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Abstract: This study suggests new approach to assess the feasibility for adding new railroad 
station using AHP technique. To solve the problems caused by the requests such as adding a 
station, closure, and movement of a station, Economic Evaluation or Financial Feasibility 
Study is surveyed, but despite of these surveys many civil resentments are raised because they 
don’t consider the situation of the residents and self-government community. In this study, of 
various kinds of railroad lines, the intercity line was focused on. For the applicability of the 
model developed in this study, the Koyri station of Donghae-Nambu line was surveyed as a 
case study. To solve the inherent problems in AHP such as dependence of questionnaire on 
each other and the dependence of the results on the groups for questionnaire, the fuzzy 
measurement developed by Song (2003) and the sensitivity analysis for a various weighted 
value were used.  
 
Key Words: AHP technique, feasibility, fuzzy measurement, weighted value, sensitivity 
analysis 
 
1. INTRODUCTION 
 
The Korean Railroad introduced in the late 19th century is increasing rapidly because of both 
the economic growth of the country and the increase of intercity trip. In recent, compared with 
the road transportation suffering from chronic congestion, the function of railroad is 
emphasized because of the punctuality and mass transportation. The government, recognizing 
the importance of the railroad, invests huge budget in constructing railroad network such as 
the Kyungbu & Honam Express railroad. 
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To establish the technical & engineering basis of the construction, when constructing a 
railroad, various surveys such as feasibility study and master plan were conducted. However, 
even in these surveys, there is no rational & technical criterion in selecting lines and 
constructing station. Usually whether the station of railroad is constructed or not is 
determined based on the master plan for service area of the station or land-use planning. 
Moreover, although the plan for construction is set or the construction is proceeding, adding a 
station, closure, and movement of a station are frequently requested because of the change of 
related plan or civil resentments. To solve the problems caused by these requests, economic 
evaluation or Financial Feasibility Study is surveyed, but despite of these surveys many civil 
resentments are raised because they don’t consider the situation of the residents and self-
government community. Due to the civil resentment the progress is often hindered. 
Accordingly, the standards to assess the feasibility for constructing the station are needed, but 
there is no study on this field. 
 
In this study, of the problems related to railroad station locations, the method that can assess 
the feasibility for adding new railroad station efficiently was developed based on AHP 
technique.  
 
Of various kinds of railroad lines, the intercity line was focused on and to check the 
applicability of the method developed in this study to the real case, the Koyri station of 
Donghae-Nambu line was surveyed.  
 
To solve the inherent problems in AHP such as dependence of questionnaire on each other 
and the dependence of the results on the groups for questionnaire, the fuzzy measurement 
developed by Song (2003) and the sensitivity analysis for a various weighted value were used. 
 
 
2. LITERATURE REVIEW 
 
2.1 Analytic Hierarchy Process Technique 
 
The AHP technique can evaluate qualitative, quantitative and intuitive criteria, and it is 
possible to raise the level of confidence of it through carrying out consistency testing. The 
AHP technique resembles the structure of human brain, and obtains quantitative results by 
transforming the comparative weight between elements to ratio scale. The AHP technique is 
based on three principles; hierarchical structuring, weighting, logical consistency. 
 
Pair-wise comparison, homogeneity, independence relation, and expectation are basic 
assumptions of AHP technique (Vargas, 1990). They are very important and should be used 
properly when applied to AHP technique because they are the fundamental frames of the AHP 
technique logically and actually. 
 
Pair-wise comparison means that decision maker can not only compare one element of a 
project or policy with another but also determine the weighted score between them. 
Homogeneity means that the weighted score can be presented by settled index in fixed range, 
and independence relation means that there is no relationship among elements. Expectation 
means that hierarchical structure logically corresponds to the expectation of every decision 
makers. 
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After considering many factors relative to railroad projects, decision makers calculate the total 
weighted score sum of each element in each alternative, and then the best alternative can be 
concluded. Researchers survey citizens, citizen groups, project operators, and government 
officers who have enough knowledge and experience to judge the public benefit impartially. 
Consistency test of the questionnaire result is carried out, and they are applied for calculating 
the weighted score of the each object. 
 
Moreover, the internal problem of questionnaire, namely, the dependency problem and the 
problem of deciding group weights are solved by fuzzy measurement model developed by 
song (2003) and sensitive analysis. 
 
In Song’s model, after computation of the weighted score through the present AHP technique, 
the upper and the lower limit is decided using Fuzzy measurement, and the range of the final 
score of alternatives is fixed. This method decides the expectancy value of the upper and 
lower limit using Bel  and Pl  measurements based on the process of references 3, and 
settles the upper and lower limit value of each alternative. This model cannot fix the exact 
value, but is appropriate for the sensitive project because it has the advantage that all cases 
can be compared with. 

