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IIntroduction 

 
SUB-URBAN - A European network to improve 
understanding and use of the ground beneath our cities1 
Increasing urbanization throughout the world challenges the 
sustainable development and resilience of cities. Despite this, 
the importance of the ground beneath cities is under-recognised 
and often overlooked. The main aim of the sub-urban action is 
to provide a long-needed contribution to greater interaction and 
networking, and so transform the relationship between experts 
who develop urban subsurface knowledge and those who can 
benefit most from it - urban decision makers, practitioners and 
the wider research community. 
By 2050 it is estimated that two-thirds of the world's 
population will live in urban areas. Europe's population is 
already substantially urbanized and as populations grow, 
sustainable development - a pattern of growth in which 
resource use aims to meet human needs while preserving the 
environment for present and future generations - is increasingly 
threatened. 
In contrast to the attention given to the visible (above ground) 
expressions of cities, there is a marked lack of appreciation of 
the importance of the subsurface amongst those who plan, 
develop and manage cities. For underground space to remain a 
societal asset, we need to plan and manage its use. In cities 
such as Helsinki and St. Petersburg subsurface urban 
development has been integrated into the land-use planning 
system. If this is not done, the greatest benefits of underground 
space will prove to be short-lived. For example, unanticipated 
disruption of groundwater flows can cause wells to dry up, 
                                                           
1  http://sub-urban.squarespace.com/ 
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cause ingress of pollutants, damage to sites of historical interest 
or cause flooding of existing subsurface developments. 
In 2012, the British Geological Survey together with other 
geological surveys in Northern Europe, put forward a proposal 
to the transport and urban theme of cost for greater interaction 
and networking between experts who develop urban subsurface 
knowledge and those who can benefit most from it - urban 
decision-makers, planners and practitioners (private consultants 
and contractors). 

Opening up the subsurface for the cities of tomorrow1 
The subsurface is an important constituent of the physical 
environment of cities. We live on top of it; building and 
construction have to deal with the structure and properties of 
the subsurface, and occasionally with the hazards it presents; 
and we benefit from, and in some cases are dependent, on 
many of its ecosystem services. Cities not only expand outward 
and upward, but also downward. More and more, subsurface 
space is being used to relieve the increasingly crowded and 
congested urban surface. The more use we make of subsurface 
space, the more surface space we free up for the one function 
that cannot do without daylight and fresh air: living. 
COST (European Cooperation in Science and Technology) 
Action TU1206 Sub-Urban explores sustainable use and 
management of the urban subsurface, and the use of subsurface 
information in urban planning and development. The 
importance of appreciating the importance of the ground 
beneath cities may seem self-evident, but studies by the 
Action’s Working Group 1 have confirmed that the urban 
subsurface is in fact still largely ‘out of sight, out of mind’. It 
does not present a daily concern to city planners and managers, 
and when it does, there is often trouble. The Action has 
identified a knowledge and communication gap between 
subsurface experts, urban planners and decision makers. We 
                                                           
1 http://sub-urban.squarespace.com/new-index-1/#evaluation 
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argue that the only possible way to bridge this gap is to provide 
the right type of subsurface information, in the right format, 
and at the right time and make sure that the people receiving 
the information (urban planners and decision makers) are able 
to understand and use the information to take decisions. The 
overall challenge in “Opening up the subsurface for the cities 
of tomorrow” is to be able to: 
• On one side - to understand and identify the city needs 
in order to develop/provide appropriate knowledge and 
products/tools for the municipality, city region, water board or 
other end-user, and 
• On the other side – to identify good practice and 
relevant technologies when mapping and modelling the 
subsurface of the urban areas to enable improved and 
sustainable use and management of the urban subsurface. 
Taking the perspectives both of urban planning and subsurface 
geoscience, the report identifies urban needs, gives examples of 
current good practice and best efforts for a wide range of 
subjects: from identifying city needs; to methods to achieve, 
store and visualize geological and geotechnical information, 
and to ways in which sub-surface-related issues can be brought 
into urban planning. The examples provided describe practices 
both on municipal and national scales for different 
geographical settings/typologies. The report also identifies key 
knowledge gaps in relation to each topic. The good practices 
and key knowledge gaps are presented in summary tables. 
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European COST Action (Tu1206) Sub-Urban - 
transforming relationships between geoscientists 

and urban decision-makers 
Diarmad Campbell1, Chair of the Management Committee of 
COST Sub-Urban (TU1206), and all those involved in COST 

Action TU1206 
1British Geological Survey, United Kingdom, sdgc@bgs.ac.uk 

 
 
SUB-URBAN was initiated in 2013, as a European 
Cooperation in Science and Technology (COST) Action 
(TU1206), with the intention of improving understanding and 
use of the ground beneath our cities. Now under the EU’s 
Horizon2020 Framework Programme, the Action operates 
under a Memorandum of Understanding (MoU) accepted by 30 
COST and 1 COST near-Neighbour countries (including 15 
COST inclusiveness countries), two COST International 
Partner Countries, and one cooperating state with intentions to 
participate. (http://www.cost.eu/COST_Actions/tud/TU1206) 
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The background to the Action is the increasing role of cities 
worldwide as engines for economic growth and as a focus for 
infrastructure development and investment (e.g. World 
Economic Forum, 2015). Although Europe’s population is 
already substantially urbanised, and by 2050, UN-HABITAT 
(2012) estimates two-thirds of the global population will be 
too. Sustainable urban development is therefore being 
challenged by this urbanisation. Better use of the subsurface 
can make a significant contribution to urban sustainability, and 
resilience. This requires, however, the integration of broad-
ranging, multi- and transdisciplinary research (under the 
convenient umbrella of the so-called ‘Science of Cities’) to 
create improved urban subsurface knowledge which must then 
be effectively communicated, delivered and accessible to, and 
useable by, urban planners and other decision- and policy-
makers, and practitioners.  
SUB-URBAN has aimed to achieve its key intention by 
transforming relationships between: experts who develop urban 
subsurface geoscience knowledge - principally national 
Geological Survey Organizations (GSOs), but also university 
researchers and others; and those who can most benefit from it 
- urban decision makers, planners, practitioners (private 
consultants and contractors) and the developers they serve, as 
well as the wider research community.  The Action has 
substantially achieved what was outlined in its MoU, including 
the following: 
(a) Established a network of Geological Survey Organisation 
(GSO) and other researchers across Europe, to draw together 
and evaluate their urban geoscience research, often world-
leading but typically fragmented, especially in monitoring, 
3D/4D characterisation, prediction and visualisation, 
(b) Initiated and encouraged, using a “lighthouse and follower 
approach”, exchange of knowledge between the researchers 
and City-partners (planners and other decision- and policy-
maker. The City-partners have played a key role in influencing 
the activities of the Action. Their expertise in planning and 



SUB-URBAN Planning  
and Management WEEK 

 

17 
 

policy, management and delivery of city infrastructure, and 
approval of licenses and plans submitted by developers, has 
been very valuable in guiding the Action, and its priorities. 
(c) Facilitated/shared experience with new city-scale national 
exemplar subsurface projects (e.g. in Oslo (Norway), Odense 
(Denmark), Lisbon (Portugal), Bucharest (Romania), 
Rotterdam (Netherlands), etc.) have been delivered during the 
lifetime of the Action. These projects have been employing 
ambitious and multi-disciplinary teams, engaged in data 
management and modelling of the shallow subsurface, 
including its buried infrastructure, and developing 
comprehensive new subsurface planning and management 
systems,  
(d) Encouraged further bespoke developments, linkages, and 
uses of existing subsurface urban 3/4D models (e.g. Glasgow, 
Hamburg, Basel) which draw on extensive digital ground 
investigation data, to enable predictive modelling of 
groundwater behaviour (e.g. Hamburg, Basel, Rotterdam and 
Bucharest), heat (e.g. in Basel and Barcelona), lithology, 
sustainable drainage (SuDS) and engineering properties (e.g. 
Glasgow), and combined subsurface and above-ground 
(GeoCIM, BIMs) models are also in progress, which can/will 
enable: holistic urban planning; identifying subsurface 
opportunities, and; saving costs by reducing uncertainty in 
ground conditions.  
(e) Supported a series of 15 Short Term Scientific Missions 
(STSMs), organised under the direction of Johannes de Beer 
(Norwegian Geological Survey (NGU); exchange visits 
between colleagues in the Sub-Urban network, enabling 
experience to be gained, and knowledge to be  exchanged, and 
gathered for benefit both of the participant, and of the Action 
as a whole. 
(f) Drawn attention to innovation, for example in the 
Netherlands under pioneering legislation, consultation of, and 
contribution of data to BRO, its national subsurface key-
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register, is mandatory. Alternatively, in Glasgow, freeflow of 
subsurface data is encouraged on a voluntary basis by BGS and 
Glasgow City Council through the ASK (Accessing Sub-
surface Knowledge) KE network. Innovative knowledge 
transfer has been pioneered in Rotterdam (Netherlands) 
between its geoscience specialists and planners, through use of 
a ‘Serious Game’.   
(g) Promoted: economic assessments of improved subsurface 
data and knowledge delivery; conurbation scale near-surface 
geochemical surveys (2D) and shallow subsurface 3D 
geochemical characterisation, and interpretation of 
contamination; protection of buried archaeological and heritage 
assets from threats from variations in groundwater level and 
quality. 
The Action’s four Working Groups (WG1, WG2, WG3 and 
WG4) have produced a range of reports, and other deliverables, 
all of which can be downloaded at the Action’s webpage, 
www.sub-urban.eu. 
1. Working Group 1 has described the state-of-the-art with 
respect to knowledge, planning, and use of the subsurface in a 
series of reports for 17 selected cities across Europe. A 
synthesis of these is contained in a report “Out of Sight, Out of 
Mind”.  
2. Working Group 2 has evaluated practices and techniques 
relevant to needs expressed by City-partners, and as a result, 
identified examples of existing good practice and best effort 
(the core activity of Working Group 2 and its 7 sub-groups). 
These are highlighted in the synthesis report “Opening up the 
subsurface for the cities of tomorrow”, and expanded on in a 
series of 7 topic reports: 

- Subsurface information and planning; 
- Data acquisition and management; 
- 3D urban subsurface modelling and visualization; 
- Groundwater, geothermal monitoring and modeling; 
- Geotechnical modelling and hazards; 
- Subsurface geochemistry; 
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- Cultural heritage. 
3. Working Group 3 has led the development of an online 
Toolbox (accessible via the Action’s webpage www.sub-
urban.eu). The Toolbox is being formally launched during the 
present Conference, to provide access to the various assets 
(reports, publications etc.) assembled by the Action, and 
including for example, a fit-for-purpose suite of recommended 
methodologies, good practice, guidance, and case studies to 
enable the free flow of key subsurface data and knowledge. 
The Toolbox has different entry points for practitioners, 
planners and policy makers, to help them: plan and manage 
uses of the subsurface; protect subsurface ecosystem services 
on which cities depend, and; recognise and address conflicting 
uses of the subsurface. To achieve maximum effectiveness, 
SUB-URBAN and the Toolbox encourages planning of urban 
areas that goes beyond spatial (2D) arrangement of surface and 
subsurface facilities and considers 3D (volumetric and depth 
zonation), and 4D (temporal) interactions between the built 
environment above and below ground, its supporting 
infrastructure, and multiple and co-existing uses of the 
subsurface. 
4. Various dissemination activities and training have been 
undertaken under the guidance of Working Group 4. These 
activities have included:  
 workshops (Lisbon, Portugal; Skopje, FYR Macedonia; 

Novi Sad, Serbia), training schools (Ostrava, Czech 
Republic), and other meetings, particularly related to the 
Toolbox, and promoting the concept of twinning between 
cities/institutions for mutual benefit; 

 co-badging of technical and other meetings at which the 
Sub-Urban Action has had a significant involvement e.g.:  

o the “CUSP2014” Conference in Glasgow;  
o the Urban Underground Day 2014 and 2016, 
IABR, Rotterdam;  
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o “Current trends and approaches in urban 
hydrogeology” 2015, UTCB - CCIAS, Bucharest;     
o Urban Geology Workshop and 25th Seminar on 
Urban Hydrogeology, 2016, NGU, Trondheim.  

