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Urban underground space is a valuable resource, a space for placing structures and infrastructure, as well as a 
source of groundwater and geothermal energy. Development of urban underground space has been 
accelerating rapidly in many major cities. Pressures of a changing global environment, including climate and 
increasingly limited land availability, place urban underground space on the top of the advanced urban 
development agenda. Intensive urban subsurface use has led to some confusion and conflicts of interests 
among its users, and gradual realization that subsurface is a good, or resource, that could have its limits of use 
and degree of renewability. These challenges to subsurface use are very much in line with the ones explored 
in a concept of ecosystem services, which philosophy is to quantify and put value on goods, benefits, services, 
provided to humans by nature in order to enable more rational and frugal use of natural resources. In this 
paper we, likewise, will be arguing for better understating of the importance and value of subsurface in order 
to encourage rational urban underground space planning. 
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1. Introduction 

Use of subsurface by humans has been rapidly increasing during the last century. During many past 

centuries, subsurface was occasionally used as shelter in natural caves, and later manmade spaces 

like cellars have been introduced. Recent rapid expansion of subsurface use started during industrial 

revolution with extracting coal and oil. Nowadays use of subsurface accelerating both in scale and 

variety of ways humans benefit from underground space. Ever expanding list of subsurface use 

includes materials extraction, groundwater, geothermal energy, and the space itself for a variety of 

artificial structures. 

Urbanization is one of the main features of current global environmental change (UNEP, 2012), 

cities are expanding rapidly (UN Habitat, 2013), this expansion include intensification of subsurface 

use (Sterling et al, 2012; Bobylev, 2016).  

Intensive urban subsurface use has led to some confusion and conflicts of interests among its users 

(Bobylev, 2009), and gradual realization that subsurface is a good, or resource, that could have its 

limits of use (ITACUS, 2010) and degree of renewability (Sterling et al, 2012). These observations 

about subsurface use are very much in line with a concept of ecosystem services (Westman (1977), 

which philosophy is to quantify and put value on goods, benefits, services, provided to humans by 

nature in order to enable more rational and frugal use of natural resources. However comprehensive 

and global the concept of ecosystem services appears, it was arguably not able to capture full 

complexity of services that support human life. A concept of geosystem services (VanRee et al, 

2016) is complementary to the ecosystem services one, and captures abiotic component of 

ecosystems. In this paper we will be discussing importance of both concepts, considering how their 

principles and findings can be included into a process of practical management of subsurface, which 

is urban underground space planning. Comprehensive and sound planning of urban underground 

space is a prerequisite for its sustainable and rational use. 



 

 

2. Ecosystem and Geosystem Services 

The concept of ecosystem services has been developed from late 1960s, and it has been given a 

major boost in the Millennium Ecosystem Assessment, which has been the most comprehensive 

survey and analysis of impacts on, and changes to, the ecosystems of the Earth to date (Millennium 

Ecosystem Assessment Synthesis Report 2006). Ecosystem is a set of interacting species and their 

local, non-biological environment functioning together to sustain life (Odum, 1971). The concept of 

ecosystem services has evolved from research on nature’s services, and ecosystem services, which 

have introduced the social value of the benefits that ecosystems provide. The concept of ecosystem 

services considers nature as a resource that provides specific services to humans, such as drinking 

water, food, comfortable or acceptable climate, as well as recreation opportunities and amenity and 

cultural assets.  

As has been reported in the Millennium Ecosystem Assessment, over the past 50 years, humans 

have changed ecosystems more rapidly and extensively than in any comparable period in human 

history, largely to meet rapidly growing demands for food, fresh water, timber, fiber and fuel. This 

has resulted in a global environmental change, including climate change, loss of biodiversity, and 

sprawling urbanization. Thus, understanding the value and vulnerabilities of ecosystem services 

provides one of the guiding principles for global development, including urban and underground 

space development. 

