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Abstract: This research has compared the results of Cost Benefit Analysis and a Multi-Criteria Method 
which was used in an urban railway transportation project. This comparison indicated that the Multi-
criteria results do not correspond to the Cost Benefit Analysis outcomes, but follows the authority's 
final decision. One of the main conclusions is the importance of incorporating other aspects, excluding 
economic aspects, into the decision making process evaluations in Urban Transportation. This study 
showed using a wider range of non-economic criteria in the analysis concludes more reasonable results.  
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INTRODUCTION 
 

 Authorities have used Cost-Benefit Analysis (CBA) generally as a support for the decision making process 
in transportation. Taking non-economic variables into account in the analysis; such as air pollutions, accidents, 
visual intrusion and etc; has created problems in application of CBA. Multi-Criteria decision making has 
emerged as an alternative to CBA to deal with these problems. One of the main and famous Multi-criteria 
techniques is the Analytic Hierarchy process (AHP), established by Saaty in the late 1970s (Saaty, 1997). 
 The AHP includes decomposing the problem which needs taking decision in a hierarchy of criteria, sub-
criteria, attributes and alternatives. A set of weights are associated with this hierarchy. These weights show the 
relative importance of the hierarchy items and finally decision makers can use them to find the best acceptable 
solution. 
 The aim of this study is to compare the results of using CBA and the AHP for decision making process 
about transport investment in an urban context, and examines some of aspects which were not taking into 
consideration while performing economic evaluations. Information related to the project and its impacts 
transferred to people in different levels to explore changes of weights caused by this fact.    
 The results showed that incorporating other aspects, aside from economic ones, in decision making process 
is necessary. Furthermore, in this process should take public opinion also in to consideration explicitly, 
especially when authorities can provide precise and appropriate information regarding the projects. 
 This article organization is as follows: Section 2 includes the theoretical background related to CBA and 
AHP, section 3 provides a description of the considered project, section 4 reports main results obtained from this 
study and finally in last section you can find the conclusions. 
 
Theoretical Background: 
 The main goal in social assessment is to maximize the level of social welfare. Therefore, social appraisal 
should examine all variables which are relevant to the country and social welfare. One part of assessment is to 
identify and evaluate advantages and disadvantages of decisions. For calculating the indicators of social 
usefulness, should identify a period of assessment and also an interest rate. The project which meets certain 
conditions on the indicators will be the selected project. The Cost-Benefit Analysis is an excellent example of 
the economical assessment framework application which allows the comparison of different projects, based on 
the matching unit of measurement (Pearce and Nash, 1981).  
 The economic evaluation of some definite items, such as travel time and fuel consumption, is quite simple 
and many methods have been developed for this purpose. But valuating certain items such as noise, air pollution 
and so on, which have no market, is more difficult. Mostly there are value judgments regarding these valuations 
that make things more complicated (Pearce and Nash, 1981). 
 Over the last decade, techniques which maybe allow valuating those items without a certain market have 
developed considerably. For example, contingent valuation method and the stated preference technique (Tinch, 
1995; Bateman and Willis, 1999; Bateman et al., 2002; Rizzi and Ortuzar, 2003). By use of these developments 
can measure the public eagerness for paying money to maintain and visit recreation grounds, reduce the air 
pollutions and also decrease the accident risk. Maybe in future people incorporate these valuations results into 
the classical CBA, since all of them would be measured based on same monetary unit. 
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 Saaty (1990) suggested using of a 9 points scale for assessing the relative importance between elements. In 
this scale, 1 means that both elements are equally important and 9 implies that one of the elements is much more 
important than the other one.  
 Once the matrix obtained through an interview with people or decision makers, it corresponds to the 
calculation of a normalized vector of weights. For each nest in the hierarchy there will be a vector of weights. 
The dimension of the vector would be n. this n shows the number of the nest’s elements.  As shown in Eq. 2, 
calculating these weights, wi, will be possible through a normalization process of each one of columns in the 
matrix, A (Saaty, 1990).  
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 Once all f nests’ weights are estimated, using a crumpling procedure for each option under study, it 
corresponds to collapse of the hierarchy tree. This collapsing procedure is similar to the same used for 
crumpling probability trees. 
 Others criticized the primary Saaty AHP many times. One of these critiques is about use of 9 points scale 
(Murphy, 1993; Dood, 1995), while another one is related to a principle indicating that the attribute weights and 
people information about the other options under study are independent of each other (Weber, 1997). 
 Tudela (1998) suggested a method to deal with the second critique. This method consists of allocating a 
utility function to each nest in the hierarchy and using revealed or stated preference techniques to evaluate these 
utilities.  
 
