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Abstract 

The efficiency of the public urban transportation system depends on the 
identification of relevant parameters and their weights, which directly or 
indirectly influence the quality of urban traffic. Based on the preferences of 
decision-makers, it is necessary to consistently determine the significance of 
criteria, compare the strategies, and determine the one used in decision-making. 
This paper presents a model of multiple criteria decision-making based on the 
analytical hierarchical model with the aim of improving the efficiency of the 
public urban transportation system. 
Keywords: public urban transportation, multicriteria analysis, planning.  

1 Introduction 

The issue of the development strategy of urban transportation has been 
considered in numerous scientific and technical works, especially in the 
developed countries. The definition of various strategies for the future 
development of urban traffic represents a demanding task and it needs to be 
assigned to traffic experts. The decision-maker has to know the impact of various 
management measures on the efficiency of the system so as to be able to select 
the best one. The development of sophisticated computer models has provided 
support in evaluating the parameters and in testing their impact on the function 
of the set objective, even before the model is implemented in the actual process. 
     The public transport system in the city of Zagreb comprises three main 
transportation systems: tram, bus and rail. The relative number of the tram traffic 
users is almost 70%, whereas the rail system is represented by only 5%. The 
traffic on the existing tram network of the city runs mainly along the streets, so 

 © 2007 WIT PressWIT Transactions on The Built Environment, Vol 96,
 www.witpress.com, ISSN 1743-3509 (on-line) 

Urban Transport XIII: Urban Transport and the Environment in the 21st Century  85

doi:10.2495/UT070091



that passenger cars, commercial vehicles, trams, buses and taxis fight for the 
limited area on the roads, which leads to high levels of traffic congestion in 
many areas, especially at main intersections and around the city centre. Within 
the downtown area, due to the network system, there are many traffic lights 
which are almost all fitted with fixed light intervals, and therefore with limited 
flexibility in responding to the changes in traffic flows. 
     The multiple criteria decision-making model is based on the optimisation of 
the objective function on the set of possible solutions.  

2 Multicriteria analysis 

The actual need to solve the problems for which it has been determined that they 
contain several functions of criteria or objectives, opens up a new chapter in 
mathematical programming under the title of multi-criteria programming or 
multi-criteria decision-making. The classical mathematical models have at least 
one criterion or one function of objective whose extreme is searched for. It is 
known, however, that in practice the important decisions are rarely brought only 
on the basis of a single criterion. The reality therefore requires models that 
would encompass several criteria at the same time. The finding of a solution that 
should be the best possible according to several criteria, some of which are to a 
lesser or greater extent conflicting, represents the task of multi-criteria 
optimisation. In the field of multi-criteria optimisation there are two types of 
problems from the aspect of the methods or forms of describing the considered 
reality by means of adequate mathematical model: multi-criteria programming or 
multi-criteria decision-making and multi-attribute decision-making or multi-
criteria analysis. 
     The analytic hierarchical process represents the process which allows the 
decision-makers to set the priorities and make decisions for the case when it is 
necessary to take into account both quantitative and qualitative characteristics. 
The process allows reduction of the complicated decision-making process into a 
series of individual comparisons between the set objectives and criteria, thus 
allowing complete insight into the decision-making process in order to select the 
best scenario.  

3 Multicriteria decision-making model 

The efficiency of the public urban transportation system depends on finding the 
relevant parameters and their weighted values on the set objectives and criteria. 
Today’s computer systems which can be characterized by high efficiency allow 
the application of algorithms in the process of decision definition. 
     In accordance with the set objectives of increasing the efficiency of public 
urban transportation the following criteria have been defined; safety of the 
participants, ecology of the environment, availability of the system, throughput 
capacity of the network of traffic routes, and economic indicator. 
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Figure 1: Multicriteria model. 
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Figure 2: Technologies of light signalling (City of Zagreb). 