 Presentations at other COST Action Meetings  
 Other Conference presentations (e.g. ACUUS, Seoul, 

Korea, GSL Hong Kong)  
 Contributions to a book on 3D modelling and its 

applications to be published by Wylie books 
 Peer-review and other Publications (in English, Spanish, 

Portuguese, Macedonian etc.) 
With its Final Conference in Bucharest in 2017, it might seem 
that the Sub-Urban Action is reaching its culmination. 
However, while this may be the end of the Sub-Urban’s first 
phase of COST activity, there are many initiatives in progress, 
and many phases of Sub-Urban network and activity yet to 
come. These will be the focus of further presentations, and the 
subject of debate, during the Conference. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SUB-URBAN Planning  
and Management WEEK 

 

21 
 

 
 

Sub-Urban – The Future Beyond COST… 
Diarmad Campbell1, Johannes de Beer2, Ignace van 

Campenhout3, Guri Ganerod2, Susie Mielby4, Ingelöv Erikkson5, 
Michiel van der Meulen6, David Lawrence1, Mario Bacic7, Alex 
Donald8, Constantin Radu Gogu9, Jan Jelenek10 and all those 

involved in COST Action TU1206 
1British Geological Survey, United Kingdom, sdgc@bgs.ac.uk;  

2Norwegian Geological Survey (NGU), Norway;  
3City of Rotterdam, Netherlands;  

4Geological Survey of Greenland and Denmark (GEUS), Denmark;  
5City of Oslo, Norway;  

6Geological Survey of the Netherlands (TNO), Netherlands;   
7University of Zagreb, Croatia;  

8Geological Survey of Northern Ireland, United Kingdom; 
 9Technical University of Bucharest;   

10Czech Geological Survey, Czech Republic 
  
SUB-URBAN was initiated in April 2013, as a European 
Cooperation in Science and Technology (COST) Action 
(TU1206), with a formal lifespan of 4 years. Within that time, 
the Action has achieved a measure of success in bringing 
together: urban subsurface research, capability, and good 
practice together, and in making it accessible, and readily 
useable through the Action’s Toolbox, and subsurface experts 
and urban planners, and other decision and policymakers. 
With the Final Conference in Bucharest in 2017, the formal 
Action is drawing to a close, although an additional Final 
Action Dissemination grant will enable a further high-level 
publication to be produced in 2017-18. This will be aimed 
mainly, but not exclusively, at decision-makers.  
However, for the Sub-Urban network, this is only the end of its 
first phase, with further phases yet to come. The Action is 
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looking forwards in several directions which will be described. 
These are intended, not simply to extend the life of the 
network, but also to expand its numbers, and extend its 
influence and increase its impact, locally, regionally, 
nationally, and globally. In this regard, linkages with other 
networks whose aims and objectives overlap with Sub-Urban, 
and which have global reach, have, and are being developed 
and will be crucially important in maintain momentum. Some 
of these networks and organisations are represented at this 
conference, (e.g. ACUUS, ITA/ITACUS, The Rockefeller 
Foundation’s 100 Resilient Cities, Think Deep UK, etc.). 
The Sub-Urban website (www.sub-urban.eu) will play a key 
role in maintaining contacts, which will become more 
challenging with fewer meetings in the post-COST era, and in 
perpetuating the Toolbox, which must be further developed and 
populated. Bespoke versions of the Toolbox, tailored to 
specific requirements, and city typologies are being considered 
for various parts of the world (for example by the British 
Geological Survey in relation to Asian cities), and individuals, 
and organisations, are revising their strategies, taking account 
of the Action’s progress. Sub-Urban is also looking towards its 
younger colleagues (Sub-Urban NExT (Nurturing Expertise for 
Tomorrow)) to take ownership of the Sub-Urban network and 
its assets.    
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Cities think underground - underground space 
(also) for people 

 Jacques Besner1 

1Associated research Centres for the Urban Underground Space, Montreal, 
Canada, besner_jacques@videotron.ca 

  
The author will firstly present ACUUS, the Associated 
research Centres for the Urban Underground Space, established 
in Montreal in 1997 to promote partnership amongst all actors 
involved in the planning, design, construction, management, 
research and uses of the urban underground space. To explain 
how ACUUS has become an international organization over 
years, and recognized by UN-Habitat, he will draft the 
evolution of the global attention to the underground space since 
the 19th century, exploring some major real estate achievements 
around the world, as well as the gradual arrival of other 
national and international organizations dedicated to the 
underground.  
Based on his experience as a municipal planner in Montreal, he 
will explain how the underground should be planned and 
managed, especially in the context that the underground space 
should also be a place for people and not only for tunnels and 
public utilities. To illustrate that, he will present the Montreal 
Underground City, one of the largest in the world, and will 
describe its evolution and its “humanization” since its creation 
in 1962. He will conclude with some global trends and 
challenges to overcome by cities in their attempts to “populate” 
the underground. 
Author 
Mr. Besner has a Baccalaureate in architecture and a Master in 
urban planning from the University of Montreal. He worked for 
30 years as a municipal planner at the City of Montreal, mostly 



Bucharest, Romania  
13 – 15 March 2017 
 

24 
 

in charge of the planning and the development of the 
Underground City. In 1996, he incorporated in Canada the 
Associated research Centres for the Urban Underground Space 
(ACUUS) and became its Secretary General in charge of its 
Secretariat. Since 2007, he is the General Manager of ACUUS.  
In 2003, he was nominated Emeritus graduate of the University 
of Montreal (1978 Promotion) and in 2005, 2011 and 2015, he 
was appointed as an overseas expert of the underground space 
planning by the City of Shanghai. In 2011 he was admitted as a 
Member of Honour of the Société Française des Urbanistes 
(SFU) and in 2013, nominated Emeritus member of the Ordre 
des Urbanistes du Québec (OUQ), the provincial professional 
planner’s association (Canada). Retired from the City of 
Montreal in 2010, he is working now as an independent 
consultant in urban underground space planning. Since 2017, 
he is a Commissioner at the public consultation office of the 
Société de Transport de Montréal for extension projects of the 
Metro and its stations. 
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The DNA of knowledge and impact 
Helen Bonsor1  

1British Geological Survey, helnso@bgs.ac.uk 
 

There is currently a key disconnect between the availability of 
relevant subsurface research and data, and the impact and 
utilisation of these to inform local development policy and city 
planning approaches – Figure (i).   The current national 
Planning Review in Scotland (Scottish Government 2016, 
2017) highlights the importance reducing this disconnect, to 
cascade downstream benefits and enable local governments to 
deliver transformational city development and investment 
solutions.   
This presentation summarises the midpoint findings of a three 
year Research Council (NERC) Knowledge Exchange 
Fellowship examining how subsurface environmental data 
could have higher impact to city development processes, 
planning and policy.  The Fellowship is the first to see a 
NERC(BGS) researcher embedded within local government 
(Glasgow City Council) over a significant time period (three 
years) and to work across senior management and development 
plan policy teams in LG, as well as with geotechnical, and 
engineering project design groups. 

The key findings from the Fellowship are:   
Mutual organisational understanding, is an essential 
prerequisite for increased collaborative working between the 
professions and for us mutually to be able to identify and 
understand: exactly what subsurface data and knowledge are 
required to inform decisions at different stages in the city 
development process; and, how these relevant information can 
be most effectively be mapped through organisational 
workflows, and evidence-based policy.   
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1. New cross-organisational understanding is required 
between local government and NERC(BGS), which is 
not tied to individual projects or research programmes.   

2. Increased engagement with national training 
programmes to LG forms a key vehicle to increase: 
awareness of NERC(BGS) data; the capacity of LG to 
utilise relevant research to inform policy; and to 
develop more resilient organisational contacts.  

3. The role of 3D information for early strategic decisions 
in LG development planning and policy needs to be 
better understood.   

4. Traditional 2D and 3D geological information, which is 
used extensively within latter stages of the development 
process in design and construction, has limited 
relevance or accessibility to early strategic decisions in 
city planning.  Thematic screening data of subsurface 
conditions and resource opportunities from 
NERC(BGS) have been successfully used by the 
insurance industry and regulators to inform policies – 
and lessons can be learnt from this.   

 
Figure 1 – Awareness, understanding and utilisation of relevant subsurface 
data and research is relatively good at project-scale decisions and workflow 
processes within UK local government, but almost completely absence at 
strategic levels (Figure Source: Bonsor 2017).   
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Oslo Sub-Surface Project,  
results between 2013-2016 

Ingelöv Eriksson1 

 1Oslo Municipality, ingelov.eriksson@vav.oslo.kommune.no 
 

Oslo is the capital of Norway. A small town by global 
standards, but still a rapidly growing city. The population of 
Oslo is one of the fastest growing in Europe, a tendency giving 
both challenges and opportunities. The city will require large 
investments in communication systems and new dwellings. 
Underground space is already widely used for transportation, 
storage, extraction of heat and for foundations of buildings and 
infrastructure, due to the rapid growth of the city the 
underground use is expected to develop rapidly. The city of 
Oslo deals with geological challenges such as subsidence due 
to deep horizons of clay, quick clays and alum shale’s that 
contains enhanced levels of radium and uranium.  
Between 2013-2016 the Oslo Sub -Surface project(1) was 
carried out. Five municipal agencies participated in the project; 
Agency for Planning and Building Services, Agency for Water 
and Sewerage Works, Agency for Urban Environment, Agency 
for Real Estate and Urban Renewal and the Cultural Heritage 
Management Office.  
The participation in COST TU1206 – Sub urban network has 
been an invaluable source of I knowledge and ideas to us and 
has had an important impact on the final result of the project. 
The results from the project will be available in the final report 
along with an action plan(2).  
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Results 
Subsurface information 
An efficient and fact based management of the subsurface is 
dependent on the availability and quality of sub-surface 
information.  
There can be a multitude of reasons to use sub-surface 
information in the administration of a municipality; for 
example to coordinate future infrastructure projects, find a 
water leakage, or perhaps to find the best way to deal with 
contaminated ground. Whatever reason, our aim is that the 
information should be available when needed. To understand 
the different information needs a subsurface information need 
analysis was carried out(3). 
A main challenge is that sub surface information is often 
difficult to access. One example is power transmission lines – 
as long as they are above ground they are visible on the base 
map – but as soon as the same power transmission line goes 
under the ground with high voltage power cable technology, 
information about it is generally only available in the mapping 
system of the company that owns it. 
Data acquisition and management 
Good quality information is generated from enough and 
accurate data. But it is not sufficient to collect data, it also 
needs to be available to the public when needed. To facilitate 
the availability of sub-surface data the Oslo sub-surface project 
has identified the need for the following actions on a national 
level. 
Pipes, cables and other sub-surface structures should be 
reported into a national register. 
 We strongly recommend a law that states that 

geotechnical and geological surveys should be reported into the 
national database for ground investigations (NADAG) 
 The national cadaster registration system should be 

developed so that it can register property in 3D. 
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On a local level we propose a groundwater database that 
manages and distributes all groundwater data in the city. It 
should be obligatory to report any groundwater measurements 
in the city to the database. We also recommend the city to 
establish a groundwater measure program. 
Data distribution and visualisation 
The most efficient way to distribute sub-surface information is 
a joint municipal system. The information available in the 
system should be based on the results from our subsurface 
information need analysis(3). 
We have experienced how differently information is 
understood depending on how it is visualized and 
communicated. We digitized geotechnical boreholes and built a 
3D model. The model was received with impressed nods and 
interest, but little comprehension of what it was actually trying 
to communicate – the distribution and depth of clay and quick 
clays. We later simplified the model to a 2D map showing the 
areas where we had information about quick clays thickness. 
The map was immediately taken into use and is presently being 
considered in at least one area zoning plans. 
Subsurface information and planning 
By using the full potential of the Norwegian planning and 
building act(4) future use of the subsurface in Oslo will be more 
efficient. We mean that this will reduce conflicts between 
individual projects as their boundaries are set at an early 
planning stage. If information of ground conditions is 
considered at an early planning level, development of sensitive 
areas can be avoided or adapted to the known conditions. Costs 
can be estimated more accurately and individual construction 
projects will be more successful.  
To succeed we need to increase the knowledge and competence 
about the sub-surface in the municipality.  
The municipal masterplan covers all of the city’s 460 km2and 
is currently under revision. It includes major existing and 
planned sub-surface transportation infrastructure. We propose 
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that the revised municipal masterplan also should identify the 
need for bufferzones. To reduce subsidence, we propose that 
groundwater levels should be protected in the revised version. 
We propose a municipal sub-plan for the subsurface – much 
like the one developed in Helsinki(5). The purpose is to 
coordinate larger existing and future sub-surface constructions 
and to regulate buffer zones for each construction. New 
projects should be given “their” place. Ground conditions such 
as alum shales, quick clay and depth to bedrock should be 
considered for each project.  
Area development plans and detailed plans should be used to 
detail buffersones and depths of large subsurface constructions 
already described in the municipal sub plan. For projects above 
ground, or partly placed in the subsurface a “sub-surface 
information analysis” should be carried out in order to provide 
relevant sub-surface information into the planning process. 
For building projects there is a need for more information 
about ground conditions and sub-surface structures at this 
level. It would generate more accurate claims to the developer. 
There is a gap in national legislation; sub-surface constructions 
are not included in the building application process. This 
means that it is not possible for us to manage where for 
example single energy wells or heat pumps are drilled or dug 
down. We strongly recommend to change this. 
 
 
References:  
1) Final report – Oslo sub-surface project 2013-2016 (in prep). 
Agency for planning and building services, Municipality of Oslo, 75 
pages 
2) Undergrunnsprosjektets handlingsplan 
3) S. Mielby, I. Eriksson, D. Campbell, J. de Beer, H. Bonsor, C. Le 
Guern, R. van der Krogt, D.Lawrence, G. Ryżyński, J. Schokker, C. 
Watson, TU1206-WG2.0-001 Opening up the subsurface for the 
cities of tomorrow, page 14. 



