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Abstract: This paper aims to assess impressions of railway network design on the spatial 

spreading of economic activities and population. When looking at railway planning, a 

difference exists in planners who focus on the local economic impacts brought by railways 

could be an essential aspect of socioeconomic evaluations. The railway line constructs 

because the conventional lines connecting the city has almost reached their full capacity 

owing to increasing demand brought about by rapid economic growth. In particular, this study 

is to present a literature review of railway transit network design, including data sources, 

research methods as well as research theories. Finally, the review proposes some guidelines 

on how to reduce the gap between the operator’s railway planning of the economic 

perspective on the one hand and the passenger’s perception of the railway performance. 
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1. INTRODUCTION  

 

At present, railway transportation is an important issue in economic development. Over the 

last centuries, railway traffic flow has increased, which has developed the need to improve the 

use of railway structures. Railway transportation reduces the undesirable (harm to the 

environment, traffic bottlenecks, accidents, noise) effect of a controlling other transport. 

Transportation is the people movement and goods with vans, which is, fast, easy, economical, 

and ecologically friendly. Railway construction, network design planning is kind of complex. 

Railway network and line design is methodical planning of a railway, whether building a new 

one or rebuilding an old one. Railway network design needs two kinds of materials: economic 

and technical materials. There are many kinds of economic materials such as passenger, the 

volume of freight traffic, freight management capacity, etc. Historically, network design 

research has focused first on determining a single placement and the location of stations 

through it. Gilbert Laporte, Mesa, & Ortega, (2000) presented a survey article that reviews the 

main available methods for network design problems. The authors used operational research 

methods of rapid transit system planning. Also, they explained partially by the inherent 

trouble of the fundamental network design problem, and partially by the difficulty of the 

choice procedure himself. 

The purpose of the present literature is to review the massive amount of papers 

concentrating on different aspects of designing a network planning of a railway system focus. 

The review compares the approaches to the way economic observe and value railway 
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operations. Based on the gap between the economic perception of railway operations and how 

railway network is designed, suggestions for future research directions are outlined.  

Increasing movement and longer journeys caused by the growth of cities have encouraged the 

structure and expansion of rail transit systems such as urban rail, metro, and light rail. Since a 

network design severely affects its future procedure and to the area where it is built, and it is 

essential to pay close attention to the future impacts on flexibility and bottleneck. This paper 

studies academic literature, and analyses changes in spatial designs of railway network 

activities. 

The structure of the paper is as follows: Section 2 explains the definition, activities 

and economic growth of railway network design. Section 3 presents the systematic literature 

review and describes the search strategy as well as the outcomes of the discussion. The 

literature review is to analysis for railway network design in Section 4. The last section gives 

the summative conclusions and future research in passenger concerned with railway planning. 

 

 

2. RAILWAY PLANNING 

 

In this section, we will describe railway network design planning and how-to economic 

growth of the rail transit system. Rail transportation planning can be classified into three 

levels;  strategic (the railway network design problem (RNDP) and the line planning 

problem), tactical (the timetabling problem and the rolling stock assignment), and operational 

(the train routing problem, and the crew scheduling problem) according to the planning 

horizon (Assad, (1980)). The strategic level is related to long period railway planning. The 

railway network design problem belongs to the strategic level.  

Recently, Bärmann, Martin, & Schülldorf, (2017) proposed a deterministic model for 

line capacity expansion long-term network design planning in German rail freight traffic. Its 

basic idea consists of separating the choice of the lines to upgrade from scheduling the 

implementation of them. Luis Cadarso, Codina, Escudero, & Marın, (2017) presented a 

stochastic method based on a two-stage scenario and the rail transit network (RTN) 

infrastructure components’ disruption. And they observed that rapid transit network design 

and expected value strategies were the worst ones for any of goodness indicators. 

López-ramos, Codina, Marín, & Guarnaschelli, (2017) presented an optimization model that 

integrates the transit network design (TND) and transit frequency setting (TFS) stages in the 

context of a railway rapid transit system. And the optimization model is solved by uniting the 

Lexicographic Goal programming (LGP) technique and a Line Splitting Algorithm (LSA). Z. 