Driving the Weight Vector by Use of Function Approach: 
 Tudela (1998) for assessing the weight vector in AHP offered an alternative method to the pair wise 
comparison. In this method should assign a utility function to each nest in the hierarchy. This function is 
dependent on the nest elements. By use of revealed or stated preference information can estimate these 
functions. 
 A minor change in every nest utility can be expressed as a weighted sum of changes on the nest’s attributes. 
These weights are dependent on the attribute marginal utilities and its extent. It’s interesting that considering the 
attribute marginal utilities makes people’s perceptions clear. The weight of ith element, wi, in a liner utility 
expression will be as follows: 
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 ai, is the coefficient for variable xi, in the utility function. It must be mentioned that the denominator shows 
the total utility of the nest. By use of revealed or stated preference information, depending on the under analysis 
situation, can estimate coefficients. 
 



Aust. J. Basic & Appl. Sci., 5(11): 667-677, 2011 

670 

Case Study and Its Application: 
Project Description: 
 The project under study examines Isfahan Rail Network Development Plan. Once finished most of 
executive operations of the city's first subway line, this plan were evaluated with the aim of continuing the 
development of this transportation network and establishing new lines. For this project Isfahan University of 
Technology (IUT) used the results of previous studies by traffic consultants and with respect to the analysis 
output in EMME2 software and other executive considerations presented various scenarios for developing lines 
in 18 different ways, (Fig. 2). 
 To assess and select the best proposed alternative among evaluation criteria, by use of alphabetical method 
(Lexicographic), Criteria were divided into two groups of the primary and the main criteria. Considering the 
special historical context of Isfahan, preserving the ancient monuments was a primary criterion and all of the 
options that somehow posed a risk to these monuments were removed. The second group included main criteria 
that were determined based on some of urban transportation experts and professionals opinions. 
 The weight of criteria obtained and different options proposed. At the next stage, by use of the existing 
information and through running any of the options in EMME2 software the needed data for each criterion were 
calculated, formulated and prepared for comparing and the priorities of decision making determined. 
 

 
Fig. 2: 18 Evaluated alternatives for the development of Isfahan Rail Network. 
 
Alternatives Evaluation Process: 
The Analytic Hierarchy Process (AHP) Utilization: 
 Considered evaluating criteria for comparing the effects and consequences of various options for 
developing the rail network lines are shown in Fig. 3 and include: 
 
 Environmental impacts: the level of pollutants’ emission in each scenario.  
 The limited resources consumption: the rate of fuel consumption in each scenario. 
 System Operators Cost: including the cost of construction, operation, maintenance and repair in every 

scenario.  
 System Users Cost: this outcome includes the travel time taken for users in every scenario.  
 Population Coverage: including the extent of covered population by public transportation in each scenario. 
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Fig. 3: Evaluation criteria for applying the analytic hierarchy Process in this study. 
 
 To obtain the weight of the determined criteria, utilized the Analytic Hierarchy Process (AHP) and once 
collected a considerable volume of expert’s opinion calculated the consistency ratio (CR=0.01) and then figured 
out the weight of criteria as shown in table 1.  
 
Table 1: Selected criteria and their weight. 