SUB-URBAN Planning  
and Management WEEK 

 

31 
 

4) https://lovdata.no/dokument/NL/lov/2008-06-27-71 
5) O. Ikävalko, I. Satola & R. Hoivanen Helsinki City in case study 
report TU1206-WG1-007, page 14 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Bucharest, Romania  
13 – 15 March 2017 
 

32 
 

 
 

Planners needs, focusing on strategic planning 
Johan Borchgrevink1 

1Oslo City, johanborchgrevink@outlook.com 
  
In general, planning of future land use in European countries 
(and probably in most of the world) is carried out on different 
levels. Planning for a wider area (A district or a city) is 
normally carried out in a rough scale with little detail – which I 
will refer to as “strategic plans”, while planning for a defined 
construction (a piece of road, a building) is being planned in a 
more detailed scale. And there are planning levels in between, 
the hierarchy of planning types and levels varies throughout 
Europe, but the principle of superior plans determining 
important elements in detailed plans to follow, is to a large 
extent common to European countries and cities.  
In COST TU 1206 Suburban, a great deal of effort has been 
spent on investigating the planners needs for underground 
information and consultancy with geological experts, and to 
address how shortfalls in providing information and knowledge 
can be overcome. Most of this effort has been spent on the 
need for information and professional guidance on the project 
related planning levels, less on the need for planners dealing 
with the superior plans (strategic levels). With the importance 
of the strategic plans regarding detailed plans and constructions 
to follow, it seems obvious that it must be of importance to 
address also the strategic planners needs for underground 
information and to be able to consult experts. 
The presentation is addressing this topic based mainly on to 
sources of experience: 

- The Oslo underground project running parallel to the 
development of municipal masterplan for Oslo 2015, 
and 
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- The planners workshop under COST task 1206 held in 
Ljubljana, Slovenia in September 2016. 

The municipal plan for Oslo was approved September 23d 
2015 by city council, and is based on the planning and building 
law, revised 2008. The plan specifies to some extent areas 
where quick clay may be hazardous, where there is 
contaminated ground will have to be dealt with, where there 
are major infrastructures which needs protection, and zones 
identified for future infrastructure projects. 
The municipal plan will be revised every four years, and it is 
recommended for the next generation to improve these 
elements, and to include groundwater management, particularly 
to protect areas with older buildings sensitive to changes 
(lowering) of ground water levels. 
The Ljubljana workshop brought together strategic planners 
from seven European cities: Ljubljana, Vienna, Gothenburg, 
Helsinki, Rotterdam, Prague and Oslo. In the two days 
workshop the participants presented and discussed the planning 
systems relevant to them, how much the strategic plans will 
impact detailed planning and constructions, and the strengths 
and weaknesses regarding strategic planning and the 
underground. 
Conclusion key words: Groundwater management, 
Coordination of planned constructions, Organisation of the 
shallow subsurface, Responsibility clarification, Economical 
aspects (private – municipal), Improve and coordinate 
processes, Continuity and trust. 
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Towards an Urban Underground Future: the 
Future of Our Cities 

Han Admiraal1 

1International Tunneling and Underground Space Association – ITACUS, 
han.admiraal@enprodes.nl 

 
Our cities are facing challenging times. Indeed, this has very 
much been the focus of global conferences such as Rio+20 on 
the sustainable development goals, Paris on the climate goals 
and most recently Habitat III in Quito on a new urban agenda. 
But more than just pointing this out, these conferences are 
showing us a way forward and indicating that it is cities that 
are going to make the difference. In this presentation, we will 
not only look at how the use of underground space can help 
cities meet these challenges. We will also explore how next-
generation infrastructures need to become more ‘eco-logical’. 
'Eco-logical' in this sense means we need to apply the way eco-
systems work to the way we think about infrastructure.  In 
doing so, we will adapt to new ways of designing and 
constructing urban infrastructure, and ways to finance these 
projects. Underground space projects, including tunnelling, can 
significantly enhance our cities and make them the liveable, 
sustainable, resilient and inclusive cities they need to be. In this 
way, an urban underground future will contribute to our cities 
future. 
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Considering the subsurface in urban planning - 

State of the art 
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Lawrence2, Rubén C. Lois González3, Ignace P.A.M. van 
Campenhout4 

1TNO Geological Survey of the Netherlands, 
michiel.vandermeulen@tno.nl;  

2British Geological Survey; 
3Department of Geography, University of Santiago de Compostela, Spain; 

4City of Rotterdam, Netherlands 
  
The subsurface is an important constituent of the physical 
environment of cities. We live on top of it; building and 
construction have to deal with the structure and properties of 
the subsurface, and occasionally with the hazards it presents. 
Cities not only expand outward and upward, but also 
downward. More and more, subsurface space is used to relieve 
the increasingly crowded and congested urban surface, 
especially for networks (metros, tunnels, cables, sewage, 
drainage), storage (warehouses, cellars, parking lots, thermal 
energy), and exotic applications such as shelter and protection 
(nuclear bunkers, bank vaults, underground passageways in 
cities with harsh climates). The more use we make of 
subsurface space, the more surface space we free for the one 
function that cannot do without daylight and fresh air: living.  
Its ability to record is a function of the subsurface that is 
particularly relevant to the urban domain. Just as rocks in 
general are records of conditions and events in the geological 
past, the urban subsurface can be seen as a physical record of 
the history of cities. Buried cultural heritage needs our 
protection, whether by preventing its degradation in situ, or by 
careful excavation before building and construction take place. 
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However, it also reflects industrial legacies and their impacts in 
the form of polluted soils or unstable mine shafts.  
From the above, the importance of knowing the ground beneath 
cities may seem selfevident, but the urban subsurface is in fact 
still largely ‘out of sight, out of mind’. It does not present a 
daily concern to city planners and managers, and when it does, 
there is often trouble. COST Action TU1206 Sub-Urban 
therefore sets out to explore, promote and improve the use of 
the urban subsurface. It aims to help identify options for cities 
to grow and develop more sustainably that are currently 
overlooked, and to increase the predictability of ground 
conditions that are now considered unforeseeable. For these 
purposes, this report offers a review of the state of the art, 
which describes the interactions between urban and subsurface 
domains in generic terms, with special reference to the 
acquisition of subsurface data, their interpretation into useful 
subsurface models, and the transferability of data and models 
to planning documents. 
  
Keywords 
City; urban planning; urban geology; subsurface; A Coruña; Bergen; 
Dublin; Glasgow; 
Hamburg; Helsinki; Ljubljana; Nantes; Novi Sad; Odense; Oslo; 
Rotterdam; Europe 
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The underground of European cities in planning 
documents: the case of a Coruña (Spain) 

Rubén C. Lois González1, Beatriz Moar Ulloa1, Miguel Pazos 
Otón1 

1Department of Geography at Universidad de Santiago de Composela, 
Spain, rubencamilo.lois@usc.es 

  
1. Introduction 
Underground is an important element of the physical 
environment of cities. We live on top of it: the buildings have 
to accommodate to the structure and properties of the ground, 
and occasionally confront the dangers it presents. 
Cities not only expand outward and upward but also 
downward. Increasingly, the subsoil is used to attenuate the 
eternally crowded and congested urban area, especially for 
networks (meters, tunnels, cables, wastewater, sewage), storage 
(basements, warehouses, parking lots, thermal energy), and 
facilities of shelter and protection (bank vaults, nuclear 
bunkers, underground passages in cities with harsh climates). 
The more use of subsoil, the more surface space is released to 
the function which is not possible without natural light and 
fresh air: life. 
Just as the rocks are generally a record of the conditions and 
events in the geological past, urban underground can be 
interpreted as a physical record of the history of cities. The 
buried cultural heritage needs our protection, either by 
preventing its degradation in situ or through a careful 
excavation before construction takes place. This heritage, and 
all the ground, also opposes the industrial legacies, such as 
contaminated soil or unstable mine shafts. 
Therefore, the importance of knowing the existing ground 
beneath the cities seems clear, although the urban subsoil is 
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still largely "out of sight, out of mind". There is not a daily 
concern for planners and city administrators, and when it is, 
usually because of problems. Thus, the action Suburban COST 
TU1206 has proposed to explore, promote and improve the use 
of urban underground. 
Its aim is to help to identify options for cities in order to grow 
and develop more sustainably. To achieve this goal, this paper 
provides a theoretical framework that describes the interactions 
between urban domains and subsoil in general terms, with 
particular reference to data acquisition, interpretation into 
useful models and the transferability of these planning 
documents. 
  
2. The objectives and the general state of the Suburban 
proposal of research of underground of cities in Europe 
One of the most striking processes that have occurred in recent 
times is the intense growth of cities and urban spaces that 
extends around the globe (UNHabitat, 2012). This growth 
consumes space, natural resources and enormous amounts of 
energy. Consequently, the concept of development has been 
linked to sustainability, as megacities and large metropolitan 
regions distributed across continents pose significant 
challenges environmental (pollution, waste management, 
traffic congestion, abnormal conditions weather, etc.), that 
urban planning should address (Pacione, 2001; Lois Gonzalez 
and Escudero, 2012). 
Undoubtedly, plans and strategies to be adopted should also 
take into consideration the new term of resilience, or the ability 
of a city to deal with an external shock, a generally impact of 
natural or environmental nature (Pelling, 2003; Townshend, 
Awosoga King and Fan, 2014; Davies, 2015). Cities and 
metropolitan areas have to withstand the effects of floods and 
flash floods, adapt to the new conditions that climate change 
brings and keep under control an enormously complex 
ecosystem that generates constant threats and risks. For all 
these reasons, the theory and the disciplines that deal with the 
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city, and urban planning must recover a strict physical, 
ecological and territorial dimension in the new models and 
documents given by them in the future. 
In this regard, advance knowledge of all the dimensions that 
takes the city and urban space becomes a priority. Thus, 
although the city has been characterized designed and analyzed 
almost always thinking about the visible part of it, the 
systematic study of the underground spaces of the same 
charges a growing interest (Teixeira, 2011; Zoido et alt, 2013.). 
An interest therefore reinforced by the environmental 
dimension of urban alluded to, such as the possibilities offered 
by new mapping and  analysis models to know precisely what 
is beneath the city and its importance for the overall 
development of the organism urban / metropolitan. 
In addition, this pioneering approach is logical that has been 
made in Europe for several reasons: a) the existence of 
institutions and national geological surveys of great tradition 
and experience; b) disciplinary dialogue that had begun some 
time between geologists, planners, architects, geographers and 
engineers, among others; c) the observation that some big 
mainland cities (Glasgow, Hamburg, Rotterdam, Oslo, Odense, 
etc.), had integrated data and comprehensive information of the 
subsoil both the planning documents and the daily tasks of 
urban management ; d) the possibility provided by the 
European institutions to finance networks of experts from 
many different countries to address a new issue of 
collaborative research. 
In fact, the joint work of professionals across Europe in the 
COST TU1206 formulated action aims to improve the overall 
performance of the urban underground, in order to improve its 
management and incorporate it into official documents 
planning level metropolis, city or neighborhood. So, it is a 
bridge between the theoretical reflection, based on the progress 
that has been recorded in the geological and mapping 
subsurface investigation, and urban planning, embodied by the 
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technical and public administrations (COST TU1206, 2012). 
The mission is to transfer knowledge to planning and urban 
management, always with the aim of improving the quality of 
life of city dwellers. 
In this sense, historically geological research and information 
provided by it was used in engineering, planning and 
development projects. It appeared concentrated mostly in maps 
and reports. Certainly, institutes and national geological 
surveys across Europe have developed a wide information and 
mapping, available for public use set. In recent times, it has 
achieved great significance transit from the representations of 
twodimensional (2D) to threedimensional (3D). This 
continuous updating process has resulted in the preparation of 
information loaded and processed at very different scales 
digital models. In particular, today you can display 2D data 
(GIS), 3D (deterministic attributes, frame and stochastic 
geological models, models voxelados clean) and 4D (series of 
predictive temporal patterns, for example, changes of flooding 
water), with a set of increasingly numerous representations 
(COST TU1206, 2012). 
However, only a small number of large European cities 
routinely use this information as a guide to everyday urban 
management (include Hamburg, Oslo, Rotterdam and St. 
Petersburg), and in most cases this knowledge is underutilized. 
Therefore, the use of these best practices as examples and 
expanding the group of cities generalize the use of information 
and mapping urban subsoil should be a goal to achieve. Also 
the integration of information systems employees underground 
in different parts of Europe, for joint improvement of certain 
issues and problems. In fact, these ideas of modeling and 
integration tried to develop some years in the LIFE06 project 
"Integrating Geological Information City Management to 
Prevent Environmental Risks (GeoInforM, 2008). 
Consequently, the reasons for the COST action TU1206 
subsurface study of European urban areas stems from the 
realization that cities do very intensive use of it for 
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infrastructure: subway, tunnels, sanitation and other services, 
parking and storage in addition to the use of existing water 
resources. All these activities generate significant 
environmental effects and inadequate control of local 
geological features can lead to many problems, such as 
pollution of groundwater (GeoInforM, 2008). 
Only in relatively recent times, governments have become 
aware of the coordinated implementation of measures to avoid 
the impacts identified. Thus, in   the   UK   the   "Urban   
Futures   research   project"  (htttp: //www.urbanfutures.org) 
has developed a tool for urban relief to analyze the level of 
resilience of cities and provide sustainable solutions to them 
(COST TU1206, 2012). The Directive INSPIRE (European 
Commission, 2002) about building environmental spatial 
information, including subsurface data with uniform criteria 
between public sector organizations and citizens with open 
access. 
 Despite these efforts, there is still a lack of accurate data on 
urban groundwater is presented as a major problem in many 
cities and metropolitan areas. For all this, it is vital to ensure 
their availability and use for different purposes, as both social 
and economic benefits of various kinds as appropriate 
evaluation criteria for governance and urban planning will be 
achieved. In addition, conflicts of subsoil use may be regulated 
and determined by specific safeguard instruments, expand the 
current understanding of the complex ecosystem of the cities, 
still very focused on its surface, visible spaces. 
The main objective of the Action TU1206 is to encourage 
interaction and networking between expert knowledge and the 
dynamics of urban subsoil and managers, governors and 
spatially, planners (both public and private consultants) of 
cities and metropolises (COST TU1206, 2012). Of course, 
getting these relationships are reflected in the establishment of 
a permanent and effective coordination between researchers in 
modeling and new possibilities of urban underground mapping 
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and public institutions centered planning. A relationship based 
on rapid transfer processes new models and systems of 
representation, simulation and management of the various 
layers of urban underground space (COST TU1206, 2011). 
Along with this general objective, four specific objectives, 
which we list are set: 1) Promote the multidisciplinary 
coordination among agencies and institutions interested in the 
knowledge of urban underground, and between them and 
public authorities; 2) Spread throughout Europe and other 
territories, techniques, methodologies and research on the 
underground space to generate a public debate open to the 
public; 3) Inform and strengthen the position of urban planners 
and managers in relation to the ground, giving them new 
instruments and methodological tools in their work; 4) Build 
additional information about underground cities, compatible 
with other 3D models, which are beginning to be widely spread 
in our environment, in order to improve the quality of urban 
management in its economic, environmental and social 
variables (COST TU1206 , 2012). 
  
