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Abstract 

COST (European Cooperation in Science and Technology) Action TU1206 Sub-Urban has explored sustainable use and 
management of the urban subsurface, and the use of subsurface information in urban planning and development. A part of the 
Action (Working Group 1) has assessed the ‘state-of-art’ in cities; another part (Working Group 2) has evaluated practices and 
techniques. Both have considered access to subsurface knowledge in cities. A network was established by the Action with more 
than 100 participants in total; and in Working Group 2, there were more than 50 participants. Working Group 2 has resulted in 6 
full reports and a summary report. The Action’s Working Group 1 undertook comprehensive city studies. These established that 
the subsurface was in effect virtually ‘Out of mind, out of sight’ with respect to planning and management and there was a 
significant knowledge gap to fill. The task for Working Group 2 was to improve this situation. This paper is based on the work 
drawn together in the Working Group 2 Summary report ‘Opening up the subsurface for the cities of tomorrow’. This deals with 
good practices in urban subsurface planning and management; and how the urban subsurface planning and management processes 
can be improved in the future. 
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1. Introduction 

COST (European Cooperation in Science and Technology) Action TU1206 Sub-Urban has explored sustainable 
use and management of the urban subsurface, and the use of subsurface information in urban planning and 
development (http://www.cost.eu/COST Actions/tud/TU1206). 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 is 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 on the one hand, and urban planners 
and decision makers on the other [1]. In developing COST Action Sub-Urban, it has been argued 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 Action’s Working Group 2 has explored the technical abilities of providing this subsurface information by an 
evaluation and integration of techniques [2]. The results are presented in this paper; starting with the strategic 
considerations of planners and geoscientific needs, followed by evaluations of existing techniques and practices. 
Finally, there is an analysis and discussion containing data communities of practices, and a systemic approach to 
achieve the right types of information required to support planning processes. 

2. The challenges for the cities of tomorrow 

Over recent decades, increased urbanization has created more pressure – not only on the outskirts – but also on the 
inner core of cities, putting important environmental issues such as water management and cultural heritage under 
stress. In 2016, The World Economic Forum assessed potential economic impacts on cities in The Global Risk Report 
[3]. Failures in climate change mitigation and in urban planning both emerged with rankings that further substantiated 
the earlier findings of the Action’s Working Group 1 (see Fig. 1). The above observations, together with the observed 
trends in both climate change and urbanization, highlight the necessity to use subsurface information in urban 
management and planning far more than hitherto, and in more ways than at present. 

3. Evaluation of practices and techniques 

3.1. Strategy to meet user needs 

The overall challenge for Working Group 2 has been to: 
  

 On the one hand - 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-users, and  

 On the other hand - 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, Working Group 2 has identified urban 

needs, and  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 subsurface-
related issues can be brought into urban planning. The examples provided describe practices both on municipal and 
national scales for different geographical settings/typologies. Working Group 2 has also identified key knowledge 
gaps in relation to each topic. The good practices and key knowledge gaps are presented in summary tables (see 
Appendix A and B). The results of Working Group 2 evaluation are summarized in a Summary report supported by 
detailed sub-reports [2, 4-10]. The sub-reports evaluate best practices and knowledge gaps within the following topics: 
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.   

http://crossmark.crossref.org/dialog/?doi=10.1016/j.proeng.2017.11.125&domain=pdf
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Fig. 1.  Estimated likelihood and economic impact redrawn after The Global Risk Landscape by The World Economic Forum, 2016 [3]. 
Highlighted with yellow: Failure in urban planning, Natural catastrophes, Extreme weather events, and Failure in Climate change adaptation and 
mitigation that are of particular interest and relevance to urban areas. 

 

3.2. Important findings 

Man-made activities and deposits (Anthropocene) make urban areas distinct from other areas. In addition, there are 
the needs to use infrastructural and cadastral data, for connecting the artificial man-made layer with the underlying 
geology, and for working on a very wide range of scales (building plot, city quarter, urban water cycle, city plan). 