Row Criteria Weight 
1 Environmental impacts 82/33 % 
2 The limited resources consumption 48/8 % 
3 System Operators Cost 58/7 % 
4 System Users Cost 36/38 % 
5 Population Coverage 76/11 % 

 
 Considering the demand for traveling by different modes of transportation in Isfahan at the plan horizon 
(1404), every scenario’s function examined. Each option’s function determined in EMME2 software by use of 
the traffic assignment model prepared for comprehensive transportation and traffic studies in Isfahan. Summary 
of results of applying each proposed scenario is used to determine evaluation criteria values. These results 
include road network performance indicators (distance travelled, time taken, speed average and …), public 
transportation network performance (the number of public transportation modes, the number of passengers, 
traveling time and …), air pollution and limited resources consumption. 
 Costs such as construction, operation, fleet purchasing, maintenance and repair costs are among the 
transportation system Operators Cost. 
 In this study construction cost per kilometer urban railway, in various status of the tunnel, in height, surface 
and cut and cover is calculated and shown in table 2.   
 
Table 2: Railway systems construction cost per kilometer (Million dollars). 

Height Surface Under ground Cut and Cover 
3/23 10 3/43 30 

 
 According to the proposed unit costs, System Operators Cost of construction and operation is calculated for 
different scenarios (Table 3). 
 
Table 3: System Operators Cost in different proposed Isfahan Rail Network Scenarios. 

Total Cost (Million 
dollars) 

In height Cost (Million 
dollars) 

Surface Cost 
(Million 
dollars) 

Underground Cost 
(Million dollars) 

Cut and Cover 
Cost (Million 

dollars) 

Scenario 
No. 

1691 524 0 935 231 1 
2102 524 0 1347 231 2 
2167 524 0 1412 231 3 
2275 524 0 1520 231 4 
2385 524 110 1520 231 5 
2052 524 110 1186 231 6 
1942 524 0 1186 231 7 
2526 524 0 1771 231 8 
2636 524 110 1771 231 9 
1951 711 0 1009 231 10 
2306 711 0 1364 231 11 
989 182 0 576 231 12 

2580 711 110 1528 231 13 
2394 524 110 1528 231 14 
2667 711 110 1615 231 15 
2416 711 110 1364 231 16 
2208 620 110 1247 231 17 
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 In this study, “the limited resources consumption” criterion is the extent of fuel consumption. Using the 
outputs of EMME2 software, gasoline and petrol fuel consumption of each scenario is calculated. Summary of 
results are shown in table 4.   
 “Environmental Impacts” is the extent of main pollutants including HC, CO, NOx discharged to the air by 
private cars, taxis and buses. This criterion varies in each railway system scenarios. The extent of this criterion 
in every scenario is calculated and presented in table 4. 
 “System users cost” is another criterion which is as important as system operators cost criterion. One of the 
main components in these costs is the travel time cost. System users’ travel time is balanced to their costs. 
Increased travel time means increased travel costs (rent), fuel consumption, car depreciation and etc.  Therefore, 
travel time is considered as system users cost. Table 5 shows quantity of this criterion for different scenarios, 
calculated based on EMME2 software outputs. 
 
Table 4: The extent of fuel consumption and pollutants emission by different vehicles and system users cost for each scenario per hour in 

1404.  
Travel time in  the 

morning peak hours 
(passengers  per 

hour) 

Total weight of 
pollutants (Kg)

The extent of pollutants emission (Kg) Total fuel 
consumption 

(Liter) 

Fuel consumption* 
(Liter) 

Scenario No.
NOX HC CO Gasoline petrol 

251640 138966 4751/9 16786/7 117427/4 450598 87885/6 362712/4 
Non-
execution 

190100 88413 4078/6 10936/3 73398/5 314106 80743 233363/1 1
183862 87674 3937/4 10890 72847/1 309293 76370/2 232923/2 2
184485 87913 3956/8 10905/2 73050/9 309955 76904/2 233051/2 3
184511 87968 3959/9 10911 73097 310130 76895/7 233234/8 4
184415 87796 3917/3 10902 72976/5 308606 75705/0 232901 5
185459 87897 3904/0 10910/9 73081/8 308355 75291/8 233063/5 6
185098 87862 3921/7 10906/7 73033/2 309000 76086/0 232913/8 7
184595 87800 3906/4 10902/6 72990/9 308285 75408/0 232876/8 8
184350 87717 3869/9 10898/5 72948/3 307236 74246/4 232989/1 9
185522 87886 3968/3 10907/1 73010/7 310390 77302/7 233087/7 10 
191727 88316 4070/3 10939/1 73306/3 314127 80677/1 233449/5 11 
191043 88139 4061/2 10921/8 73155/7 314153 80625/2 233527/5 12 
191776 88382 4057/6 10950 73374/5 313968 80159/2 233809/3 13 
191863 88248 4045/1 10941/6 73261/6 313670 79840/0 233829/6 14 
182467 87798 3922/6 10893/3 72982/4 308490 75869/3 232620/3 15 
181020 88044 3986/1 10911/6 73146/8 310657 77855/0 232802/1 16 
181643 88007 3997/4 10910/2 73099 311242 77975/7 233266/1 17 

