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Abstract.  

One of the important ways to solve the traffic problems is to reduce the use of personal 

vehicles and increase the presence and utility of public transportation in the travel of 

passengers in the country. Therefore, planning for choice system, development of facilities 

and better utilization of public transportation facilities can play a very important role in 

solving traffic problems in urban travel and the limitation of resources. The aim of this study 

is to prioritize public transportation systems in city of Tehran in terms of sustainable urban 

development by analytic hierarchy process method (AHP). The AHP is a method that 

prioritizes the options based on the basic criteria by using the questionnaire and the opinions 

of the experts in the area studied and by separating the problem into a hierarchical process and 

a component analysis of the problem. The types of public transportation systems used in this 

study are BRT, tramway, monorail and metro. For optimal management and reduction of 

traffic problems in metropolitan areas, it is necessary to compare and evaluate different public 

transportation systems and prioritize the most appropriate system for the densely populated 

cities based on these assessments. The results of this study reveal the metro as a best public 

transportation system. 

Keywords: Public transportation systems, Sustainable urban development, AHP method, 

prioritizing.     

1. Introduction 

Public transportation is a concern for urban planners in all current societies and urban 

planning should be considered by urban growth in order to ensure the quality of living 

conditions in the city. And since the cities also depend on the cars, it has created a great deal 

of interest in public transportation. Public transportation contributes to the economic 

development, improvement of the quality of the environment, people's health, land use and 

quality of life. 

By increasing city movements especially in densely populated cities and consequently 

increasing in cars and vehicles to move passengers and cargo, heavy car traffic is applied on   

the urban streets which has many negative effects in society such as increasing latency, air 
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pollution, noise pollution, increased fuel consumption, psychological effects, etc. Todays, 

urban pollution is one of the most important problems in the transportation of personal cars 

(Raguman and et al., 2018) Therefore, it is necessary to pay attention and study the methods 

of reducing traffic and increasing the efficiency of vehicles in overcoming traffic problems in 

Iran. 

    One of the important solutions to these problems is to reduce the use of personal 

vehicles and increase using of public transportation in passenger’s movement with improving 

the desirability of this system in the country. Therefore, planning for choosing system, 

development of facilities and efficiency of existing public transportation facilities, due to its 

important role in urban travels and limited facilities and resources, can play a very important 

role in solving traffic problems. 

    Determining the importance and necessity of public transportation in today’s societies, 

in different conditions, led to the formation of various types of public transportation systems. 

These systems have been manifested in various forms in densely populated cities due to the 

amount of travel attraction, the ease of creating and using modern technologies. The public 

transportation systems included taxis and vans, buses, BRTs, trams, monorails and metros 

which have unique features. Therefore, in order to optimally manage and reduce traffic 

problems in metropolitan business districts, it is necessary to compare and evaluate different 

public transportation systems and prioritize the most appropriate system for densely populated 

cities. 

    In order to choose the optimal public transportation system in cities and to consider the 

all aspects of issues, the concept of sustainable urban development is introduced. Sustainable 

urban development is an important topic to consider the main part of projects. Sustainable 

urban development involved with the need of attention to the three basic pillars for the 

development of human societies without causing losses. These three pillars are the economic, 

social and the environmental factors. The economic factors evaluate the benefits and costs, the 

social factors evaluate the effects of society and individuals and the environmental factors 

evaluate the effects of the environment and its losses (Giddings and et al., 2002). Each of 

these factors is divided into smaller sections which are determined depending on the subject 

under study. 

    Today, scientific methods are used in large-scale and effective decisions and choices and 

managers and experts try to make a dominant impact without one-sidedness by using new 

methods with a logical basis in decision and choosing process and make the best choice and 

decision and plan accordingly. 

    One of these new and scientific methods is hierarchical analysis method (AHP). AHP is 

a method that prioritizes the options based on basic criteria with the help of questionnaires 

and opinions of experts in the field of study and by dividing the problem into a hierarchical 

process and detailed analysis of the issue (Triantaphyllou, 2000). 

There is a model for assessing the benefits of reducing air pollution in the form of urban 

rail transport (Wang et al., 2012). Some studies reviewed the positive effects of public 

transportation on traffic congestion and air pollution and the importance of investing in these 

systems to achieve sustainable transport. The development of these systems, in addition to the 

environmental benefits, also has the desired secondary effects (Bydin et al., 2015). 
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To improve the economic growth rate in the development of public transportation systems, 

the construction and operation of public transportation systems generally requires heavy 

expenses. Therefore, many studies have been done on how to invest and economic 

justification for these systems (Bennister and et al., 2001). 

