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ABSTRACT

Cities located on a path of intercity railroads tend to be in a corridor system to increase com-
merce and economic profits. Theoretic and practical work concerning train station locations
can be used to provide factors that affect the choice of train station sites. In this paper, we find
optimal places to locate train stations according to location theories and particular natural
and socioeconomic characteristics. The methods we used are focused on maximising users’
economic profits associated with passenger and cargo transportation by finding optimal sta-
tions on the route. Furthermore, we created a general algebraic modelling system (GAMS)
with linear planning, which is solvable using a C programming language (CPLEX) interac-
tive optimiser. Case studies on 14 stations along the 820 km long Milak-Chabahar corridor

helped us to simulate our model and test its feasibility at three alternative times to prove the
outcomes. The stations would increase an average profit of 38.6%, 42.94% and 50.85%, but
the growth varied in the stations. This research contributes to freight and passenger transpor-
tation engineers in railroad design. They benefit from the model to determine the location of
a train station to obtain maximum user profits in that station and its surrounding areas.

KEYWORDS
train station location; maximum profits; railroad planning; reference rate of passengers;
reference rate of cargo; mathematical modelling.

1. INTRODUCTION

Designing the route of railways and finding the optimal location of train stations along it is a challenging
task. This subject has always been discussed and associated with the planning of sustainable transportation
systems. Sustainable transportation systems and their railroad infrastructure planning, designing and construc-
tion require socioeconomic, environmental and technological analysis. Designing sustainable railroad infra-
structure systems requires careful consideration of the resulting social impacts, economic outcomes and local
development.

Determining the location of stations is a challenging task and should be carried out with much thought
regarding the railroad design. Previous work has shown that finding an optimal route for railways is a design
problem that causes competition and even social conflict between towns and villages along it. People in cities
and counties often expect a large project such as a regional corridor to help their economy and trade with other
regions. Train stations for the beneficial transportation of cargo and passengers should be located in optimal
sites at the beginning of the design process.

Planners who make decisions about on-site selections for train stations should know the factors that have an
impact on the economy of those places. Strategic policies, travel scheduling programs, origins and destinations
of travel, freight and passenger services, as well as the cost of services influence the railroad station location.
Local population and agricultural, industrial and mineral products affect the selection of the place. Additional-
ly, the export and import of goods and tourist and cultural industries are among the privileges that affect the
selection of a site for a station. Usually, political contests such as the promises of parliamentary candidates and
social and ethnic groups influence the choice of places for train stations and the route of the railroad crossing.
A factor in the selection of train station location is the rate of users’ economic profits. Strategic policies of the
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railroad system, train timetables and schedules have direct associations with the rate of users’ economic profits
generated from the railroads.

Although various studies have examined the location of rail stations and their impact on regional economic
development, the focus has not been on the location of train stations. The research on the location of train sta-
tions of the Milak-Chabahar corridor in Sistan and Baluchistan is inadequate too. The designers should take
into account the factor of users’ economic profits when choosing the train station locations. Therefore, taking
into account the factor of users’ economic profits when choosing the train station location during the initial
planning and design phase is a novel concept presented in this paper. This study conducts analysis using a
mathematical model and field studies to find places for train stations on the railroad route and to obtain maxi-
mum users’ economic profits. Finding a desirable site for a train station on an intercity railroad route is related
to maximising passenger and cargo transportation while minimising railroad construction costs. We address
what principles should determine the location of train stations along the route. Our goal is to find 14 suitable
sites for train stations along the corridor route and maximise the users’ profits in the communities around the
stations. The methods to pursue this goal include reviewing global experiences and literature about designing
railroad systems.

General algebraic modelling analysis (GAMS) with linear planning, solvable by a C programming langu-
age (CPLEX) optimiser, is also conducted to achieve this goal. Case studies on the 8§20 km long Milak-Cha-
bahar corridor in Iran assist us in simulating our model and testing its feasibility at three alternative times and
obtaining trustable outcomes.

The outcomes of this research contribute to freight and passenger transportation engineers in railroad desi-
gn. Designers can apply the model to determine the location of train stations to obtain maximum user profits
regarding the stations and their surrounding areas.

