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Abstract 
 
High speed railway (HSR) planners aim to select locations that optimize the overall utility or 
benefit of HSR stations by satisfying various desirable requirements. Among other factors, 
accessibility and environmental impact are important considerations for HSR station location 
selection. The desirable requirements of these two factors include improved access to, and 
intermodal integration with, existing transportation facilities and services (like airports, train 
stations, and bus stops); avoidance of environmentally sensitive areas (such as water bodies, 
wetlands, and forest) and land with higher right-of-way costs; and accommodation of strategic 
necessities (for example, proximity to city centers and socioeconomic development hubs). 
This study quantifies the overall utility of an HSR station by analyzing the extent to which a 
location satisfies these desirable requirements. For this, suitable utility functions were 
developed and evaluated. To obtain individual utility scores, appropriate weights were 
assigned based on relative importance. The overall utility of a location was then estimated as 
the weighted summation of these utility scores. A GIS-based analytical framework was 
specifically developed for geo-processing, mapping, and visualization of the geospatial data 
analysis and result representation. This utility-based quantification and identification process 
would be useful to planners in assessing an area and determining the most suitable station 
locations for an HSR project. The proposed model was used to identify the potential station 
locations along the Mumbai-Ahmedabad HSR corridor in India and to compare the obtained 
results with the planned locations of the project. 
 
Keywords: high-speed rail stations, geographic information systems, environmental impact, 
accessibility, utility functions 
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1. INTRODUCTION 
High speed railways (HSR) are the rail services that operate at speeds in excess of 200 
km/h, on exclusive or grade-separated rights-of-way (European Union 1996). They 
provide short and competitive travel time between strategically important locations. HSR 
planners identify regions or major cities that have adequate GDP, population,  
and ridership potential, and satisfy interstation distance and travel-time requirements 
(Takeshita 2012). An HSR line is developed by identifying appropriate locations for 
terminal and intermediate stations, and connecting them with a suitable alignment. 
Determination of station locations is not always a straightforward problem. In addition to 
optimizing ridership and travel time, planners aim to select locations that optimize the 
overall utility or benefit of the stations for the adjacent environment and population. This 
is achieved by satisfying various desirable requirements such as: improved access to, 
and intermodal integration with, existing transportation facilities and services (airports, 
train stations, bus stops, etc.); avoiding environmentally sensitive land parcels (water 
bodies, wetlands, forest, etc.) and land with higher right–of-way costs; and meeting 
strategic necessities such as proximity to city centers and socioeconomic development 
hubs. The existing station location identification process is manual in nature and carried 
out during the planning stage of HSR development. It involves identification of locations 
by overlaying maps of the study area with relevant information regarding locations of the 
transportation facilities, residential population distribution, land-use details, geographic 
features, etc. This approach indirectly factors in certain desirable requirements but 
cannot always guarantee a station location with maximum utility because not all feasible 
locations will be evaluated and no exact quantification of utility is available. 
Geographic information systems (GIS), with their advanced mapping, geo-processing, 
and visualization capabilities, could be used in the spatial analysis of potential station 
locations. The GIS data, in the form of land use and land-cover maps, property-data 
maps, and maps showing other facility locations within the study area, could be utilized 
in the process. A model that quantifies the desirable requirements and presents as a 
utility score would greatly benefit HSR planners by helping them identify optimal station 
location within potential HSR regions. Hence, the objective of this paper is to develop a 
GIS-based HSR station location optimization model. For this purpose, an analytical 
model is specifically developed to identify a pool of candidate locations for HSR stations 
by quantifying the desirable requirements. Overall, it helps in identifying the station 
location with the highest utility. The desirable requirements of HSR station locations are 
estimated using utility functions and integrated into the GIS-based analytical framework. 
A real-world case study is presented to demonstrate the efficacy of the proposed model. 