Figure 1. Current status of knowledge of underground urban spaces. 

Needs and objectives identified 
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Figure 1 summarizes the procedure to be developed in the 
proposed study raised urban underground. On the one hand, the 
scientific state of affairs, the existing multidisciplinary 
knowledge states. Here is part of the progress in the availability 
of maps and data on this space, and the need to capture, to 
order that information. 
A reference contributes more to the possibilities of progress of 
this knowledge through 3D, 4D and representations voxeled 
models. In the last column, the need for these advances in data 
management and modeling of subsurface transferred to the 
decisionmaking process with concrete to create management 
tools in integrated 3D references, environmental management 
platforms explicit, floods and sustainable urban drainage 
systems (SUDS), pollution, heritage and conflict resolution 
uses. 
The whole approach should also consider the policies that the 
EU has approved the environmental management of spatially 
complex and urbanized areas. It is, in short, to create 
knowledge to influence the policies implemented by urban 
decisionmakers. Finally, to estimate the positive economic and 
environmental impact that this transfer of information can be 
generated in cities and large metropolitan areas. 
  
3. Planning and management of the underground: the case 
of A Coruña (Spain) 
A Coruña, with a population of 250.000 inhabitant, is the main 
metropolitan in the northern of Galicia. The municipality 
covers a surface área of 36,8 km, with a peninsula, where the 
historical centre is located, and a isthmus with the original 
fishermen neighborhood. The space and geographic 
configuration grants it certain uniqueness. 
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The use of the subsoil is mainly oriented to support the 
different supply networks, and is defined by the presence of 
archeological rests and traces. 
Under the subsurface, you can find supply networks with 
different scales and impact.The main ones are those included in 
the general supply system: the water supply and sewages big 
pipes, the oil and gas pipelines, and electrical high and medium 
power lines. To be managed, it is vital the acquisition and 
treatment of the information related to those pipelines, 
The maintenance and management of this information may 
involve several authorities or stakeholders. The city council 
manages the sewerage and public lighting networks, while the 
wáter supply network is managed through a public Company, 
EMALCSA. 
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Regarding the oil pipeline, both pipe and soil are the property 
of REPSOL. The uses of the soil are restricted by the trace of 
the oil. 
The city council is developing the implementation of a 
Geographic Information System, to achieve a better knowledge 
of the state, conditions and other aspects of the urban networks.  
The GIS Project is mainly based in obtaining the information, 
developing the technology to collect data, and processing and 
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organizing the data. The entire Project is oriented to develop 
and to set up an infrastructure that provide an easier way to 
produce, update, use and spread data. 
All this is also intimately related to the concept and program 
Smart City Coruña. This project aims to achieve optimal 
management of services, and a sustainable and efficient 
consumption of the city's own resources 
The basis of the program is the collection and the treatment of 
the data in a centralized computer platform, and its 
management and interpretation so that, depending on the 
different possible scenarios, optimize the resources could be 
optimized for the proper functioning of each service, from the 
water supply to the public transport network. The data refer to 
many aspects such as air and water quality, traffic density, 
noise levels, etc.  
The horizontal platform, called brain of the city, receives data, 
or real-time information about what happens in our city, from 
sensors and measuring devices, and processes them to make the 
available to different applications and services. In addition, all 
this information can be viewed in real time in the advanced 
visual representation system, eVidens, a visualizer that 
integrates the data to offer them on an interactive system, based 
on a territorial representation of the city. 
The second phase is to provide this brain with integrated data 
from a set of pilot projects, with different objectives, ranging 
from urban infrastructure management, environmental 
monitoring and care, the support to the commerce and the 
tourism, to the own municipal administration management 
through the development of the Electronic Administration. 
The Smart City program also includes initiatives to make the 
city more accessible, such as the implementation of electronic 
administration or the publication of information. 
Archeological remains. 
The second condition is the great number of archaeological 
remains, due to the existence, among others, of a castrexo 
settlement in the area of Elviña, of defensive fortifications in 
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the Pescadería (late 15th century), and of remains of medieval 
walls (13th century). 
The existence of archaeological heritage in the subsoil requires 
to be especially cautious with the removal of soil in certain 
areas. In this case, before starting the works, a survey should be 
carried out to verify the existence of possible archaeological 
remains, and depending on the results, an excavation of the 
área must be needed. The proceedings must be directed by an 
archaeologist, and the competent body on cultural heritage 
must inform the excavation projects. The appearance of 
remains can even force to modify the project of the works to 
make them accessible. 
Other uses of the subsoil. 
Finally, we have the actions to free up space on the surface to 
accommodate the provision of car parks that the high density of 
occupation of the center demands, and the buried road 
connections. 
In this way, we have underground car parks in the city that can 
be associated with underground roadways that allow the traffic 
to be removed from the surface, and recover space for 
pedestrians and bicycles. 
The communication routes and streets of the municipal area 
constitute the communications system, and may be general or 
local. They are of general character those ways that serve the 
municipality, and local ones that serve the neighborhood. 
Whatever its class, as a public domain property, the city 
council may dispose of the soil for this specific purpose 
including the subsoil and the flight, and use them for different 
purposes, .such as burying a road or allocating the soil for open 
spaces. 
Galicia’s urban planning law admits the possibility of 
occupying the subsoil of road systems and free spaces to 
dispose of public car parks, which allows free space on the 
surface, disrupting traffic by types or providing for the 
necessary parking reservations. 
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These actions correspond to the municipal administration, 
which can choose several methods to carry them out. The most 
common is the adjudication of the execution of the works 
linked to the management of the parking once finished, for a 
certain period, and may or may not entail the payment of a fee. 
Within the municipality of A Coruña there are several actions 
of this type, with car parks operated by private companies 
during the term of the concession as consideration for the 
completion of the works. The construction of a public car park 
may even entail the obligation for the successful tenderer to 
execute a stretch of road for the public use and not exclusive to 
the car park. 
To sum up, in a city whose surface is small if we take into 
account its density of occupation, the use of the subsoil is 
increasingly necessary, and proper planning of it is a question 
of great importance to plan with rational Both the future 
developments foreseen by the urban planning and the 
regeneration of the consolidated urban plot in those areas 
where it is deficient of public facilities and free spaces. 
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Groundwater: often a neglected constraint in 
urban planning, but also essential in formulating 
“Urban Resilience” strategies. Lessons learned 

from Delta and coastal cities projects in different 
climatic zones 
Roelof Stuurman1 

1Deltares, Netherlands, Partner of 100RC, roelof.stuurman@deltares.nl 
 
My presentation will be based on personal experiences with 
urban groundwater management in cities all over the world 
(Asia, USA, Caribbean, Middle East and Europa). Is urban 
groundwater an issue in urban planning? Do these cities 
consider the subsurface as a layer essential in formulating 
resilience strategies for fighting climate change processes like 
sea level rise, rainwater-induced urban flooding and droughts? 
Most of my visits were initiated after disasters like the Katrina 
and Sandy hurricanes. Suffering severe flooding, leaders were, 
in response, inviting multi-disciplinary urban design teams to 
try to reduce risk related to these hazards in the future. Based 
on several recent studies and field visits, an attempt is made to 
emphasize the importance of groundwater management in the 
urban planning process, and to translate groundwater 
knowledge into practical advice. Until now, the subsurface and 
groundwater have often been neglected in urban planning 
processes, usually because of a lack of familiarity in 
government with this issues, but also because of the complexity 
of the invisible groundwater processes. To demystify 
groundwater, participative stakeholder workshops are an 
effective tool. These workshops are attended by participants 
both from governmental and non-governmental organizations. 
The credo of the workshops is: “learning by drawing”. Using 
maps and profiles, participants can identify and locate problem 
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areas, present their ideas about causes, and propose solutions. 
During these exercises, subsurface processes are appreciated 
and become understandable, and the need for management 
solutions required to improve matters can be acknowledge. The 
results of workshops in New Orleans (Dutch Dialogues, Urban 
Water Plan), Norfolk (Virginia, http://www.lifeatsealevel.org/ 
), New York State (Nassau County, Rebuild by Design, 
www.livingwithwater.com), Kaohsiung (Taiwan), Bangladesh,  
New Delhi (http://venhoevencs.nl/projects/delhi-2050/), Hafar 
Al-Batin (Saudi Arabia), Aruba (Oranjestad)  and Amsterdam 
will be presented. There are many groundwater issues in these 
very different cities; there are some similarities, but some 
significant differences. What can we learn from each other? 
How can we mobilize all stakeholders? What are the right 
management strategies for the future? How can we integrate 
this with urban planning? 
In the last couple of years, solving these problems has become 
very relevant to an even more holistic and integrated approach, 
called “urban resilience”. Urban resilience is the capacity of 
individuals, communities, institutions, businesses, and systems 
within a city to survive, adapt, and grow no matter what kinds 
of chronic stresses and acute shocks they experience. The 
Resilience Strategy serves as a guide, articulating the city’s 
priorities and the specific initiatives to reach them in both the 
near- and long-term, and to integrate the city’s activities into a 
unified agenda that supports resilience-building.  Rather than a 
static road map, the resilience strategy is a living document to 
be continuously fine-tuned as priorities are addressed and 
initiatives are implemented (http://www.100resilientcities.org).  
So, more than in the past, we need to consider (ground) water 
improvements in combination with e.g. social inclusion or 
fighting poverty.  In the future, with improved understanding, 
the urban subsurface and groundwater will take its deserved 
place as the solid foundation for this approach. 
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Challenges and opportunities in groundwater 
under cities 

Jesus Carrera1, Enric Vazquez1 
1GHS UPC-CSIC, IDAEA, CSIC, Barcelona, Spain, 

jesus.carrera.ramirez@gmail.com 
 
 
Urban groundwater displays numerous peculiarities. On the 
one hand, recharge is usually high, but comes from a large 
number of sources, so that groundwater is threatened by 
pollution. On the other hand, natural attenuation of organic 
pollution is enhanced by the diversity of redox conditions, 
causing groundwater to often be of excellent quality, so that it 
represents a potential resource. Further challenges and 
opportunities result from underground construction and 
shallow geothermal developments. I conclude that urban 
groundwater ought to be subject to regulations. But these must 
be city specific because of the varying nature of aquifers. 
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Thermal management of urban subsurface 
ressources - delineation of boundary conditions 
Jannis Epting1, Peter Huggenberger1, Matthias H. Mueller1 

1Applied and Environmental Geology, University of Basel, 
jannis.epting@unibas.ch 