2. THEORETICAL STUDIES

We plan and design a new railroad by taking into account strategic policies such as linking a port to exter-
nal and interior transportation networks, and commerce with surrounding countries. A new railroad shortens
existing paths and increases the speed of transportation activities [1-2]. Our literature review shows that the ef-
fects of international corridors on the economies of developing cities like Chabahar have not been sufficiently
analysed so far. Recently, an article has been published about the modernisation of Chabahar Port’s transport
system, which is an international corridor. It aims to modernise and empower the urban transportation system
and respond to the ever-increasing need for international transport services [3]. Of course, modernisation
affects the growth of urban and household economies in Chabahar. However, the mentioned article has not fo-
cused on the location of stations to improve the economy of developing cities located on the path of corridors.
As mentioned in the introduction section, we answer this need to explore opinions on finding optimal locations
for building train stations. We aim to improve the economies of cities through freight and passengers that pass
the stations and railroads.

Engineers of railroad design consider local characteristics such as soil mechanics, morphology, economy,
demography and strategic policies to construct a new railroad. Scholars stated that land use policies and travel
behaviour should be considered in the planning of railroad transportation networks. Railroad designing applies
location theories and examined methods [4, 5]. From technical and aesthetic viewpoints, scientists and engine-
ers analyse natural resources such as water, plants and forests along the railroad route. To design an aestheti-
cally appropriate station, designers of railroads and train stations use natural resources and the morphology
of the earth. Some scholars promote exosystemic integration with other techniques as a discipline of design
[6]. Furthermore, demographic features and construction and operational costs of train stations are significant
factors in designing railroad networks.

The location of intercity train stations along an international railroad should respect the economic, natu-
ral, climatic and social characteristics of cities and villages along the corridor. The selection of a train station
site should also consider location theories. One applied theory is the central place theory, which is an urban
geographic theory. The theory explains the number, size and range of market services connected to a train sta-
tion [7]. Concerning the principles that should be considered in the process of train station location selection,
Kaewunruen and Xu constructed a 3D model of King’s Cross station. Their model included three groups of
factors: external architecture, structural standards and interior components [8]. Additionally, socioeconomic
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factors impact the choice of location for train stations. For example, railroad transportation in Lithuania plays
an important role in regional socio-economic development. It has been a key facilitator and driver of economic
prosperity in the country [9]. An empirical exploratory analytic study was conducted in the United States. It
surveyed the state of Texas to identify the progress of railroad construction. The study considered transporta-
tion requirements for better service with lessons learned from Texas [10]. Notably, the selection of location,
construction and operation has had multiple effects on that place and its surrounding areas. The node-place-
-accessibility index analysis by Cummings and Mahmassani indicated positive impacts of stations on local
economies with passenger and freight movement through the stations. In each case, node, place and accessibi-
lity quality indices exhibit the number of travellers [11]. The same source confirms that local neighbourhood
characteristics influence travellers and freight transportation with more job opportunities. This fact indicates
that stations are in more job-focused neighbourhoods.