Yang & Chen, (2018) proposed six topology indicators to illustrate the topological 

performance and investigated network growth potential accordingly. Bruno, Ghiani, & 

Improta, (1998); G. Laporte, Mesa, Ortega, & Sevillano, (2005) joined origin-destination 

demand data for the railway location design problems. Lately, Gilbert Laporte, Marın, Mesa, 

& Ortega, (2007) incorporated the track and station location problems in the previous network 

design models; they expected a set of possible alternatives to maximize the coverage of the 

demand and include budget constraints as side constraints. Some railway network and line 

planning algorithms assign passengers to the different modes according to binary variables 

see (Gilbert Laporte, Marı, Mesa, & Perea, (2011); Gilbert Laporte, Mesa, & Perea, (2010)). 

García, Garz, Marín, Mesa, & Ortega, (2005) proposed a new design model which includes 

transfers between lines. These authors are concerned with the selection of some lines covering 

as much as possible the travel demand between potential stations, subject to side constraints. 

Canca, De-los-santos, Laporte, & Mesa, (2016) planned a general model for the network 

design that was approximately solved on small examples a parametric analysis and a 



 

 

branch-and-bound method. García-archilla, Antonio J. Lozano, Mesa, & Perea, (2013) used a 

Greedy Randomized Adaptive Search Procedure (GRASP) for solving the infrastructure 

railway network design problem as well as its robust version. 

Xu, Liu, & Yang, (2018) developed a railway passenger assignment method to 

capture the reliability-based route choices. They formulated a reliability-based multi-class 

passenger assignment model.  Jha, Jha, & Tiwari, (2019) studied a multi-objective transit 

network design and frequency setting (TNDFS) problem with the goal of decisive a set of 

routes and frequency on each route for public buses. The TNDFS problem solved in two 

stages. First, the transit network design problem is solved to generate a set of routes using an 

initial route set generation (IRSG) procedure combined with a genetic algorithm. Second, the 

frequency setting problem is formulated as a multi-objective model to assign the frequency on 

each route with the objectives of minimizing the passenger time and the operating cost 

simultaneously. 

 

2.1 Railway Network Design Planning 

 

Transit-network design is an important subject in transportation science. Most of these studies 

have three important characteristics in common. First, they start with a given link network, 

defined by zones, nodes, and (possible) links. This link network then is used to design a 

transit-line network. Limited reflection is assumed to the definition of this link network, 

whereas different network definitions might lead to other network ideas. Second, most studies 

define a single objective for which the transit network is designed. And finally, transit 

planners have to cope with different goals because of the parties involved in network design. 

Lidén & Joborn, (2017) required to optimally integrate traffic-free windows with the network 

design maintenance plans using a mixed-integer model. This model used linearly with the 

scheduling horizon and that large problem instances weekly or possibly monthly problems for 

national networks.  

The rapid transit network design problem (RTNDP) consists of locating stations such 

that the resulting network satisfies domain-specific constraints, and attains some goals related 

to effectiveness, efficiency, and equity (Gutiérrez-jarpa, Laporte, Marianov, & Moccia, 2017). 

Gilbert Laporte & Mesa, (2015) completed the context of the rail rapid transit network design 

(RTND) and involved multiple objectives, several players and sizeable costs.  Á . Marín, 

(2007) included a multiperiod capacity expansion of the rapid transit network. That extended 

model included all the network alternatives obtainable on the previous model but studied 

concurrently, so the excellent alternatives are very more efficient. Canca & Barrena, (2018) 

proposed, in the context of railway rapid transit systems, a general mixed-integer 

programming model to design rolling stock circulation plans and simultaneously considering 

the problem of determining the number and location of rest facilities. As a consequence, the 

solutions proposed by RTND model are less favorable to the service provider but more 

favorable to the travelers than in the previous one, because, in this situation, passengers 

follow the best path to reach their destination give rise to more loaded trains. Canca et al., 

(2016); Canca, De-Los-Santos, Laporte, & Mesa, (2018) proposed tactical transit timetabling 

and frequency setting problems of passenger demand and flow dynamics. And they developed 

an Adaptive Large Neighborhood Search (ALNS) algorithm as a resolve method for a 

complex problem which includes both network design and line planning issues. Also, Canca, 