Valuation of ecosystem services has been an eminent topic of discussions in ecological economics 

domain, Constanza et al, 1998 has made a conservative estimate of annual ecosystem service 

provision is in a range of US$ 16-54 trillion, while global gross national product is around US$ 18 

trillion per year, which illustrates importance of ecosystems to global economic development as 

well.  
A concept of geosystem services has been recently introduced as a framework to analyze the 
issue of sustainable use of the subsurface in a systemic and holistic manner (VanRee et al, 2016). 
An idea to distinguish geosystem services stems from a complexity of natural environment, 
which includes both living nature and abiotic elements. However, abiotic products and services 
are excluded from the definition of ecosystem services (EEA, 2011). Ideas for a comprehensive 
and integrative framework to address the subsurface and its contributions to human welfare were 
put forward by De Mulder et al, 2012, who distinguishes two distinct components: ecosystem 
capital and geosystem capital. The ecosystem capital is presented by biomes and marine 
ecosystems, while geosystem capital supports earth ecosystems and contributes to human 
welfare itself. Geosystem services concept adds the third dimension to nature services 
representation (figure 1), which is in line with a modern vision for a three dimensional land use 
and urban planning. Discussion paper on the European Union biodiversity strategy to 2020 
(European Union, 2013) distinguishes assets and surface flows that pertain to ecosystem and 
geosystem capital (figure 1). 
 



 

 
Figure 1.  Geosystem services adds the third dimension to natural capital (European Union, 2013). 

 
Classification of ecosystem services has been important to translate both ecosystem and 
geosystem services concepts into practice to allow for monitoring and audit of the services in 
different regions. Ample diversity of classifications exist for ecosystem services, e.g. De Groot et 
al, 2002; Slootweg et al, 2006; La Nottea et al, 2017. Less research diversity can be found on 
classifications of geosystem services, a gap which table 1 aims to bridge by giving examples of 
service provisioning based on biotic and abiotic capital. Table 1 uses common framework for 
aggregated services to human welfare based on Mapping and Assessing Ecosystem Services 
framework (European Union, 2013) and the Common International Classification of Ecosystem 
Services (Haines-Young and Potschin, 2013).  
 



 

Table 1. A common classification of ecosystem and geosystem services based on aggregated services to human 

welfare (after De Groot et al, 2002; Slootweg et al, 2006; La Nottea et al, 2017). 

Service to human 

welfare 

 

Example of provision by 

ecosystems (based on biotic 

capital) 

Example of provision by geosystem (based on 

abiotic capital) 

Regulation – responsible for maintaining natural process and dynamics 

Gas regulation (air and 

climate) 

Bio-geo chemical cycles  Carbon dioxide underground depositing 

Climate regulation Land cover, evapotranspiration Geological stability, groundwater cycle 

Water regulation Land cover, plants regulate 

rainwater runoff and infiltration 

Geological formations, accumulating and 

discharging water at certain rates 

Drinking water 

provision 

Filtering, retention and storage 

by plants 

Filtering, retention and storage by geological 

formations 

Soil formation Accumulation of organic 

matter, soil creation and 

retention 

Accumulation of inorganic matter, soil 

creation and retention 

Waste decomposition Decomposition of organic 

materials that they can be used 

again in ecosystem 

Long range geological transformations, 

formation of sedimentary soils 

Pollination Pollination of crops and wild 

plants 

- 

Biological populations 

control 

Regulation of populations of 

species by prey-predator 

mechanism 

Regulation of populations of species by 

providing habitat, including land, topsoil, and 

underground space as shelter and for some 

species as habitat 

Habitat 

Providing comfortable 

living spaces for living 

organisms 

Biodiversity, including flora 

and fauna physically creating 

habitat for species 

Landscapes, geological formations, 

groundwater – creating a unique habitat 

Production – harvestable goods 

Food Harvesting wild animals, plants, 

fish 

Topsoil enabling nutrition for plants 

Raw materials timber Oil, gas, minerals, geomaterials 

Genetic resources Genetic materials, biomedical 

substances 

- 

Energy Biomass Soils and rocks energy retaining capacity 

Intangible assets 

Spiritual  Sacred natural places 

containing biodiversity 

Sacred natural landscapes 

Historical Species as living history Archaeological natural and manmade deposits 

Recreation and outdoor 

activities, visual 

pleasure 

Biotic component of landscape Abiotic component of landscape  

Artistic value Variety of biota containing 

ornamental patterns 

Geological deposits and landscape containing 

ornamental patterns 

Supporting 

Providing stable 

physical space 

- underground space has been used to place 

variety of artificial infrastructure 

Natural and manmade 

hazards regulation 

Mitigation of floods Providing shelter 



 