2. LITERATURE REVIEW 
Station location identification is a facility location decision or analysis problem. The aim 
of this type of problem is to find the optimal feasible location for a facility that satisfies 
various predetermined selection criteria. The easiest way to identify feasible locations 
for stations can be done by using the simplest suitability analysis or map-algebra 
approach (McHarg and Mumford 1969). The map-algebra approach for a potential 
location involves measuring some form of accessibility score (and/or available utility 
value) (Cervero et al. 1999) using distance decay functions (exponential, power, binary, 
kernel form, etc.) (Kronbak and Rehfeld 2000; Skov-Petersen 2001; Hipp and Boessen 
2017) based on the existing residences (or services and facilities) located elsewhere. 
There are various studies on location decision problems with small numbers of  
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pre-identified feasible locations (Vorhauer and Hamlett 1996; Baban and Parry 2001; 
Vlachopoulou et al. 2001). In such studies, no further analysis or modeling was 
necessary apart from the suitability analysis. However, it becomes difficult to select  
one alternative over another when problems have large numbers of available feasible 
locations. Extensive location allocation modeling, apart from the suitability analysis, is 
necessary in such cases (Murray 2010). These models attempt to find the best facility 
locations by optimizing one or more objectives (minimum weighted distance, minimax 
distance, maximum utility, capacity constraint, etc.) (Fisher and Rushton 1979). 
Researchers obtained the optimal location for a facility by minimizing the maximal service 
distance required to reach the facility (Church and ReVelle 1974), by maximizing the 
expected profit of a convenience store in a region (Ghosh and Craig 1984), by 
maximizing the utility measured as a function of facility attributes and distance to the 
location (Drezner 1994; Drezner and Drezner 1996), by maximizing the total budget 
share of retail facilities under budget constraint (Drezner 1998), and by minimizing the 
weighted distance from demand points to the facility location (Yeh and Chow 1996; 
Church 1999). Numerous possible combinations should be examined to obtain the best 
solution to solve these types of problems. 
Previous studies assumed possible location of stations as a priori information (Bruno  
et al. 2002; Schöbel 2005; Laporte et al. 2011). Also, the local attribute details of  
a study area, such as right-of-way cost details, accessibility from existing public 
transportation facilities, environmental and geographically sensitive locations, and 
availability of sufficient land for station location, were excluded to simplify the  
problem (Bruno et al. 2002; Schöbel 2005; Repolho et al. 2013). These simplifications of 
relevant information could yield sub-optimal results. Certain studies integrated  
study area information from an urban rail perspective. However, there was no  
exclusive literature on HSR station locations. Therefore, a methodology to identify  
a feasible station location would be greatly useful in the HSR planning process. It should 
include various desirable requirements and constraints to assist in quantifying the 
desirable requirements by means of utility functions and thus, help in identifying  
the station location with the most utility. GIS can be particularly useful in developing such 
a methodology due to its advanced geo-processing, mapping, and visualization 
capabilities in managing various data types (such as property data, land use and  
land-cover maps, maps showing other important facility locations, and demographic 
information). Hence, the aim of this paper is to develop a GIS-based HSR  
station location identification model that considers relevant desirable requirements  
and constraints.  

3. DESIRABLE REQUIREMENTS AND CONSTRAINTS 
FOR HSR STATION LOCATIONS 

HSR station locations typically need to satisfy certain desirable requirements based  
on accessibility, environmental concerns, geographic/spatial concerns, and physical 
requirements and conditions. These requirements can be represented mathematically 
and used in developing suitable utility functions to check the feasibility of a candidate site 
location. In this study, the main focus is on environmental and accessibility-based 
requirements. These desirable requirements, its mathematical representations and utility 
functions, are stated as follows: 

• Stations should avoid environmentally sensitive areas (for example, forests and 
wetlands), topographically infeasible areas (for example, lakes and rivers), and 
historically sensitive areas (for example, cemeteries, places of worship, historical 
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sites, and ruins). Let ∁𝑠𝑠𝑠𝑠  and S𝑖𝑖𝑖𝑖  be the study area and the set of infeasible 
locations or areas, respectively. Then the feasible set of station locations 𝑆𝑆𝑓𝑓 can 
be represented as given in equation 1. 

𝑆𝑆𝑓𝑓 = �∁𝑠𝑠𝑠𝑠 ⋂ S𝚤𝚤𝚤𝚤�����  (1) 

Where, 𝑆𝑆𝑓𝑓= set of feasible station locations. 

A sharp threshold value can be assigned to avoid the environmentally sensitive 
regions. This type of model is known as isochronic definition (Cervero et al. 1999) 
or cumulative opportunities measure (Handy and Niemeier 1997). A binary model 
can be introduced to assign a fixed value of 1 and 0 to the locations which are 
feasible and infeasible, respectively. Let 𝐺𝐺𝑖𝑖 denote the candidate station location. 
The binary model can be represented as shown in equation 2. 