∑
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where, ib  is alternative  i , ia  is evaluation criterion  i , g  is evaluation function, 

)(Dω  is weighted score of evaluation criteria, )]([*
ibgy  is the upper limit of the score, and 

)]([* ibgy  is the lower limit of the score. 
 
In this study, 4 groups (train experts, providers, citizens, local government officers) are 
selected and each group has 11 persons. It means that we assume each group has same weight 
of involvement. However, to consider the effect of constitution ratio, the sensitivity analysis is 
carried out to various weighted scores of each group. The ratio is specified to 3 categories, 
50%, 100%, and 150% in this study. 
 
2.2 Public Facilities Location Model 
 
Generally, a location pattern of public facilities has two goals. (Leonardi, 1981). They are 
optimizations of both facility location and allocation, but it is true that they are conflicted, so 
they cannot be treated separately. However, they do not mean to be performed by same 
decision makers. Generally, because public institution does decision of a location and 
decision of allocation are decided by a integrated behavior of user.  
In process of location and allocation, first, location decision maker about should conclude 
after careful consideration whether facilities location and scale of facilities are fit to those of 
demand. Second, he should take a cost-benefit analysis of the current location system and a 
changed location system. Finally, he must make a new pattern of location and scale of 
facilities whether new facilities installed or the existing facilities abolished.  
 
Decision maker about allocation has to compare a location and scale fitted to potential 
demand of each zone with those of the existing facilities. Also, he must analyze generalized 
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cost between demand zone and facilities. In the end, he embodies trip pattern between 
demand zone and facilities in the consideration of generalized cost and the capacity of 
facilities.  
 
In the study of public facilities location model, researchers use linear programming and 
almost all of them use a transportation planning model(Yun, 1982). A candidate place 
minimizing the total cost is selected in this model.  
However, because of the improvement of computers, a recently developed models are based 
on the GIS. 
 
2.3 The Current Methodology 
 
The basic principle of station locations is to balance the number of stations for an increase of 
speed, and an interval of stations is affected by total travel time and mean velocity of trains. If 
an interval of stations is somewhat short, it is profitable in the side of transportation demand, 
but it takes construction cost very much. Therefore, a reasonable station's interval is necessary, 
and then the stations should be planned in the consideration of possibility of development and 
in the subway area.  
 
The function of station is to make passengers access and disperse safely and rapidly, so 
arrangement planning should be appropriate to a transportation demand, ground condition, 
alignment condition, land use, the present condition and prospect, access and convenience, 
and transfer. Table 1 shows a standard of station location choice.  
 

Table 1. A Standard of Railroad Station Location Choice(Technical Part) 

Classification Details 

Examination of  
subway area  

- Estimation of demand(demand concentration district: intersection etc.) 
- A grasp of the present condition of development in surrounding area 
- Examination of development plan(District of decision and plan) 
- Examination of prospect of development in the subway area 

Examination of efficiency 
for linked transportation 

- Route connection of the existing and the planning route 
- Transfer 

Examination of alignment 
plan and various conditions  

- Consideration of horizontal and vertical alignment plan 
- Consideration of topography and ground condition 
- A region where conflict is minimized by obstacle of ground and underground 

Examination of 
operation utility - Mean and maximum speed, Operation time, Consumption of electric power 
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3. MODEL DEVELOPMENT 
 
We develop the effective evaluation model to settle the problem of previous station location 
model in adding a new railroad station. The inter-city railroad is examined, and the developed 
method is applied in case study. However, station for transferring to other railroad is excluded 
from the objects for analysis because transferring is the first condition for adding a new 
station, many other complicated factors effects on the decision of transfer station location and 
estimation items is increased. 
 
In this study, to select the best model for evaluating the feasibility of adding a new railroad 
station, many multi-criteria assessment models are examined, and AHP analysis can more 
properly explain the problem of adding a new station than any other methodology. 
 
To select and construct evaluation items is important, and in order to deduce such elements, 
all standards used in previous station location process and civil resentments are investigated 
and the standards are deduced based on brainstorming process of specialists in various fields 
related to this problem (Table 2). 
 
Additionally, sampling procedure(or choice of specialists) is same as following. First, we have 
to sample through brainstorming process. Second, we execute test after explaining about 
project issue. Extract a sample who knows correctly about items more than 10 among 20 
items. 
 

