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Abstract 

Transport systems play an essential role in urban, economic and social development. Utilising underground 

space for transport is a continuing trend across the globe during past decades. Underground transport 

systems have been chosen by cities as potential solutions for solving urbanisation problems such as traffic 

congestion, land shortage, and noise and air pollution. This paper provides an overview of five main forms 

of underground transport: underground railway systems, underground car parks, urban underground roads 

and expressways, underground freight transport systems and underground pedestrian systems. In each case 

the overview explores their origins, development, advantages and challenges, as well as other research foci. 

The paper then discusses key policy challenges for underground transport systems and provides 

recommendations for future research. 
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1. Introduction 

It is anticipated that by 2050 66% of the world’s population will be urban dwellers. This continued urbanisation 

generates pressures for the greater use of urban space. Previous research has shown that urban underground 

space (UUS) utilisation can contribute to sustainable urban development (Sterling and Nelson, 2013), city 

resiliency (Sterling et al., 2012) and the building of livable cities (Hunt et al., 2016). Underground development 

is considered to be a vital tool in reshaping cities to cope with the challenges of the future (Broere, 2016). 

Transport systems provide one of the key infrastructure services to urban society (D’Lima and Medda, 2015). 

Utilising underground space for transport and other purposes is a continuing trend in urban development over 

the past decades (Zhao and Künzli, 2016). Transport is viewed as an important function of UUS for addressing 

complex transport problems in cities (Cui et al., 2013a, b; Sterling, 1997). Underground transport systems have 

been chosen by cities as potential solutions for solving problems of traffic congestion, noise and air pollution, 

and issues associated with high density urbanisation (ITA Working Group on Costs-benefits of Underground 

Urban Public Transportation, 1987). 

Darroch et al (2016) note that calls for the use of UUS under buildings or highways, not just for foundations but 

as additional functional space, are well established (e.g. Bobylev, 2009; Cui et al., 2013b) and that in the case 

of the railways relevant experience dates back to the nineteenth century. The world’s oldest urban underground 

metro line, London’s Metropolitan Railway from Paddington to Farringdon, opened in 1863, while underground 

parking systems have become widespread since their appearance in the 1920s. The first underground freight 

transport system was in operation in 1853 in London, and underground pedestrian systems (such as the PATH 

system in Toronto) have been actively developed since the early 1900s. In the current motorised society, 

underground roads and expressways have been built in large cities to reduce the negative environmental impacts 

caused by (surface) traffic and to enhance the entire transport network. 

Darroch et al. (2018) note that UUS generally requires physical structures, referred to as Urban Underground 

Infrastructure (UUI), to create the necessary space (e.g. tunnels; floors; ceilings; girders; walls; shafts). They 

observe that these structures interact with the subsoil and other urban infrastructure (buildings; basement levels; 

other tunnels; transport infrastructure; utilities) and that these structures and the adjacent land can be owned by 
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or be the responsibility of different parties (although not all parties may be aware of this). As such, good 

governance in the planning, design, construction, management, operation of underground transport systems is 

essential to ensure the sustainability of urban environments as well as the UUS itself. 

This paper is structured as follows. Following the introduction to the key concepts of UUS, UUS for 

underground transport and UUI, the paper provides an overview of five main forms of underground transport: 

underground railway systems, underground car parks, urban underground roads and expressways, underground 

freight transport systems and underground pedestrian systems. In each case the overview explores their origins, 

development, advantages and challenges, as well as other research foci. The paper then discusses key policy 

challenges for underground transport systems and provides recommendations for future research.  

 

2. Underground railway systems 

An urban underground railway is typically defined as one which runs within the built-up limits of a city, giving 

good penetration of the city centre by tunnels. White (2016) notes that underground rail networks are largely 

self-contained and that often over half of the network may be sited on the surface or on elevated track. 

Ownership commonly rests with a city transport authority and in many European cities responsibility extends 

to include the planning and operation of light rail and bus services. 

During the nineteenth century railways served almost all demands for mechanized transport (White, 2016). The 

London Underground, constructed largely between 1890 and 1955 (following commencement of the 

Metropolitan line in 1863), is a prime example of a specialised urban railway. The Paris metro was inaugurated 

in 1890 and by 1940 there were seventeen metros in operation (including Hamburg, New York, Chicago and 

Moscow). To-day heaviest use of metros is experienced in large cities in South America and Asia. For example, 

every work day more than 10 million passengers take Shanghai’s subway system, the largest metro system in 

the world by route length, with a current network of 644 kilometres. 