𝛾𝛾𝑖𝑖 = �
1 if  𝐺𝐺𝑖𝑖 ∈ 𝑆𝑆𝑓𝑓
0 if  𝐺𝐺𝑖𝑖 ∈ 𝑆𝑆𝑖𝑖𝑖𝑖

  (2) 

• Terminal stations (stations at both ends of the corridor) should be located close 
to the city center or downtown area of large regional cities to enhance the 
ridership potential (Menéndez et al. 2002). Let 𝐷𝐷𝑖𝑖 be the distance of candidate 
station  𝐺𝐺𝑖𝑖  from the downtown area, and 𝐷𝐷𝑇𝑇ℎ  be the threshold distance from 
downtown. This distance should be less or equal to the threshold distance as 
indicated in equation 3.  

𝐷𝐷𝑖𝑖 ≤ 𝐷𝐷𝑇𝑇ℎ  (3) 

Sharp threshold value can be used to model the proximity of station locations to 
downtown area/city center. A binary model can be formulated as shown in 
equation 4 to assign a fixed value (1 or 0) to the locations closer than the given 
threshold value. 

𝑈𝑈𝑖𝑖1 = �
1 if  𝐷𝐷𝑖𝑖𝑖𝑖 ≤ 𝐷𝐷𝑇𝑇ℎ
0 if  𝐷𝐷𝑖𝑖𝑖𝑖 > 𝐷𝐷𝑇𝑇ℎ

  (4) 

• Stations should avoid locations with extensively developed neighborhoods that 
have very high right-of-way costs. Since the region encompassing the station 
locations might have a high variance of land-cost values, a utility function based 
on a normalized cost (the values would be in the range [1,0]) can be formulated 
as equation 5. 

𝑈𝑈𝑖𝑖2 = (1 − 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖−𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖_𝑅𝑅𝑅𝑅𝑅𝑅

𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖_𝑅𝑅𝑅𝑅𝑅𝑅−𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖_𝑅𝑅𝑅𝑅𝑅𝑅
) (5) 

Where, 
𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = Cost of land or right-of-way cost for candidate station  𝐺𝐺𝑖𝑖; 
𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀_𝑅𝑅𝑅𝑅𝑅𝑅 = Minimum cost of land or right-of-way cost; 
𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀_𝑅𝑅𝑅𝑅𝑅𝑅 = Maximum cost of land or right-of-way cost; 

• Stations should be located near existing transportation facilities (such as airports, 
railways, bus stops, and highways) for ease of accessibility and intermodal 
integration. Let 𝐷𝐷𝑖𝑖𝑚𝑚  be the distance of candidate station  𝐺𝐺𝑖𝑖  from the existing 
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transportation facility m, and 𝐷𝐷𝑤𝑤 be the threshold average walking distance, then, 
as per the accessibility requirements, it is represented as equation 6. 

𝐷𝐷𝑖𝑖𝑚𝑚 ≤ 𝐷𝐷𝑤𝑤 (6) 

Distance decay functions are commonly used to model accessibility of facilities 
in spatial analysis (Skov-Petersen 2001). Hence, a utility function can be modeled 
using equation 6, which assigns the maximum utility value, i.e., 1, on satisfying 
the accessibility criteria, and a continuously decreasing utility value up to 0, with 
increasing distance. It is shown in equation 7. 

𝑈𝑈𝑖𝑖3 = �
1 if 𝐷𝐷𝑖𝑖𝑚𝑚 ≤ 𝐷𝐷𝑤𝑤 
1

𝑒𝑒
(
𝐷𝐷𝑖𝑖
𝑚𝑚

𝐷𝐷𝑤𝑤
−1)

 if 𝐷𝐷𝑖𝑖𝑚𝑚 > 𝐷𝐷𝑤𝑤 (7) 

4. PROBLEM FORMULATION 
The objective of the study is to optimize station location by satisfying the desirable 
requirements. A positive utility score can be assigned to each location in the study area, 
which is estimated using the utility functions developed for each desirable requirement. 
Relevant weights 𝑊𝑊𝑗𝑗 are assigned to each desirable requirement j. The summation of all 
weights is equal to 1. Therefore, the utility score for each location would be the weighted 
summation of positive scores, based on the number and extent of desirable requirements 
satisfied. The problem can thus be formulated as the maximization of this total utility 
score for candidate station locations in the study area. The station location identification 
is thus formulated as a mixed integer programming problem, as shown in equation 8, 
with constraints in equations 9 and 10. 