Table 2. The Hierarchy of AHP 

 
Economic analysis and finance analysis for a rail path and finance analysis for a new station 
are also included into evaluation items, and other quantitative item, the mean velocity is 
defined based on the standard of the intercity trains. Especially, standard of the mean velocity, 
which is the representative index of mobility and related to improving service of railroad, is 
defined as 50km/h on the basis of advanced countries (table 3). 

Hierarchy 1 Hierarchy 2 Hierarchy 3 Contents Type 

about each station a financial analysis a financial analysis 
about each station quantitative

Change of financial analysis 
of the whole route 

Change of R/C ratio on 
the whole route quantitativeProject side 

about the whole route 
Change of  B/C result of the 

whole route 
Change of B/C ratio on 

the whole route quantitative

easiness of construction easiness of construction about alignment/vertical qualitative
the mean velocity the ratio to the aim mean velocity quantitativeTechnical side 

Distance between stations The feasibility of distance between stations qualitative
surrounding roads Relation to surrounding road network qualitativeComprehensive 

Systems of 
Transportation transferring Evaluation of transferring effect with other 

transportation mode qualitative

keynote of district Characteristics of surrounding area such as Business 
district, Commercial district and etc. qualitative

the subway area Evaluation of development effect to the subway area  qualitative
Urban planning 

Side 
political side Consistency with other plans qualitative
Environment Effect to surrounding environment qualitative
accessibility Effect of improvement on the accessibility qualitativeUser side 

safety Level of Safety in surrounding area qualitative
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Table 3. Comparison of the Mean Velocity of Trains with Foreign Metropolitans 

Classification Seoul metropolitan Tokyo metropolitan Paris metropolitan London metropolitan

The mean velocity 
of  trains 

(km/h) 

In Seoul 
33.5 

Intercity rail 
39.5 

Peak hour 
52.5 

Non-peak hure 
64.1 

Express rail 
(RER) 
53.2 

In city 
31.5 

Intercity rail 
59.0 

 
 
Moreover, quantitative items needs the process to be changed to the grades of each alternative, 
so they are calculated as follows: 
 
- Economic Analysis and Finance Analysis for a Rail Path 
 
Generally, result of economic analysis is included to AHP analysis as Benefit/Cost ratio, and 
this paper deduces measurements divided into 9 point from B/C ratio of each alternative based 
on this previous method. Then, the grades of alternatives are calculated using the difference of 
two alternatives in measurement because not ‘do-nothing’ and ‘do-action’ but ‘do-action’ and 
‘do-action more’ for a new rail path is compared in this study. 
 
The previous study uses the standard grade for B/C ratio based on previous feasibility studies 
in Korea, and formula as following equation (3). The standard grade means measurement by 
Saaty compared to B/C ratio, and this value is used as input of AHP analysis. 
 

 iratioCBSG +×= )/ln(592933.8         (3) 
)11/,11/( −=→≤=→≥ iratioCBiratioCB  

 
The result of finance analysis is included to AHP analysis as Revenue/Cost ratio, and the 
grade of alternatives is deduced as well as economic analysis. 
 
- Finance Analysis for a New Station 
 
Sum of construction and operation cost is used as total cost in evaluating the feasibility of 
adding new station. Operation cost is deduced on the basis of regression analysis considering 
passengers, who get on and off at new station, and construction cost means the difference cost 
between ‘do-nothing’ and ‘do-action’ for new station in this paper. Then, the revenue/cost 
ratio is included as well as the finance analysis for a rail path. 
 
- The Mean Velocity of Trains 
 
The gap from 50km/h, the standard object velocity in intercity line is calculated in each 
alternative to evaluate superiority and inferiority between two alternatives. Then, the 
normalized ratio values are used in AHP analysis. If both velocities are lower than 50km/h, 
the values are reversed, and if one velocity is higher than 50km/h and the other lower than 
50km/h, higher one has 9 degrees to the other. For example, the mean velocity is 48 km/h in 
‘do-nothing’ and 45 km/h in ‘do-action’, and the gap is calculated as 2km/h and 5km/h. The 
normalized ratios are 2/7 and 5/7, and these values are used as grades of each alternative. 
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4. CASE STUDY 
 
4.1 Data Collection 
 
To examine the application of AHP developed in this study, we choose Kyori Station of 
Donghaenambu line in Korea, where there are civil resentments of adding a new railroad 
When survey is implemented, we provide general information about the problem, history, 
social-economic environments, and characteristics of neighborhood of Kyori Station to help 
people understand well. In survey, there are two alternatives, ‘Do-Nothing’ and ‘Do-Action’ 
for adding a new railroad station. ‘Do-Nothing’ means following present plan of station 
location and ‘Do-Action’ is construction of a new station. 
 

