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Abstract

During a very long period of time, civil engineers have been the only ones to be
designated as the experts for underground space, while the planners and architects
were the ones of the development at the surface. Cities worldwide tend to overlook
an invaluable asset that lies beneath their surfaces. Most cities and urban regions are
unaware of the benefits underground space use has to offer, both for climate inflicted
and spatial constraints: In many cities, infrastructure development is being outpaced
by population Growth. Climate change effects are requiring radical new approaches
in terms of coping with for example excessive rainfall. The available space at the sur-
face is rapidly being used up and the biggest danger is that built-up spaces are taking
over the public green spaces of cities thereby threatening livability and quality of life.
Urban underground space forms a societal asset, which is often unappreciated and
underestimated in terms of the role it can play within dynamic city environments
and associated challenges. The world-wide trend of increased urbanization creates
problems for expanding and newly-developing cities alike. Population increase leads
to an increased demand for reliable infrastructure, nowadays combined with a need
for increased energy efficiency and a higher environmental awareness of the public.
The use of underground space can help cities meet these increased demands while re-
maining compact, or find the space needed to include new functions in an existing city
landscape. Use of Urban Underground Space (UUS) has been growing significantly
in the world’s biggest and wealthiest cities. UUS has been long acknowledged to be
important to the urban development agenda: sustainability, resilience, livability, and
creating a better urban environment in particular.

Keywords: Underground space; urban planning; Sustainable development; subsurface governance;
City resilience; urban growth.
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Introduction

Although high urban density can help cities
become more energy and resource efficient,
urban density alone is not sufficient to obtain
a high standard of living. Comparing the most
densely populated cities with the most livable
ones (Wikipedia, 2015; Mercer, 2015) shows
there must be other factors involved. This pa-
per proposes that an efficient and integrated
use of the underground is one of these factors
and gives a brief overview of the possible so-
lutions the underground offers to improve the
factors contributing to quality of live: safety,
health, convenience, and comfort (UN, 1961).
Indeed, UUS development can contribute a
lot to urban sustainability, ranging from lo-
cal renewable energy provisioning to urban
space cohesiveness and aesthetics. Sustainabil-
ity issues related to UUS use were raised by
Carmody and Sterling (1993), Stetling (1997),
Bobylev (2006, 2011), Rogers (2009), ITA-
CUS (2010), and systematised by Sterling et al.
(2012). Development of Urban Underground
Space (UUS) can mitigate surface constraints
on land acquisition, from building height lim-
its and from landscape control (Carmody and
Stetling, 1993; Golany and Ojima, 1996)". The
scale of UUS development constantly expands
along with technological advancements (Goel
et al,, 2012). However, many of the current
urban underground development cannot be
said to be compatible with sustainable de-
velopment. At present, the demand-driven
“top-down” planning of Urban Underground
Space (UUS) is commonly adopted world-
wide (Admiraal, 2006). Urban underground is
mainly considered as a space for construction.
The interactions between underground space,

groundwater, geo-materials and geothermal
energy utilizations have not been fully consid-
eted in planning (Partiaux et al., 2004)% The
urban underground developments are mainly
on a project basis when a need appears, which
can be called a “sectorial approach” of urban
underground use (Li and Li, 2013; Parriaux et
al., 2004).

Measuring sustainability is an important sub-
ject, both in scholatly terms and as a policy in-
forming tool. Lists of urban indicators or ur-
ban sustainability indicators have been adopted
by many cities, countries, and international ot-
ganizations to monitor progress in sustainable
urban development. Sustainability is just one
of the concepts that require to be informed by
urban indicators; most recently the concepts of
ecosystem services, resilience, smart cities have
been developed and require input of urban
data. Urban underground space, a place where
all disciplines currently converge, is there-
fore better planned? Planning underground
space hasn’t the same meaning even today
for an engineer as compared an urban plan-
ner. In fact, a lot of planning terms are used
by many disciplines and they are not always
consistent. During a very long period of time,
civil engineers have been the sole experts of
the underground space, while the planners and
architects were the ones for the development
at the surface. More recently, some visionary
reformers and urban planners came and tried
to change the situation, leading gradually all
the experts of the underground toward real
interdisciplinary work. Thus urban indicators
become a more general notion, pertaining to
developing, collecting, and analysing data from
different aspects of urban life and then apply-