    There are some studies about the impact of public transportation systems on passengers 

travel, various scenarios in the field of investment and development of these systems and its 

positive effects on the amount of pollution generated by traffic in urban areas (Shokrzyrf et 

al., 2017). The research about the prioritization of investment in public transportation systems 

have conducted and presented a methodology by considering financial constraints (Hausner et 

al., 2015). The solution to reduce electricity consumption by intelligent public transport 

systems will propose which can reduce the cost of public transport without CO2 pollution 

(Rahul and et al., 2018). 

    The papers about optimizing the public transport system in Vijayawada addressed the 

low utility of public transportation and suggested ways to increase the utility of buses by 

increasing the quality of service (Coganti, 2018). 

    The literature showed that using the hierarchical method suitable for ranking and 

studying about some of the public transportation systems (Saati, 1995). The study used 4 

options and 6 criteria. The examined modes of bus transport and LRT by using the 

hierarchical multi-variable decision technique introduced LRT as a more preferred mode 

(Asam et al., 2001). 

 

2. Body of paper  
2.1 The Data 

    In this study, questionnaires were prepared in the form of a hierarchical design. The 

forms used for hierarchical analysis and multi-criteria decision making is called the expert 

questionnaire which was provided to experts of Tehran Urban & Suburban Railway 

Operation, Tehran Bus Company and Urban Traffic Organization and asked them to rate each 

option according to criteria such as pollution, safety, travel costs, construction costs, service 

life, quality and travel time. 

    The expert questionnaire is not very complicated, but requires accuracy and suitable 

pattern. The paired comparison of options is used to prepare the expert questionnaire and no 

paired comparison should be omitted, otherwise there will be a great trouble during the 

analysis and need to work again. Saati’s (1995) Nine Degree Scale is used to score as follows: 
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Table 1: Nine Degree Scale of Saati 

 

Value Comparison of i to j Explain 

1 Equally Preferred 
Index i and j have equal importance or have no precedence over each 

other. 

3 Moderately Preferred Option or index i is slightly more important than j. 

5 Strongly Preferred Option or index i is more important than j. 

7 Very strongly Preferred Option i has much more priority than j. 

9 Extremely Preferred Option i from j is absolutely not more important and comparable to j. 

2 - 4 - 6 Intermediate 
Indicates intermediate values. For example, 8 indicates a value greater 

than 7 and lower than 9 for i. 

 

2.2 Methodology 

    The methodology used to evaluate the public transportation systems used in 

metropolitan areas in this study is hierarchical analysis. Hierarchy analysis is one of the multi-

criteria decision methods, which evaluate choice issue using definition of basic criteria and 

the paired comparisons of the options and by the expert analysis and provide the results as 

options rankings. The final stage of the AHP analysis is matrix of m * n in which m is the 

number of options and n is the number of criteria. 

    First, the quantitative and qualitative criteria that are effective in evaluating the system 

are selected in accordance with the principles of this method to determine the weight of each 

of them by a survey of experts in the field of transportation. 

2.2.1 Hierarchical Analysis Method 

    Hierarchical analysis, as its name imply, make the prioritization of options possible 

through the formation of a hierarchical structure and problem leveling. At each level, analyzes 

are performed and finally by combining these analyzes, the ranking of options is extracted. 

Subsequently, this analysis is conducted step-by-step to prioritize transport systems in Iran. 

2.2.2 AHP Analysis Tree  

    The AHP analysis tree defines the levels of the problem which includes objective, 

criteria, sub-criteria and alternatives respectively. In this study, field surveys and reports are 

defined as follows: 

- Objective: To prioritize public transportation systems for the populous cities of Iran based 

on sustainable urban development 

- Criteria: Since sustainable urban development has three items, criteria are taken from these 

three economic, social and environmental items. 

- Economic: construction and operation costs, travel costs, service life 

- Social: safety (against collision), quality and travel time 

- Environmental: Pollution 
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-Options: BRT, Tram, Monorail, Metro 

    The criteria are based on the scope of the study which is the transport here. The most 

important parameters are chosen by comments of experts in transportation and traffic field. 

The options in this research have been chosen by studying the country's conditions, 

technologies of the day and the possibility of implementing the project in the cities of Iran. 

2.3 Results   

2.3.1 Criteria Weight  

    According to Saati’s article, a matrix of paired comparisons of criteria is obtained by 

completing questionnaires by experts, this matrix will be: 

-Criteria:   

 
 

 
 

 

(1) 

 

By averaging the questionnaires data, comparison matrix of the criteria would be as Table 2. 

