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Abstract:  Different types of models have been in use for decades in order to describe 
transportation networks. These models make it possible to portray real 
systems using qualitative and quantitative parameters, therefore they can be 
examined. Conventional transportation simulation models are difficult to 
use in the case of complex systems as well as not or simply restrictedly 
containing data, which are necessary to describe the system. Urban 
transportation systems are often complex with many different types of 
parameters and their relationships. In certain cases, these systems can 
easily be described by system dynamics tools. This article introduces a 
cooperation of a system dynamics model and conventional transport 
planning system.  

Keywords: Transport planning, System dynamics 

1.  Introduction 
The increasing problem of modern times is the crowdedness of transport networks. 
Experts who deal with transportation have to give answers to more and more difficult 
question, which provide a compromise to the passenger the users of the service and the 
service provider. Besides the increasing fuel prices the increasing mobility need requires 
that travel need of public transport will be growing. 

Transport planning assisting system usually use the conventional four-step model. 
The planning work with this method. In the first two step we determine the origin-
destination matrix and in the next two step (mode choice, assignment) we assign each 
elements of origin-destination matrix to the mode and the network. With this model we 
can examine different ideas. 

2.  Why we need models 
In an engineering environment models are often made in order to better understand the 
real world and real life. With the help of these models, problems can be simplified and 
the simplified models provide an opportunity for the examination of these problems as 
well as for the analysis of emerging ideas which can be materialized.  One must strive 
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not to lose any information, which may be important later regarding the system as a 
whole and how it works, via the simplification. 

The description of complex systems presupposes relationships, which are based on 
each other, the portrayal and correct interpretation of which is important in order to 
understand the system. 

In the first step of the four-step model[4] the population gets an important role. The 
assessment of the population depends on many components, so forecasting is difficult. 
In transport planning software the effect the elements have on each other can be 
described to a certain level but we need detailed a connection system when run up 
against a problem. 

We can solve the problem with the use of different software used together. In this 
case we can calculate first with a system dynamics model the population and the change 
of the population and after with this data we can use normal transport planning software 
so the base of the four-step model comes from a system dynamics model. 

3.  The structure of the system dynamics model 
A system dynamics model describes the relationship between the individual elements of 
the system with the help of standard elements therefore it is suitable to solve the 
problem. Generally the verbal description of a system can be portrayed by a causal loop 
diagram. 

 
Figure 2. Causal-loop diagram 

For example, nowadays traffic jams are getting to be a great problem. For a while a 
solution could be to build new roads but in a short while these roads also get congested. 
The causal loop diagram of the previous example can be seen in Figure 1. 

But in real life this is not so, since many basic conditions (land use, financial 
situation) must be taken into consideration.  A model is as precise as the number of 
basic conditions it is able to manage. Of course everything cannot be taken into 
consideration, it is the model maker’s task to determine in a given case which elements 
and links are important that will decisively influence the functionality of the model. 

Traffic 
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The causal loop diagram can be two-directional, positive and negative. In the system 
dynamics literature, positive loops are sometimes called “reinforcing loops” and 
negative loops are sometimes called “balancing loops” or “counteracting loops”.  

Positive feedback processes destabilize systems and cause them to “run away” from 
their current position. Thus, they are responsible for the growth or decline of systems, 
although they can occasionally work to stabilize them. 

Negative feedback loops, on the other hand, describe goal-seeking processes that 
generate actions aimed at moving a system toward, or keeping a system at, a desired 
state. Generally speaking, negative feedback processes stabilize systems, although they 
can occasionally destabilize them by causing them to oscillate. 

 
Figure 3. Positive causal-loop diagram 

For example, if a shock were to suddenly raise Variable A in Figure 2, Variable B 
would fall (i.e., move in the opposite direction as Variable A), Variable C would fall 
(i.e., move in the same direction as Variable B), Variable D would rise (i.e., move in the 
opposite direction as Variable C), and Variable A would rise even further (i.e., move in 
the same direction as Variable D). 