1.The world is increasingly an urban environment. Since 2008 more than half of the world population lives in cities and the world

population are expected to inctease to roughly 10 billion people over the next four decades. As the world’s rural population is

projected to remain stable in this period, that increase will occur in urban areas; By 2050, 70% of all people will live in cities and the
world urban population will have more than doubled compared to the turn of the century (UN, 2007, 2013).
2.An urban population that is increasingly aware of the factors that improve quality of living, poses increased demands on their

environment with respect to: reliable and safe transport of people and goods; dependable utilities, water distribution and sewerage

systems; sustainability of the environment and limited urban sprawl; green spaces and recreational areas; reduced enetgy use and

reduced emissions and noise levels; aesthetics and conservation of heritages; efficient use of real-estate and public space (Broere,

2012). In existing urban areas these demands pose significant challenges, as the space needed for developing new functions or

relocating and improving existing ones is often not readily available. Placement of infrastructure and other facilities undetground

presents an opportunity to find the needed space, but it is often considered only as a last resort.
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A i 1. A model of the subsurface as comprising of four exploitable resources

A Fig 2, 3, 4. Sample of urban undergroind space; sources: athours’ s archive.
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ing this knowledge to develop a better urban
environment. Value, exploitation difficulty and
comprehensive quality of Underground Space
Resource Urban Underground Space is a type
of resource. It has its own potential, which is
the available volume of exploitation.

The comprehensive quality of Underground
Space Resource) is depended on its value and
the exploitation difficulty. For the develop-
ment of Urban Underground Space, there are
some driving factors as well as limiting factors,
which determine the available potential. For
example:

1. High population density requires more
space (Land shortage is common in many
densely populated cities, e.g. 58% of Hong
Kong (Hui et al., 2006) and 35% of South
Korea’s large cities (Son and Kim, 1998) have
this issue. Population density might reflect the
shortage of space and hence is a driving factor
for underground development (Bobylev, 2009;
Golany and Ojima, 1990)).

2. Land type, grade and real estate (or prop-
erty) prices would affect the demand and com-
mercial value of Underground Space. (Cost is
much higher and hence an important consid-
eration in UUS development. For example, in
Tokyo, most of the basement type buildings
are built in districts with population of more
than 200,000 and land price of more than
400,000 yen/m2).

3. Subway construction is a vital driving factor
and would also control the order of Under-
ground Space development (Ground: Tran-
sit-Oriented Development (TOD2) mode;
Underground: the metro network offered op-
portunity for nearby buildings to connect with
metro stations).

4. The sites of particular interest (e.g histori-
cal and ecological sites or places of natural
beauty) should be defined, documented and
protected.

Underground planning enhances the overall
economy efficiency of facilities located under-
ground and boosts the safety of these facilities
and their use. “In simple terms, underground
facilities can be thought of as providing the
ultimate ‘green roof’. Facilities placed fully un-
derground (once constructed) do not impact
the surface aesthetic and can provide natural
ground surfaces and flora that maintain the
natural ecological exchanges of thermal radia-
tion, convection and moisture exchange” (Ster-
ling et al., 2012).In spite of acknowledgement
of UUS importance to the concepts and urban
issues highlighted by use of urban indicators
(e.g: sustainability, resilience), this subject has
not made it yet into routine urban indicator
lists. The importance of UUS as an urban ac-
tivity sector is on a par with long established
urban sectors as transport (widely used indica-
tor: motorisation rate), land use and planning
(widely used indicator: built stock density),
environment (widely used indicators: air pollu-
tion, watet quality)'.

Urban underground solutions

UUS can be defined as a space beneath urban
areas that has the potential to provide direct
services to a city (e.g. groundwater supply or
geothermal energy). UUS encompasses natu-
ral geological formations of rocks and soils,
anthropogenically altered soils and manmade
structures, as well as caverns of vatious origins.
When considering liveability there are four ba-
sic UUS resources: space, materials, water, and
energy (Parriaux et al., 2007), each of which
has different degrees of renewability depen-
dent upon the way and/ or rate they have been
exploited (Sterling et al., 2012). Many dense
urban environments face problems due to
lacking infrastructure for transit, distribution
of resources, goods and services. When paired
with the demands listed above, these problems
can be elaborated to include: traffic conges-

1.As populations grow in dense urban city centres, so too does the demand for space and natural resources. An option to combat

this problem, all too often, has been to build denser and taller buildings in addition to transporting an ever-increasing abundance

of resources (e.g. raw materials, water, energy and food) into the city whilst moving waste back out. This has major implications for

liveable cities (LC), which in future policy terms might be considered to include aspects of (i) wellbeing, (ii) resource security (i.c.