De-los-santos, Laporte, & Mesa, (2017) analyzed the rapid network design linear 

programming problem in terms of complexity by comparing the exact solution of small 

instances using commercial solvers against an Adaptive Large Neighborhood Search. Canca, 

Andrade-pineda, Santos, & Calle, (2018) discussed with the problem of determining the best 



 

 

set of frequencies in a Railway Rapid Transit network seeing convex non-linear variable 

operation costs at segments. The operation cost at each track depended on the train model 

characteristics operating each line, the passenger load on trains and the average train speed 

and sequentially solved to optimality, both considering the different train models and the 

passenger load on trains.  Blanco, Puerto, & Ramos, (2011) formulated a model and a 

heuristic for the problem of expanding the infrastructure of a railway network. L Cadarso & 

Marín, (2016); Luis Cadarso & Marín, (2015) studied the railway recovery problem once a 

disruption has started. The line planning problem is about deciding the origins and 

destinations of the lines and the frequency to be operated on them (i.e., their capacity). Here, 

although the topology of the network is decided, service frequency is not studied, so, an 

incapacitated network design problem is dealt with, and then, the lines are elements to support 

the network design; elements to be accounted for when solving the overall line planning 

problem López-ramos et al., (2017). L. Yang, Li, Gao, & Li, (2012) investigated a 

mathematical model for finding best trains movements under the consideration of operational 

interactions and proposed to compute the energy consumption and to traverse time through 

using specific performance of the involved trains. Luis Cadarso, Escudero, & Marín, (2018) 

formulated a multistage multi-horizon stochastic pure 0–1 model for planning the design of a 

rapid transit network (RTN). García, Marin, Mesa, Perea, & Rayo, (2007) proposed the 

concept of p-robustness and evaluated the probability of a schedule. Also, Gutiérrez-jarpa et 

al., (2017) are used in dealing with the multi-objective model conducive to a 

post-optimization analysis for effectiveness, efficiency, and equity concerns. Á . G. Marín & 

Jaramillo, (2008) investigated the expansion of an urban rapid transit traffic network, where 

they simultaneously optimized the location of new stations, the choice of new lines to 

construct, and the offered origin-destination transport services. Á . Marín & García-ródenas, 

(2009) formulated non-linear constraints from using the discrete choice model. Petersen & 

Taylor, (2001) reflected the optimal design of a new railway line connecting the north and 

south of Brazil. The line is planned over numerous periods and maximizes the profit of the 

railway operator, which is given by the difference of revenues by tolerant demand instructions 

and the costs arising from transportation and line construction. García et al., (2005) 
established a new design model which included transfers between train lines.  

A railway station has been only considered as one of the traffic facilities even though 

it has a massive effect on the regional economy directly or indirectly. A railway station 

contributes a regional economy to urban improvement plans such as the attraction of 

corporations, employment, and development of land use after the feasibility study of city 

development when a station location is constructed or moved. Repolho, Church, & Antunes, 

(2016) proposed a strategic planning model for high-speed rail lines simultaneously 

considering the station's location and the determination of fleet compositions. This is done 

taking into account the interrelationships between strategic and subsequent tactical decisions 

regarding line planning, train schedules, and fleet assignment issues.  

A ‘railway station’ is defined as the place where facilities related to passengers, 

freights, arrangement or exchange of train, and departure/arrival are equipped. A ‘station 

facilities’ is defined as the place where facilities related to the sale, business, neighborhood 

life, accommodation, performance, conference, and exhibition are equipped. Especially, a 

‘railway station’ consists of three sub-concepts. First, a ‘station’ is the place where passengers 

board or alight (include passengers’ facilities and convenience facilities). Second, 

‘switchyard’ is the place where freights are loaded or unloaded as well as trains are arranged. 

Finally, ‘signal station’ is the place where trains are operated with crossed and shunted. 