 (* “Fuel consumption” includes sum of fuel used by motorcycles, private cars, taxis, Vans, Minibuses, buses and heavy freight vehicles). 
 

 “Population coverage of railway system” which means the number of people covered by public 
transportation and providing accessibility to public transportation near the starting point and destination of 
passengers is one of the main criteria in developing the railway network and is considered as an important goal 
in the decision making process. The number of people who access the public transportation varies in each 
scenario. Therefore, the criterion of population coverage by each option can help in choosing the best option. To 
determine this criterion for every scenario, by considering a gap of 500 meters at each side of the proposed lines 
and calculating the population in these areas, we estimated the road coverage.  
 
Table 5: Passengers’ mobility and population coverage of public transportation in each scenario in Isfahan (the morning peak hours in 

1404). 

Criteria 

Non-
Executio

n 
Scenario 

Scenario 
No. 1 

Scenario 
No. 2 

Scenario 
No. 3 

Scenario 
No. 4 

Scenario 
No. 5 

Scenario 
No. 6 

Scenario 
No. 7 

Scenario 
No. 8 

The number of 
induced travels 

91342 216344 216337 216336 216380 216498 216374 216237 216256 

The number of  on 
board passengers 

167297 400695 411218 409765 409100 407949 410436 409811 410953 

The number of 
transferred 
passengers  

between lines 

75954 184350 194881 193429 192720 191451 194061 193574 194697 

Walked distance 
(passengers  per 

km) 
222946 456230 457996 459172 459111 463882 465235 461182 460304 

Waiting time 
(passengers  per 

hour) 
13984 19900 20489 19701 19650 18535 18971 20400 19428 
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Passengers  - speed 58935 102583 98215 97884 97604 94674 96938 100290 96626 
Passengers - Km 1019443 2563298 2581769 2572929 2571349 2555080 2543168 2559956 2570529 

Population 
coverage (1000 

people) 
0 505/8 602/4 624/5 646/2 9/734  656/5 575 4/715  

 

Criteria 
Scenario 

No. 9 
Scenario 
No. 10 

Scenario 
No. 11 

Scenario 
No. 12 

Scenario 
No. 13 

Scenario 
No. 14 

Scenario 
No. 15 

Scenario 
No. 16 

Scenario 
No. 17 

The number of 
generated 

travels 
216398 216612 218377 216166 218534 217364 216339 214250 215010 

The number of  
on board 

passengers 
410589 414792 411722 409968 415851 416322 400820 400804 405008 

The number of 
transferred 
passengers  

between lines 

194191 198179 193344 193802 197317 198958 184481 186554 189998 

Walked 
distance 

(passengers  per 
km) 

464447 462274 453953 460887 453774 455492 463762 472227 470849 

Waiting time 
(passengers  per 

hour) 
18213 18775 18361 20079 18056 19552 17612 18947 19461 

Passengers  - 
speed 

93432 97239 97186 109381 95089 98085 92357 91614 94441 

Passengers - 
Km 

2553754 2554545 2549253 2526730 2544233 2547064 2550196 2538917 2531351 

Population 
coverage (1000 

people) 
789/2 585/2 673/3 270/6 770/2 713/4 800/7 764/5 645/2 

 
The Proposed Scenarios Evaluation: 
 To compare fewer numbers of options in analytic hierarchy process, the best options in each system 
determined by use of analysis and the weight of their components calculated. Based on analysis results the 
scenarios Nos. 2, 3, 4, 5, 6, 8, 9, 15, 16 and 17 are more suitable at the morning peak hours, in the other words, 
they work better compared to the most of scenarios. These scenarios are knows as competitive options which 
selecting any of them will result a better performance in network in comparison to the other scenarios.  
 To examine the above options’ prioritization and select the best scenario, we used the method of 
multiplying non dimensional value of criteria by their final weight in AHP approach (Table 1). Table 6 presents 
non dimensional values of criteria and also this analysis results for each selected option.   
 