The relationship between underground rail and economic development has been widely examined in the 

literature. Levinson et al. (2016) note that the high ridership of London’s Metropolitan Railway quickly spawned 

interest in the construction of additional links. In their exploration of the role accessibility played in the decision 

to approve or reject proposed early London Tube schemes they find that maximizing accessibility to population 

per expenditure largely explains Parliamentary approvals and rejections. Transport for London (2017) note that 

there is a vast theoretical and empirical literature that supports the idea that the benefits of transport schemes 

get capitalised into higher land values and cite the existence of a ‘transport premium’ of up to 10.5% around 

Tube and rail stations in London. 

An important contemporary concern is the resilience of metro systems so that measures can be introduced to 

reduce the level of disruption when it occurs. D’Lima and Medda (2015) argue that it is important to be able to 

quantifiably measure the resilience of transport systems, and thus be able to make decisions on how the 

resilience of the system can be improved. Using the London Underground as an example they propose a measure 

of resilience by providing a quantification of the rapidity of the system’s recovery from shocks which result in 

severe delays. 

As with other forms of underground transport system the effects of metro systems on passengers’ health is also 

an on-going concern. Wang et al. (2016) note that the Shanghai subway system’s air quality has caused 

widespread concern because of the potential harm to passengers’ health. Their study showed that particulate 

matter (PM) concentrations were higher on the platforms than inside the train and that PM concentrations on 

the platforms were influenced by the “piston wind” effect created by the approaching trains. Also, the effect of 

the piston wind varied among locations on the platform and was stronger at both ends of the platform than in 

the middle. Much can be done through the installation of appropriate ventilation systems both in tunnels and 

trains. A study in London showed that the concentrations of tunnel dust on the London Underground are unlikely 
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to represent a significant cumulative risk to the health of workers or commuters, although efforts to reduce dust 

concentrations should continue, since the dust is not without toxicity (Seaton et al., 2005). 

Digital technologies are being deployed to increase safety for trains and more efficient signaling and improved 

network performance. Increasing automation and the use of autonomous trains also offer prospects for improved 

reliability and efficiency of both passenger and freight movement. The Digital Railway Strategy in the United 

Kingdom draws inspiration from the progress made by London Underground and is predicated on establishing 

a “Digital as the Norm” culture in railway operations. 

 

3. Underground car parks 

Ison and Mulley (2014) provide an introduction to parking issues and policies, noting that since parking is 

primarily a land-use issue the management of parking is important when addressing the wider policy goals of 

impacting on traffic congestion, tackling the issue of air pollution, stimulating economic activity or aiming to 

improve road safety. 

Just as in the case of underground railways the use of UUS for underground parking has been promoted as one 

solution to parking provision. The first underground city car park is thought to have been constructed in 

Pittsburgh in the 1920s (Cornwell, 2009). Some London hotels and apartment blocks constructed in the 1930s 

had car parks in their basements. The possible advantages of underground parking have been variously posited 

as including: easier access control, a secure environment, no obstruction of views or sunlight and improved 

liquid and solid waste pollution control (Gautam, 2018). Additionally, the possibility of freeing up land for non-

parking use is an important land-use issue. On the downside the higher building, operational and maintenance 

costs cannot be ignored.  

Estimating the capital cost of underground car parking projects is investigated in detail by Bastos et al. (2005) 

who review techniques for capital cost estimation. They draw on experience from Portugal where there has been 

a large programme of underground parking projects in the major cities and present a mathematical model for 

estimating capital costs of underground car parking projects, which in addition to the construction of the parking 

facility require complex ventilation, drainage, and fire safety systems. As in the case of underground railways 

the deviation of existing major underground urban services may be required during construction, thus requiring 

an effective means of determining the interfaces between the different types of urban infrastructure (Darroch et 

al., 2018). 

Maintaining air quality in underground car parks is of particular importance since the concentration of exhaust 

emissions in enclosed environments can cause severe health impacts if appropriate ventilation is not maintained 

(see Viegas, 2010 for an investigation of ventilation issues in underground car parks). Yan et al. (2017) note 

that in large enclosed parking facilities, vehicle-induced air pollutants such as carbon monoxide (CO), PM10, 

and volatile organic compounds (VOCs) often occur at higher levels than in other indoor environments since 

vehicle emissions are higher during start-up and at lower speeds. These factors can be compounded by lack of 

adequate ventilation. 