The location of a train station has multiple economic, social and environmental effects on the site and its
surroundings. This fact has been observed in Madrid when firms’ location pattern is a consequence of multiple
factors, including firm considerations, labour force availability, market opportunities and transportation costs.
These factors reflect changes in stations with new transportation infrastructure [12]. Additionally, the diversity
of train stations’ impacts on Tokyo was associated with transport density there. The diversity of train stations
in all radii examined revealed positive impacts on local economies [13]. Moreover, it can be examined what
indicators railroad designers consider for the location of intercity train stations. The International Union Rail-
way (UIC) declared a train station as a city within a city and suggested the following indicators for selecting
its place: sustainability, technology, security and safety, social equity, economic growth and saving the natural
environment [ 14]. Railroad planners may consider indicators that would lead to lower costs for the operations
of stations and freight and passenger transportation. Nevertheless, lower funding may cause undesirable out-
comes in the provision of transportation services. Procedures to reduce costs may decrease the reliability of
transportation quality, entail additional costs for technical means and lower profitability [15]. More train sta-
tions increase overall travel and freight transit time. Fewer stations and stops reduce the overall travel time. A
trade-off or balance between these objectives would yield the optimal number and location of stations. Using a
multi-objective nonlinear model when designing a railroad maximises economic benefits and minimises cargo
and passenger transit time. In railroad design, avoiding environmentally sensitive land and other requirements
such as interstation distance, travel time between intended stations and local demographic features represent
constraints [16]. From the construction viewpoint, as Wang and colleagues stated, engineers consider the fol-
lowing physical factors during site selection for a railroad station: drainage, water supply, future potential for
development, suitable and standard gradient, correct horizontal alignment, vertical alignment, accessibility,
visibility and facilities. The link between transportation and development is one of the most solidly anchored
targets in economic development on any scale. The magnitude of investment in infrastructure and its reversi-
bility is a critical factor in railroad design. It is crucial to clarify whether the cost of construction contributes to
the development of the regions where the investors provide funds. The economic impacts of inter-city train sta-
tions in the local community and surrounding areas are as follows: construction effects, short-term supply-side
effects, short-term effects on local demand and medium-term and long-term effects [17]. The planning and
construction of the railroad would cause land use development and changes at stations and corridors. Studies in
China have shown that rail transport and effective transit-oriented development can promote sustainable urban
development [18]. Additionally, Chen and Hall studied the impact of high-speed trains on British economic
geography. They used two indicators — gross value added (GVA), which is a key indicator of local performan-
ce, and gross household disposable income (GDHI), which indicates the wealth of resident populations. They
found positive impacts of train stations on British economic geography [19]. Projects for the optimal location
of train stations have been planned to maximise the users’ economic benefits in train stations. These projects
convert the railroad stations into innovative community hubs [20-22]. Location theory is within the scope of
regional and spatial economics because it studies the types, places and logic of economic activities. In 1825,
a location theory for agricultural requirements was formulated by Van Thanon. Later, in 1885, the theory was
developed according to the requirements of the industrial epoch. Factually, in 1909, Alfred Weber set the scien-
tific framework of the location theory for industrial requirements [23]. Although location theories minimise
production costs, later scholars proposed theories to locate manufacturers in a place with maximum profits.
From a mathematical modelling perspective, location theories are divided into four groups: First, the minimum
distance model minimises production and transportation costs. Second, the maximum density model plans the
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location of services near population hubs. Third, the minimum power distance model declines costs by loading
travel costs on customers through the nearest service centre. Fourth, the model of maximum coverage maximi-
ses the number of passengers and the weight of cargo [24, 25]. Thus, location theory selects a single site that
effectively improves the economies of both the railroad system and the train stations as follows:

— cost minimisation is the process of reducing expenditures on unnecessary or inefficient processes; these

changes in the reduction in costs will likely dramatically affect maximising profits
— the maximisation of economic benefit is the short or long-run process and leads to the highest profit [26-28].

The railroad can be designed according to two approaches: in one method, train stations shall ensure servi-
ces to demand points surrounding the assigned transport corridor. This procedure is known as maximal cove-
rage with the shortest path model. Another approach is to locate the stations so that the travel distance between
the demand regions and the nearest station on a line is minimised. This technique is known as the median
shortest path model [29-31].

3. CASE STUDIES AND METHODOLOGY
3.1 The Milak—Chabahar railroad

The Transport Corridor Europe—Caucasus—Asia (TRACECA) connects Iran to Europe, Central Asia and
the Oman Sea in the south [32]. TRACECA originates from Eastern Europe and after crossing the Black Sea
enters the ports in Georgia. The TRACECA route then uses the Caspian Sea ferries to Baku and reaches the
railway networks of Central Asian countries. This corridor develops economic, transportation and commercial
relations between the countries of the Black Sea, Caucasus and Caspian Sea basins. The Sarakhs—Chabahar
corridor connects Iran to Central Asia in its north and the Oman See in its south. Figure 1 shows the entire Sa-
rakhs—Chabahar corridor.
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A}miﬁl : Urumgi

|
Sofia Istanbu

— Rail corridor

Milzk North-South
8 7Zshedan Transport Corridor

Ashgabat Agreement

Chabahar @ Port
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Bandar Abbas Pore

. .
Mumbai

Figure 1 — Chabahar—Zahedan—Milak—Sarakhs corridor [32]