Table 6: Final evaluation of the selected options based on multiplying the non dimensional values of criteria by their weights. 

The results of multiplying non dimensional values of criteria by their weights (for selected scenarios) 

Scenario’s 
Priority 

Total 
Network 

Population 
coverage 

System Users 
cost 

System 
Operators Cost 

Limited Resources 
consumption 

Environmental 
Impacts 

Scenario 
No. 

1 0.955 0.096 0.361 0.076 0.084 0.338 2 
4 0.950 0.088 0.368 0.071 0.084 0.338 3 
5 0.943 0.092 0.364 0.065 0.083 0.338 4 
3 0.953 0.095 0.380 0.061 0.082 0.335 5 
2 0.954 0.112 0.384 0.041 0.083 0.335 6 
6 0.939 0.108 0.364 0.044 0.084 0.338 8 
8 0.932 0.095 0.364 0.055 0.083 0.335 9 
7 0.933 0.118 0.376 0.017 0.084 0.338 15 
9 0.924 0.116 0.364 0.020 0.085 0.338 16
10 0.922 0.105 0.364 0.030 0.084 0.338 17

 
 The evaluation results presented in last rows of table 6 indicates that scenario No. 2 has the highest rate and 
will be the best option based on this method.  
 
Cost-Benefit Analysis (CBA) Application: 
 For applying cost-benefit analysis in urban transportation decisions different criteria are used which most of 
them are selected based on available and accessible data. Obviously, increase in the number of considered 
parameters will result more comprehensive analysis and evaluation outcome will be more close to the reality. In 
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this study, by use of some of available data, following parameters were selected as parameters for calculating 
benefits and costs.  
 

 
 
Benefits: 
 The first parameter in benefits group arises from implementing “fuel consumption reduction” scenarios. 
Based on fuel consumption rates indicated in table 4, the degree of reduction in gasoline and petrol consumption 
is determined in comparison to the non-execution scenario.  The average price per liter of petrol is 0.70 Dollars 
and per liter of gasoline this figure is 0.5 Dollars. Table 7 presents the amount of these savings. 
 Second benefit mentioned in this analysis is reduced accidents which is the result of using public 
transportation instead of private cars. To calculate the benefits of this parameter, we firstly measured the 
reduction in the number of travels by non-rail transportation system (bus, taxi, private cars and motorcycle) 
based on the number of travels by rail transportation system, then with respect to this, the reduction in use of 
each vehicle was calculated. The reduction rate of accidents determined supposing a liner relationship between 
the number of accidents and the number of travels. Based on Police statistics, the average accident rate by 
different type of vehicles is as follows: 81% property damage accidents, 18% personal injury accidents and 1% 
deadly accidents; furthermore, transportation institute has reported the average economic cost of these type of 
accidents as: property damage 1.8 TD (Thousand Dollars), personal injury 45 TD and deadly 170 TD. according 
to these information, the direct reduction in the economic cost of accidents which caused by implementing 
considered scenarios was determined and presented in table 8. 
 Third calculated benefit in this analysis caused by implementing railway scenarios is related to the ticket 
sales which is proportionate to the number of passengers attracted to this system and also each ticket’s price. 
This benefit is presented in last row of table 7. The estimated average rate of any metro ticket is reported 0.5 
Dollars. 
 
Table 7: The amount of savings in annual cost of fuel consumption and annual income from ticket sales in each scenario. 

Annual Income 

from ticket sales 

Number of 

Attracted 

Passengers per 

Year 

Annual Cost reduction of 

Fuel Consumption 

(Thousand Dollars) 

Reduction of 

fuel 

consumption 

cost in the peak 

hours (Thousand 

Dollars) 

Fuel Consumption Reduction 

(Liter) 

S
cenario N

o.
 