Demir (2015) reports the findings of a study which compared emission measurements in four underground and 

five aboveground multi-storey car parks in Istanbul when the density of motor vehicles was highest. Whilst no 

short-term risks to human health were identified they offer suggestions for improvements in design including: 

automated payment to encourage non-stop access to car parks; automated control of ventilation systems which 

are sensitive to emission concentrations and careful attention to the ventilation of working areas of employees. 

The effect of exposure to hazardous air pollutants for employees and users in six underground car parks in 

Guangzhou, China was investigated by Yan et al. (2017) where an obvious seasonal variation was noted. They 

conclude that more attention should be paid to the exposure of staff and users to hazardous air pollutants in 

underground car parks since definite risks to health were identified.  
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Fires in car parks are fortunately quite rare but there are concerns regarding new and emerging risks from 

modern cars (which have increased electrical power and greater use of plastics) and alternative fuels (such as 

liquefied petroleum gas (LPG) and in the future, hydrogen). In the United Kingdom the basis for the existing 

Building Regulations guidance in for fire safety strategies in car parks relates to fire initiation and fire growth, 

although it is noted that they are based on research involving cars whose design is decades old. This is an area 

for further investigation. 

 

4. Urban underground roads and expressways 

A typical urban underground road/expressway travels through deep tunnels below a city, entering and exiting 

from portals that are integrated into the road networks (National Research Council of the National Academies, 

2013). A recent study by Ma and Peng (2018) summarised the functions of underground roads in reducing traffic 

on the ground and improving the road network, freeing land for redevelopment, providing landscape 

conservation opportunities, reducing greenhouse gas emissions, and lowering accident rates in bad weather 

conditions. Hence, building underground roads and expressways in cities contributes to sustainable urban 

transport development. Many major cities across the globe have developed significant underground 

expressways, such as the A86 west tunnels in Paris (France), the M30 tunnels in Madrid (Spain), the Central 

Artery/Tunnel in Boston (United States), the Cross City Tunnel in Sydney (Australia), the Airport Link Tunnel 

and Clem Jones Tunnel in Brisbane (Australia), the Yamate Tunnel in Tokyo (Japan), and the Bund Tunnel in 

Shanghai (China).  

The application of cost-benefit analysis has become one of the key topics in research on underground projects 

including underground roads and expressways. Usually, underground space development is perceived to be 

associated with high costs of underground construction, potential geotechnical risks and archaeological risks 

(Bobylev, 2009). The fiscal drawbacks may mitigate against the selection of underground space development 

from among other alternatives on the basis of financial feasibility. However, the high cost of underground 

development could be partially recovered by reduced cost for land purchase (Monnikhof et al., 1999). In 

addition, the social and environmental benefits of underground roads and expressways (such as reduced traffic 

congestion, noise and air pollution, land redevelopment and urban renewal) are barely considered in cost-benefit 

analysis. The National Research Council of the National Academies (2013) has indicated that it is not easy to 

quantify environmental and social impacts monetarily, and existing knowledge about these impacts of 

underground space use is limited due to lack of attention. Future research to evaluate the cost benefit of the 

entire lifecycle of underground road and expressway projects and to provide empirical evidence is needed. 

How to address internal environment and safety issues has been an important focus in research on underground 

roads and expressways. Safe driving in underground roads is affected by psychological, visual and 

psychophysiological factors. As lighting is closely related to driving problems caused by these factors, accurate 

lighting installations can facilitate safe driving in underground roads (Peña-García, 2018). Fire safety is another 

key issue for tunnel projects. The increasing number of underground tunnels (and potentially the growing 

number of fire incidents) has forced authorities to reconsider more effective measures to reduce fire incidents 

in underground tunnels (Li and Ingason, 2018). In addition to fire safety, the increasing number of underground 

tunnels has raised new questions concerning vehicular emissions and their impacts on human health due to 

enclosed tunnel environments. Further research is needed to identify the chemicals in tunnels and their 

concentrations, and to develop appropriate models of the tunnel portal emissions to aid in better design of the 

ventilation of future tunnels to decrease their environmental and health impacts (Kuykendall, 2009). 