 

Table 2: Comparison matrix of criteria 
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Quality & Travel Time 1.00 0.38 0.41 3.71 0.32 2.27 0.118 

Service Life 2.63 1.00 0.91 4.70 0.61 3.06 0.227 

Construction Costs 2.44 1.10 1.00 4.32 0.68 2.99 0.232 

Travel Costs 0.27 0.21 0.23 1.00 0.24 0.31 0.043 

Safety 3.13 1.64 1.47 4.17 1.00 3.38 0.298 

Pollution 0.44 0.33 0.33 3.23 0.30 1.00 0.082 
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Figure 1: Priority of the criteria and their weight 

 

 

 

 

 

 

 

 

 

 

In the last column of Table 2, the weight of each criterion is calculated and presented based 

on the principles of the AHP method. We have compared the weights of the criteria in Figure 

2. 

Figure 2: Scores of benchmarks in paired comparisons 

     

  As shown in Figures 1 and 2, the safety criterion subset from the social item has received 

the highest score from the experts which means the high- importance of this criterion because 

the health of the community is very important. Also, after safety the costs of construction and 

operation and the service life of the system have the highest importance which indicates the 

special attention of the experts to the profit and cost of the projects. However, the economic 

parameters are very important in each design. 
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2.3.2 Paired Alternatives Comparisons  

    In order to compare the options, the paired comparisons of 4 options in each of the 

criteria have been made and its averaged data are presented in Tables 3 to 8. 

 

Table 3: Comparison of paired options in the quality criteria and travel time 

Quality & 

Travel Time 

BRT Tram Monorail Metro Weight 

BRT 1 0.625 0.227 0.158 0.073 

tram 1.6 1 0.238 0.222 0.102 

Mono 

rail 

4.4 4.2 1 1.6 0.439 

Metro 6.3 4.5 0.625 1 0.386 

 

Table 4: Comparison of paired options in the service life of the system 

Service Life BRT Tram Mono rail Metro Weight 

BRT 1 2.4 0.212 0.277 0.122 

Tram 0.416 1 0.277 0.294 0.085 

Mono rail 4.7 3.6 1 2.1 0.485 

Metro 3.6 3.4 0.476 1 0.308 

 

Table 5: Comparisons of paired options in the cost criterion of construction and operation 

Construction 

Costs 

BRT Tram Mono rail Metro Weight 

BRT 1 2.6 6.8 7.7 0.548 

Tram 0.384 1 5.6 8.1 0.328 

Mono rail 0.147 0.178 1 1.8 0.075 

Metro 0.129 0.123 0.555 1 0.049 

 

Table 6: Comparisons of pared options in the travel costs 

Travel Costs BRT Tram Mono rail Metro Weight 

BRT 1 0.4 3.3 2.2 0.275 

Tram 2.5 1 3.2 3.1 0.471 

Mono rail 0.303 0.312 1 0.476 0.097 

Metro 0.454 0.322 2.1 1 0.157 
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Table 7: Comparisons of paired options in the safety measure against accidents 

Safety BRT Tram Mono rail Metro Weight 

BRT 1 1.6 0.212 0.144 0.081 

Tram 0.625 1 0.217 0.163 0.067 

Mono rail 4.7 4.6 1 0.384 0.293 

Metro 6.9 6.1 2.6 1 0.559 

 

Table 8: Comparisons of paired options in the pollutant emission criteria 

Pollution BRT Tram Mono rail Metro Weight 

BRT 1 0.182 0.161 0.149 0.046 

Tram 5.5 1 0.303 0.263 0.147 

Mono rail 6.2 3.3 1 0.476 0.319 

Metro 6.7 3.8 2.1 1 0.488 

     

 By analysing the results of the matrix of the paired comparison, the weight of each of the 

options in each criterion is determined by the weight in the last column of tables 3 to 8. By 

calculating the weight of options in each of the criteria, the total weight of the options is 

determined by the sum of the weight of the option for each criterion in weight of that 

criterion. As a result, we have: 

 

Table 9: Final results of the decision 

Metro Mono rail Tram BRT Final results of the decision 

0.340 0.305 0.158 0.196 The final score of the option 

1 2 4 3 Option rating in decision making 

 

Figure 3 shows the final results of the research as a bar chart. 