     Possible alternatives in the function of future development of urban 
transportation include; infrastructure measures, changes in the operation of the 
existing light signalisation, and application of advanced telematic technologies. 
     Infrastructure measures represent one of the frequent solutions in increasing 
the efficiency of the public urban transportation system which requires 
substantial investments. Complex urban problems need to be solved in all the 
areas of their occurrence, rather than only by satisfying the traffic demand 
exclusively on the side of the traffic supply. The physical-traffic concept of 
urban development requires synchronized application of comprehensive 
measures for alleviating the main traffic problems. The changes in the operation 
of the existing light signalling have to be designed so as to match the traffic 
flows at intersections and thus reduce the traffic standstills. Regarding the 
existing obsoleteness of the control equipment which is presented in Figure 2 
there is no possibility of efficient control in the whole network. Often, efficient 
control in one part of the network represents a cause for traffic congestions in the 
adjacent sections. 
     By introducing the telematic technology system in the traffic system, 
individual traffic components gradually come closer and equal regarding their 
information-communication properties. By introducing a greater number of 
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information-communication modules of different levels of intelligence into the 
levels of controlled and controlling system of all the traffic modes, the quantity 
of available information about the traffic process is increased, thus reducing the 
ambiguity, increasing the reliability and the safety of traffic flows. 

4 Survey method 

For the gathering of data about the weights of the functions of criteria and 
alternatives, the survey method of traffic experts has been applied. The survey 
participants in the questionnaire compare two notions, each at the same level of 
hierarchy. In order to avoid, i.e. eliminate the epistemological difficulties the 
survey was applied on the sample of respondents who have an approximately 
same level of education, making each response of the respondents render the 
same value and equally forming the statistic mass. The example of the analysis 
of the gathered data for the safety criterion of the participants in the traffic 
process and ecology is presented in Figure 3. 
     Comparing all the criteria follows the matrix of inter-comparisons related to 
the set objective of research. The weighted values have been selected in 
compliance with the Saaty scale for determining the relative importance, which 
says that value 1 represents equal importance, value 3 slight preference, value 5 
strong preference, value 7 very strong preference and value 9 extreme preference 
of the activity. 

 

Figure 3: Number of responses of safety and ecology criteria. 
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Figure 4: Matrix of inter-comparison criteria. 
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     By analysing the obtained values of criteria comparison, it follows that the 
safety of participants is the most important criterion in the function of objective. 
The throughput capacity of the traffic routes network is the next important 
criterion, since the traffic flows should be organized in such a way as to 
optimally use the very traffic network. Regarding the increasing ecological 
awareness which is the consequence of growing pollution at present, the criterion 
of ecology has approximately the same importance as the criterion of throughput 
capacity. The remaining criteria of system accessibility and economic indicator 
are of the least importance for the traffic participants. 
     The influence of the choice of the defined strategies of urban traffic 
development is presented in Figure 5. The infrastructure measures as usual 
practice to satisfy the transportation demand by infrastructure measures, 
represent partial solutions for a shorter period of time. The changes in the 
operation of light signalling should not be applied as an independent measure, 
but rather those in the concept of the information system development represent 
only one of the subsystems. The choice of the future strategy is to the greatest 
extent in today’s environment dependent on the application of telematic 
technologies. 
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Figure 5: Influence of alternatives on the criteria. 

5 Conclusion 

The traffic process planning in the cities is very important, if not the most 
important component and precondition for the successful realization of relevant 
economic and social objectives. Regarding the complexity of finding 
optimal/acceptable solutions and the facts that numerous parameters participate 
in the search, the application of multi-criteria model can allow the selection of an 
acceptable traffic scenario. 
     The decision-oriented approach to urban traffic planning and the choice of the 
strategy should be directed towards information needs of the decision-makers. It 
is essential to provide the decision-maker with the information required for 
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complete comprehension of the problems as well as the information about the 
influences of the choice of individual solutions (strategies). 
     The advanced approach to urban traffic planning and the choice of relevant 
strategies indicate the increased need to use advanced telematic technologies. 
Successful implementation of the technologies depends on the technical 
integration of the system as well as the institutional integration which includes 
coordination of the work of different services. 
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