 

Ecosystem and geosystem services are complimentary in many ways, where one can not be 

considered without another, e.g. soil formation, which requires a mix of organic (ecosystem) and 

inorganic (geosystem) matter. There are however, distinct and unique services like pollination of 

crops (ecosystem) and providing stable physical space (geosystem). There are services that can be 

delivered best by ecosystems and geosystem having a synergetic effect, e.g. natural and manmade 

floods protection and regulation, where flora and landscape provides retention capacity. 

 

3. Urban Underground Space Planning 

Urban underground space can be defined as a geo space beneath urban areas, including wider areas 

of subsurface that provide direct services to a city, like groundwater supply or geothermal energy 

(Bobylev, 2016). Urban underground space encompasses geologically formed rocks and soils, 

groundwater, and artificial spaces, including variety of infrastructure. Urban underground space is a 

distinct part of a geosphere, which provides geosystem services. Urban underground infrastructure 

can be defined as a set of artificial structures, located entirely or partially below ground level, 

interconnected physically or functionally (Bobylev, 2013). Urban underground space use has been 

growing significantly in the world’s biggest and wealthiest cities, current average urban 

underground space use densities have been estimated at about 0.05 m3/m2 (which can be interpreted 

as a virtual depth of underground space use of 5 centimeters) (Bobylev, 2010). Figure 2 gives a 

glimpse on urban underground space use presenting data on two indicators (urban underground 

space use density and volume per person) in five cities. 

 

 
Figure 2.  Urban population density and two urban underground space use indicators in selected cities (Bobylev, 

2016). 
 

Technological progress in underground construction, urbanization, and global environmental 

change are enabling and driving greater underground space use (Admiraal and Cornaro 2018), 

however, progress in integrating the third dimension into city development plans has been very 

limited so far (Sterling, et al, 2012; Bobylev, 2013; Vahaaho, 2013). This refers to above ground 

(high rise) as well as underground space planning; the latter has been typically based on ad-hoc 

experiences in Master Plans development (Bobylev, 2009). 

Planning in most general sense is the process of thinking about the activities required to achieve a 

desired goal. Terms territorial, spatial, regional, land use, and urban planning can be placed as a 



 

specific types of planning that are based on geographical data and use a map. However, in urban, 

city, or town planning it is appropriate to distinguish two types of planning: (1) map based (e.g. 

master planning), and (2) policy based, or strategic planning, that does not necessarily need to use 

maps, but rather a vision for a city development (Bobylev and Sergunin, unpublished). 

Underground space is relevant to both, master (map) and policy (strategic) planning. Speaking 

about planning practice, most notable progress has been made in underground space master 

planning (Helsinki) and national strategy development (Singapore). 

Research on underground space planning has been active and diverse in recent decade. Most 

researchers put forward challenges related to map based planning, or even documenting existing 

underground assets (mapping). Pioneering theoretical work on underground space in land-use 

planning (Ronka et al, 1998) considered spatial distribution of functions and services in 

underground space. Policy vision for underground space has been put forward by Admiraal and 

Cornaro, 2016, this work could be a blueprint for development of strategic planning. Theoretical 

paradigm for underground space planning has been discussed by Doyle, 2017 through a prism of 

modern urban planning theories. Urban and underground space planning practice has been 

discussed using case studies of Hong Kong (Zacharias and He, 2018), Singapore (Zhou and Zhao, 

2016). Pioneering work on underground space planning at a regional (sub-national) scale discusses 

underground spatial planning in several German regions (Bartel and Janssen, 2016). Underground 

space planning in a context of a specific industry has been examined for transport sector via London 

case study on underground urban transport infrastructure and its environment (Darroch et al, 2018). 

