. These directions are Klaipeda, Riga and Ziemupe. 
To connect zones with the transport network 26 objects of the type connector are used. Connectors define 
entrance and exit point from the zone. As the zones are relatively large, few connectors for one zone are 
defined. The share is determined by the weight which presents the percentage of the traffic which uses 
this connector for entering/leaving this zone (Figure 4). 

 

Figure 4. Zones and Connectors with weights  
 

The share weight is defined according to the information about the number of inhabitants in the 
parts of the zones, which are located near the transport infrastructure. 

The second stage of the model creation is the demand data definition. The demand data in the 
software should be presented as OD matrix (origin-destination matrix). Origin-Destination matrix defines 
the traffic volume between zones. The data reflect picture of traffic for morning peak hours (9:00–10:00) 
for 2007. OD matrix is presented in Figure 5. 

 
Figure 5. OD matrix for Liepaja for 2007 (morning peak hours) 
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The third stage of the model construction is the model calibration. The need to do calibration of the model 
is connected with a lot of parameters which should be defined. Some of the model parameters – such as 
link capacity, share of connections are determined exactly. But some are hand-picked. In this work 2 
parameters are hand-picked. The first parameter is the assignment algorithm and the second one is the volume 
delay function (VDF).  

Assignment Algorithm 
In VISUM there are realized 6 private cars assignments algorithms [6]. They are the following: 
•  Incremental  
•  Equilibrium 
•  Equilibrium_Lohse 
•  Multi_Incremental 
•  Multi_Equilibrium 
•  Multi Equilibrium_Lohse 
•  Stochastic 
•  Dyn Stochastic  
The incremental assignment algorithm is chosen. The main idea of the algorithm is to share OD demand 

per iteration. That’s why the share should be defined. The result of share matching is presented in Figure 6. 

 
Figure 6. OD demand share per iteration step in percent 

 
The purpose of the assignment algorithm is the distribution of the transport flow over the transport 

network. Process of choosing assignment algorithm and its parameters is done by the help of experts’, 
because the real data of the transport infrastructure loading are not presented. The expert defines if  
the transport flow distribution over the transport network being realistic or not.  

Volume Delay Function 
Also the volume delay function (also known as capacity restraint function) is defined. For this model 

only one volume delay function is used for all the types of link. The volume delay function defines the 
travel time on a link in the loaded network. There are 14 of VDF presented in VISUM [6]. The volume 
delay function called BPR3 is chosen. The form of the chosen VDF is presented below [6]: 
 
 
 
 
 
 

 
where 0t – free flow travel time [s], 
q – traffic volume [car units/time interval], 
qMax – capacity [car units/time interval], 

curt – travel time in loaded network [s].  

Using expert opinion BPR3 the function parameters are matched. They are equal to as follows:  
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The calibration gives the realistic model of the transport flow distribution over transport network. 
The Figure 7 shows flow volumes on each link. 

 
Figure. 7. Transport flows distribution over transport network for 2007 

 
4. Decision-Making Using Macroscopic Model 
 

The constructed macroscopic model is used for decision-making. Being based on the city plans 
4 scenarios of transport infrastructure evaluation are developed. All the scenarios refer to 2018 that’s why the OD 
matrix for 2018 is defined. For 2018 the matrix definition used the OD matrix for 2007, which was multiplied by 
the growth coefficient 1.7 according IMINK Ltd. The OD matrix for 2018 is presented in Figure 8.  

 
Figure 8. OD matrix for the year 2018 
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The scenarios are defined as follows: 
- The first scenario. Base scenario. 
The first scenario, also called the base scenario includes only the elements of transport infrastructure, 

which will be realized till 2018. These elements are the following: 
• Reconstruction of bridge Karosta (Karostas tilts). 
• Alternate street creation for Brivibas Street from Riga side. 
- The second scenario.  
This scenario is developed according to the base scenario with some addition. This addition involves 

the new bridge construction over railroad. This bridge will connect Jaunliepaju and Ziemelu areas of Liepaja city.  
- The third scenario. 
The third scenario includes the transport infrastructure elements mentioned in the base scenario 

and uses Ganibu Street and Zirnu Street as the streets with one way movement. 
- The fourth scenario. 
This scenario includes the base scenario and the changes mentioned below: 
• New bridge construction over railway between Jaunliepaja and Ziemelu district of Liepaja city. 
• Using Ganibu Street and Zirnu Street as the streets with one way movement. 
For each scenario the constructed model is updated according to the scenario description. The volume 

of traffic and the volume capacity ratio for each link are taken as the main research results. As the example 
the volume for the fourth scenario is presented in Figure 9.  

 
Figure 9. Traffic volumes for the 4th scenario 
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The flow volumes over new bridge prove that the construction of the bridge will be practical, 
because the traffic volume will be approximately 1400 cars on one side and approximately 850 cars to the other 
side. Firstly, the bridge in the model is implemented as the road with one lane per direction. But, accordingly, 
the model data volume capacity ratio will be very high, approximately 120%. This means that the road 
will be very popular but the junctions still will appear. So the lane number on the bridge is changed to two 
lanes per direction and volume capacity ratio becomes 80%. Such value proves that this road will be used 
and the bridge will not be overloaded.  

For a moment according to the base model, Ganibu Street is overloaded considerably, approximately 
for 110%. The idea to use one way road with two lanes for increasing capacity of the road appears. This road 
will go to the southern part of the city. But the second road, which goes to the north, should be implemented. 
According to the plans Zirnu Street is chosen for the northern direction and will contain also two lanes. 
The result of modelling the third scenario shows that these transport infrastructure elements will be highly 
used and will not create junctions. Data from the model show that all the changes together are necessary 
and will lead to increasing the traffic load of some city infrastructure elements. But having analysed  
the situation in whole, we should conclude that the new projects of the transport infrastructure reconstruction 
must be implemented. As it is seen from the Figure 10 the city transport system is loaded considerably. 
The green link capacity volume ratio is equal to or smaller than 80%, yellow – is equal to or smaller than 
120% and the red one – greater than 120%.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10. Loading level of transport infrastructure 

 
5. Conclusions  
 

The main goal of the work is to analyse effectiveness and practicability of the changes, which will 
occur in Liepaja transport infrastructure in 2018. For this purpose there is used modelling on macro level 
with the help of VISUM software. The model, which reflects the current state of transport infrastructure 
and transport flows is realized and calibrated by the help of experts’. The author underlines, that  
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the opinion of the expert during calibration procedures should be taken into account to simplify the process 
of calibration if no real data being available. Using the designed model as the pattern, few scenarios are 
implemented and investigated. The difference between scenarios lies in the structure of transport infrastructure. 
Research results are mainly presented as the volume of traffic flow and volume capacity ratio for each 
link. Using these measurements the effectiveness and practicability of different scenarios are estimated 
and conclusions are drawn.  

1. According to research data all scenarios will be effective. From practical approach all new transport 
elements will be used considerably. The volume of traffic on the new bridge over railroad will 
be approximately 1400 cars on one side and approximately 850 cars on the other side. 

2. Also the decision about the lanes number for the new bridge over railroad is taken. The decision 
is taken basing on the volume capacity ratio. With one lane per direction the volume capacity 
ratio will be 120% and this is unacceptable, thus, the decision about two lanes per direction 
was made.  

3. One-way roads on Ganibu Street and Zirnu Street are acceptable because of high level of using 
1400 and 1300 cars per hour. And the volume capacity ratio decreases from 110% to 90%. 

4. New projects of transport infrastructure changes must be implemented, because of the high level 
of loading central streets of the city. 
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