𝑀𝑀𝑀𝑀𝑀𝑀 ∑ ∑ 𝛼𝛼𝑖𝑖 ∗ 𝛾𝛾𝑖𝑖 ∗ 𝑊𝑊𝑗𝑗 ∗ 𝑈𝑈𝑖𝑖𝑖𝑖
𝑛𝑛𝑛𝑛
𝑗𝑗=1

𝑛𝑛𝑛𝑛
𝑖𝑖=1  (8) 

Subject to 

∑ 𝑊𝑊𝑗𝑗
𝑛𝑛𝑛𝑛
𝑗𝑗=1 = 1, 0 < 𝑊𝑊𝑗𝑗 < 1 (9) 

0 ≤ 𝑈𝑈𝑖𝑖𝑖𝑖 ≤ 1 (10) 

Where, 

𝛼𝛼𝑖𝑖 = �1 if location 𝑖𝑖 is selected
0 otherwise

 

𝑈𝑈𝑖𝑖𝑖𝑖 = utility score based on desirable requirement j for location i 
𝑊𝑊𝑗𝑗 = weightage given to requirement j 
𝑛𝑛𝑛𝑛 = total number of candidate locations in study area 
𝑛𝑛𝑛𝑛 = total number of desirable requirements for station location 

5. METHODOLOGY 
Infeasible locations are identified a priori and screened out from the study region. 
Subsequently, the feasible region is divided into grids of sizes equal to station location 
areas. A positive utility score is assigned to each feasible grid location for each desirable 
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requirement considered. Relevant weights are assigned to each desirable requirement, 
based on their relative importance. The total utility score for each feasible station location 
is thus calculated as the weighted summation of the positive scores assigned to a station 
location. The various steps of the station location identification process are illustrated in 
Figure 1. The stations locations that have a total utility score close to 1 are the most 
suitable for HSR station locations. 

Figure 1: Data Preparation and Initial Screening for HSR Station Locations  
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6. CASE STUDY 
The proposed Mumbai–Ahmedabad HSR corridor connects Ahmedabad, in the state of 
Gujarat, with India's economic hub, Mumbai, in the state of Maharashtra. It will be India's 
first HSR line. In this study, the city of Mumbai is chosen as the case study. The city of 
Mumbai is a very densely populated city with a well-connected transportation network 
and variable land cost. It makes Mumbai an interesting location for this case study. The 
data collection process, type, usage, and sources of data collected for this study are 
described in the subsequent subsections. The data collected was processed and GIS 
operations were applied accordingly for further analysis. 
Land Use and Land-Cover Map Data. Land-use data in the form of raster maps in 
GeoTiff format, having 1:250000 resolution, was downloaded from the Bhuvan web 
portal (2016). The land use and land-cover maps had 18 classifications. These maps 
were used to identify environmentally sensitive areas, such as forests, rivers, wetlands, 
and swamps. These land-use categories were extracted in GIS and used as the 
infeasible layer. 
GIS Shapefiles. GIS data in the form of vector shapefiles were downloaded from  
the Open Street Maps website (2017). This included point shapefiles for locations; 
transportation points (bus stops, railway stations); polyline shapefiles for railways, 
highways, and road networks; and polygon shapefiles for buildings, political/ 
administrative boundaries, and waterbodies. The shapefile showing the administrative 
boundaries was used to generate a grid layer with user-specified grid size. Figure 2 
shows the study area with land-use information, location of the existing transportation 
points, and planned HSR station. 

Figure 2: Study Area with Land Use, Transportation Points,  
and Planned HSR Station 

 
Source: Bhuvan 2016. 
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Property Data. Urban-land property-cost data was downloaded from property brokerage 
websites (99acres.com 2017; magicbricks.com 2017). These rates were used to 
calculate the possible price of land by using equation 11 (Chakravorty 2013). 

𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = �𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 − 𝐶𝐶𝐶𝐶𝐶𝐶� ∗ 𝐹𝐹𝐹𝐹𝐹𝐹   (11) 

Where, 
𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = possible price of land or right-of-way cost for grid 𝐺𝐺𝑖𝑖; 
𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = cost of property for grid 𝐺𝐺𝑖𝑖; 
𝐶𝐶𝐶𝐶𝐶𝐶 = construction cost; 
𝐹𝐹𝐹𝐹𝐹𝐹 = floor space index 

Vector shape files in the form of points were created throughout the study area using 
ArcGIS 10.4. The price-of-land data obtained from equation 11 was input as attribute 
data for point shapefiles at respective locations. This data was then interpolated to get 
the price of land for urban/built-up areas for the entire study area. Figure 3 represents 
the raster cost dataset obtained for the study area. Table 1 shows the parameters used 
in this case study. 

Figure 3: Raster Cost Dataset 

 

Table 1: Parameters and Corresponding Values 
Description Parameter Value Source 
Threshold Distance for Buffer Layer 𝑑𝑑 13 km RITES 2013 
Grid Size for Station Locations 𝐴𝐴𝐴𝐴𝐺𝐺 70 acres, 

15.35 acres 
Brinckerhoff 2004; 
JICA 2015 

Threshold Average Walking Distance 𝐷𝐷𝑤𝑤 400 m Guerra et al. 2012 
Threshold Distance from Downtown Area 𝐷𝐷𝑇𝑇ℎ 3 km Assumed 
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Weightage Assigned for Desirable Requirements. Nine different weightage scenarios 
were considered in order to determine the effect of the weightage assigned on the utility 
of a location. Each scenario had a separate set of weightage assignment for the 
respective desirable requirements. Each of these sets of weightages was then used to 
evaluate the utility scores. The resulting utility scores were then compared to find the 
weightage set that maximized the utility score. The most suitable weightage assignment 
should maximize the total utility for the actual stations selected. 
Table 2 shows the weightage assignment for all the scenarios considered in this study. 
Proximity to city center was given the highest weightage in scenario 1. The next highest 
weightage was given to cost of land and accessibility to existing transportation points, to 
avoid land with very costly right-of-way and to have ease of access, respectively. Similar 
to the base scenario, proximity to city center was assigned the highest weightage in 
scenario 2. The next highest weightage was given to accessibility to existing 
transportation points and cost of land. The cost of land was given the lowest weightage. 
In scenarios 3 and 4, the highest weightage was assigned to accessibility to existing 
transportation points. The next highest weightage was assigned to cost of land, for 
scenario 3, and proximity to city center, for scenario 4, respectively. The highest 
weightage was assigned to cost of land, followed by proximity to city center, for scenario 
5, and accessibility to transportation points, for scenario 6, respectively. Proximity to city 
center was assigned the total weightage, in scenario 7. Similarly, cost of land and 
accessibility to existing transportation points were assigned the total weightage in 
scenarios 8 and 9, respectively. 

Table 2: Weightage Assigned for Desirable Requirements 

Notation Desirable Requirement 
Weightage 𝑾𝑾𝒌𝒌 

S1 S2 S3 S4 S5 S6 S7 S8 S9 
𝑼𝑼𝒊𝒊𝒊𝒊 Close Proximity to City Centre 0.5 0.5 0.2 0.3 0.3 0.2 1 0 0 
𝑼𝑼𝒊𝒊𝒊𝒊 Avoiding High Right-of-Way 