 
Progressively shallow subsurface resources are used for the 
production of geothermal energy, i.e. for the installation and 
operation of a broad variety of Geothermal Energy Systems 
(GES). Additionally, in many urban areas there is a surplus of 
heat from large buildings and building structures reaching into 
the groundwater saturated zone. Also groundwater is more 
often used as a cheap cooling medium. As a result, 
significantly increased subsurface temperatures have been 
observed in many urban areas.  
Numerous studies investigated how the so-called "Subsurface 
Urban Heat Island" (SUHI) effect and current thermal 
subsurface regimes developed. However, a sustainable 
management of subsurface resources, such as water and 
energy, requires a general understanding on how the current 
thermal status of the subsurface and thermal regimes developed 
in context of different urban settings and boundary conditions. 
This aspects yet are a mostly unexplored terrain. In practice 
mitigation measures are generally taken for individual projects. 
Thereby, a consideration of the broader context of 
hydrogeological and thermal processes and boundaries and the 
interacting thermal activities could lead to a more sustainable 
use of subsurface energy resources. 
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Resilient city growth – how do we turn data into 
important and significant tools for city planning 

and decision making 
Johan Linderberg1, Gert Laursen2  
1VCS Denmark Ltd., jl@vandcenter.dk 

2Agriculture and Nature, Municipality of Odense 
  
In our daily work as geologist at the municipality and local 
watersupply, it is rather difficult to “force” city planners, 
decision makers and politicians to draw attention to “the 
Underground”. Our reports, models, databases, time series etc. 
are often complex/technical and these data probably need some 
form of interpretation. That constitutes a barrier of 
understanding and people with no or little geological 
knowledge will often be somewhat fluffy. Many of these 
planners think of “the underground” as something where one 
can excavate, for underground parking garages, sewers, storm 
water basins, tunnels etc. The underground is among lots of 
other things, the place where we also abstract the potable water 
or try to infiltrate excess surface waters. 
“Unfortunately”, we do not have any “burning platforms” that 
can turn the focus of the politicians and other relevant people 
in our direction. Even though, the City of Odense, is under big 
pressure from all sides, the interest in the underground is very 
limited. The pressure constitutes of several different elements. 
The pressure from above comes from rain. The annual mean 
precipitation have risen approx. 100 mm in the last 140 years. 
Extreme rain events are occurring more often and they are 
more intense. Rainfall causes flooding from swelling rivers and 
streams and extreme runoff to the rivers that run through the 
city. Flooding from Odense Fjord is also a factor and 
sometimes these events occur at the same time, making things 
even worse. The threat from below constitutes rising 
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groundwater levels caused by increased recharge, diminishing 
needs for potable water/less water abstraction and the sealing 
of leaky sewers which have acted as drains thru time.  
Due to the above-mentioned topics, we face a large array of 
issues and problems in our daily work: some occur suddenly 
and is often caused by lack of information/communication or 
knowledge at the planning stage, poor sharing of knowledge, 
wrong decisions etc. It is quite rare that we lack the necessary 
data and/or information. Some problems starts small and may 
escalate over longer periods of time, where no one really 
actually notices it or takes the responsibility to deal with it, 
until suddenly the problem is eminent and “someone, has to do 
something, really quickly!”. 
During the last 2 to 3 decades an extensive ground water 
mapping have been done resulting in a large amount of data, 
maps, reports, and groundwater models.  This was done in an 
effort to raise the level of knowledge and improve the basis for 
planning and support for decision making, but – and that’s a 
very important but – obviously, we do not think that we have 
succeeded in closing (or not even reducing) the gap between 
the geo-specialists on one side and the planners, decision 
makers and politicians on the other. 
Regarding translation and communication such topics as 
geology, hydrogeology, geotechnology, archaeology, 
groundwater monitoring data, models, and all different kinds of 
specialist knowhow into something for city planning, decision 
making tools and policy, we are forced to have a closer look at 
our city history and instead of writing yet another report, we 
simply have to come up with something new. 
First “the history” of Odense. The City has developed from a 
small Borough of 11.000 people, covering only 2,5 km2 in the 
1850’s  to its current 175.000 inhabitants, covering an area of 
80 km2. During the first 100 years of city expansion, the 
drinking water was abstracted from several smaller well fields. 
The well fields where in close proximity to the urban areas. 
Today, most of the groundwater abstraction within the 
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urbanized areas have seized to exist. This have caused the 
groundwater level within city limits to rise dramatically over 
the past 25 years. Today, the water level is nearly the same as it 
was at the turn of the last century (early 1900’s). 
The areas that where drained (by massive abstraction) and 
urbanized during the mid-century period (1930 -1980) are 
becoming increasingly waterlogged again. This is of course of 
increasing concern for those who live in these areas and 
constitutes a major conflict of interest. The development in 
urbanization also causes other challenges. The natural 
attenuation of rain seeping in to the ground is drastically 
reduced due to the increase of areas with impermeable 
surfaces. 
Historically, the first sewage pipes where established as a 
common sewage pipe system for both rain run-off and raw 
sewage. This mode of construction continued well into the 
1970’s. Expanding the sewage pipe systems to accommodate 
future heavy rains, increased urbanization/climate change is a 
highly expensive and sometimes an almost impossible task. In 
the last decades, there have been an ever increasing interest in 
ways of reducing the amount of rain-runoff from entering the 
sewage/treatment system. The need for artificially/naturally 
enhanced infiltration of rainwater in urban areas is therefore 
growing. This, again, - is putting further strain on the rise of 
water level and saturation beneath the cities. New large scale 
infrastructure projects like tunnels, underground parking 
facilities puts even further  strain on the groundwater saturation 
challenge. 
Together with land subsidence, the issues mentioned above are 
all in all, very familiar urbanisation problems in most big cities, 
and we think that a more clever way of addressing these issues 
to planners, decision makers and politicians, could be new 
smart ways of visualization. Not just another advanced 3D 
geological/hydrogeological model, but a functional tool that – 
with a city model on top, in an easy and intuitive way can 
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handle, combine and most importantly visualize all sorts of 
under ground information - from basic geology, geotechnical, 
archaeological, aquifer specific water levels, protection/ 
abstraction zones for potable water, hot zones for energy 
storage, pollution …….etc, to all sorts of buried suburban 
infrastructure. This could constitute a great informative 
breakthrough. 
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Challenges in building and maintaining a 
SUBURBAN Geological model 

Niels-Peter Jensen1 

1I•GIS, Denmark, npj@i-gis.dk 
 
 

Establishing Urban Subsurface models can be challenging. 
Compared to other subsurface models e.g. for oil, mining and 
groundwater, one have to incorporate manmade features and 
activities, modeling the anthropogenic layer. 
A whole new set of tools is needed as the datasets to be used, 
are very different from the data sets normally used for building 
models. 
In a couple of R&D projects during the last couple of years, 
I•GIS, together with partners from both the public and research 
[1], [2], has extended the capabilities of the GeoScene3D 
modeling software to be able to build and maintain subsurface 
models. 
Different workflows have evolved [3], and some will be 
presented in the talk. 
Subsurface models should be able to be queried and altered and 
be able to handle scenarios, i.e. if new infrastructure projects 
are in the planning. 
Models should also be accessible for a variety of users. 
GeoCloud is a system to store and deliver data to clients 
through the internet, enabling users to view and inspect the 
models, and even change the data behind the model. 
For a variety of reasons voxels seems to be a good data type to 
store subsurface models. Voxel has the advantage, that very 
abrupt changes in subsurfaces can be modeled, in contrary to 
e.g. layered models. 
However bigger models can consist of several millions of 
voxels, if not billions. This means big loads on both hardware 
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and software. Some examples are given on what sizes of 
models to expect and a way to handle these amounts of data. 
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Opening up the subsurface for the cities of 
tomorrow. considering access to subsurface 
knowledge and evaluation of practices and 
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This paper presents the main Working Group 2 results of the 
COST Action TU1206 SUB-URBAN. 
The subsurface is an important constituent of the physical 
environment of cities. We live on top of it; building and 
construction have to deal with the structure and properties of 
the subsurface, and occasionally with the hazards it presents; 
and we benefit from, and in some cases are dependent, on 
many of its ecosystem services. Cities not only expand outward 
and upward, but also downward. More and more, subsurface 
space is being used to relieve the increasingly crowded and 
congested urban surface. The more use we make of subsurface 
space, the more surface space we free up for the one function 
that cannot do without daylight and fresh air: living.  
 
COST (European Cooperation in Science and Technology) 
Action TU1206 Sub-Urban explores sustainable use and 
management of the urban subsurface, and the use of subsurface 
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information in urban planning and development. Appreciation 
of the importance of the ground beneath cities may seem self-
evident, but studies by the Action’s Working Group 1 have 
confirmed that the urban subsurface is in fact still largely ‘out 
of sight, out of mind’ [1]. It does not present a daily concern to 
city planners and managers, and when it does this if often 
because a problem related to the subsurface has developed. The 
Action has confirmed that there is a knowledge and 
communication gap between subsurface experts, urban 
planners and decision makers [1]. We argue that the only 
possible way to bridge this gap is to provide the right type of 
subsurface information, in the right format, and at the right 
time, and then to make sure that the people receiving the 
information (urban planners and decision makers) are able to 
understand and use it in making decisions.  
The overall challenge in “Opening up the subsurface for the 
cities of tomorrow” is to be able to:  

 On the one hand - to understand and identify the city 
needs in order to develop/provide appropriate 
knowledge and products/tools for the municipality, city 
region, water board or other end-user, and  

 On the other hand – to identify good practice and 
relevant technologies when mapping and modelling the 
subsurface of the urban areas to enable improved and 
sustainable use and management of the urban 
subsurface.  

 
Evaluation of practices and techniques 
The Working Group 2 Summary report [2] describes the 
background to, and examples of, good practice, and tools that 
can realize these challenges. Taking the outputs from Working 
Group 1 (the ‘state of the art’) as a starting point, Working 
Group 2 has evaluated the knowledge needed to characterise 
and understand the urban subsurface (including the man-made 
infrastructure, artificial soils, and natural geological features) 
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by means of a variety of good practices and techniques and by 
addressing identified knowledge gaps.  
This report summarises findings on:  Subsurface information 
and planning; Data acquisition and management; 3D geological 
modelling and visualization of the subsurface; Groundwater 
and geothermal monitoring and modelling; Geotechnical 
modelling and hazards; Subsurface geochemistry; and Cultural 
heritage.   
Taking the perspectives both of urban planning and subsurface 
geoscience, the report identifies urban needs, gives examples of 
current good practice and best efforts for a wide range of 
subjects: from identifying city needs; to methods to achieve, 
store and visualize geological and geotechnical information, 
and to ways in which sub-surface-related issues can be brought 
into urban planning. The examples provided describe practices 
both on municipal and national scales for different 
geographical settings/typologies. The report also identifies key 
knowledge gaps in relation to each topic. The good practices 
and key knowledge gaps are presented in summary tables.  
Key issues for urban planning and management are 

 Strategic planning levels, contents, organization, 
legislation and decision-making.   

 How the underground information is currently used on 
management and strategic planning levels, and is there 
potential for improvement?  

Trying to make all information available to everybody, at all 
times, is not the answer. Largely providing the information 
needed at various planning levels is a question of appropriate 
scale and time. 
We propose the Geo City Information Modelling (GeoCIM) 
concept, which expands on Building Information Modelling 
(BIM) and the City Information Model (CIM), as a tool that 
can effectively bring together above- and below-ground data 
and knowledge at scales appropriate to city needs, an explicit 
requirement of sustainable urban planning and management.  
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We propose various steps towards the improved provision and 
uptake of requisite subsurface knowledge and for ensuring its 
accuracy and its appropriateness. These include: 

 A systematic approach that is based on the crafts and 
traditions that planners and geoscientists have 
developed over time; 

 (Open) Access to relevant data and updated knowledge; 
 Closer collaboration between planners and 

geoscientists.  
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Large-scale spatial data and information are required to inform 
early strategic decisions on how the quality of the city’s land 
and the available portfolio of land assets are best mapped to 
housing delivery, infrastructure planning and other 
development priorities. Many of these datasets are interrelated 
but have traditionally been viewed in isolation. To maximise 
their relevance, it is necessary to combine these into a holistic, 
above and below-ground, view. 
Initiatives such as Building Information Modelling (BIM) aim 
at developing more integrated uses of different relevant data in 
major development projects, but have, to date, almost 
ubiquitously been focused on the design, construction and 
management phases of individual project development. Also, 
BIMs tend to lack representation of the subsurface. 
We propose the Geo City Information Modelling (GeoCIM) 
concept; expanding on the BIM principles by making the 
above- and below-surface data at scales appropriate to a city an 
explicit requirement of a sustainable urban planning and 
management. The prefix “geo” is used to mean ground or land 
and can be seen to represent geology, geotechnics, geolocation, 
geophysics, etc. 
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Figure 1: GeoCIM information flow cycle 

  
 
GeoCIM is a process involving the generation, sharing, 
integration and management of digital representations of 
physical and functional characteristics of at least the following 
urban environment layers: 

• Surface layer: natural and man-made on-surface 
features 

• Anthropogenic subsurface layer: man-made ground, 
buried infrastructure, foundations 

• Natural subsurface layer: geological units, hazards and 
processes 
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Figure 2: Vertical and horizontal scopes for BIM, CIM and GeoCIM 

 
GeoCIMs do not have to take the form of a single software 
tool. Specialist data and models may exist in specialist tools 
with the communally relevant elements being exposed at an 
appropriate scale and in a way that enables integration with 
information from other key stakeholders. 
GeoCIM users and their needs 
Subsurface specialists will be able to use GeoCIMs to share 
crucial information about geological structures, processes and 
hazards through tools that are accessible to a wider audience 
than has traditionally been the case. These specialists will also 
benefit by being able to identify the location of man-made 
structures that influence subsurface processes such as 
groundwater flow or ground stability. Urban planners will use 
GeoCIMs in the planning process as a single point of 
information for all key urban datasets in three or four 
dimensions. It should also be possible to incorporate 
environmental indicators such as water table data, air quality 
and soil quality into GeoCIMs; this would support the 
integration of environmental assessments and planning if 
considered relevant. Decision makers will be able to visualise 
and quantify the impacts of high-level strategic decisions 
without the need to delve into specialist interrelated domains of 
geoscience, construction and city planning. The general public 
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would have greater access to information about their 
environment and if the GeoCIM is developed using open web 
services there is a real possibility that new applications would 
be developed by interested amateurs and commercial ventures, 
maximising information re-use. 
 