In Figure 1, the Sarakhs—Milak—Chabahar railroad is 1,580 km long and has two parts: Sarakhs—Milak and
Milak—Chabahar. The Sarakhs—Milak part in Figure 1 is 760 km long and connects Milak to Birjand, Mashhad,
Sarakhs and finally to Ashgabat in Turkmenistan. In Figure 1, railroads have been planned and built to expand
communication and trade between people and economic enterprises of the cities on the paths. The southern
branch of those corridors spans from east to west and north to south Iran. Figure 1 also shows the Milak—
Chabahar part, which is 820 km long, and the subject of this research. Our task is to find optimal locations
for train stations along the Milak—Chabahar corridor. The Milak—Chabahar railway line passes through the
villages and cities of Sistan and Baluchistan province. The Milak—Chabahar railroad connects Chabahar to
Milak on the border of Afghanistan. The corridor is the shortest route between central countries of Asia due to
its proximity to them and access to the Indian Ocean and Oman Sea. The Milak—Chabahar corridor is a transit
route in the eastern part of Iran and facilitates transit between the Oman and Caspian seas. The corridor con-
tributes to regional development and reduces the distance between Central Asian countries and the Southern
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Seas. The corridor is a geopolitical factor for India, Afghanistan, China and other countries. The people along
the route of the railroad have always wished to sell their products in near and far markets through railroad
transportation. Chabahar City consists of two ports — Kalantari and Beheshti. The development of Chabahar
and the increase in its loading capacity up to 8.5 million tons show the importance of the Chabahar-Zahedan—
Milak railroad line [33]. The cities of Iranshahr, Zahedan and Zabol on the route of this railroad have diverse
and significant agricultural, horticultural, livestock, industrial and mining productions. In the train stations of
these cities, strategic transportation centres help the economic development and income of households. Using a
mathematical model, our case studies examined the problem of the optimal selection of train station places on
the Milak—Chabahar corridor. Case studies have been conducted in cities, villages, communities and potential
station locations along the 820 km long strip to build an applicable mathematical model. Initially, 83 train sta-
tions were candidates to be included in the corridor system. From an infrastructure viewpoint, the Milak—Cha-
bahar railroad has 132 large and small bridges with a total of 10,864 meters, and 32 tunnels 13,750 meters long.
On 2 May 2023, Iranian officials put the current physical progress of the project at 57 per cent, saying that 70
per cent of the baseline for the railway has already been laid [34]. Debates and lobbying about the designated
locations of the stations are going on, which shows the importance and timeliness of this article. We should find
locations of train stations in the first phase of railroad planning, particularly, the potential station locations for
the origin and destination nodes of the corridor [33].

3.2 Methods and data

From a methodological perspective, the problem examined in this paper is to find optimal locations from
an economic profit perspective for train station users. We describe how to maximise the users’ economic
profits in every station and railroad. Every station is assumed to impact its peripheral areas as well. Users’
profits in every station on the route of the Milak—Chabahar railroad have been measured using data published
by the relevant authorities. Because this corridor should increase rail transportation, each train station has an
extensive network of landways to transport products from production centres by truck and to send them to
their destination by train. For the participation of private sector companies with public sectors, the calcula-
tion of transportation costs and guaranteed delivery to customers plus the profit of transportation companies
has been conducted [35]. This method is creative and based on scientific theories and principles that improve
urban and regional economies. In corrupt and demagog regimes, this method determines the location of train
stations, without considering election promises and hidden conflicts, and consequently positively influences
urban sustainability. To assess the effect of a station on the community surrounding it and the partner econo-
mic enterprises, we started field studies in July 2020, which continued for 24 months until August 2022. We
gathered data and information through structured interviews with the Milak—Chabahar railroad project actors.
We interviewed the project manager, mayors of the municipalities along the route, the chamber of commerce
and the association of economic cooperatives of the border residents. To calculate the users’ economic profits,
we considered cargo and passenger transportation data. We collected data that present the equivalent average
cargo per weight and passengers per number passed over a 24-hour period. The following chart exhibits the
methodological process of choosing station location with a goal to optimise the users’ economic benefits.

3.3 Mathematical modelling

By considering the flowchart in Figure 2, we build a mathematical model. The model assists us in calcula-
ting the users’ economic profits from every train station and the entire corridor. For this reason, we pursue the
following steps.

First, the railroad has been divided into segments with stations, and in every station, the economic impact
of the corridor on the users is determined. To calculate the users’ economic benefits, we introduce the variables
that have been used in our calculations. 7able I presents the variables used in the definition of users’ economic
benefits.