 

5. Underground freight transport systems 

Urban freight transport is an increasing proportion of the urban transport task and is essential to the functioning 

of cities (Cui et al., 2015). Underground freight transport systems (also called underground logistics systems) 
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are an important component of urban freight transport systems. Underground freight transport can take place in 

two forms: by vehicles or trains through underground tunnels; or by freight capsules through underground 

pipelines. The first underground freight transport system (pipeline) was introduced in 1853 for moving 

telegrams and postal mail from the centre to other offices in London (Zhao et al., 2018). Later, the system was 

exported to the rest of Europe, with similar installations following in Berlin (1865), Paris (1866) and Prague 

(1889) before it is spread to the rest of the world (Egbunike and Potter, 2011). The tunnel form of underground 

freight transport systems were introduced at the beginning of the twentieth century when rail-based underground 

freight transport systems were first developed in Chicago for transporting waste and coal (Visser and Geerlings, 

2001).  

Studies on the feasibility of modern underground freight transport have been conducted in various countries 

such as Germany, The Netherlands, United States and China. Researchers from Ruhr-University Bochum in 

Germany conducted a study on the feasibility of the CargoCap system, a freight pipeline system based on 

individually driven, computer-controlled transport units (Caps) (Stein and Schoesser, 2003). The 

Interdepartementale Projectorganisatie Ondergronds Transport (IPOT, Interdepartmental Project-team on 

Underground Transport), an interdepartmental underground transport task force comprising representatives 

from several Dutch ministries, examined the feasibility of underground freight transport (automated vehicles 

carrying cargo through tunnels) in the Netherlands (Wiegmans et al., 2010; Pielage, 2001). In the United States, 

the feasibility of using different technologies (such as the modern pneumatic capsule pipeline (PCP) technology) 

for underground freight transport in New York City was assessed by Liu (2004). The feasibility of a short-haul 

underground freight transport system (pipeline) to be applied to a large airport, Dallas-Fort Worth (DFW) 

International Airport, was investigated by Shahooei et al. (2018). Most recently, a metro-integrated logistics 

system that takes advantage of the existing passenger subway system for freight transport was proposed in 

Shanghai, China (Zhao et al., 2018). 

Research has demonstrated the advantages and challenges of the implementation of underground freight 

transport. The possibility of a reduction in a city’s reliance on trucks, and alleviation of congestion on roads and 

traffic, and environment-related problems such as air pollution and noise, was indicated by Liu (2004). For 

freight in pipelines, characteristics such as unhindered movement in a sealed dedicated transport system, 

potential for 24-hour operation daily, and electronic and computerised controls allow improved reliability and 

efficiency, and enable freight movement to be well-managed (Egbunike and Potter, 2011). However, there are 

planning, technological and political challenges for the implementation of underground freight transport. Visser 

(2018) highlighted the increasing difficulty of finding alignments for tunnels or tubes. For example, the 

appropriate UUS may have already been used up by underground facilities or shallow underground utilities in 

cities; this can be the case in China, European countries and the United States. In addition to the challenges 

around whether or not the technology of freight pipelines is acceptable as a feasible alternative to conventional 

freight transport systems (such as road transport), Egbunike and Potter (2011) also demonstrated that the 

absence of policy makers’ interest has constrained the implementation of underground freight transport. 

 

6. Underground pedestrian systems 

According to Robertson (1993), an underground concourse linked with shopping complexes and/or underground 

transit can be viewed as an underground pedestrian system. A comprehensive definition of a well-developed 

underground pedestrian system is provided by Belanger’s (2007) research based on Toronto’s underground 

pedestrian system which contains a number of components: first, a retail complex with many shops; second, a 

small city linking various buildings and spaces such as office buildings, department stores and underground 

parking garages; and third, a transport infrastructure integrating different transport networks, such as subway 

and national / regional transit networks. The initial development of underground pedestrian systems can be 

found in Canadian cities. The early development of Toronto’s underground pedestrian system can be traced 

back to 1917 when five underground tunnels connected the Eaton Centre main store, catalogue store, bargain 

annex and stable. However, it was not until the 1950s that the first planned network was officially proposed in 
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Toronto (Belanger 2007). At present, Toronto’s PATH underground pedestrian system in the city centre links 

restaurants, shops, entertainment and services along its 30 km underground route. In Montreal, the RESO 

underground pedestrian system’s 32 km of tunnels cover more than 41 city blocks (Besner, 2007). Cities in East 

Asia and Europe, such as Tokyo, Osaka, Shanghai and Munich, also have numerous well-developed 

underground pedestrian systems. 

The motivations behind the development of underground pedestrian systems have been explored in the 

literature. The development of underground pedestrian systems was believed to be initially driven by the need 

to provide shelter from poor weather conditions, such as in Toronto and Montreal with long and cold winters 

(Belanger, 2007). For Central Business Districts (CBD) with high density development (e.g. in Chicago), 

underground pedestrian systems were developed to alleviate congestion and pedestrian–vehicle conflicts 

(Bhalla and Pant, 1985). The economic potential of underground pedestrian systems in creating a second layer 

of downtown retailing has been recognised by planners and developers since the 1980s (Robertson, 1993). 