Generally, a railway station is considered a place where trains stop. But there are more or 

fewer differences strictly. Also, there are some differences as compared with the concept of 



 

 

railway facilities and operation. It is necessary that this study redefines a railway station to fit 

in the purpose of review. According to this requirement, a railway station is defined as the 

place of industry, culture, and interaction over the traffic node which treats passengers and 

freights. Therefore, a railway station is the central place of traffic and the city. Moreover, it is 

the synthetic center where people, goods, and information get together, and it performs 

various functions. Gutiérrez-jarpa et al., (2017) discussed the network design and construction 

of rapid transit systems as well as the involvement of several players such as geologists, urban 

planners, politicians, engineers, and various interest groups and proposed a multi-objective 

model favorable to a post-optimization analysis for effectiveness, efficiency, and equity 

concerns. 

 

2.2 Contribution of Railway Planning for Economic Development 

 

There are three categories of public transit on economic development: generative, 

redistributive, and financial transfer impacts. Generative implications increase net economic 

growth by applying underused resources or using existing resources more professionally. 

Redistributive impacts shift economic activities within a region. Financial transfer impacts 

mention to the transfer of monies between entities, that is, from one accounting book to 

another. Economic sustainability, social sustainability, and environmental sustainability 

comprise the alleged triple nethermost line and are considered to be the three pillars of 

sustainable development as depicted. The success of sustainable development trusts on the 

success of sustainability in each of these three dimensions (economic, social and 

environmental). 

Sasaki, Ohashi, & Ando, (1997) thought that Shinkansen had a limited function on 

regional diffusion. These authors focused on economic activities in Tokyo, Osaka, and other 

metropolises. Also, they measured the influence of the Japanese Shinkansen system on 

regional social, economic development by model construction method. They pointed out that 

the development of Shinkansen had a positive correlation with economic growth. The GDP of 

Tokaido and Sanyo Shinkansen in Japan had a linear relation with the passenger flow volume. 

Many country development resources would be attracted to nearby metropolises because of 

the high-speed rail, such as Valenciennes to Lille (Vickerman, (2006)), and Grenoble to Lyon 

(Rietveld, Bruinsma, Delft, & Ubbels, (2001)). Cheng, Loo, & Vickerman, (2015); D’Alfonso, 

Jiang, & Bracaglia, (2015) introduced a new mode of High-speed rail (HSR) transportation 

and improved the quality of services. Since HSR could attract many air transport passengers, 

decision-makers may consider it as an alternative to air transport (Wetwitoo & Kato, 2017a). 

Also, they inspected the relationship between the regional high-speed train and regional 

economic efficiency in the case of a Japanese high-speed train. 

The railway construction in the developing country started in areas with advanced 

economic development. The construction of the railway transportation infrastructure is 

essentially the construction of a large domestic market, which is the platform for the 

establishment of specialized labor division and mass production. As a developing country, 

rail’s function to the country’s economic growth wants the synergistic belongings of official 

environment, the technical level of science and education and human capital development. 

Instead, the space spillover effects of the high-speed railway on economic growth should also 

be taken into consideration. Economic growth is one of the important drivers of rail 

infrastructure facilities. The excellence change of rail infrastructure service measured by 

convenience development tends to have a more important and considerable effect on 

economic growth. Generally, contributions from a new recognized the rail infrastructure 

service in terms of the developments in regional convenience and connectivity and the 



 

 

discount of transportation cost, would ease numerous regional economic activities, such as 

info distribution, capital and labor mobility, access to markets, and the development of 

productivity. Consequently, regional economic activities may lead to a convergent growth if 

such positive externalities to the economy are greater among immature areas. Equally, 

divergence is likely to happen if the positive externalities from rail development to economic 

growth were dominantly among industrialized regions. 

 Aschauer, (1989) discussed that transportation investment is expected to enhance 

economic productivity and economic growth. He also suggested that productivity slowdown 

is an important part of the public investment stock. Banister & Banister, (2007) suggested that 

transportation investment affects the local economy at three levels: output and productivity at 

the macro level, agglomeration economies, and labor market effects at the middle level, and 

land and property market effects at the micro-level. Banister & Berechman, (2001) describe 

two additional conditions have to be met along with transportation investment to trigger 

economic development: first, economic externalities such as the presence of agglomeration 

and labor quality in the service area, and second, political factors such as supporting legal, 

policy and other investment in the service area. Without these supporting conditions, negative 

effect from transportation investment has also been reported in some cases as well. The 

economic impacts from transportation development, including investments in high-speed rail 

(HSR), have been strongly anticipated by policymakers. HSR shorten inter-city travel times 

significantly, which could improve accessibility and contribute to regional economic growth. 