Key issues for urban planning and management are the strategic planning levels, contents, organization, legislation 
and decision-making; and how the underground information is currently used at management and strategic planning 
levels - and the potential for improvement. An attempt to make all information available to everybody, at all times, is 
not the answer. Broadly speaking, providing the right information needed at various planning levels is a question of 
appropriate scale and time, but also of communication and collaboration between planners and geoscientists. 

Due to variations in geography, climate, demography and geology, different solutions are required; and often no 
‘one-size model fits all’. The reports contain many good examples of good practice and workflows for important 
topics, and highlight key knowledge gaps considered important as guidelines for further work.  

Generally, geological data and models are lacking in urban areas. For planning and management purposes, there is 
a growing need for interdisciplinary relationships, and so to use new tools to integrate urban datasets. In urban 
construction works numerous geotechnical borings (geological and geotechnical) are made; these are valuable for 
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mapping and modelling and examples are given to collate, digitize and manage and maintain data and databases. Big 
data is an emerging topic of interest, but at the same time, there are also increased tensions towards conflicting needs 
– the many that benefits of open accessible data towards others with more short-lived and narrow intensions related to 
e.g. costs preparing access to these data. 

 Geological models have typically not been a part of a planning process. Instead, they form the basis for applied 
use with various focus, and the good practices and maintenance of 3D geological modelling and modelling of man-
made ground become increasingly important.  

To administrate the urban subsurface water resources guiding principles and examples for groundwater monitoring 
and modelling are given to supply the appropriate data and understanding. The administration of groundwater 
resources is increasingly important in order to follow up on effects of changes in climate and man-made activities such 
as abstraction, infiltration etc.  As the use of shallow geothermal energy also provides a major opportunity for urban 
areas for future energy needs and resilience for urban areas, proposals for good practices are given to support the 
management together with work steps for assessment. 

Geohazards are most frequent in tectonic active areas, areas with steep topography or low stability. It is important 
that the urban management and planning account for existing and potential geohazards, and incorporation of different 
types of geohazards into urban mapping and 3D modelling can contribute to a safe and effective urban 
development/planning. Examples of mapping and use of geotechnical databases are given. 

As urban areas per definition are a result of man-made activities, pollution linked to the accumulation of these 
activities has taken place for years. Reconstruction and redevelopment of urban areas has to take into account former 
and existing pollutions. Referring to the urban chemical mapping manual (http://www.eurogeosurveys.org/wp-
content/uploads/2015/10/Urban Geochemical Mapping Manual.pdf) that covers the complete aspects of sampling, a 
supplement with detailed case studies of good practices is given. 

In urban areas with cultural heritage, the subsurface environment acts a carrier of archaeological heritage in situ or 
provides a basis for above ground heritage that has to be taken into account in planning and administration of the 
surface and groundwater. Often it is not enough for the planner to protect the heritage site or monument itself, as 
actions outside (natural or man-made) can cause potential damage as well due to e.g. changes in groundwater level.  

4. Urban data communities of practices 

4.1. How do planners and geoscientist actually work? 

In urban areas, there are four important communities of practice dealing with subsurface information. These are: 
Urban planning and management; Building and other man made constructions (specific projects); Environmental 
subsurface analysis and management; and European environmental (monitoring) systems. 

To date, urban planning and management have predominantly focused on what is on the surface, for the city, city 
quarter, or building plot, and the current and planned use of the land. This area-based planning and management is 
particularly amenable to management using GIS. However, environmental mapping and modelling that also consider 
the geology, climate adaptation (infiltration, flooding etc.), abstraction of water, storage of heat etc. are related to 3D 
and 4D information (land use and geology) and so volumetric and temporal by nature. Knowledge transfer across 
disciplines is necessary therefore; in order to analyze the combined impacts of all of these influences on for example 
the entire urban water cycle. The European Environmental Agency (EEA) has developed The Indicator Management 
System. This contains tools to help deal with environmental analysis and consequences [11]. The system contains 
Indicators, the MDIAK (Monitor, Data, Indicator, Assessment and Knowledge) reporting chain and the DPSIR 
(Drivers, Pressures, State, Impacts and Responses) framework (see Fig. 2). 

