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When thinking about underground development and planning, mainly in the urban space,

there are certain international cases that come to mind. Singapore is one example, with its

underground master plan that includes a digital twin benchmarking study that provides

the context and tools for integrated subsurface planning. Singapore has also amended its

Lands Bill and the Land Acquisition Bill (2015) to facilitate long-term planning and

development of the subsurface (McNeill, 2019). Further examples include Hong Kong and

its long-term strategy to cavern development (Ho et al., 2016), and Helsinki, with its urban

underground master plan (Vähäaho, 2016). Beyond these prominent cases, however, many

cities are in more nascent stages in terms of developing and governing underground

spaces. In Sweden, for example, there are emerging opportunities in terms of how

underground governance considerations are being actively adopted by various

municipalities in the country. 

One of the key intentions of the research project UNDER is to create methods or

approaches that are meaningful for underground governance purposes. As a parallel to

the relatively more well-established concept of ecosystem services (Costanza et al., 2017),

UNDER aims at supporting the systematic inclusion of geosystem services in spatial

planning processes. Geosystem services generally refer to the contributions to human

well-being from goods and services derived from the abiotic (Gray, 2011) or subsurface

(van Ree & van Beukering, 2016) structures and processes (Lundin Frisk et al., 2022). Some

services are well-known and acknowledged in spatial planning, for example: 1) the

subsurface as a medium to build and construct in and/or on; 2) physical space for

underground constructions and infrastructure, 3) groundwater, energy and material

extraction; and 4) storage use ( e.g., water, energy and carbon dioxide) (Lundin Frisk et al.,

2022). Others are less tangible, for example: 5) habitat provision for ecosystems and

support for surface life; and 6) serving as an archive of cultural and geological heritage

(Van Ree and Van Beukering, 2016; Lundin Frisk et al., 2022). 

A complete view on geosystem services (Lundin Frisk et al., 2022) is often lacking in

physical planning practices and decision-making processes of the subsurface. Often, the

underground is shaped by a “first come, first-served” principle, i.e., the first claim to

access the subsurface is accepted without a thorough investigation of possible alternative

subsurface uses (Volchko et al., 2020; Norrman et al., 2021a), whereby subsurface

challenges are only limited to the immediately obvious ones, like underground space

competition. UNDER, as a project, intends to support addressing the invisibility of

geosystem services in spatial planning processes, with an aim of developing methods or

approaches that help planners identify and acknowledge geosystem services as an

opportunity to integrate sustainable and socially just subterranean developments in urban

areas. 
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Figure 1: Illustration of some goods and services that are
relevant to consider from a subsurface perspective.
Illustration by Emrik Lundin Frisk. The illustration is a
further development of the material presented in Lundin-
Frisk (2023).

As the UNDER team, we believe that there are some urban needs that can be addressed

through a geosystem services framework and thinking with the underground as a

planning dimension.

The importance of governing the subsurface and geosystem services

Multiple species thrive in urban areas, particularly within urban green spaces, delivering

vital ecosystem services to urban dwellers. This has positive implications for human

health, wellbeing, and quality of life within the urban setting. However, green areas are

almost always subordinate to the monetary values of land and its uses. Thus, greening

tends to take place in areas not suitable for other purposes, such as roof tops, and

roadsides highly congested with infrastructure. Land availability for the development of

urban green spaces is referred to as one of the main challenges for greening the city

(Kabisch et al., 2016). The desired tree-cover that provides shade and protects surface life

from heat highly depends on the subsurface space availability for trees’ rooting. The space

required for tree rooting and access to the water table is, in many cases, already occupied

by cables, pipes, and other critical urban infrastructure. Geosystem services like habitat

provision, retention of water in soils, soil development, and regulation of soil chemistry

(Lundin Frisk et al., 2022) are vital as they form the basis for primary production of green

spaces and provision of ecosystem services. Admittedly, land perceived in 2D – length and

width – can hinder efforts to increase the city’s resilience to the ongoing societal and

environmental challenges, like the provision of shade through tree canopy. In contrast,
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land perception in 3D – length, width, depth – allows for expanding the possibilities of the

urban beyond the surface.

Figure 2. a) Critical infrastructure tagging, Sydney, Australia (photo by Melo Zurita); b) Underground space used for
cables and pipes, Göteborg, Sweden (photo by J Norrman); c) Creation of urban green space, Singapore (photo by J.
Norrman). 

Climate change poses unprecedented challenges for humans and the environment.

Examples are increasing heatwaves, prolonged periods of drought, higher frequency of

so-called 100-year rainfall events, increased storm frequency and intensity, and rising sea

levels. Underground functions, both naturally occurring and human-made, are essential

for the city to cope with such threats. The intrinsic ability of the subsurface to buffer and

store water, isolate and keep stable temperatures, and provide shelter can contribute to

both adaptation and resilience to climate change. Indeed, most of the essential

infrastructure to retain water to move within the city also rests on the use of natural

subsurface structures and processes. These valuable subsurface contributions can be

regulation of baseline and extreme events, flows of water, and regulation of the

hydrological cycle (Lundin Frisk et al., 2022). During long periods of drought, the

groundwater and the subsurface ability to store and filter water will be essential for city

functionality and well-being. 