A two-way relationship exists between economic growth and public transit systems. 

Improving the network of public transport (PT) can contribute to these challenges by causing 

a modal shift from private cars to PT, mainly for medium-distance and long-distance trips. 

This shift is expected to improve social and environmental sustainability and at the same time 

could improve economic sustainability. 

Economic progress can raise demand for transportation of goods and people, on the 

other hand, the developments in transportation systems (including transit) can make 

businesses more competitive by reducing their costs, and hence play a decisive role in 

economic growth. Transportation is recognized as a necessary condition for economic 

development, as the nonappearance of the actual transit system can performance as an 

obliging factor on development (Davies, Banister, & Hall, (2004)). Public transit systems can 

be recognized as an integrated transportation system of cities which attract substantial 

investments and influence the economic activities of businesses and travel patterns. Cho, Kato, 

& Wetwitoo (2016) investigated the impact of HSR on regional economic productivity in the 

case of Japanese HSR empirically. They suggested that HSR contributed to narrowing the 

productivity gap between peripheral and urban areas, higher economic productivity without 

HSR stations. This study will consider these five issues into the analysis to further explain the 

economic advantage of rail service. 

 

 

3. METHODOLOGY 

 

3.1 Search Strategy 

 

This paper presents several websites to identify related literature concerning railway network 

design. Academic databases such as Science Direct, Web of Science, Springer Link and 

Google Scholar were applied to search for academic papers. Also, the Web of Science was 

used to search for a broader scope of the literature including books and conference 

proceedings. Firstly, the keywords of the search involved the most widely-used phrases for the 



 

 

subject: “railway network design”. Later, at least one term from the categories of search terms 

is used to combine: economic, transportation, optimization. The search for papers was limited 

to the past 14 years (2005–2019) and adapted to match the specific structure of each database.  

 

3.2 Included and Excluded Criteria 

 

To make sure that each study included in the review is eligible, the studies have to: (1) be 

published in a peer-reviewed English journal; (2) investigate from the perspective of 

spatial-temporal; (3) analyze the effect factors of spreading and development of railway 

network. 

 

3.3 Search Results 

 

The numbers of papers searched from each database are 287 (Web of Science), 440 (Science 

Direct), 114 (Springer Link) and 152 (Google Scholar). After removing duplicates, a total of 

366 unique records were found from four databases, of which 26 were identified the screening 

of titles and abstracts. Figure 1 shows the search process for the papers. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The flowchart of the review process. 

 

The information extracted from each of the papers mainly includes: (1) The characteristics of 

the papers (e.g., author, year and journal); (2) objective function; (3) Data source; (4) Model 

Structure; (5) The activities of Railway and (6) Solution approach. The main details of 26 

available papers were demonstrated as shown in Table 1. 

Selection and combination of search terms 

Science Direct 

n=440 

Web of Science 

n=287 

Springer Link 

n=114 

Google Scholar 

n=152 

Screening titles and abstracts, n=366 

Full-text papers for eligibility, n=26 



Proceedings of the Eastern Asia Society for Transportation Studies, Vol.12,2019 

 

 

Table 1: Summary of the Selected Papers in this Review. 1 

Lead Author 
Pub. 

Year 
Journal Objective function Data Sources 

Model 

Structure 
Activities 

Solution 

Approach 

Bärmann A. 2017 Transportation Science Maximize profit German railway 

network 

MIP Network 

design 

Heuristic 

algorithm 

Blanco V. 2011 Omega Minimize the 

construction cost 

ADIF (Spanish 

Administrator of the 

Railway Infrastructure) 