‘one planet’ living) and (iii) carbon reduction (now enshrined in international law). An option that has been overlooked, and one
which could add significantly to this LC agenda, is wider adoption of urban underground space (UUS).
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tion; poor environmental conditions due to
noise and air pollution; lack of safety, security,
and protection against natural disasters and
flooding; crowding and lack of space for work
and recreation; restrictions when preserving
aesthetic qualities and (cultural) heritages of
the urban environment; aging infrastructure
for distribution of resources, sewage convey-
ance and treatment; and combination effects
of the above.

The undeservingly marginal role of UUS in
urban sustainability and resilience discourse is
reflected by the fact that the UUS topic has
not made it yet into executive summaties of
the most known policy documents related to
urban development, i.e. United Nations Hu-
man Settlements Programmed State of Cities
Reports (UN Habitat, 2006, 2013a); United
Nations Environment Programmed Geo Out-
look (UNEP, 2012); The World Bank Annual
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Reports and Urbanization Reviews (World
Bank, 2012); Organization for Economic Co-
operation and Development Infrastructure
Outlooks (OECD, 2006, 2008). However, the
progress regarding mainstreaming UUS into
urban agendas has been made. The United
Nations Secretary General’s formal address
to the International Tunneling Association
conference in Bangkok in 2006 highlighted
UUS relevance to global development and
urban sustainability agendas (UN, 2012b). Fa-
mous architect Norman Foster highlighted the
strategic importance of UUS as well: “one of
the greatest challenges facing mankind is to
achieve higher density while at the same time
improving urban existence. The underground
has enormous potential for realizing spatial
benefits” (Foster, 2011).

Underground space in cities

By 2009, in excess of half of the global popu-
lation was living in cities (Besner, 2002; Parker,
2004). Moreover, the projected growth in ur-
ban centers in developed nations is expected
to increase to 700,000 km2 by 2030 (from
300,000 km2 in the year 2000), with

Similar increases in emerging nations (from
250,000 km2 in 2000, to 820,000 km2 by 2030
— Angel et al., 2005). According to Godard
(2004), the manifestation of this continuous
growth will increase densities in our towns and
cities, because they are a preferred space for
development. Fig. 1 indicates that urban popu-
lations are increasing globally and it is reported
that global physical city area expansion (276%
by year 2030) will take place at a much higher
rate than global population growth (66% by
2030 — Sterling et al., 2012). The pursuit of ad-
ditional space in large urban areas is a global
phenomenon as urban sprawl is restricted
and buildings reach ever-increasing heights at
considerable cost. This is accompanied by a
number of challenges associated with provi-
sion of infrastructure, which grows propor-
tionately with the size of the city (Hunt and
Rogers, 2005; Rogers and Hunt, 2006; Hunt
et al., 2009; Admiraal, 2010) and impacts live-

ability therein.

UUS functions in the role of a dynamic me-
dium through which anthropological systems
and ecosystem services interact and impact
each other. Recognition that this interdepen-
dency exists is vital to understanding sustain-
ability (as it pertains to civil engineering) in
respect of how it impacts on urban systems’
functionality. A burgeoning consensus points
to the fact that future urban interventions that
progress development and ‘livability’ for hu-
mankind, and readily embrace the principles
of sustainability and resilience, must be con-
sidered at the planning and design stages of
any infrastructure construction project (Go-
dard, 2004; Jefterson et al., 2006; Braithwaite,
2007; Simpson and Tatsuoka, 2008; Hunt et
al., 2008; Rogers, 2009; Rogers et al., 2012).
Traffic congestion

Probably the most recognized problem is the
need for congestion relief in city streets. Time
can be saved by using separated rail systems in
order to reduce the rush hour traffic pressure.
Hundreds of hours per worker per year can be
saved in this way, as the cost of

Congestion in OECD countries is estimated to
be equivalent to about 2 percent of the GDP
(Godard, 2008). But mass transit systems of-
fer other benefits, as they tend to require less
surface area than road traffic. Studies show
that car traffic takes up 30 to 90 times more
space than metro systems. Similarly, public
road transport takes 3 to 12 times more space
(Thewes et al., 2012). By moving from above
ground car traffic to underground mass transit
systems, enormous amounts of surface land
can be freed up for other uses.