A three-dimensional spatial information database development to enable underground space 

planning has been discussed using a case study from Earls Court, London (Price et al, 2018). 

Strategic planning of underground space use remain unexplored to date, which gives many 

opportunities to research on its basics and techniques. Considering big and basic questions, like 

concepts of a compact city, global environmental change, geosystem services, would obviously 

provide a solid base and development impulse for strategic planning of subsurface.  

 

4. Why Geosystem and Ecosystem Services are Important in the planning context? 

Ecosystem services considerations inclusion into an urban development planning process is 

important per se, on a par with other concepts officially recognized at international and national 

policy levels. The most prominent of them is of course the Sustainable Development one, but 

international and national conventions, laws, and guidelines makes provisions for Resiliency, 

Climate, Biodiversity, and Cultural Heritage concepts as well. In most countries, these concepts 

have been translated into urban and land use planning via mechanisms such as environmental 

assessment, due diligence, and compliance. One of recently recognized concepts, Resiliency, being 

the latest big established concepts, has been implemented at the local administrative level by 

appointing city resiliency officers, who are engaged in resiliency planning (e.g. infrastructure 

adaptation to climate change) (100 Resilient Cities. The Rockefeller Foundation 

www.100resilientcities.org). Integrating resiliency in planning can be an example and roadmap for 

implementing the geosystem services concept.  

Geosystem services concept sets a theoretical framework for a rational use of subsurface resources, 

and the need for rational and sustainable resource management intensifies for at least two reasons.  



 

(1) There is a great need to plan underground space in co-ordination with land use requirements and 

vice-versa, which will enable rational use of both. Land use planning has a direct link to ecosystem 

services management. 

(2) The “Transition to high density urban underground space use” concept argues that near future 

will bring step changes to urban underground space use, notably (a) higher density, (b) increase in 

number and greater variations of urban functions that are placed/provided by subsurface, and (c) 

greater integration of the land use and underground space use by means of three dimensional 

planning (Bobylev, 2016). 

Transitions in urban underground space use that has been happening to date are illustrated on figure 

3. Land use transitions, and ecosystems succession can be characterized by biotic and abiotic 

components of bioms and landscape are changing over time due to natural or manmade reasons (or 

both). Similar changes can be observed in urban underground space (figure 3), a sequence of 

different use categories that may be experienced within a given region over time: from pre-

settlement natural soils and organically productive top soil, to adding utilities infrastructure, then 

more diverse and sizable use, to densely occupied shallow subsurface, including variety of physical 

infrastructure, abandoned structures and brownfields (Bobylev and Jefferson, 2014). Naturally 

formed topsoil disappears in a city and is in a way replaced by “cultural” layer, low level aquifers 

interfere with structures and conduits, and even deep aquifers can be vulnerable to contamination. 

 

 
 Figure 3.  Urban underground space use transitions (amended after Bobylev and Jefferson, 2014). 

 

Inclusion of geosystem and ecosystem services concepts will enhance subsurface planning from 

environmental standpoint. However important, environment is not the only subject that is beneficial 

to mainstream into underground space planning. Economic considerations in underground space in 

the planning context were studied by e.g. Li et al, 2016 and an underground space supply and 

demand concept has been introduced, while Qiaoa et al, 2017 presented a monetary valuation of 

urban underground space concept. Monetary valuation idea is similar to ecosystem services 

approach, where resources are monetarized to manifest their comparative value more clearly in a 



 

planning process. These concepts, including the geosystem services concept, can be viewed as 

complimentary ones, and deserve to be addressed in a planning process. 

 

5. Geosystem and Ecosystem Services in Land Use Planning 

Land use planning is a vast and complex field of research and practice, incorporating variety of 

disciplinary perspectives (e.g. social science, economics) and types of planning (e.g. urban, 

environmental). Ecosystem services have a history of being introduced to and considered in land 

use planning, most recently inclusion of ecosystem services has been made mandatory for certain 

types of planning. While consideration of ecosystem services in land use planning is still a relative 

novelty, geosystem services concept has not made it yet to be considered in any type of planning 

processes. We can expect this could take a decade, and the story of inclusion of geosystem services 

into land use planning can be similar to ecosystem services journey to planning process. Below we 

give a brief review of the state-of-the art in ecosystem services in land use planning. 