The second step is to calculate the references for the cargo and passengers passing from every train station.
The reference rates are available from a baseline supplied by the data on the train station in the transportation
infrastructure administration. The equivalent continuous users’ economic profits are measured within a 24-
hour period. We assessed the users’ economic profits by the cognition of the reference rate of cargo passing

599



Promet — Traffic& Transportation. 2023;35(4):595-606.

Traffic Planning

1. Divide the corridor
into 14 segments and
collect data.

2. Introduce variables
used in the calculation
of the users” economic
benefits.

3. Calculate reference rates for

cargo and passenger transport
on this railroad.

Figure 2 — The methodological process of this study

Table 1 — Variables used in assessing Milak—Chabahar corridor users’ economic benefits

Variable sign |

4. Build a mathematical model
and simulate it in stations.

5. Test the validity of the
model through comparison
of three alternatives.

C Users’ economic profits by cargo passing from station i
P, Users’ economic profits by passengers passing from station i
C, Users’ economic profits by cargo passing from station 1 located in Chabahar
P, Users’ economic profits by passengers passing from Station 1 located in Chabahar
C, Users’ economic profits by cargo passing from station 6 located in Dashtyari
P, Users’ economic profits by passengers passing from station 6 located in Dashtyari
. Users’ economic profits by cargo passing from station 83 located in Milak
. Users’ economic profits by passengers passing from station 83 located in Milak
ZCi Total users’ economic profits by cargo passing from the Chabahar—Milak railroad
i=1
ZR Total users’ economic profits by passengers passing from the Milak—Chabahar railroad
i=1
RCP The reference rate of cargo passing from a station
RPP The reference rate of passengers passing a station
W, The weight of cargo passed from a station in a 24-hour period
N, The number of passengers passed from a station in a 24-hour period
z w, The total weight of cargo passed from the Milak—Chabahar railroad in a 24-hour period
ZN » The total number of passengers passed from the Milak—Chabahar railroad in a 24-h period
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(RCP) and the reference rate of passenger passing (RPP) through the station by the following two functions.
Equations 1 and 2 are cargo and passenger transit over the corridor from the stations:

C =RCP+14 log,, W, (1)
P=RPP+14log, N, (2)

where W, is total weight of cargo in 24 hours and N, represents total number of passengers in 24 hours.

Equations 1 and 2 are general applications of a logarithmic function, which describes the relation between
users’ economic profits and the rate of passengers and cargo passing through the station. We apply Equations 1
and 2 to calculate users’ economic profits C and P in each of the train stations and the entire Milak—Chabahar
railroad. The railroad depended on a set of 14 train stations. The following sites have been recognised as opti-
mal places to build train stations: {1, 6,9, 12, 17, 24, 33, 50, 59, 64, 66, 70, 78, 83}.

These places have been selected as the best sites according to location theories and local cognitions. The
model is also programmed in GAMS (general algebraic modelling system) and solved using CPLEX interacti-
ve optimiser running on the Microsoft Windows operating system. The solution produced is given as follows:
- 6—>9—>12—>17 - 24 — 33 550 —»59 — 64 — 66 —70 —78 —83, where the origin of the rail line
starts at node 1 (Chabahar), and the destination node is 83 (Milak). We simulate Equations I and 2 for the Cha-
bahar train station as follows:

C,=RCP+14 log,, W, 3)
P, =RPP+14log,, N, “)

where . is weight of cargo during 24 hours passed from station 1 and N, represents total number of pas-
sengers in 24 hours on 1.

We can simulate Equations I and 2 in every station likewise Chabahar’s station. We calculate the users’ profits
for the entire railroad with its 14 stations as follows:

>'C,=RCP+14log,, X W, (5)

i+l

> P = RCP+14log,, >N, (©)
i+l

where > W,. is the total weight of cargo passed the railroad in 24 hours and > N, is the total number of passen-
gers passing the railroad in 24 hours.

Our mathematical optimisation model with field studies finds the most suitable train station location asso-
ciated with the maximum users’ economic profs. The model finds the optimum sites for our train stations on
the path of the corridor. The model applies the methods of the analytical hierarchy process (AHP) and three
main criteria:

— the railroad-related criterion connects 14 stations to the multimodal transportation infrastructure
— the cargo and passenger services criterion from an economic profit point of view is adaptable to our

logarithmic functions for maximising the two dependent variables C, and P,

— simulating criterion in which the model is applicable in similar projects as has been developed in this study;
such simulations contribute to the authorities that deal with the planning, design and operation of long-
distance rail routes.