The importance of modelling the anthropogenic subsurface 
layer 
A comparison of current sub-urban modelling approaches 
highlighted the importance of mapping and characterising the 
anthropogenic subsurface layer (or man-made ground layer) to 
arrive at a useful model. Key findings include: 

 The anthropogenic subsurface layer is all-inclusive and 
its definition and modelling should encompass 
everything that is present between the land surface and 
the natural subsurface that is of influence to the model 
properties at the intended use scale of the model. This 
means not only reworked natural deposits and artificial 
deposits, but, if present, also tunnels, cables, 
foundations, basements and archaeological heritage. 

 The types of input data that are used to model man-
made ground should be dependent on the modelling 
purpose and the associated modelling scale, but are in 
practice also determined by the data that can be made 
available and the project means to do so, as well as by 
the modelling method applied. The use of, preferably 
nation-wide, standardised open datasets is advised. 

 Man-made ground modelling may be used to bridge the 
scale and information gap between above-surface 
information and natural subsurface information. 
Combination of these layers or submodels within one 
model (cf. GeoCIM approach) results in nesting of 
different model scales, both laterally and vertically. 

 The ideas and technical solutions for efficient model 
maintenance are there. It is of prime importance that all 
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parties involved acknowledge the need to keep models 
up-to-date to preserve their value. This requires 
maintenance funding and a feedback loop to report back 
model issues. Maintenance and update ask for 
sustainable relationships between cities and companies 
and/or institutes. 
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Subsurface planning seen in the urban context  
Subsurface planning is especially important in urban areas 
where the subsurface is frequently used or where geological 
and/or geotechnical conditions have impact on existing or 
intended developments. The Sub-Urban WG 1 report “Out of 
sight Out of mind, considering the subsurface in urban 
planning – State of the art” describes to some extent what 
urban planning is, and why it is important to plan for the 
subsurface and use subsurface information in urban planning.  
The need for sub-surface information and consultation will 
vary depending on whether the planning is on a strategic, or a 
detailed level (project related). 
It is recognized that planners and decision makers have limited 
understanding of the subsurface; likewise, subsurface 
specialists have little understanding of the type and scale of 
information relevant to different levels of planning. 
Consequently, there is a great need to improve communication 
between the two parties. 
Urban planners, as well as subsurface specialists, need to 
improve their understanding of the different types of 
information that are needed in strategic and detailed planning 
processes. As in the above ground planning process both 
parties need to understand where in the planning hierarchy 
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specific types of information are needed and where in the 
planning process the information is needed and to produce 
guidelines for this.  
Urban needs 
Urban needs can be defined as a need for anyone involved in 
urban development to understand and use any information 
relevant to a development within the city. In this context, it 
means planners, designers, decision makers and people 
affected (the public, such as neighbours and organisations) by 
the development. 
It is of interest that those managing the strategic and detailed 
urban planning processes (planners) have a comprehensive 
understanding of the assets and challenges of the subsurface. 
An urban planner is only as good as the information that is 
available to him or her. Information that is available in 
traditionally used formats such as geotechnical reports, 
geological maps or 3D models need to be translated into 
formats that are more readily understood by urban planners and 
decision makers. To facilitate this, cities ought to possess or 
have easy access to competence of how to use available 
subsurface information. 
To fully succeed in developing clarity and strong 
communication between urban planners and technical 
disciplines, the terminology of different users needs to be fully 
understood by all parties. This also enables an understanding 
to be developed of how subsurface information can be made 
relevant and more accessible to other specialists, and a 
common understanding of future actions can develop.  
From the perspective of subsurface data providers and experts, 
it is important to identify so-called ‘city needs’ and ‘planner’s 
questions’, to determine what kind of information could be 
valuable for all levels of urban planning, and how this 
information should be exchanged and communicated. 
City needs’ can be determined from policy frameworks and 
urban planning tasks which will differ between countries, 
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regions and municipalities. Driving forces that frame city needs 
and urban planners include: 

- Policy framework (legislation, political decisions and 
directives, etc.) 

- Planning level (scale, type of urban planning task) 
- Planning phase/stage 
- City characteristics (such as economy, physical 

environment, planning characteristics and data 
availability). 

Such a “city need analysis” ought to be based on local 
subsurface challenges and/or the resources of the city. It should 
also be adapted to satisfy legislation, expected development of 
the city and available subsurface information. 
Information about the subsurface needs to be: easy to capture; 
reliable; organized; regularly updated; and possible to integrate 
into the planning and construction process. The type and 
amount of information will vary with the planning level/ type 
of planning task. 
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City growth threatens sustainable development - a pattern of 
growth in which resource use aims to meet human needs while 
preserving the environment for present and future generations 
(The Brundtland Commision, 1987) - of cities. Over the past 
decades increased urbanization has created more pressure - not 
only on the suburban outskirts - but also in the inner core of the 
cities, putting important environmental issues such as water 
management and cultural heritage under stress. 
Cultural heritage, either standing monuments or subsurface 
archaeological remains, is internationally recognized as an 
important legacy of our past history. The European Convention 
on the Protection of the Archaeological Heritage (CETS 143) 
formulates European policy and incorporates concepts and 
ideas that have now become accepted practice in Europe. 
Conservation and enhancement of archaeological heritage is 
one of the goals of urban planning policies. One of the key 
objectives of the European policy is to protect, preferably in-
situ, archaeological remains buried in the soil or seabed and to 
incorporate archaeological heritage into spatial planning 
policies. 
Conflicts with prior uses and unappreciated impacts on other 
subsurface resources, amongst them archaeological heritage, 
make use of underground space in cities suboptimal. In terms 
of ecosystem services, the subsurface environment acts either 
as a carrier of archaeological heritage in situ (stewardship) or 
supports above-ground cultural heritage. Often, it’s not enough 
to protect the heritage site or monument itself: new 
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developments outside a specific protected area can lead to 
changes in groundwater level, and cause serious damage to 
heritage buildings and archaeological deposits. 
This presentation will give inspirational examples of good 
practices in cultural heritage management and the use of 
subsurface knowledge in urban areas. Examples and full report 
are available through the COST TU1206 Toolbox and 
www.sub-urban.eu. 
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Today, it is more and more common to refer to current times as 
the urban age, which means that, on a planetary level, urban 
areas are the main loci that attract, process and channel the 
societal, cultural and economic matters at the core of human 
life. They act as regional innovation hubs. However, current 
forms of urbanisation are deeply unsustainable over most – if 
not all – sectors and dimensions that make up contemporary 
urban life and with footprints way beyond what is commonly 
considered urban. Getting our cities and urban areas right is 
hence the key to set the planet right 
JPI Urban Europe responds to this urgent societal challenge of 
transforming our cities and urban areas to more sustainable and 
liveable places. The initiative supports urban research and 
innovation in ambitious intra- and transdisciplinary activities 
on a transnational scale. In this, JPI Urban Europe also aims to 
function as a gateway and a hub for knowledges on urban 
transitions, and to facilitate research on a scale which simply 
could not be carried out by any one nation alone. 
JPI Urban Europe works with two rather different kinds of 
urban innovation ecosystems to accomplish this. One that 
relates to a European (and international) urban transnational 
knowledge infrastructure. One that relates to a conceptual 
approach to the urban settings where issue oriented R&I is to 
be done. Both of these are of interest to COST Actions ‘and 
after’, albeit in different ways. The question put forward at the 
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Sub-Urban Final Conference and drawing on the preceding 
presentations is: how does Sub-urban activities link to JPI 
Urban Europe and particularly the Strategic Research and 
Innovation Agenda (SRIA)? 
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To organise spatial planning in the subsurface also means 
innovating governance processes and products. The spatial 
planning in the subsurface should at the same time be a self-
evident part of the planning of the surface system. Organizing 
the subsurface needs to be reflected to - or seen in relation to - 
being the basis to the (surface) spatial morphology. The 
objective of this research is to question the role of architectural 
representation of the subsurface in the governance process and 
products. Discussing architectural representation should 
include ‘design thinking’. Most authors that discuss the design 
thinking process, among which ‘Change by Design’ by Tim 
Brown [1], highlight the value brought by use of visual 
representation. With some authors even calling visualization 
tools “the mother of all design tools”, because they are used in 
every stage of a design thinking process [2]. Another important 
part of design thinking are the concepts that are used to guide 
the design process. For this reason, this research also includes 
study into the representation of subsurface in concepts like: 
“constructed ground”, “mat urbanism”, “drosscape”, “thick 
infrastructure”, “field operations”, “machinic landscape” [3] 
that are very much connected to a discourse in urbanism that is 
called: Landscape Urbanism. As stated in Gray [4]: “In pairing 
landscape with urbanism, landscape urbanism seeks to 
reintroduce critical connections with natural and hidden 
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systems and proposes the use of such systems as a flexible 
approach to the current concerns and problems of the urban 
condition.” 
James Corner, a frontman of the Landscape Urbanism 
discourse, argues for moving away from aesthetic design to 
operational logic and from aesthetic categories to strategic 
instrumentality. He calls for a focus on the agency of landscape 
(how it works and what is does) rather than on its simple 
appearance and a merging or crossing of the borders between 
technology (having the knowledge to understand the natural 
system and the implications of interventions) and urban design. 
Transdisciplinary collaboration should have a generalist 
approach and start with understanding the natural system 
together, before deciding on the spatial quality, technological 
necessities and what ‘spatial technology’ can solve. This 
should lead to a combined language, shared methods, unified 
concepts and integrated scales [5]. 
In the Landscape Urbanism discourse, that is coming from the 
United States, the natural system is put forth as leading 
operational logic and landscape architecture is granted the 
ability to make urban structures more durable and sustainable. 
In this research we propose another interpretation of Landscape 
Urbanism, as one that seeks (through design thinking) and 
integral approach between disciplines that master the natural 
system and the ones that master the technology, and delivers 
shared benefits at multiple scales. Thus not only taking the 
operational logic of the natural system in itself as leading, but 
together with the agency of the technological urban 
constructions that are already in place. Synchronisation (in 
time, space, technology and interests) being one of our main 
goals.  
To design resilient, durable (subsurface) infrastructure in 
urban renewal projects using parameters of the natural system 
– linking in an efficient way (a) water cycle, (b) soil and 
subsurface conditions, (c) soil improvement technology, and 
(d) opportunities in urban renewal (e.g. urban growth or 
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shrinkage) the synergistic approach of ‘reversed engineering 
with nature’ (REWN) is developed in which a hybrid thinking 
adds to solutions beyond the multidisciplinary input [6]. The 
subsurface is the technical space, the engine room of a city, 
housing the vital functions of water, electricity, sewers and 
drainage, but also housing the natural system that is crucial 
for a stable, green, healthy and livable city. The focus of the 
REWN will be on their potential future synergies and their 
direct contribution to urban quality.  The approach is built on 
a systematic processing of contextual information of the 
development site using the System Exploration Environment 
and Subsurface and resulting in a Subsurface Potential Map 
[7]. Using the input of the subsurface specialists directly to 
rethink the urban landscape results in synergy between 
subsurface topics and (re)design of urban vita infrastructures.  
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The contribution of the subsurface to making our cities 
sustainable and resilient is significant but mostly unknown. 
The actions that Lisbon Town Hall has been taking to obtain 
knowledge about the subsurface that will provide decision 
support aiming to achieve an efficient territory management 
and a sustainable and resilient city development will be 
presented. In addition, the contribution that Lisbon COST 
Action TU1206 SubUrban Workshop 2016 had to connect the 
different subsurface experts and those who should benefit from 
this knowledge such as urban planners, engineers, policy 
makers and the public, will be presented as well. The aim of 
this workshop was also to provide technical knowledge about 
data acquisition techniques and how to transform the data into 
information. A case study which was conducted in the city of 
Lisbon was prepared in which the spatial ambitions and 
subsurface topics such as the heritage, hazards, seismic 
resilience and groundwater, were presented to the audience. 
The challenge proposed to the audience was to try to link the 
opportunities (and threats) of the subsurface to the ambitions 
on the surface level.  
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Urban flooding has become a key issue for many cities around 
the world. With the continuing effects of climate change, this 
will become more acute and will add to the serious problems 
already experienced in dense urban areas. Therefore several 
international stakeholders are in the need of tools that can 
assess the vulnerability to floods and visualization tools that 
will contribute to international knowledge exchange. Years ago 
scientists started to use DEMs (digital elevation maps) as quick 
scans to indicate locations that are vulnerable to urban flooding 
and the effect of climate change. Now the datasets are getting 
bigger and stakeholders are becoming more demanding and 
require faster and more visual results. The technology using 
DEMs is becoming more common and improved, both with a 
higher accuracy and a higher resolution. As an example the 
flood modeling using DEMs is compared for the case Bergen 
in Norway (figure 1a and 1b) from 2009 and 2016.  