(ROW) Cost 
0.3 0.2 0.3 0.2 0.5 0.5 0 1 0 

𝑼𝑼𝒊𝒊𝒊𝒊 Accessibility to Existing 
Transport Points 

0.2 0.3 0.5 0.5 0.2 0.3 0 0 1 

7. RESULTS 
This section presents the step-by-step geo-processed results obtained when the 
proposed model was applied to the study area data. Figure 4(a) shows the study  
area along with the buffer distance at a threshold distance from the existing railroad. 
Figure 4(b) shows the infeasible regions obtained from the land-use data. When these 
two data layers were overlaid, the feasible regions of the study area were obtained. 
Figure 4(c) shows the feasible regions identified from the study area. The station grid 
locations were then developed from the feasible regions using the grid size mentioned 
earlier. Figure 4(d) shows the developed grids in the feasible region of the study area. 
These were the candidate locations for HSR station. Figure 5(a), (b), and (c) show the 
normalized individual utility scores for the feasible regions of the study area. Individual 
desirable properties and respective utility score variation can be observed in this figure. 
Figure 5(a), (b), and (c) show the variation of the utility score for the feasible regions with 
respect to city center proximity 𝑈𝑈𝑖𝑖1, avoiding high right-of-way cost 𝑈𝑈𝑖𝑖2, and accessibility 
to existing transportation points 𝑈𝑈𝑖𝑖3, respectively. The total utility score of all the locations 
in the feasible region of the study area (i.e., weighted summation of the normalized utility 
scores) was obtained based on the weightage assignment provided in Table 2. It is 
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displayed in Figure 6(a). The total utility score obtained for the feasible regions was then 
assigned to each grid location to create a candidate pool for HSR station locations. 
Figure 6(b) and (c) show the candidate pool for station locations after the scores were 
assigned to the grids having different grid sizes. Figure 7 shows  
the variation of the total utility score for the various weightage assignments given in Table 
2. Table 3 shows the value of each of the desirable requirement satisfied along with 
respective individual utility score for the planned HSR station location in Mumbai. 

Figure 4: (a) Study Area with the Buffer Distance at Threshold Distance  
from Existing Railroad; (b) Infeasible Regions; (c) Feasible Regions;  

(d) Developed Grids in Feasible Region of Study Area 
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Figure 5: (a) Utility 𝑼𝑼𝒊𝒊𝒊𝒊 with respect to City Center Proximity; (b) Utility 𝑼𝑼𝒊𝒊𝒊𝒊  
with Respect to Avoiding High Right-of-Way Cost 𝑼𝑼𝒊𝒊𝒊𝒊; (c) Utility 𝑼𝑼𝒊𝒊𝒊𝒊  

with Respect to Accessibility to Existing Transportation Points 

 

Figure 6: (a) Total Utility Score of All Locations in Study Area; (b) Candidate Pool 
of Station Locations for Grid Size of 15.35 Acres; (c) Candidate Pool of Station 

Locations for Grid Size of 70 Acres 
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Figure 7: Variation of Total Utility Scores for Different Weightage Assignment  
for Mumbai 
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Table 3: Variation of Total Utility Scores for Different Weightage Assignment  

Desirable Requirement 

Desirable 
Requirement 

Values 
Individual 

Utility Score 
Weightage 

Assignment 

Total 
Utility 

Scores 
Close Proximity to City 
Center (Km) 

0.36 𝑈𝑈𝑖𝑖1 =1.00 S1 0.930 
S2 0.850 
S3 0.931 

Avoiding High ROW Cost 
(INR Crores per Acre) 

87.92 𝑈𝑈𝑖𝑖2 =0.768 S4 0.904 
S5 0.824 
S6 0.884 

Accessibility to Existing 
Transport Points (Walking 
Distance) (Meters) 

300 𝑈𝑈𝑖𝑖3 =1.00 S7 1.00 
S8 0.768 
S9 1.00 

It can be observed from Table 3 that the station location selected is at close proximity to 
the city center (less than 3 km), and is within accessible walking distance from the 
existing transportation points (within 400 m). Hence, the station location was given the 
highest possible individual utility score i.e., 1, for both desirable requirements (𝑈𝑈𝑖𝑖1,𝑈𝑈𝑖𝑖3). 
It also can be seen that the right-of-way cost for the selected station location is 87.92 
INR crores per acre, which is neither the lowest (0.368 INR crores per acre) nor the 
highest (300 INR crores per acre) cost. Hence, the utility score 𝑈𝑈𝑖𝑖2 was neither 1 nor 0. 
Further, it shows the variation of utility scores as they pertain to different assigned 
weightage for the planned HSR station location in Mumbai. It is evident from Table 3 that 
the station location selected for this case study reports high utility scores for each of the 
assigned weightage, the lowest being 0.768 for S8, where the right-of-way cost has the 
highest weightage. This station location completely satisfies two desirable requirements 
(i.e., accessibility and proximity to the city center) and partially satisfies the third desirable 
requirement (i.e., right-of-way cost). Also, the selected station location in Mumbai is not 
on environmentally sensitive land. Hence, it can be concluded that the station locations 
selected for the given case study should provide high utility to the adjacent population 
based on accessibility, land cost, city-center proximity, and environmental impact factors. 