To develop an objective function with its constraints from Equations 1 and 2, we describe notations adopted
in the applied model in 7able 2.

The objective function, which has been expressed as shown in Equation 7 maximises users’ economic profits

at each station location. Equations 8 and 9 show constraints in the origin (Chabahar) and destination (Milak) sta-
tions. Meanwhile, Equations 10-12 report the connectivity limitations between train stations.

Maximize Z max {Cl.kg } v, (7
kekK, geG

V=1 ®)

keO
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Table 2 — Symbols and names of notations used in the objective function

Notation ‘ Description
o Set of potential origin stations
D Set of potential destination stations
SeOuDCS Set of all potential stations
geCG Set of cities that benefited economically
NS The maximum number of stations on a railroad line

p— ! ; . . . . . . . .
C, = Users'economic profits;, | Users’ economic profits resulting from a city g€ G in trains passing a potential station & € K

Vv, A binary variable, which equals 1 if station £ is selected, and 0 otherwise
X, A binary variable, which equals 1 if potential stations 7 and & are connected and 0 otherwise
2V =1 ©)
keD
X, =V, VieO,VjeK|OUD (10)
X, =V, VieK|OUD, VjeD (11)
DX, +> X, =2V, VkeK|OUD (12)
i<k J>k

In Equation 10, the origin station is connected with another interim station on the railroad. Equation 11 is de-
fined to link the destination station with other neighbouring stations on the corridor. In this model, Equation 12
shows connectivity limitations associated with interim stations (not origin or destination stations), given that
these stations are connected to two other stations. In this model, there are also sub-tour elimination constraints
since only a single continuous tour represents the route of the railroad corridor. The algorithm that prevents
sub-tours is expressed in Equation 13. Please note that the domain of the variables used in the model is presented
in Equations 14 and 15.

> X, <81 (13)

jEKieK,#j
{Zie{O,l} VieK (14)
X, €{0,1} Vi, jeK:i<j (15)

Equations 14 and 15 present a model that can decide on optimal sites for building train stations and consequ-
ently maximising users’ economic profits.

3.4 Simulation and test of the model

In the third step, we simulate the calculations to find the exact users’ economic profits in every train station.
Table 3 displays the results of the simulation by determining the users’ economic profits per percentage of in-
creases in the economic profits at each train station. With comparisons of the results of three alternative times
0f 2019, 2020-2021 and 2021-2022, we check whether the train station has grown users’ economic profits or
not. In the case of an increase, our model works well, otherwise, it has errors. In 2021-2022, the average users’
economic profits of the railroad route are assessed to be around 50.85%., which illustrates the users’ economic
profits growth in every station compared to the end of 2019 and 2020-2021.

In Table 3, the unit of calculation for the users’ economic profits is the US dollar. According to simulated
calculations, we experienced an average percentage of the profits equal to 38.6%, 42.94% and 50.85% at the
end of 2019 and 2020-2021 and 2021-2022, respectively. The average users’ economic profits show smooth

growth in Figure 3.

602



Promet — Traffic& Transportation. 2023;35(4):595-606.

Traffic Planning

Table 3 — Comparison of users’ economic profit growth per percentage three times

The number Netine o e e Ave.rage users’ Average users’ . Avera_ge users’.
of stations 2eG economic pfoﬁts at the economic profits in economic profits in
end of 2019 20202021 2021-2022
1 Chabahar 86 88 92
6 Dashtyari 49.1 50.6 55
9 Ghasrghand 37 39.7 47
12 Sarbaz 29.5 40.2 43.9
17 Iranshahr 50 59.1 63
24 Damen 29.7 314 38
33 Khash 42 449 51
50 Nookabad 24 252 31
59 Zahedan 67.3 73 77
64 Hormak 25 19.2 29
66 Dorahi 12.4 22 33
70 Ramshar 15.9 24.5 39
78 Hamoon 6.1 11.3 38
83 Milak 66.6 72.1 75
Aver. Chabahar—Milak railroad 38.6 42.94 50.85

60

Percentage
= N W B W
S O o o O

[w]

Aver. Uep at the
end of 2019

Aver. Usp in
2020-2021

Time

Aver. Uep in
2021-2022

Figure 3 — Comparing the average growth of users’ economic profits in 2019, 2020-2021 and 2021-2022

However, Figure 4 below exhibits that the users’ economic profit changes have been different in stations.