MM Railway 

network 

Heuristic 

Solution 

Cadarso L. 2018 European Journal of 

Operational Research 

Minimize construction 

cost  

Spanish Statistics ILPM Network Decomposition 

algorithms 

Canca D. 2018 Transportation Research 

Part E 

Minimize empty 

movements 

Spanish Statistics MIPM Railway 

Rapid Transit 

Genetic 

Algorithm 

Cadarso L. 2017 Transportation Research 

Procedia 

Minimize the Operator 

costs 

Spanish Statistics LP Network 

design 

Stochastic 

optimization 

Canca D. 2016 Annals of Operations 

Research 

Minimize travel time or 

maximize trip coverage 

National Spanish 

Railways Service 

Operator  

MINLP Network 

design, line 

planning 

Branch-and 

bound 

Canca D. 2018 Transportation Research 

Part B 

Maximize the expected 

revenue  

Minimize the fixed 

operating cost 

Metro network of 

Lisbon 

MINLP Transit 

network 

design and 

line planning 

The heuristic 

local search 

algorithm 

Canca D. 2017 Computers & 

Operations Research 

Maximize the total 

profit of the network 

a railway rapid transit 

network in the city of 

Seville 

MIP Transit 

network 

design and 

line planning 

Adaptive 

Large 

Neighbourhoo

d Search 

Canca D. 2018 Springer International 

Publishing AG 

Maximize the net profit Artificial data MINLP Network 

Design, Line 

Planning 

Adaptive Large 

Neighborhood 

Search 

Cadarso L.  2016 Transportmetrica A: 

Transport Science 

Minimizing routing and 

construction costs 

Seville's rail rapid 

transit network 

NLMIP Network 

design 

CPLEX 12.1 

Cadarso L.  2015 Annals of Operations 

Research 

Minimization of the 

number of passengers 

Seville’s network NLP Network 

design 

Branch & 

Bound 



 

 

Garcıa R. 2005 Algorithmic Methods 

and Models for 

Optimization of 

Railways 

Maximum coverage of 

the demand  

Spanish Research 

Projects 

RTND Network 

Design 

CPLEX 8.0 

García-Archilla 

B. 

2013 J Heuristics Maximize the railway 

network trip coverage 

Network of Seville IPP Railway 

network design 

GRASP 

heuristics 

Gutiérrez-Jarpa 

G. 

2017 Computers & 

Operations Research 

Minimize infrastructure 

cost 

Concepción, Chile, MILP Transit network 

design 

ϵ-constraint 

method 

Garcıa R. 2007 Approaches for 

Transportation 

Modeling, Optimization, 

and Systems 

Maximize Network  The Spanish region of 

Castilla La 

Mancha/Spanish 

Statistics Agency 

LPP Network 

designs 

Heuristic 

algorithm 

Jha S. B. 2019 Computers & Industrial 

Engineering 

Minimize Passenger 

time and Operating cost 

Mandl’s Swiss road 

network 

LIP Transit network 

design 

Genetic 

algorithm 

Laporte G. 2011 Journal of Advanced 

Transportation 

Minimize trip coverage Spanish Statistics ILPM Network 

design 

Branch-and 

bound 

López F.  2017 Computers and 

Operations Research 

Minimize their traveling 

times 

Minimize Operator costs 

Spanish Research 

Projects 

MILP Network 

design 

Line Splitting 

Algorithm 

Laporte G. 2010 Transportation Research 

Part B 

Minimum trip coverage 

of the network 

Ministerio de Educacion 

y Ciencia (Spain) 

ILP Transit network 

design 

Stochastic 

Lidén T. 2017 Transportation Research 

Part C 

Minimize operator of 

the cost 

Mech Warrior Online MIP Railway 

network 

Branch-and-bo

und 

Marin A. 2009 Computers & 

Operations Research 

Minimize the travel time Seville’s network NLP Rapid Transit 

Network 

Branch and 

Bound 

Marín Á . 2008 Operations Research & 

Decision Theory 

Maximize the public trip 

covering 

Minimize routing cost 

upper bound 

Ministerio de 

Educación y Ciencia 

(Spain) 

RTND/ 

MM 

Transit 

network 

design 

Branch and 

Bound 

Repolho H. 

M. 

2016 Transportation Research 

Part E 

Maximize the net public 

benefits 

Lisbon-Oporto MILOM Station location 

and fleet 

composition 

Branch-and-cut 

http://epigonen.github.io/mwo/guide/


 

 

Xu G. 2018 Transportation Research 

Part C  

Evaluate the effective 

travel cost differently 

Regional network in 

China. 