8. CONCLUSION 
HSR station locations are vital, as they provide access to the riders, serve as multi-modal 
transportation hubs (with connections to regional and local transit), and are prime 
locations for Transit-Oriented Development. This paper presents a GIS-based analytical 
model that optimizes station-location specific, desirable requirements. The paper states 
the desirable requirements for HSR station locations, which include (though not 
necessarily limited to) improved accessibility and intermodal integration with existing 
transportation facilities and services, avoidance of environmentally sensitive areas and 
land with higher right-of-way costs, and other strategic necessities. Suitable utility 
functions are developed to estimate the utility of a candidate location associated with its 
respective requirements, which are integrated into the station locations identification 
process. Appropriate weights are assigned based on relative importance of each 
requirement. The overall utility of a location is then estimated as the weighted summation 
of these utility scores. In other words, this study quantifies the overall utility of an HSR 
station by analyzing the extent to which a location satisfies these desirable requirements, 
using appropriate utility functions and weightages. These vital components were mostly 
ignored in previous HSR models.  
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The developed methodology demonstrates how an available GIS database can be used 
in the real-world planning stage of the development of an HSR project. Station location 
identification is modeled and covered in this methodology, which is a primary aspect of 
HSR development. This utility-based quantification methodology has the capability of 
easily identifying feasible station locations in the corridor for HSR. Such quantification 
can be used by the planners for further analysis and station location selection. This study 
demonstrates the applicability of the methodology in HSR planning, using the city of 
Mumbai, India as a case study. The results obtained are compared with the planned real-
world station location identified for the city of Mumbai and show promising results. The 
developed methodology is expected to help the planners in station-location identification, 
in particular, and the overall planning of HSR, in general. 
The future scope of work in this methodology could be inclusion of additional 
socioeconomic requirements relevant for station locations, modeling, and examining 
subsequent steps of HSR development. These steps include using the configuration of 
stations to develop an HSR alignment for the corridor.  
  



ADBI Working Paper 953 Roy and Maji 
 

14 
 

REFERENCES 
99acres web portal, https://www.99acres.com/ (accessed 20 October 2017). 
Baban, S.M. and Parry, T. 2001. Developing and Applying a GIS-assisted Approach to 

Locating Wind Farms in the UK. Renewable Energy, 24(1): 59–71. 
Bhuvan web portal, http://bhuvan.nrsc.gov.in/ (accessed 26 October 2016). 
Bruno, G., Gendreau, M. and Laporte, G. 2002. A Heuristic for the Location of a Rapid 

Transit Line. Computers & Operations Research, 29(1): 1–12. 
Brinckerhoff, P. 2004, Engineering Criteria, California High Speed Train, U.S. 

Department of Transportation, Federal Railroad Administration. 
Cervero, R., Rood, T. and Appleyard, B. 1999. Tracking Accessibility: Employment and 

Housing Opportunities in the San Francisco Bay Area. Environment and 
Planning A, 31(7): 1259–1278. 

Chakravorty, S. 2013, “The Price of Land: Acquisition Conflict Consequence.” Oxford 
University 9 Press, New Delhi. 

Church, R. and ReVelle, C. 1974. The Maximal Covering Location Problem. In Papers 
of the Regional Science Association (Vol. 32, No. 1: 101-118). Springer-Verlag. 

Church, R.L. 1999. Location Modelling and GIS. Geographical Information Systems,  
1: 293–303. 

Drezner, T. 1994. Locating a Single New Facility among Existing, Unequally Attractive 
Facilities. Journal of Regional Science, 34(2): 237–252. 

———. 1998. Location of Multiple Retail Facilities with Limited Budget Constraints—In 
Continuous Space. Journal of Retailing and Consumer Services, 5(3): 173–184. 

Drezner, T. and Drezner, Z. 1996. Competitive Facilities: Market Share and Location 
with Random Utility. Journal of Regional Science, 36(1): 1–15. 

European Union. 1996. Decision No. 1692/96/CE of the European Parliament and of 
the Council of 23 July 1996 on the Community Guidelines for the Development 
of the Trans-European Transport Networks. Official Journal of the European 
Communities 39, L228, 9 September 1996, 1–104. 