As soon as the link diagram is available, thus the functionality of the model is 
described, the real examination and analysis can be done via some software. The 
software is not necessarily a system dynamics tool, since as you will see later in the 
article, in fact we are talking about solving equations so even a spreadsheet software can 
be used. Naturally the use of system dynamics software has several advantages 
regarding their manageability. 

The causal loop diagram must be transformed for further use. Usually a Stock-Flow 
diagram is made, system dynamics models also portray systems in this way.[2] 

As it can be seen from its name, the diagram consists of two main elements: 

• Stock: this is a stock element in which we set the elements in the model 
according to amount, quantity and value. Each and every element may contain its 
own individual characteristics. 

• Flow: this is an element which affects flow. It regulates the flow of moving the 
content of stock elements from one to another taking into consideration the given 
parameters.  
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We can simply say that we record the starting amounts and values in the stock 
element, then the influence had on them will be given by the flow regulating elements. 
The process in Figure 1. can be portrayed by 2 stock and several flow elements. One of 
the stocks represent the number of roads, the other represents traffic. The flow 
regulating elements carry out the conditions. For example, if there is a traffic-free road, 
traffic may grow, if congestion has reached a certain level, a new road must be built, 
after which the result will be a traffic-free road and the cycle continues. 

With the help of the flow regulating elements, an opportunity is made to use the 
values of time. The problem with these elements is that the longer the examined time 
interval, the greater the uncertainty of the value of the element.  

We can talk about a forecast with some probability for a while due to the nature of the 
data, then it is only possible to create different variations.  As can be seen in Figure 3., 
the inaccuracy of the parameters lead to very different results. 

The general conclusion that the reader should draw from these graphs is that real 
systems often generate clearly identifiable time patterns and that system dynamic 
models can be built to mimic the patterns. 

What is necessary for the effective use of system dynamics? 

• a description of the problem 
• the identification of important elements 
• a causal-loop diagram 
• a stock-flow diagram 
• system dynamics software 
• an analysis of the results 

 

time 

forecast 

today 

scenario 

Figure 4. Forecast or scenario[1] 
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4.  Transport planning and system dynamics 
Jay Forrester one of the creators of system dynamics dealt extensively with the question 
of urban transport modeling in his first work[3]. It is easy to see in Figure 4. that the 
population is the one of the main factors in public transport. The population are the 
people who use the services. The aim of transport planning is that the presented 
connection system works well and the examination of the reaction to the changes. The 
change in population is usually presented with function in transport planning system. In 
generation models there isn’t any feedback so planning several years ahead causes 
problems. 

The data relating to the number of the population changes from year to year depending 
on several components. System dynamics model relating to population can be seen in 
Fig. 5.  

 

Figure 6. System dynamics model of population 

The big advantage of the model is that the developed connection system can be 
described with functions and can be built into generation model. Another possibility is 
that the results of the system dynamics model are put into generation model and after 

 Population 
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Level of service 

External resources 

Figure 5. Simplified process of public transport 
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assignment the results are the base of the next system dynamics cycle. With the 
cooperation of the two systems there is a possibility of long-term planning. 

5. Conclusion 
System dynamics can be successfully utilized in the case of transport problems but it is 
important under what circumstances it is applied. As we have seen, a basic model can 
be expanded in many ways with the addition of further elements, therefore the area of 
utilization can be quite diverse. In my opinion though, system dynamics is rather a 
macro tool in the field of transportation. Nowadays, we can observe representations 
which are quite detailed. In the case of public transport, models try to deal with each 
and every passenger or every event separately. This, of course, has its price: complex 
and difficult to use models. In these cases, the collection of suitable data is often a 
problem. A good solution could be to have the usual simulation procedures work 
together with system dynamics. Using the model built with system dynamic tools, 
examination of how the system works can be accomplished and the results of this 
examination can be used in simulation models. The construction of a system dynamics 
model is relatively simpler, it can be used with less data although of course its results 
are not as detailed as in the case of the usual simulation models. 
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