MM Railway 

networks 

Assignment 

method 

Yang L. 2011 Omega Minimize the sum of the 

weighted deviation 

degree and the total 

penalty 

Simulate Data NLP Railway 

network 

Genetic 

algorithm 

Yang Z. 2018 Physica A Identify future trends in 

the network 

Shanghai Urban Rail 

Transit Network 

(SURTN) 

MM Rail Transit 

Network 

Dijkstra 

algorithm. 
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4. ANALYSIS  

 

The purpose of this literature review is to summarise the current papers on rail transit network 

design. To the best of our knowledge, this may be the first time to comprehensively evaluate 

the research status of network design from the economic perspectives of network 

agglomeration. 

 

4.1 Classification Based on Time 

 

The study of the yearly distribution of articles shows the emphasis on railway network design 

has gradually increased after 2014. Majority of the articles have been published after the year 

2014, and 65.4% have been published after 2014. Passenger demand, infrastructure, capacity, 

the availability and cost of construction, agglomeration economies as well as government 

incentives are the most important factors in the line location of the railway. More 

comprehensive research of network design will ensure the efficient operation of railway 

planning. So, papers on railway network design have been increasing year by year, especially 

in 2018. Figure 2. gives the distribution of papers over the years. 
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Figure 2. Distribution of papers through the years. 

 

4.2 Classification in Terms of Objective Function 

 

The optimum value or the finest solution can be found through the optimization process. The 

optimization problems include looking for maximum or minimum value or using one 

objective or multi-objective. Problems that have more than one objective is referred to as 

multi-objective optimization. This type of problem is found in everyday life, such as 

mathematics, engineering, social studies, economics, agriculture, aviation, automotive, and 

many others. 

For the problem of locating one single alignment, a Heuristic algorithm was 

proposed in (García et al., 2007; Á . G. Marín & Jaramillo, 2008; Repolho et al., 2016) to 

maximize the net trip covered. In (Bärmann et al., 2017; Canca et al., 2017; Canca, 

De-Los-Santos, et al., 2018) the problem of locating the stations, determining the headway 

and the fare of a transit line in a linear corridor when maximizing the profit is addressed using 

a heuristic algorithm and ALNS algorithm. 



 

 

Based on an a priori geometric configuration, in (Blanco et al., 2011; Luis Cadarso et 

al., 2018) a metro network design is proposed under the criteria minimizing construction cost 

using a decomposition algorithm. 

The objective function is the profit, that is the difference between the revenue and the 

total cost. The revenue depends on the number of passengers captured by the railway network 

(RN). The total cost includes construction cost, fixed and variable operating costs, crew cost 

and the fleet acquisition cost as a function of the rolling-stock required to cover the demand 

captured by the railway network system. 

We have summarised the objective function of network design and divided all 

optimization function to maximizing and minimize, as shown in Table 1. The maximize 

optimization mainly includes network, trip coverage, coverage of the demand, profit revenue. 

Minimize optimization included travel time and cost. 

 

4.3 Classification on Data Sources 

 

The data sources of 26 papers mainly divided into two categories: Statistical Yearbook, survey 

data, and network data. Every year they are published of the statistical yearbook in the railway 

system. The sample survey data of network, passenger demand (travel time, safety, etc.), 

operational costs, etc., is suitable for the in-depth study of network design. The network data 

(Google earth, Tencent Map) resources are plentiful and easy to obtain. 

 

4.4 Model Structure of Network Design 

 

As we know, facility location considers the optimization of the predefined objective functions, 

such as minimizing the operational cost or maximizing the area covering, in locating facilities 

and allocating customers to them. The optimization problem described in a more realistic 

formulation and model structure of facility location and network design. 

In terms of optimization strategies, a variety of methods have been used in the 

reviewed papers. Exact search methods are often tested when the targeted problem can be 

formulated with a known mathematical model. These methods typically include linear 

programming and nonlinear programming and some forms of integer and mixed-integer 

programming. 

In (Luis Cadarso et al., (2017); Canca, De-Los-Santos, et al., (2018); López-ramos et 

al., (2017)) linear and non-linear integer programming models are proposed for the network 

design problem with minimum cost. 