In survey, 40 persons (10 persons in each group) answered and consistency index are 
examined. If consistency index over 0.15 point, survey is implemented again. Reliance can be 
guaranteed with feedback process said previously. 
 
4.2 Result 
 
1) Best Alternative 
 
Elements for evaluating the alternatives are decided by brain-storming of professionals. And 
then, the weighted scores of the elements are calculated by pair-wise comparison in each 
hierarchy. Also the weighted scores of each alternative are surveyed separately. To score each 
alternative, we use the geometric mean of weighted scores. 
 
As a result of expert of railroad questionnaires, Comprehensive Systems of Transportation has 
the largest weighted scores as 0.25, and Project side is the second ranking as 0.2. Then, User 
side and Technical side has the same scores as 0.19, and Urban planning Side has the smallest 
scores as 0.17. ‘Do-Action’ alternative becomes superior alternative as scores of 0.5492, and 
the result score of ‘Do-Nothing’ is 0.4508. They consider ‘Comprehensive Systems of 
Transportation’ as the most important element to assess railroad construction project, and it 
means that railroad system should be contribute to improve Comprehensive Systems of 
Transportation. 
 
In a point of suppliers’ view, Project side and Comprehensive Systems of Transportation has 
larger scores as 0.42 and 0.25 than other items, and Urban planning Side has the smallest 
value as 0.09. They choose ‘Do-Nothing’ as the best alternative, scores of which is 0.6334. 
 
Users, who live around the station, gives the largest scores as 0.28 to Comprehensive Systems 
of Transportation, User side, and rank of the weighted scores follows in the order of Technical 
side, Urban planning Side, Project side. ‘Do-Action’ alternative gets the grade as 0.5970, but 
‘Do-Nothing’ alternative marks the lower grade as 0.4030. This result shows that users 
consider direct standards after construction of railroad, and especially favor ‘Do-Action’ 
which has advantages of accessibility. 
 
Scores of Comprehensive Systems of Transportation is 0.27 in questionnaire of local 
governments, and ‘Do-Action’ alternative are chosen as superior alternative as the grade of 
0.7547 because they consider Comprehensive Systems of Transportation and User side as 
important elements. 
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As total result of questionnaire, the scores of Comprehensive Systems of Transportation, 
Project side, User side Urban planning Side, Technical side are calculated to 0.28, 0.24, 0.21, 
0.14, 0.13, and Comprehensive Systems of Transportation and Project side are considered as 
important standards. The scores of ‘Do-Nothing’ and ‘Do-Action’ are 0.4441 and 0.5559 so 
that ‘Do-Action’ alternative are chosen as best alternative, but difference between two 
alternative are not large as 0.1118. 
 

 
Table 4. Results of Analysis(Level 1) 

 
Project side Technical 

side 

Comprehensive 
Systems of 

Transportation

Urban 
planning Side

 
User side sum 

expert of 
railroad 0.20 0.19 0.25 0.17 0.19 1.00 

supplier 0.42 0.10 0.25 0.09 0.14 1.00 

user 0.13 0.16 0.28 0.15 0.28 1.00 

local 
government 0.25 0.10 0.27 0.14 0.24 1.00 

overall 0.24 0.13 0.28 0.14 0.21 1.00 

 
 
 
 

0.4508
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0.6334

0.3666

0.403

0.597

0.2453

0.7547

0.4441

0.5559

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

expert of
railroad

supplier user local
government

overall

station addition
Do-nothing

 
Figure 1. Results of Analysis
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Table 5. Results of Analysis(Overall) 

Project side Technical side 
Comprehensive 

systems of 
transportation 

Urban planning side User side Total 

Level 1 

0.24 0.13 0.28 0.14 0.21 1.000 

a b c d e f g h i j k l m  

Level 2 

0.6009 0.3991 0.1239 0.5331 0.3430 0.1557 0.8443 0.2177 0.6412 0.1410 0.2686 0.5743 0.1570 5.000 

n o 

Level 3 

0.2917 0.7083 

      

Do-
nothing 0.5500 0.3300 0.4200 0.5218 0.6300 0.5311 0.5393 0.3654 0.4850 0.4778 0.6050 0.4947 0.3745 0.5543 6.8790 

Station 
addition 0.4500 0.6700 0.5800 0.4782 0.3700 0.4689 0.4607 0.6346 0.5150 0.5222 0.3950 0.5053 0.6255 0.4457 7.1210 