Gasoline Petrol 

219,380,513 1,096,903 1,805,545,561 4,946,700 37,538,352 679,858,344 1 

225,141,855 1,125,709 1,853,401,047 5,077,811 60,522,840 682,170,984 2 

224,341,410 1,121,707 1,846,559,890 5,059,068 57,716,136 681,498,216 3 

223,982,250 1,119,911 1,844,188,698 5,052,572 57,763,440 680,536,368 4 

223,352,078 1,116,760 1,860,075,300 5,096,097 64,018,080 682,286,616 5 

224,713,710 1,123,569 1,861,870,960 5,101,016 66,194,064 681,435,144 6 

224,371,523 1,121,858 1,856,259,523 5,085,643 62,015,544 682,223,544 7 

224,996,768 1,124,984 1,863,259,910 5,104,822 65,579,112 682,418,016 8 

224,797,478 1,123,987 1,872,888,561 5,131,202 71,686,584 681,824,088 9 

227,098,620 1,135,493 1,842,258,748 5,047,284 55,624,248 681,309,000 10 

225,417,795 1,127,089 1,805,023,746 4,945,271 37,885,248 679,406,328 11 

224,457,480 1,122,287 1,804,475,072 4,943,767 38,158,560 678,996,360 12 

227,678,423 1,138,392 1,805,158,036 4,945,638 40,607,856 677,514,168 13 

227,936,295 1,139,681 1,807,949,367 4,953,286 42,284,520 677,409,048 14 

219,448,950 1,097,245 1,862,275,751 5,102,125 63,156,096 683,763,552 15 

219,440,190 1,097,201 1,840,781,549 5,043,237 52,717,680 682,806,960 16 

221,741,880 1,108,709 1,833,399,392 5,023,012 52,086,960 680,368,176 17 
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Table 8: The amount of savings in annual cost of accidents and the cost of air pollutions in each scenario. Scenario N
o.

Estimation of annual accident 
reduction 

Cost reduction of annual accidents 
(MR) 

Total 
annual cost 
reduction 

(MR) 

Economic value of 
pollutants (MR) 

sCost 
reduction 

of 
pollutants 

(MR) 

Property 
damage 

Personal 
injury 

deadly 
Property 
damage 

Personal 
injury 

deadly NOX HC CO 

17,140 1,587 88128,527714,0381,498,5992,341,165 9,131 16,634 85,525 61,708 
27,328 1,62890131,902732,7901,537,9552,402,648 8,813 16,564 84,881 62,739 
37,302 1,62390131,433730,1851,532,4872,394,106 8,858 16,587 85,119 62,433 
47,290 1,62090131,223729,0161,530,0342,390,273 8,865 16,596 85,173 62,364 
57,270 1,61590130,854726,9651,525,7292,383,548 8,769 16,582 85,033 62,614 
67,314 1,62590131,651731,3971,535,0312,398,079 8,739 16,596 85,155 62,507 
77,303 1,62390131,451730,2831,532,6932,394,427 8,780 16,590 85,098 62,530 
87,323 1,62790131,817732,3181,536,9642,401,100 8,744 16,583 85,049 62,620 
97,317 1,62690131,701731,6701,535,6032,398,973 8,663 16,577 84,999 62,757 
107,392 1,64391133,049739,1591,551,3222,423,530 8,883 16,590 85,072 62,452 
117,337 1,63091132,064733,6891,539,8402,405,593 9,111 16,638 85,416 61,832 
127,306 1,62390131,501730,5631,533,2802,395,345 9,091 16,612 85,241 62,052 
137,410 1,64791133,388741,0461,555,2832,429,718 9,084 16,655 85,497 61,761 
147,419 1,64992133,539741,8861,557,0442,432,470 9,055 16,643 85,365 61,934 
157,143 1,58788128,567714,2611,499,0672,341,895 8,782 16,568 85,039 62,608 
167,142 1,58788128,562714,2331,499,0072,341,802 8,923 16,597 85,231 62,246 
177,217 1,60489129,910721,7241,514,7302,366,365 8,948 16,594 85,175 62,280 