A mixed-integer programming optimization model is proposed with run times, dwell 

times and dispatch time of each train as decision variables (Guihaire & Hao, (2008)).  

We have abridged the model structure of network design and divided into linear and 

nonlinear programming as shown in Table 1. Mixed Integer Linear programming model is 

discussed in most of the papers which are introduced in the review paper.  

 

4.5 Economic Perspective 

 

The resolve of sustainable expansion is to guide economic activities in a direction that 

confirms the sustainability of resources for existing and future generations. In general terms, 

economics deals with the production, distribution, and consumption of goods, services, and 

wealth through the allocation and use of scarce resources. 

 Basiago, (1999) suggested a system economic sustainability of production that 

addresses current consumption levels without compromising the needs of the future and the 



 

 

economic sustainability in a way refers to the sustainability of the economic system itself. 

Transportation costs and service compensations benefit from scale outcome have controlled 

some network design creativities to start gathering in specific areas. Economically 

sustainability is affected by cooperation and coordination. Wetwitoo & Kato, (2017b) 

examined the advantage of agglomeration to regional productivity, highlighting the issue of 

convenience with experimental data from Japan and analyzed the influences of agglomeration 

empirically on regional economic return using an econometric method, assuming three types 

of agglomeration economies: urbanization agglomeration, localization agglomeration, and 

mixed agglomeration. 

 Litman & Burwell, (2006) provided a list of measures and indicators for assessing 

sustainability in transit systems. Their measures for economic sustainability include;  

accessibility (indicators: average commute travel time, number of job opportunities and 

commercial services within 30-minute travel distance of residents, implementation of policy 

and planning practices that lead to more accessible, clustered, mixed, multi-modal 

development), transport diversity (indicator: mode split or portion of travel made by walking, 

cycling, rideshare, public transit and telework), affordability (indicator: portion of household 

expenditures devoted to transport by 20% lowest-income households) , facility costs 

(indicator: per capita expenditures on roads, traffic services and parking facilities, freight 

efficiency (indicator: speed and affordability of freight and commercial transport), and 

planning (indicator: degree to which transport institutions reflect least-cost planning and 

investment practices). In the economic life of developed countries, transport has become an 

important factor of development instead of being an assistant as it was in the past. Transport 

activity depends on the development of other economic sectors; it is associated with the social 

and economic development of a country. Therefore, when estimating economic development 

of a country, it is important to inspect and evaluate the direct and indirect effect of a transport 

system and its particular branch on social and economic sectors of a country or region. 

 Lingaitis & Sinkevičius, (2014) discussed that the passenger transport system’s 

modernization effects can be grouped into the effects of transport systems changes and the 

effects of social, economic changes that measure the interests of passengers, transport 

companies, regions, and countries. Also, the authors proposed some evaluation indicators (the 

change of traveling time; the changes of technology costs of passenger transport; the changes 

of traffic and ecological safety; the changes of comfort level; the changes of a company’s 

unity and economic development). One of the most significant indicators of passenger 

transport’s economic and social competence is the Value of Travel Time and Cost Savings. 

When location the scope and moment for the application of interoperability in the railway 

network, is the evaluation of the cost and benefit of such changes considering the decisions of 

all the shareholders in the railway transport system. 

 

 

5. CONCLUSION 

 

In the reviewed papers, we have discussed economic perspectives in railway network design. 

The effect on the economic perspective from rail network design investment in the financial 

term, and agglomeration in this study should not be compared directly since the causal to 

economic sectors could be different. Some studies of high-speed railway planning have 

confirmed that with the continuous development of economic globalization and integration, 

network design has changed.  

On the other hand, some analysis of the work that has aimed at decreasing 

operational characteristics related to the cost such operator, construction of railway operations. 



 

 

This paper has presented a literature review of railway transit network design, including data 

sources, research methods as well as research theories. 

From the review of passengers’ perception of the railway performance, it is evident 

that their insight of the service level affects their travel time, for example, in-vehicle time, 

transfer time, waiting time, access/egress time. 

Our future research will focus on the application of deep learning theory into the 

economic sustainability of railway network design. 
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