Figure 3: Final decision chart 

 

 

 

 

 

 

 



 

215 

 

    Figure 3 shows the scores and rank of each of the options in the decision making 

according to which the ranking of public transportation systems will be as follows: 

 

 
 

(2) 

 

        The metro transport system with a score of 0.34 is ranked first, and so choosing the 

appropriate transportation system in terms of sustainable development will be the metro 

priority. After the metro, Monorail is ranked second with a score of 0.305 and since it does 

not have much difference with the metro, this option can also be suitable for selection. These 

two options are not cost-effective, but in other criteria they have a high score. After Monorail, 

BRT and then the tramway, both have got fewer points due to the quality of the travel, 

pollution, the unpaved route and etc. But it should be noted that these two systems have a 

much higher priority in terms of cost than metro and monorail. 

2.3.3 Inconsistency Rates   

    If all paired comparisons are fully compatible, the following relation must always be 

present in the comparison between all three indexes: 
 

 
 

(3) 

 

For each paired comparison matrix, the compatibility index is defined as: 

 

 

(4) 

 

         In which is the highest value of the paired comparison matrix, and n is the matrix order. 

Then, the inconsistency rate (CR) is obtained by dividing the consistency index (CI) on the 

random consistency index (RCI). The random consistency index is obtained from Saati 

method according to table 10. 

 

 
 

(5) 

 

Table 10: RCI values for matrices with n order 
9 8 7 6 5 4 3 2 1 n 

1.45 1.41 1.32 1.24 1.12 0.9 0.58 0 0 RI 

 

    The rate of inconsistency for the correct paired comparison should be less than 10%. If 

this value is more than 10%, paired comparisons should be repeated to reach an inconsistency 

rate of less than 10%. According to Table 10, the inconsistency rates of all pair comparisons 

matrices are calculated and presented. For the matrix of paired comparisons, we have the 

following criteria: 
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(6) 

 

Similarly, for the matrix of paired comparison, options in each inconsistency rate criterion is 

calculated and presented in Table 11. 

 

Table 11: Inconsistency rates of matrix of pair comparison options in each criterion 

Quality and 

Travel Time 

(Table 2) 

Service Life 

(Table 3) 

Construction 

Costs 

(Table 4) 

Travel Costs 

(Table 5) 

Safety 

(Table 6) 

Pollution 

(Table 7) 

The matrix of 

pair 

comparison 

options in 

different 

criteria 

0.028 0.069 0.044 0.044 0.033 0.078 CR 

 

    As shown in Table 11, the inconsistency rate of all matrixes of paired comparisons is 

less than 10% and the comparison is done correctly. 

2.3.4 Sensitivity Analysis  

    The sensitivity analysis diagram for this study is shown in Figure 4. 

 

Figure 4: Sensitivity analysis of the study 

 

    According to Fig. 4, in general the transportation systems examined in this study are in 

urban sustainable development criteria with high sensitivity behaviour and all four options in 

some criteria are good and in some others, they have poor performance and none of the 

options have the same score on most of the parameters. This shows that each transportation 
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system has advantages and disadvantages that all system features should be considered for 

comparison.  

3. Conclusion  

In this research, four public transport systems, BRT, tramway, monorail and metro were 

studied by using the AHP method and sustainable urban development criteria. The results are 

extracted from this research as follows: 

 In experts view point, the parameters of sustainable development have a great 

importance       in choosing the appropriate public transportation system. 

 The most important criterion for choosing a public transportation system is safety, 

after that there is cost of construction, operation, and service life of the system. 

 In the cost criteria, the BRT and tramway are known as the most suitable options. 

 In terms of safety, quality and travel time and the pollution, Monorail and Metro are 

the most appropriate options. 

 The final priority in this decision issue is as follows: 

Metro≥Monorail≥BRT≥Tramway 

 In the sensitivity analysis of this study, it can be seen that all of the options examined 

have advantages and disadvantages, and none of them has absolutely all the 

appropriate features or undesirable features. 

Sustainable urban development has three pillars: social, economic and environmental. Each 

of them has parameters and these parameters can have sub-parameters for detailed study on a 

specific topic, for example environmental issues which affect the wide range of human life. 

The economic pillar has various aspects such as construction, required infrastructure and 

maintenance. This pillar lonely has many parameters and sub-parameters and requires detailed 

studies of completed projects and general estimates. 

    The taxis are included in the public transportation systems, but it was not considered in 

this research because it can carry fewer passengers and its use is not very effective in large 

cities and metropolises. And it is more expensive than other modes of transportation, but it 

has easier accessibility. 

    Most of the studies are about the effects of public transportation on air pollution and 

reducing traffic and examining its costs because the results are directly influential. One of the 

important points is to improve the facilities and conditions of public transportation systems to 

achieve greater efficiency. In this study, the results obtained from long-term studies of experts 

in this field and their experiences which were used to find a more appropriate choice instead 

of regaining experience. 
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