SUB-URBAN Planning  
and Management WEEK 

 

83 
 

  
Figure 1: a floodmodelling Bergen 2009 (left) and 3D visualization of 

floodmodelling Bergen 2016 (right) 
 

Method: For the flood map analysis in Bergen in Norway, the  
Calamity Levels of Urban Drainage Systems (CLOUDS) was 
used. This is ‘quick-scan’ method to simulate storm water 
floodings. CLOUDS is based on the assumption that for a 
cloud burst (> 60 mm/h) most of the stormwater will flow and 
stay above ground [3]. CLOUDS visualizes the streamlines and 
the depth of stormwater in depressions where water will 
accumulate. The quick-scan is based on only readily available 
data. The most important is an accurate DEM, which is freely 
available for the whole of the Netherlands (AHN2). With 9 
points per square meter and a vertical accuracy of several 
centimeters this provides an insight in the surface elevation. 
Other data used are: GIS-maps with infrastructure and houses, 
the TOP10 (open data topographic data for the roads and 
waterways) and the BAG (open dataset with all buildings (2d) 
of the Netherland). Combining the elevation model, the dataset 
with buildings and aerial photographs a 3d model of the city is 
constructed to get a better overview of the outcomes of the 
model (figure 1b).The model can be shown in the 3D virtual 
reality theater on a cylindrical screen using 6 HD projectors to 
project an image with a resolution of roughly 5000x1800. To 
display this model on a big screen a special 3D viewer was 
used, based on the open source OpenSceneGraph 3D toolkit. 
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The software was running simultaneously on 7 PC's, one 
master PC for the control of the model and 6 slave PC's to 
drive the projectors [4]. 
Recommendations: The accurate comparison of the results of 
the different models still needs attention. Challenges and 
further developments associated with floods and other climate 
related issues in dense urban areas are continuously growing. 
These maps could be further improved and used by urban 
planners and other stakeholders to assess the resilience and 
well-being of cities. The work presented shows that the 
combined analysis of such maps also has a strong potential to 
be used for the analysis of other challenges in urban dense 
areas such as air and water pollution, immobility and noise 
disturbance. 
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The way we steward soil resources and manage land-use 
activities is central to ensuring a sustainable future for Europe 
and its citizens. The application of research findings and 
knowledge is fundamental to improve our approaches to 
securing soils and land for next generations, for competitive 
economies and a healthy environment. The underlying premise 
of the INSPIRATION project is that the (ecosystem) services 
provided by soil and land and the soil-sediment-water (SSW) 
system are fundamental for meeting societal needs (food, 
drinking water, energy production, shelter, infrastructure, etc.) 
and for addressing societal challenges (climate change 
mitigation and adaptation, increasing demands on non-
renewable natural resources, environmental injustice, etc.). 
The aim of the Coordination and Support Action (CSA) 
INSPIRATION (INtegrated Spatial PlannIng, land use and soil 
management Research AcTION) [1, 2] is to develop, establish 
and promote a Strategic Research Agenda (SRA) for land use, 
land use changes and soil management in the light of current 
and future societal challenges. Main objectives are to: 

 Formulate, consult on and revise an end-user oriented 
SRA; 

 Scope out models for implementing of the SRA; 
 Prepare a network of private and public funding 

institutions willing to fund the SRA. 
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From the beginning of the project, reference has been made in 
all tasks to considering the Horizon 2020 challenges [3, 4]. By 
increasing of our understanding of the soil and land system 
incl. SSW and development of land-use and land-management 
practises the SRA contributes to address these societal 
challenges and needs. 
The activities to achieve the INSPIRATION objectives are 
based on an interdisciplinary, multi-national and demand-
driven approach that covers a diversity of stakeholders (public 
bodies, business, science, citizens and society) including a 
variety of relevant public and private funders. 
The SRA is consequently to be built on end-user knowledge 
and research needs so that it is likely to be willingly adopted by 
funders to promote the knowledge creation, transfer and 
implementation of the agenda. Thereby, INSPIRATION 
envisages a SRA, which funders, end-users and researchers 
recognize and take ownership of, thereby ensuring its 
successful implementation. Such a SRA must both attract 
research funding by public and private parties and ensure that 
knowledge is widely applied, that SMEs and other industries 
will innovate and the EU Member States will become greener, 
more socially cohesive, smarter and more competitive. The 
INSPIRATION partners have therefore started to contact and 
consult various public and private stakeholders in several 
Member States on their pivotal societal challenges in relation 
to soil, land use and land management.  
INSPIRATION engages with relevant stakeholders across 
Europe via a National Focal Point (NFP) in 17 countries. From 
March 2015 to March 2016, the NFPs interviewed National 
Key Stakeholders (NKS), performed a desk study and 
organized workshops – engaging with about 500 stakeholders 
of funders, end-users and researchers across the various soil 
and land management disciplines. This has provided an overall 
inventory on the state-of-the-art in the different countries 
represented in INSPIRATION with regard to their knowledge 
requirements, their national research programmes and the 
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stakeholder involvement practices. So for each country 
knowledge gaps, priorities and addressees are being identified. 
Moreover, at European scale, networks, e.g. from industry, 
policy-making and regulation, have been invited to share their 
experiences, research needs and possibilities for (co-) funding 
of such research [5]. 

 
Figure 1 – INSPIRATION countries 

The outcomes of the collation of demands for research by end-
users (including industry), researchers and funders were 
reviewed and subsequently clustered under four themes, which 
are: 

 Resources demand and efficiency 
 Natural capital 
 Land management 
 Net impact on global, EU and local scale 
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Figure 2 - INSPIRATION conceptual model through 4 themes [6] 

 
Moreover, integrated research topics, which bridge the above 
mentioned themes or which address overarching research 
issues, were identified and included in the overview of research 
topics [6]. 
Based on these results, a cross-country and cross-discipline 
dialogue is organized in 2017 among relevant user groups, 
private and public funding institutions and scientific 
communities in Europe in order to reach a trans-national, 
prioritized SRA and a model for execution of this SRA. Thus a 
framework for future research calls will be produced which 
will give private and public funders confidence that for each 
Euro they spend, they will get multiple Euros worth of 
knowledge in return. 
 
References:  
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of activities 



SUB-URBAN Planning  
and Management WEEK 

 

89 
 

[2] http://www.inspiration-h2020.eu/  

[3] COM(2010) 2020 final COMMUNICATION FROM THE 
COMMISSION EUROPE 2020 A strategy for smart, sustainable and 
inclusive growth, Brussels, 3.3.2010 

[4] https://ec.europa.eu/programmes/horizon2020/  

[5] Brils, J. et al. (2016): National reports with a review and 
synthesis of the collated information. Final 

version as of 01.03.2016 of deliverable 2.5 of the HORIZON 2020 
project INSPIRATION. EC Grant 

agreement no: 642372, UBA: Dessau-Roßlau, Germany. 

[6] Makeschin F, Schröter-Schlaack C, Glante F, Zeyer J, Gorgon J, 
Ferber U, Villeneuve J, Grimski D, Bartke S (2016): INSPIRATION 
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INSPIRATION. EC Grant agreement no: 642372, UBA: 
DessauRoßlau, Germany. 
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Urban geochemistry From 2D to 3D 
 Cécile Le Guern1, Diarmad Campbell2 

1Regional Geological Survey Pays de la Loire at the French Geological 
Survey (BRGM), c.leguern@brgm.fr 

2 British Geological Survey (BGS) 
  
 
The main need of city planners in relation to the geochemical 
quality of soils and subsoils is to have reasonable and 
representative visualisation of the data in a form, which enables 
them to be used effectively, and in an integrated way with other 
datasets (socio-economic, health etc.). 
The Working Group on geochemistry of the COST Action 
Tu1206 (Sub-Urban) focused on near surface soils, and deeper 
subsoils, particularly at the quarter or city scale. It supplements 
the recent Urban Geochemical Mapping Manual by 
Demetriades and Birke with contributions from the 
EuroGeoSurveys Geochemical Expert Group (published in 
2015) that details good practice in 2D data acquisition of 
topsoil.  
The current state of knowledge in relation to soil geochemistry 
(when available) is overwhelmingly based on surface (topsoil) 
and very near surface sampling of subsoils. This is expressed in 
the form of 2D mapping, based on interpolation between 
sample sites. 2D topsoil acquisition is particularly well suited 
for addressing health issues; deeper acquisitions are needed in 
relation to urban (re)development, construction work and 
remediation of contamination. 3D geochemical knowledge, 
although as yet uncommon, could be very useful in optimizing 
urban redevelopment projects, anticipating contamination 
problems, and managing excavated materials (e.g. local reuse 
possibilities, disposal costs etc.). Because all of these aspects 



SUB-URBAN Planning  
and Management WEEK 

 

91 
 

can have important economic, environmental and social 
consequences, they are considered essential for urban 
sustainable development. To meet these future 3D and 
potentially even 4D (temporal and predictive) needs, improved 
development of data acquisition, management, visualisation 
and use of these are crucial steps. 
  

 
Figure 1. Geochemical model in an geological setting in Nantes, France  
  
Some examples of good practice, or at least of best efforts, are 
illustrated by case studies. For instance, the Vienna (Austria) 
and Glasgow (UK) case studies illustrate urban geochemical 
sampling surveys. The examples of Nantes and of the French 
BDSolU (Base de données sur les Sols Urbains - French 
national database on urban soils), may be referred to as good 
efforts with respect to 3D geochemical databases. The example 
of Nantes is also suggested as an example of best effort in 
terms of use of 3D urban geochemical data. 
Identified gaps that currently exist include the development of 
3D and 4D mapping technology, geochemical data acquisition 
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and management, and 3D representation and use of 
geochemical data. 
  
  
Reference 
Cécile Le Guern, Diarmad Campbell, Urban Geochemistry from 2D 
to 3D. TU1206 WG 2.6-007 report (March 2017 at www.sub-
urban.eu) 
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 1Norwegian Geological Survey (NGU), Norway, guri.ganerod@ngu.no  
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6Geological Survey of the Netherlands (TNO), Netherlands  
7University of Zagreb, Croatia  

8Geological Survey of Northern Ireland, United Kingdom 
9Technical University of Bucharest 

10Czech Geological Survey, Czech Republic 
  
COST action TU 1206 Sub-Urban - a European network to 
improve understanding and use of the ground beneath our 
cities (June 2013 - April 2017) 

 
General awareness of the subsurface below cities typically 
only exists where either great opportunities are presented, 
think of boomtowns like Kimberly (diamond mining) and 
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Dawson (Klondike gold rush), or great risks, for example in 
San Francisco (the San Andreas Fault) and Naples (the 
Vesuvius volcano).  However, for most other towns, 
beneficial subsurface conditions are taken for granted and 
the  subsurface is only considered when adverse 
conditions manifest themselves (TU1206-WG1-001, van der 
Meulen et al, 2016). 
  
A world at change 
Increasing urbanisation throughout the world challenges the 
sustainable development and resilience of cities. Despite this, 
the importance of the ground beneath cities is under-recognised 
and often overlooked. The main aim of the Sub-Urban Action 
is to provide a long-needed contribution to greater interaction 
and networking, and so transform the relationship between 
experts who develop urban subsurface knowledge and those 
who can benefit most from it - urban decision makers, 
practitioners and the wider research community (MOU 
TU1206, November 2012). 
By 2050 it is estimated that two-thirds of the world’s 
population will live in urban areas. Europe’s population is 
already substantially urbanised and as populations grow, 
sustainable  development a pattern of growth in which 
resource use aims to meet human needs while preserving the 
environment for present and future generations - is increasingly 
threatened. 
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Figure: The largest global population growth will be in urban areas . Source 
www.unep.org/resourcepanel, 2016. 
  