Storms and heavy rains cause floods and runoffs that can destroy and damage buildings,

as well as undermine infrastructure and endanger people. This is exacerbated by the

paving of the ground that leads to a decreased provision of such geosystem service as the

regulation of groundwater quantity hinders the natural buffering and filtration capacity of

soils. Thus, it is imperative to reserve areas for the infiltration of stormwater and to de-

seal the already paved surface. Using underground space for cisterns is an alternative

geosystem service. Globally, the sinking of cities due to soil subsidence is happening faster

than the rising of sea water level (e.g. Waltham, 2002).

Developing underground spaces tends to have high levels of permanence in the built

environment (i.e., they are not easily removed) and therefore they need to be carefully

planned, designed and implemented, considering future (multipurpose) uses and

functions. Planning the third dimension that captures urban undergrounds in spatial

planning processes allows for some sustainable and resilient strategies. The UNDER team

believes that a wider consideration to geosystem services and the implementation of tools
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to map these services can enhance their potential and benefits for humans and non-

humans. 

Figure 3. a) Water infrastructure systems in the subsurface (photo by M. M. Zurita); b) Soil has a natural capability to
infiltrate, store and filter water, photo from Kolleberga, Sweden (by J. Norrman); c) The multifunctionality of the subsurface
(from Norrman et al., 2021b).

Considering societal relations in urban underground planning

When thinking about undergrounds and their services, it is essential to think about the

relations between the surface and subsurface, especially how this relationality affects

surface social lives (Norrman et al., 2016). There is a tendency to think about these

dimensions – surface and subsurface – as separate, or to favour surface understandings.

This is particularly present in terms of how underground spaces and their services are

owned, managed, and acknowledged – mainly in two ways, as spaces of technological

development and as containers of waste and discarded materials.

Underground development has privileged technical decision-making processes, limiting

the inclusion of social inputs into the potentials of its development. Increasing

collaboration between technical expertise and inviting beneficiaries to be part of the

inception and design of the project are relevant aspects in designing spaces that are

inclusive and that provide services beyond the intended main purposes (i.e., mass

transportation), exploring the urban underground as spaces of opportunity. The

challenges of working with the underground do not only relate to the complexities of

identifying geosystem services and their benefit for humans and non-humans. Nor it is

only about developing tools and mechanisms so that they work seamlessly with surface

planning, despite the clear need to do so. Working, thinking, and planning with the

underground present us with the opportunity of including long term desires of a more

just and liveable city for all. 

For long, we have actualized the subsurface as the space where we hide unwanted

infrastructures and activities so that the city may continue to grow, with high technical

expertise and with limited input from communities. Undergrounds have become spaces of

abandonment and contamination, darkness and pollution, of infrastructure congestion

and space competition, containers of waste and discarded objects. This utilitarian
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perspective can be challenged by thinking more with what the subsurface  in connection

with the surface, with the connections that geosystem services bring to the human

relations with the underground. 

Discussing urban land without considering the underground is increasingly difficult,

especially as we face the challenges of planning cities in the context of climate change.

Even when not fully acknowledged, the subsurface – including its materials and the

functions it supports (geosystem services) – informs how cities grow and develop (von der

Tann et al, 2021). Perceived as scarce on the one hand and opening for further expansion

on the other, the underground is a political and economic space that is increasingly

impacted by competition, infrastructure legacies and environmental challenges (Connor,

McNeill, 2020). Current interventions in the subsurface tend to fall in the technoscientific

domain, usually disengaged from their social, environmental, political, and economic

implications (Melo Zurita, 2020). Geosystem services could act as a framework to help

develop governance tools that consider underground planning and its implications. We

also believe that the geosystem services approach gives us the tools and the opportunity

to think beyond the technical, not only in terms of the cultural heritage of undergrounds,

but by imbuing the design of these spaces with notions of accessibility for all,

intergenerational benefits, and potential use as public spaces. Taking care of available

geosystem services underneath cities only increases liveability, activating lands beyond

their surface opportunities. Understanding this connectivity can support a change in how

underground spaces have been conceptualized so that they become spaces that support

(urban) life.
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UNDER
UNDER, is a transdisciplinary project funded by FORMAS that has the

overall goal of developing a framework for systematic and structured

consideration of geosystem services in Swedish planning practices that

can support the transformation to sustainable cities and communities.

Specific objectives are to: i) advance the concept of geosystem services

by identifying and mapping associated societal values (social,

environmental and economic), ii) identify methods to assess societal

values and investigate possibilities for integration in existing tools, iii)

identify structures of governance and develop a broader and practice-

informed understanding of the different societal actors in subsurface

planning, and iv) create a participative learning environment, extended

beyond the project implementation period leading to transformative

processes in planning practice.
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