Private investment in the development of underground pedestrian systems with little or minimal public financial 

support was preferable for local government (Boisvert, 2007; Dillon, 1985). More recently, the development of 

underground pedestrian systems is also related to sustainable urban development (Durmisevic, 1999; Ronka et 

al., 1998; Sterling et al., 2012). However, fire and explosion were significant issues that directly affected the 

real safety of users in underground pedestrian systems (Forusz, 1980) because of the nature of the enclosed 

environment of such systems. As a result, fire and explosion disasters have hampered their development over 

time. Studies on safe evacuation of people and their rescue from complex underground pedestrian systems in 

an emergency need to be conducted in the future. 

Current studies debate intensively the positive and negative impacts on the city and its people that the 

development of underground pedestrian systems may bring. Some studies praised the impacts of underground 

pedestrian systems in supporting transport and economy in city centres, while others questioned the ability of 

underground pedestrian systems to stimulate the long-term vitality of city centres (Maitland, 1992; Cui et al., 

2013a). It is argued that the impacts of underground pedestrian systems on city vitality vary in different city 

contexts (Dillon, 1985; Terranova, 2009). For example, an underground pedestrian system would be 

advantageous in a dense urban development pattern. 

 

7. Key policy challenges for underground transport systems and directions for research  

This paper has provided an overview of five main forms of underground transport noting their origins, 

development, advantages and challenges. Each – underground railway systems, underground car parks, urban 

underground roads and expressways, underground freight transport systems and underground pedestrian 

systems – are firmly established as key components of the urban landscape.   

The paper has highlighted the usefulness of UUS as a means to create additional functional space. Well-managed 

UUS is itself an effective means of increasing the density of urban environments globally. However, the need 

for good governance in the planning, design, construction, management and operation of underground transport 

systems is essential to ensure the sustainability of urban environments as well as the UUS itself.  

Despite their many positive contributions to addressing the problems of surface transport systems such as traffic 

congestion, noise and air pollution it must be acknowledged that underground transport systems (once 

constructed) bring their own sets of challenges; e.g. with respect to safety (such as related to fires in road tunnels 

or underground car parks, personal security issues when travelling at night by underground railway or 

emergency evacuation from complex underground pedestrian systems); health (such as the effects of metro 

systems on passengers’ health due to air quality or the effects of emissions on car users in road tunnels); and 

wider environmental externalities such as vibration from underground railway systems. 

There are a number of important contemporary issues that policy makers must address, including the resilience 

of (for example) metro systems to terrorist threats or the impact of localised flooding on UUI. The contribution 
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of underground roads and expressways in cities to sustainable urban transport development remains contested 

since the benefits of freed-up urban space (e.g. for land redevelopment, landscape conservation etc.), on the 

surface is counterbalanced by the high costs of underground construction. As noted earlier the fiscal drawbacks 

may mitigate against the selection of underground space development from among other alternatives on the 

basis of financial feasibility, although there is strong evidence that underground railways can contribute to land 

value uplift. However, it is not easy to quantify environmental and social impacts of underground transport 

systems monetarily so research to evaluate the cost benefit of the entire lifecycle of underground transport 

projects is needed. In the case of underground pedestrian systems some studies have praised their contribution 

towards supporting the economy in city centres, while others have questioned the ability of underground 

pedestrian systems to stimulate the long-term vitality of city centres, although the economic potential of 

underground pedestrian systems in creating a second layer of downtown retailing has long been recognised. 

There are interesting prospects ahead for underground transport systems. Modern high-speed capsule freight 

transport systems using linear induction motors to power the capsules have been promoted for decades (e.g. 

Liu, 2000) and remain a strong possibility. Indeed, it has been argued that the absence of policy makers’ interest 

has constrained the implementation of underground freight transport systems (Egbunike and Potter, 2011). 

Similarly, the increasing use of autonomous trains also offer prospects for improved reliability and efficiency 

of both passenger and freight movement. In addition, underground high-speed trains, as an emerging form of 

underground transport system, continues to attract increasing attention across the globe. In the United Kingdom 

and China, both researchers and practitioners are focusing on the issues with regard to its planning and 

engineering technology. This is also an area for future investigation. 
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