100
90
80
70
60
50
40
30
20
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0

Percentage

12 17

Aver. Uep at the end 0of 2019

24

33 50
Number of station

Aver. Uep in 20202021

59

64 66 70 78

Aver. Uep in 2021-2022

Figure 4 — Comparing the growth of users’ economic profits in 14 stations and three alternative times

83
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Figure 4 illustrates different users’ economic profits in the stations. The growth of profits in the three time
periods has not happened similarly. The outcomes of our simulation and comparisons between the alternatives
verify the right choice of train station locations and the applicability of the mathematical model.

4. FINDINGS AND DISCUSSION

Studies concerning regional railroad design in developing cities show that the location of train stations has
decisive effects on urban socioeconomic and physical development [36]. The model used to decide the loca-
tion of the Milak—Chabahar train stations includes the users’ economic profit maximisation. The maximisation
generates the highest profit for the users from freight and passenger transportation through this long-distance
rail route. The solution yielded by the proposed model is in harmony with academic theories concerning the
location of train stations. Additionally, simulation of the model with field studies confirms that the selected pla-
ces for 14 train stations provide socioeconomic and physical development for the cities on the path. The users’
economic profit analysis is based on the average of the two different types of cargo and passenger transport.
The US dollar has been applied as a common unit to calculate the users’ economic profits in two categories
of transportation in train stations. A comparison of three alternatives, namely users’ economic profits in 2019,
2020-2021 and 2021-2022, shows that the method to locate 14 stations in this long-distance railroad has ge-
nerated an average of 38.6%, 42.94% and 50.85% increase in the users’ economic profits, respectively. The
increases happened at high rates according to Figures 3 and 4. This increase is a contributor to the socioeconomic
and physical development of train station locations and their surrounding communities. The results displayed
in Figure 4 exhibit differences in users’ economic profits between 14 stations. Figure 3 shows that station 1 (Cha-
bahar) had the largest share of the income. Users’ economic profits in this station increased from 85% in 2019
to more than 90% in 2022. After Chabahar, stations 59 (Zahedan) and 83 (Milak) experienced an economic
profit growth of 68% to 78%. The high-profit growth in Chabahar, Zahedan and Milak was due to the use of rail
transportation in international trade. Station 78 (Hamoon) experienced changes in users’ economic profit gro-
wth from 17% in 2019 to 39% in 2022. This huge jump was due to the speed of prompt gathering of merchants
and companies around the train station and business development. Station 66 (Dorahi) also followed the same
process. The difference between the users’ economic profits in the 14 stations shows that the railroad influences
the sustainable development of cities and regions. Furthermore, the progress rate of trade experienced by every
train station was different due to their location. The increase in users’ economic profits in the 14 stations con-
tributes to sustainable urban development, which is consistent with the theories and experiences of scientists
[37, 38]. The impacts of the Chabahar—Milak railroad on 14 cities are due to its international and commercial
functions, in which the origin and destination are of particular international commercial importance.

5. CONCLUSIONS

This novel and applied study addressed the selection of train station places on an intercity route to obtain
maximum users’ economic profits in the places and surrounding communities. This study used field studies
to examine the train station location criteria and principles and to further extend the relevant theories. Then, a
mathematical model was created using GAMS to select places for 14 train stations according to the maximisa-
tion of users’ economic profits. The model used the optimal selection method to find 14 train station sites. The
14 train stations maximised the users’ economic profits in every place through their local potential. The simula-
tion of the model with data gathered in the case study region confirmed its applicability. The model could act as
a decision-support tool for railroad designers. The locating of stations should be planned in the initial planning
phases of the project to ensure a sustainable connection between cities and neighbouring countries. This study
applied the model in a case study in the Chabahar—Milak corridor and solved the problem by gathering data
about the railroad using CPLEX. Results revealed a 92% and 75% increase in the users’ economic profits in
origin (Chabahar) and destination (Milak), respectively. Even in the disparate community of Hormak, the loca-
tion of the train station exhibited a 29% increase in the users’ economic profits in 2022. The applied methods,
proposed model and outcomes of this research assist new intercity rail line planning and design everywhere in
locating train stations optimally. In the future, we shall research the planning and construction of multimodal
transportation logistics centres near the train stations mentioned in this research.
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