Mark of alternative 

Do-
nothing 0.0233 0.0339 0.0405 0.0086 0.0446 0.0242 0.0232 0.0852 0.0145 0.0421 0.0117 0.0282 0.0457 0.0185 0.4441 

Station 
addition 0.0190 0.0688 0.0559 0.0079 0.0262 0.0214 0.0198 0.1479 0.0154 0.0461 0.0077 0.0288 0.0763 0.0149 0.5559 
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2) Degree of Dependency Analysis 
 
If the dependency among the elements exists, it can distort the result significantly. So, 
considering the effect of the degree of dependency between elements is necessary to raise 
reliance of AHP. In this study, we investigated the dependency of each hierarchy and 
reflected that to Song’s model, and compared basic AHP result with this result (Table 6). 
 
The difference between basic AHP result and modified result is not large*, and ‘Do-Action’ 
alternative is the best alternative in both models.  
 
The best alternative can be changed by the degree of dependency if the scores of alternatives 
are similar (Chung, 2003), but in this result the difference between two alternatives so that 
there is not change of the best alternative. 
 

Table 6. Score of Alternatives Considering Dependency 
 expert of railroad supplier user local government overall 

Basic model 0.4508 0.6334 0.4030 0.2453 0.4441 
Model 3 max 0.4236 0.5611 0.4101 0.2982 0.4359 Do-

nothing Model 3 min 0.4522 0.6066 0.4025 0.2640 0.4445 
Basic model 0.5492 0.3666 0.5970 0.7547 0.5559 
Model 3 max 0.5764 0.4389 0.5899 0.7018 0.5641 Station 

addition Model 3 min 0.5478 0.3934 0.5975 0.7360 0.5555 
Sum 1.0000 1.0000 1.0000 1.0000 1.0000 

 
3) Sensitive Analysis 
 
We divide the weight of groups into 3 categories, 0.5, 1.0, 1.5. 3 times of weight is not reasonable 
when the survey is carried out for specialists. Although we separate weight with 0.5 unit, it is 
possible to change it for various objects. We try to validate robustness and application of model, not 
estimate the weight of groups. As a result of sensitivity analysis, it is possible to reverse in 6%, 5 
over 81 cases. It means that the result of survey is reasonable more or less. When supplier side is 
highlighted or user side is neglected, the reversion is occurred. 
 
 
5. CONCLUSION AND FURTHER STUDY 
 
In this study, the feasibility evaluation model for adding a new railroad station is developed to 
settle one of civil resentments related to railroad station using AHP technique. Finance 
analysis for a new station and economic analysis from a viewpoint of operators have only 
included in evaluating the feasibility of adding a new railroad station, even though many 
factors such as civil resentments and effects on a whole line or other stations should be 
considered in determining whether adding a new station or not. 
 
The evaluation model using AHP is developed, which can evaluate both quantitative and 
qualitative information on the assumption of the uniform measurements. Through consistency 
analysis the results are proven when calculating the weights. The demerits of AHP are that an 
                                            
* Through the Brainstorming and earlier work, we selected reasonable estimation items. Then neutral experts chosen by us 

execute evaluation. Therefore, dependency is little difference. But, in case that people misunderstand a questionnaire or 
hierarchy of questionnaire is not clear, dependency is increased. So that, you should confirm a significance of 
questionnaire. 
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intention of researchers can be intervened in classification step of AHP analysis, and AHP 
analysis needs the complicated calculation process for many alternatives. However, in order 
to overcome these disadvantages, we investigate various groups related to this case and 
compare two alternatives. Moreover, the internal problem of questionnaire, namely, the 
dependency problem and the problem of deciding group weights are solved by fuzzy 
measurement model developed by Song (2003) and sensitive analysis. 
 
For the applicability of the model developed in this study, the Kyori station of Donghae-
Nambu line was surveyed as a case study.  
 
We select AHP method to evaluate the feasibility of adding a new station quantitatively and 
qualitatively, and constructing the structure of items for comparing alternatives is important. 
In this study, the standards are constructed by brain-storming process between specialists of 
related fields to this problem, but the result of AHP analysis is sensitive to the structure of 
items so that further study for objective standards based on more cases is needful. 
 
Nowadays various civil resentments occurs as concerns of social overhead capital increases, 
and also civil appeals related to railroad stations are increasing as constructing railroads are 
expanding to overcome limits of constructing more roads. If the feasibility evaluation model 
for adding new railroad station using AHP technique is refined in further study on the basis of 
more case studies, it will be the effective models in solving problems of conflicts between 
users and suppliers in railroad projects. 
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