Fisher, H.B. and Rushton, G. 1979, December. Spatial Efficiency of Service Locations 
and the Regional Development Process. In Papers of the Regional Science 
Association (Vol. 42, No. 1: 83–97). Springer-Verlag. 

Ghosh, A. and Craig, C.S. 1984. A Location Allocation Model for Facility Planning in a 
Competitive Environment. Geographical Analysis, 16(1): 39–51. 

Guerra, E., Cervero, R. and Tischler, D., 2012. “Half-Mile Circle: Does it Best 
Represent Transit Station Catchments?” Transportation Research Record: 
Journal of the Transportation Research Board, 2276: 101-109 

Handy, S.L. and Niemeier, D.A. 1997. Measuring Accessibility: An Exploration of 
Issues and Alternatives. Environment and Planning A, 29(7): 1175–1194. 

Hipp, J.R. and Boessen, A. 2017. The Shape of Mobility: Measuring the Distance 
Decay Function of Household Mobility. The Professional Geographer, 69(1): 
32–44. 



ADBI Working Paper 953 Roy and Maji 
 

15 
 

JICA 2015, Joint Feasibility Study for Mumbai-Ahmedabad High Speed Railway 
Corridor Final Report, https://www.nhsrcl.in/feasibility-report, accessed  
10 February 2018. 

Kronbak, J. and Rehfeld, C. 2000. Transport in the Oeresund Region—A Mobility and 
Accessibility Study. In Proceedings of Seminar of the European Transport 
Conference 2000, Held Homerton College, Cambridge, UK, 11–13 September 
2000—Planning for Transport in Europe. Volume P436. 

Laporte, G., Mesa, J.A., Ortega, F.A. and Perea, F. 2011. Planning Rapid Transit 
Networks. Socio-Economic Planning Sciences, 45(3): 95–104. 

McHarg, I.L. and Mumford, L. 1969. Design with Nature. New York: American Museum 
of Natural History. 

Menéndez, J.M., Guirao, B., Coronado, J.M., Rivas, A., Rodríguez, F.J., Ribalaygua, C. 
and Ureña, J.M. 2002. New High-Speed Rail Lines and Small Cities: Locating 
the Station. WIT Transactions on Ecology and the Environment, 54. 

Murray, A.T. 2010. Advances in Location Modeling: GIS Linkages and Contributions. 
Journal of Geographical Systems, 12(3): 335–354. 

Magicbricks web portal, https://www.magicbricks.com/ (accessed 20 October 2017). 
Openstreet Maps web portal, https://www.openstreetmap.org (accessed  

15 March 2017). 
RITES 2013. Pre-Feasibility Study Pune-Mumbai-Ahmedabad High Speed Line Final 

Report. (Electronic copy). Ministry of Railways. Government of India. 
Repolho, H.M., Antunes, A.P. and Church, R.L. 2013. Optimal Location of Railway 

Stations: The Lisbon-Porto High-Speed Rail Line. Transportation Science, 
47(3): 330–343. 

Schöbel, A. 2005. Locating Stops along Bus or Railway Lines—A Bicriteria Problem. 
Annals of Operations Research, 136(1): 211–227. 

Skov-Petersen, H. 2001. Estimation of Distance-Decay Parameters: GIS-based 
Indicators of Recreational Accessibility. In ScanGIS (237–258). 

Takeshita, H. 2012. Criteria for High Speed Railway Introduction and Application in 
India. In European Transport Conference 2012 Association for European 
Transport (AET) Transportation Research Board. 

Vlachopoulou, M., Silleos, G. and Manthou, V. 2001. Geographic Information Systems 
in Warehouse Site Selection Decisions. International Journal of Production 
Economics, 71(1–3): 205–212. 

Vorhauer, C.F. and Hamlett, J.M. 1996. GIS: A Tool for Siting Farm Ponds. Journal of 
Soil and Water Conservation, 51(5): 434–438. 

Yeh, A.G.O. and Chow, M.H. 1996. An Integrated GIS and Location-Allocation 
Approach to Public Facilities Planning—An Example of Open Space 
Planning. Computers, Environment and Urban Systems, 20(4–5): 339–350. 

 


	1. Introduction
	2. Literature Review
	3. Desirable Requirements and Constraints for HSR Station Locations
	4. Problem Formulation
	5. Methodology
	6. Case Study
	7. Results
	8. Conclusion
	References