 
 The forth group of benefits gained from applying under study scenarios is improved environmental 
conditions which is the result of reduction in air pollutants emission. The extent of air pollutants emission such 
as CO, NOx and HC was determined based on average rate of these gases per liter of fuels. For the economic 
cost of these gases emission varied values have been reported in available documentation. In this study one of 
the reported values is used and the correction coefficient has been applied to it. The amount of savings in annual 
costs which are the result of reduction in air pollutants emission is presented in table 8.  
 Fifth group of benefits includes scrape value of fleet and some system equipments. Since at the end of the 
useful life of system about 50% of fleet’s initial value and approximately 45% of equipments’ initial value is 
preserved and is reversible, we can consider these figures as part of constructing system benefits in benefits 
analysis. The result of these calculations is presented in table 10.  
 
Costs: 
 The first parameter in costs group arising from implementing considered scenarios includes “construction 
costs”. We can calculate this parameter based on the cost of lines’ construction which is presented at table 3. 
The second costs in developing railway network include providing fleet costs which are calculated based on the 
number of the needed wagons considering the number of passengers and time gap between trains movement.  
 
Table 9: Providing fleet costs and annual current costs of different scenarios for railway network. S

cen
ario 
N

o. 

Number of on 
board passengers 

Passenger-Kilometer 
Peak hours 

Require number 
of wagons 

Providing wagons cost 
(MR) 

Annual Current costs (MR) 

1 400,695 2,653,298 56 616,000 456,473 
2 411,218 2,581,769 58 638,000 444,168 
3 409,765 2,572,929 57 627,000 442,647 
4 409,100 2,571,349 57 627,000 442,375 
5 407,949 2,555,080 57 627,000 439,576 
6 410,436 2,543,168 57 627,000 437,527 
7 409,811 2,559,956 57 627,000 440,415 
8 410,953 2,570,529 58 638,000 442,234 
9 410,589 2,553,754 57 627,000 439,348 
10 414,792 2,554,545 58 638,000 439,484 
11 411,722 2,549,253 58 638,000 438,573 
12 409,968 2,526,730 57 627,000 434,699 
13 415,851 2,544,233 58 638,000 437,710 
14 416,322 2,547,064 58 638,000 438,197 
15 400,820 2,550,196 56 616,000 438,736 
16 400,804 2,538,917 56 616,000 436,795 
17 405,008 2,531,351 57 627,000 435,494 

 
 When the number of wagons per train is 7 and the total capacity of each wagon is 250 people, we can 
calculate the total required number of wagons based on the travel demand estimated in table 6. Furthermore, the 
cost of providing each self propelled metro wagon is estimated about 11 billion rials. Accordingly, table 9 
presents the total cost of providing whole of fleet needed for different scenarios.  
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 Third group of costs consists of current or operation costs. There are two common methods for calculating 
these costs which include analysing the detail of costs and using the average per capita passenger cost according 
to the available information. In this study by use of the second method and available data in Tehran Metro 
Operation Company the average cost of every passenger’s traveling per kilometer was calculated. Accordingly, 
the total current cost for transferring 450 million people across on average 12 kilometer is approximately 1010 
billion rials. Hence, the average cost of each passenger’s traveling per kilometer estimated 187 Rials. Table 9 
indicates the current costs of each scenario.  
 At the last stage, we put the total of benefits and the total of scenarios current costs side by side and 
calculated the proportion of sum of benefits to sum of costs as final parameter for making decision. Table 10 
presents the outcome of these calculations.  
 
Table 10: Summary of benefits and costs and the proportion of benefits to costs for each railway network scenario. 

S
cenario N

o.
 

Benefits (MR) Costs (MR) 

proportio
n of 

benefits 
to costs 

Fuel 
consumptio
n reduction 

Accidents 
reduction 

Income 
from 
ticket 
sales 

Improved 
environmental 

conditions 

Scrape 
value 

Total of 
benefits 

Constructio
n costs 

Providing 
fleet costs 

Current 
costs 

Total of 
costs 

B/C 

1 8,338,346 2,341,165 1,096,903 61,708 7,917,500 19,755,621 18,601,000 616,000 456,473 17,982,473 1.10 

2 8,614,326 2,402,648 1,125,709 62,739 9,778,000 21,983,421 23,122,000 638,000 444,168 22,102,168 0.99 