Pollution and noise

Highway noise and emissions from vehicles
are recognized as pressing problems in urban
areas. In order to reduce the noise impact,
sound barriers may be erected, but the visual
impact of such measures is major. It is often
the case that residential property values near
freeways are reduced due to high noise levels
from cars and exhaust emissions. Also, there
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A concept and reference to the
Urban Underground Space (UUS)

research

Summary of major Urban Underground Space (UUS) rel-
evant issues

Sustainability (Sterling et al., 2012)

1. Rational use of UUS resources; 2. Rational land use; 3.
Combating urban sprawl and compact city; 4. Geothermal
energy (deep) and shallow subsurface heat exchange); 5. Ur-
ban infrastructure efficiency (transport, watet, others)

Resilience (Sterling and Nelson,
2013; Bobylev et al., 2013; Makana
et al., 2016)

1. Urban natural and artificial disasters preparedness; 2.
Emergency response and civil defence facilities; 3. Mitiga-
tion of city scale adverse environmental impacts (e.g, urban
heat island effect); 4. Critical infrastructure reliability

Climate change adaptation and
mitigation (Bobylev, 2009b, 2013)

1. Urban networks energy efficiency (mitigation); 2. Stable
temperature mode benefits while locating urban functions
underground (mitigation); 3. Enabling urban compactness
(mitigation); 4. Underground infrastructure facilities for
urban climate change adaptation; 5. Adaptation of urban
underground infrastructure to climate change (reflecting
changes in water balance, extreme temperatures)

Smart city (Bobylev, 2014)

1. Greater use of information and communication tech-
nologies to enable more efficient use of existing urban; 2.
underground infrastructure facilities (e.g, water sewers)

Liveable city (Hunt et al., 2016)

1. Compact and high quality public spaces; 2. Enhancing
urban green and recreational areas by putting infrastructure
underground

Compact city (Bobylev, 2009a;
Wende et al., 2010)

1. Densification; 2. Quality of life and the environment; 3.
Proximity

“0-land use” (Vahaaho, 2013)

1.A concept of “O-land use” is an idealistic approach to
urban growth and development using just underground-

space;

A Table 2. Global development and urbanisation related concepts and Urban Underground Space (UUS).

are associated health and safety issues for liv-
ing close to a freeway. Once again, moving
passenger transport from cars to mass transit
systems can reduce the noise and pollution
impact at the local level, but also at a larger
scale as mass transit systems tend to be more
energy efficient and substantial energy savings
can be obtained by the increased use of metro
systems.

Protection against natural disasters

With concentration of population, urban ar-
eas are particularly vulnerable to failures in in-
frastructure due to ageing of the systems or
those caused by other natural forces. Growth
of population not only means more people are

relying on the infrastructure, but at the same
time that the man-made facilities may increase
the severity of the disaster. For example, ur-
banization means more paved area leading to
more severe flooding, as well as loss of water
resources recharging groundwater.

Lack of space and preservation of heritage
and environment

Most of the underground examples above are
not intended for a long-term human presence.
This stems from the human preference to live,
work and recreate above ground. Historically,
underground structures were primarily in-
tended for shelter or served as entry and con-
nection points for mass transit systems. Over
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A Fig 5. Access to UUS retail space and provision of light in the Bullting, Birmingham, UK.

A Fig 6. Access to UUS educational space and provision of light in the new library, Birmingham, UK.

time, a wider range of functional facilities has
taken up underground residence, but often still
with a short intended stay for individuals be-
low ground. Mostly the aim was to free surface
space for other human needs and to improve
the living conditions of cities. Examples such
as underground car parks, shopping malls or
underground storage facilities have been docu-
mented by Thewes et al. (2012). Recently, the
aim is more and more to not only keep surface
space free and to create new space and func-
tions, but to do so in a manner that preserves
existing buildings and cultural heritages. This is
especially true for public functions housed in
historic monuments.

Conclusion

Urban Underground Space (UUS) use has
been growing significantly in the world’s big-

gest and wealthiest cities. Arguably, the main
driving factors of this growth were lack of
surface space and a need for a better environ-
ment, including abatement of motor traffic
and pollution problems. Generalising, we can
suggest that awareness of the urban sustain-
ability agenda and a need to make cities more
liveable have been growing concurrently with
intensification of UUS development. Under-
ground development is an important tool in
developing and reshaping urban areas to meet
the challenges of the future. Placement of in-
frastructure and other facilities underground
presents an opportunity for realizing new
functions in urban areas without destroying
heritages or negatively impacting the surface
environment, and at the same time brings op-
portunities for longterm improvements in the
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A Fig 7. Underground swimming pool in Itikeskus, which can accommodate 1000 customers at a time and
can be converted into an emergency shelter for 3800 people ifnecessary. Photo: Erkki Makkonen.

A Tig 8. Artist impression of the Lowline underground park. Image courtesy of: RAAD Studio, New York.

environmental impact of cities and more ef-
ficient use of space and resources. These ben-
efits are there for existing, redeveloping cities,
but can be implemented for newly developing
cities more easily and more cost effectively, for
even greater benefits.
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