Reasons and options for integrating ecosystem services in strategic environmental assessment of 

spatial planning has been given by Geneletti, 2011. Integrating ecosystem services into 

environmental impact assessment has been studied by Karjalainen et al, 2013. Both, strategic 

environmental assessment and environmental impact assessment are specific planning tools or 

process, which are mandatory to use in development plans in most countries. Ecosystem services 

have been considered in specific types of planning (e.g. land-use zoning policies (Geneletti, 2013), 

ecosystem-based climate adaptation in urban planning (Geneletti and Zardoaa, 2016), mitigation of 

carbon dioxide emissions in spatial planning (Wang et al, 2018), and planning techniques (e.g. GIS 

approach integrating biological, physical and landscape indicators (Geneletti, 2008)). 

Table 2 summarizes the opportunities of geosystem and ecosystem services to be included into 

different types of plans that include urban underground space or subsurface. We assume that (1) 

ecosystem services has been already established in land use planning, and (2) urban underground 

space has been established in relevant plans, i.e. all types of plans are three-dimensional where 

necessary, or at least descriptively consider subsurface. 

 
Table 2. Inclusion of geosystem and ecosystem services into different types of planning that include urban 

underground space or subsurface planning. 

Types of planning (not a hierarchical 

list, but rather examples of types) 

Ecosystem services relevance Geosystem services relevance 

Land Use Yes  Yes  

Spatial Yes Yes 

Adaptation Yes No 

Climate No No 

Urban Yes Yes 

Zoning No No 

Rural No Yes 

Regional Yes Yes 

Environmental Yes Yes 

Strategic Yes  Yes  

Municipal No No 

Transport Yes Yes 

Resource Yes  Yes  

 



 

6. Conclusions 

Ecosystem and geosystem services concepts, being relatively new ones, play an important role in a 

holistic vision of the contemporary changes in the global environment. These concepts, along with 

sustainability and resilience are the most important pillars of the theoretical base for planning and 

development, land use, urban and spatial planning. Contemporary rapid transitions in urban 

underground space use quite evidently require its formal planning at different planning hierarchy 

levels, spatial scales and time horizons. 

Geosystem services concept appears to be quite helpful in considering a wide range of services that 

nature provides, including abiotic component like supporting services of soil and rock structure, a 

space or “habitat” for groundwater, subsurface matter energy retaining capacity. Geosystem and 

ecosystem services concepts appears to be complimentary, and therefore both should be considered 

in urban underground space planning. We refrain from giving any priority, exclusivity, or any 

designation of a geosystem services concept as the main framework for subsurface planning. We 

feel that other concepts, paradigms, and considerations are important as well, among them 

sustainability, resilience, monetary valuation, resource optimization, others. 

A definite strong point of geosystem services concept is its tailoring to subsurface planning, i.e. all 

issues discussed in the concept are directly relevant to subsurface use. 

Geosystem and ecosystem services concepts can be technically included into urban underground 

space planning via techniques borrowed form environmental assessment, using variety of methods 

like mapping, multi-criteria analysis, monetization, others. A hypothesis for further research is that 

geosystem services are more relevant to regional, large scale, or strategic planning, where big 

decisions on sustainability of options are made (e.g. regional economy development based on 

underground space resources). Ecosystem services would play rather important role in urban and 

district planning, where e.g. particular underground structures may interfere, endanger, or make 

more vulnerable particular services, like water, habitat, biodiversity. Therefore, this angle of urban 

underground space planning is related to environmental planning and environmental assessment. 

Geosystem and ecosystem services considerations in urban underground space planning are 

relevant, timely, important, and feasible. This inclusion allows for better understating of the 

subsurface value and encourages rational urban underground space use. 
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