In contrast to the attention given to the visible (above ground) 
expressions of cities, there is a marked lack of appreciation of 
the importance of the subsurface amongst those who plan, 
develop and manage cities. For underground space to remain a 
societal asset, we need to plan and manage its use. 
In cities such as Helsinki and St Petersburg subsurface urban 
development has been integrated into the land-use planning 
system. If this is not done, the greatest benefits of underground 
space will prove to be short-lived. For example, unanticipated 
disruption of groundwater flows can cause wells to dry up, 
cause ingress of pollutants, damage to sites of historical interest 
or cause flooding of existing subsurface developments. 
Since June 2013 the COST action TU1206 Sub-Urban group 
has worked for greater interaction and networking between 
experts who develop urban subsurface knowledge and those 
who can benefit most from it - urban decision-makers, planners 
and practitioners (private consultants and contractors). Through 
this network altogether 31 countries and 23 city partners are 
involved with participants. The action is coming to an end and 
the facing challenge is to continue this work and to reach out to 
those who can benefit most from our results. 
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Why is the subsurface so important? 
The subsurface is an important constituent of the physical 
environment of cities. We live on top of it; building and 
construction have to deal with the structure and properties of 
the subsurface, and occasionally with the hazards it presents. 
Cities not only expand outward and upward, but also 
downward. More and more, subsurface space is used to relieve 
the increasingly crowded and congested urban surface, 
especially for networks (metros, tunnels, cables, sewage, 
drainage), storage (warehouses, cellars, parking lots, thermal 
energy), and exotic applications such as shelter and protection 
(nuclear bunkers, bank vaults, underground passageways in 
cities with harsh climates). The more use we make of 
subsurface space, the more surface space we free for the one 
function that cannot do without daylight and fresh air: living 
(TU1206-WG1-001, van der Meulen et al, 2016). 
The environmental subsurface analysis and management 
considering issues as e.g. climate adaptation (infiltration, 
flooding etc.), abstraction of water, storage of heat are all 
related to time and the surrounding land use and geology, and 
they are complex (3-4 dimensional) by nature and often 
handled with use of monitoring and models. 
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Changes in climate, enhanced infiltration, changes in water 
abstraction, drainage, heat storage etc. all have a risk of 
causing environmental impacts. 

 
Source: www.wp.com_thisbigcity.net 2013 
  
These kinds of impacts are not related to a specific area on 
surface, but to aquifers and related geological formations that 
are situated below subsurface. Besides impacts also reflect the 
historical development of the whole catchment. (TU1206-
WG2-001, Mielby et al., 2017). 
Its ability to record is a function of the subsurface that is 
particularly relevant to the urban domain. Just as rocks in 
general are records of conditions and events in the geological 
past, the urban subsurface can be seen as a physical record of 
the history of cities. Buried cultural heritage needs our 
protection, whether by preventing its degradation in situ, or by 
careful excavation before building and construction take place. 
However, it also reflects industrial legacies and their impacts in 
the form of polluted soils or unstable mine shafts (TU1206-
WG1-001, van der Meulen et al, 2016). 
From the above, the importance of knowing the ground beneath 
cities may seem self-evident, but the urban subsurface is in fact 
still largely ‘out of sight, out of mind’. It does not present a 
daily concern to city planners and managers, and when it does, 
there is often trouble. COST Action TU1206 Sub-Urban 
therefore sets out to explore, promote and improve the use of 
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the urban subsurface. It aims to help identify options for cities 
to grow and develop more sustainably that are currently 
overlooked, and to increase the  predictability of ground 
conditions that are now considered unforeseeable. For these 
purposes, the work of the Sub-Urban network, describes the 
interactions between urban and subsurface domains in generic 
terms, with special reference to the acquisition of subsurface 
data, their interpretation into useful  subsurface models, and 
the transferability of data and models to planning documents 
(TU1206-WG1-001, van der Meulen et al, 2016). 
  
Best practice  
We argue that the best possible situation is a city that has 
maximised the benefits and possibilities related to the 
subsurface (in terms of resources) and minimised risks 
(geohazards). We argue that such state can be achieved by 
informed planning and decision making, for which purpose 
four general conditions must be met: 
1) There is a general level of awareness of subsurface and 
geological issues, not only in the professional communities 
involved (planning and geoscience), but also politically and 
among the general public. Awareness is a precondition, which 
eventually translates to a mandate to planning and geoscience 
professionals to co-operate. 
2) There is an understanding among planning and 
geoscience professionals, and they share a common 
professional language: 
a. Planning experts are able to articulate what they need 
(data, information, expertise), and understand what is out there 
– and what is not. 
b. Geoscience experts are able to understand what is 
needed and articulate what is available or  developable. 
3) There are systems in place that capture relevant 
subsurface data and information, so that baseline needs are met 
in each urban planning and development stage. 
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4) Planning and geoscience experts have a joint vision on 
how to develop their practices, addressing needs that cannot be 
met as yet, and they are able to pull investment budgets in 
order for their vision to materialise (TU1206-WG1-001, van 
der Meulen et al, 2016). 
 
… and one no-practice example 
While city case studies emphasises good practice, the 
underlying city studies also mention gaps and 
 limitations, one of which seems to be so generally 
acknowledged that it cannot go unmentioned here. The 
shallowest urban subsurface, referring to the zone of human 
interaction, more or less represents a physical separation 
between the subsurface and the world of urban planners, which 
focuses on the surface and above. Unfortunately, it also 
represents sort of a no man’s land. It is out of the comfort zone 
of urban planners for the mere reason that it is below-ground 
(‘out of sight, out of mind’), as well as that of geoscientists: it 
is the subsurface, which is OK, but it is artificialized beyond 
their understanding. The exploration and characterisation of 
made ground presents a joint opportunity to further subsurface 
planning (TU1206-WG1-001, van der Meulen et al, 2016). 
  
Baseline city needs 
Beyond good practice and gaps, the city case studies also 
reveal baseline city needs when it comes to considering the 
subsurface in urban planning. At the highest level, these are 
summarised above, as (pre)conditions for informed decision 
making. This bears to understanding and communication 
between the planning and geoscience communities. To this, we 
add timing as a crucial element. Not only does information 
need to be fit-for purpose in order for to be digestible for 
planners, it also needs to be available early in the planning 
process. As argued above, unless you are talking about new 
ground investigation or exploration efforts, geological data, 
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maps and/or subsurface models need to be readily available, at 
least in part, when required in the planning process, given the 
efforts necessary to build the databases and to create 
information products. Timeliness and readiness imply that 
considering the subsurface in planning urban requires all 
parties involved to be forward looking (TU1206-WG1-001, 
van der Meulen et al, 2016). 
  
What does the state of the art add up to? 
We have studied how twelve European cities, in order to define 
the state of the art in considering the subsurface in urban 
planning. We have presented the state of the art as a set of good 
practice examples, individual reports can be consulted for full 
accounts. The city examples allow us to draw the following 
general conclusions: 
1) Good practice examples can only be defined for elements or 
aspects of urban planning. None of our cities have got it all 
figured out; all cities consider their efforts in the subsurface 
domain to be pioneering (i.e. between emerging and partly or 
newly established). 
2) Good practice examples exist on the level of vision and 
awareness (master plans, communication); information 
(transfer of data and information, monitoring); planning 
approaches (which requires successful transfer of subsurface 
data and information to the planning community); and various 
concrete applications and risks. 
3) Most of these practices we identified are in principle 
transferrable. Ensuing activities in COST  Action Sub-Urban 
include a further outlining of best practices, which are to be 
deployed in an urban planning toolset. 
 
Opening up the subsurface for the cities of tomorrow 
Taking advantage of the possibilities that the subsurface offers 
is often technically challenging. Unlike space above ground the 
subsurface is filled with matter; soils and rocks of different 
qualities need to be removed and displaced to give way to 
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spatial use of the subsurface. Other resources such as ground 
water for  potable water and ground heat also use space in 
the subsurface, although there are no physical boundaries seen 
from a planning perspective (TU1206-WG2-001, Mielby et al., 
2017). 
Subsurface data and information is mainly considered at a 
project level and reuse is often difficult. Results from COST 
action TU1206 Sub-Urban show that there is a lack of 
consideration of subsurface information in planning stages. 
Data is often brought into the process when a decision about 
areal use already has been taken. The lack of subsurface 
information in the uppermost planning stages affects planning 
and projects at lower levels. Unknown ground conditions in 
large projects cause’s delays and unforeseen costs, mass 
movements and flooding can cause severe damages to property 
and even loss of life. Long term effects such as spreading of 
contaminations, changing groundwater levels, or heating of 
groundwater aquifers can cause severe problems for human 
health, ecosystems and property (TU1206-WG1-001, van der 
Meulen et al, 2016). 
Gaps 
The work of the COST action Sub-Urban has identified a gap 
between subsurface experts, urban planners and decision 
makers. The presence of this gap has been confirmed and 
reinforced by the city studies. We argue that the only possible 
way to bridge this gap is to provide the right type of subsurface 
information and make sure that the people receiving the 
information (urban planners and decision makers) understand 
and use the information to make decisions. Knowledge and 
information at the right time and place is essential in this 
process. 
  
Future impacts of climate change and urban growth 
  



Bucharest, Romania  
13 – 15 March 2017 
 

102 
 

  

Figure: Failure of climate-change mitigation and adaptation is rated as the 
highest global risk. Figure redrawn from the Global Risks Perception 
Survey 2015 (The Global Risk Report 2016, World Economic Forum). 
Failure of urban planning is another risk with high likelihood, but with 
lower impact. 
  
City growth threatens sustainable development - a pattern of 
growth in which resource use aims to meet human needs while 
preserving the environment for present and future generations 
(The Brundtland Commission, 1987).  
Over the past decades increased urbanization has created more 
pressure - not only on the suburban outskirts - but also in the 
inner core of the cities, putting important environmental issues 
such as water management and cultural heritage under stress. 
The potential economic aspects are assessed in The Global 
Risks Report (The World Economic Forum, 2016) and among 
others the likelihood and potential economic impact of failures. 
Failure in climate change mitigation and adaptation and failure 
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in urban planning have both come out with a ranking that 
emphasize the importance of what we earlier have realized 
from city studies. The risk in failure in both climate change 
adaptability and sustainable urbanization enforces even more 
the necessity and the needed awareness of the use of subsurface 
information in urban management and planning. 
  
Challenges? 
Increased urbanization will give more pressure on urban areas, 
which implies a necessity to assure a sustainable use of urban 
areas and the subsurface. We must try to bridge the gaps 
between the relevant providers and users of subsurface 
information and acknowledge interests and knowledge in their 
different worlds.  
The communities of practices relevant here can be categorized 
as follows:  
• Urban planning and management  
• Building and constructions  
• Environmental analysis and management  
• European environmental systems  
Urban planning and management so far have been much 
focused on specific areas and to existing and coming planned 
land use – at surface. This areal planning and management are 
typically based on map layers describing features related to the 
surface (2 - 2½-dimensional). Information related to the 
subsurface is collated and used mainly to ensure overall 
planning of occupation and infrastructure, but needs 
 expansion in order to contain elements regarding 
subsurface occupation and use. Detailed information (data) are 
first considered at site level. the stage before construction. 
Subsurface information needs to be considered at earlier stage 
and at a higher planning level before areal use is considered. 
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Figure: The European environmental systems framework DPSIR reflects the 
interplay between the environment and socio-economic activities. The 
reporting chain reflects the phases that link the individual steps of 
information generation from: Monitoring, Data, Indicators, Assessment to 
Knowledge (MDIAK). Figure redrawn from the DPSIR framework 
developed by The European Environmental Agency (EEA, 2014) to 
accommodate the assessment of environmental impacts and ensure 
environmental progress of societal challenges. 
  
General lesson 
The COST Action Sub-Urban is successful in creating a 
community of practice between the geoscience and the 
planning communities, involving cities, universities and 
institutes. The project is already   improving the 
conditions for urban subsurface planning, especially where 
communication, mutual understanding and awareness 
raising are concerned. For better impact, however, this will 
have to be extended to decision makers and the general 
public. Further work is needed to explore and improve 
environmental, economic and societal aspects and benefits 
of subsurface planning.  
  
All the results of the COST action TU1206 Sub-Urban 
comes together in the toolbox 
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The COST SUB-URBAN Toolbox: “..a set of examples of 
products and good practices that can serve as inspiration for 
your city, that helps you with your process in moving 
upwards..” 
  

 

 Link at the toolbox on www.sub-urban.eu/toolbox  
(http://rotterdam.maps.arcgis.com/apps/MapJournal/index.html?appi
d=5f495157aae84a2780b5e7d87dcd66f2) 
 
COST SUB-URBAN is a European network of cities, national 
geological surveys and research institutes from 31 countries to 
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improve understanding and use of the ground beneath our 
cities.  
 COST SUB-URBAN’s aims are to: 
•Share geoscience knowledge across the disciplines within the 
geoscience community.  
•Transform relationships between subsurface specialists and 
urban decision makers especially during early stages of 
planning. 
•Inform and empower policy- and decision makers in relation 
to the urban subsurface. Making them aware of the important 
role of the subsurface in making our cities “Future proof” and 
provide them with the tools and basis they need to make 
informed decisions. 
For these reasons COST SUB-URBAN has prepared this 
Toolbox: a collection of recommended methodologies and 
workflows, case studies, reference documents, external web 
sites and other supporting materials, guidance documents and 
best practice documents that gives the users a feel of what can 
be achieved in their own organisations and that helps users to 
address issues with a fraction of the costs. 
  
Publications in the COST action 1206 Sub-Urban group 
A total of 16 City Case studies are published or in preparation.  

 

 
A total of 7 technical reports are published or in preparation.  
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All publications and other material including the toolbox is 
available on our website: www.sub-urban.eu 
 

 

   
www.cost.eu www.sub-urban.eu 
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