3 8,576,071 2,394,106 1,121,707 62,433 10,065,000 22,219,317 23,837,000 627,000 442,647 22,739,647 0.98 

4 8,565,362 2,390,273 1,119,911 62,364 10,551,000 22,688,910 25,025,000 627,000 442,375 23,819,375 0.95 

5 8,653,540 2,383,548 1,116,760 62,614 11,046,000 23,262,462 26,235,000 627,000 439,576 24,916,576 0.93 

6 8,667,179 2,398,079 1,123,569 62,507 9,547,500 21,798,833 22,572,000 627,000 437,527 21,584,527 1.01 

7 8,631,110 2,394,427 1,121,858 62,530 9,052,500 21,262,424 21,362,000 627,000 440,415 20,487,415 1.04 

8 8,671,984 2,401,100 1,124,984 62,620 11,686,000 23,946,688 27,786,000 638,000 442,234 26,340,234 0.91 

9 8,731,219 2,398,973 1,123,987 62,757 12,175,500 24,492,437 28,996,000 627,000 439,348 27,426,348 0.89 

10 8,551,201 2,423,530 1,135,493 62,452 9,098,500 21,271,176 21,461,000 638,000 439,484 20,587,484 1.03 

11 8,336,831 2,405,593 1,127,089 61,832 10,696,000 22,627,344 25,366,000 638,000 438,573 24,136,573 0.94 

12 8,335,009 2,395,345 1,122,287 62,052 4,764,000 16,678,693 10,879,000 627,000 434,699 10,951,699 1.52 

13 8,344,250 2,429,718 1,138,392 61,761 11,929,000 23,903,122 28,380,000 638,000 437,710 26,875,710 0.89 

14 8,361,188 2,432,470 1,139,681 61,934 11,092,000 23,087,274 26,334,000 638,000 438,197 25,016,197 0.92 

15 8,661,432 2,341,895 1,097,245 62,608 12,309,500 24,472,680 29,337,000 616,000 438,736 27,724,736 0.88 

16 8,537,189 2,341,802 1,097,201 62,246 11,180,000 23,218,438 26,576,000 616,000 436,795 25,212,795 0.92 

17 8,501,904 2,366,365 1,108,709 62,280 10,249,500 22,288,759 24,288,000 627,000 435,494 23,142,494 0.96 

 
Conclusion:  
 Analytic hierarchy process and cost-benefits analysis suggest different prioritization for under study 
scenarios. There are 5 common scenarios among the first 10 selected priorities in both methods which of course 
their order of priority is not similar. The summary of priorities results is presented compared to each other in 
table 11. 
 
Table 11: Summary of scenario's prioritization based on AHP and CBA outputs. 

Analysis 
Method 

1st 
priority 

2nd 
priority 

3rd 
priority 

4th 
priority 

5th 
priority 

6th 
priority 

7th 
priority 

8th 
priority 

9th 
priority 

10th 
priority 

AHP 2 6 5348 15 9 16 17 
CBA 12 1761023 174 11 

 
 In both methods, scenarios Nos. 2, 6, 3, 4, 16 and 17 are among the top priorities but interestingly, we 
cannot find the best scenario at CBA in the list of AHP priorities. In the other words, scenario No. 12 which is 
determined as the best scenario in CBA cannot be seen among the best priorities proposed by AHP, but the best 
priority of AHP, scenario No. 12, ranks as the 6th scenario proposed by CBA. 
 Although these two methods are acceptable and usable in a wide range of our decisions but the significant 
difference between their results indicates that the authorities' strategy in selecting integrated AHP method or 
economic-based CBA will lead to different decisions.  
 As stated in this article, finally Isfahan Urban Manager selected Scenario No. 2 which was the best priority 
in AHP and 6th priority in CBA. However in this decision the manager considered the result of analysis too, but 
finally he made decision based on other criteria such as social and even political criteria which are explicitly 
important for managers. This decision has been adjusted to the multi-criteria analysis output. 
 This adjustment is the result of taking other aspects, apart from economic ones, into account in multi-
criteria analysis process. This study showed using of a more wide range of non-economic criteria in decision 
making process, will result more reasonable outcomes. 
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