4.2. Integrated model(ling) 

No fully integrated model covering the above and below surface “layers” has currently been identified. Therefore, 
the Action has proposed the Geo City Information Modelling (GeoCIM) concept [2], 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 
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urban planning and management (see Fig. 3). This concept is crucial for planners and geoscientist if they are going to 
exchange knowledge and data; having planners e.g. to plan below surface, and having geoscientists to use the planners’ 
information, e.g. depth of buildings and other constructions. 

 
 

 
 

Fig. 2. The DPSIR framework developed by EEA to accommodate the assessment of environmental impacts and ensure environmental progress 
of social challenges [11]. 

 
 

 
Fig. 3. BIM, CIM and GeoCIM relationships by geographical scale of interest (x-axis) and data themes above and below ground (y-axis) [2]. 

 
 

5. The right type of knowledge and information 

Urban planners, as well as subsurface specialists, need to improve their understanding of what information is needed 
in the urban planning process. As in any other above ground planning process – there is a need to understand where in 
the planning hierarchy (strategic or detailed planning), what type of information are needed, and where in the process 
the information is needed. Information about the subsurface needs to be: easy to capture, reliable, organized, regularly 
updated, and possible to integrate in the planning and construction process [2]. Knowledge and information at the right 
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time and in right place are keywords in this process. For planning purposes, there is a need for information to be simple 
and easy to understand. Technical subsurface information required in detailed planning or design phases within 
individual project needs to be presented simply, straightforwardly, and in the appropriate order. This is challenging, 
because decision-making is highly dependent on collation, integration and aggregation of surface knowledge (Fig. 4) 
and the incorporation of geoscientific knowledge in urban planning is complicated. It takes time. 

Working Group 2 [2] has identified, from both an urban planning and geoscience technology standpoint, a large 
number of techniques for the collection and delivery of subsurface information, and has described good practices 
adopted by a range of cities in various (but not all) parts of Europe. However, the studies have confirmed that, almost 
without exception, the techniques and good practices have been applied on a case-by-case and typically project-scale 
basis. When, however, one wants to extend subsurface knowledge to a city in its entire spatial coverage, and to greater 
depth, Working Group 1 found that use of a systematic, rather than a project-based approach becomes essential [1].   

 

 
Fig. 4. Knowledge building processes normally starts with existing maps and data and moves to the right. Figure developed by Diarmad 
Campbell, British Geological Survey. 

 

5.1. How to get a systematic urban approach 

Awareness of the information needed (see examples Fig. 5), how that information is delivered, and its background, 
provide a very good starting point for a systematic approach. Therefore, in the following consideration, we will focus 
on how ‘the right type of subsurface information’ can be identified and delivered.  

 
 

 
 

Fig. 5. Examples of different subsurface information and knowledge issues of potential relevance for urban planning. 
  

Firstly, urban planners, as well as subsurface specialists, must define for themselves, where and when in the 
planning hierarchy which type of information, is needed. A systematic approach must be based on all the crafts and 
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traditions that planners and geoscientists have developed over time. In many cases, there are multiple processes and 
the planning situation varies with drivers and pressures, which implies that delivering ‘Knowledge and information at 
the right time and in right place’ does not have a single solution, but depends on the particular situation, and so must 
be flexible. To ensure that everything is ‘remembered’, for each planning hierarchy and process, systematic handling 
of the following key issues is essential: 
  
1. Planning hierarchy and process  

These include: Planning stage (From idea to Masterplan); Working scale (From quarter to metropole); Time frame 
(From inventory to construction); Societal themes (Drinking water, Ecology, Culture, Human health etc.); and 
Economy  

2.    Nature based geographical elements (information on physical state), inclusive surface information 
These include: Type of geological environment (sedimentary basins, hard rock etc.); On-going expectation of 
geological processes (hazards etc.); Scale and depth; and Various Sources of data available for the mapping 
(boreholes, geophysics, logs, etc.). In addition, it is necessary to include relevant information on climate and 
surroundings that can affect, for example, the urban water cycle in its entirety, and thus the management of 
groundwater and the environment: type of climate, water in catchment (flooding and rise in groundwater level), 
rise in sea level, expected changes in climate.  

3.    Urban infrastructure and environment (information on human drivers and pressures)  
These include: Urban history and development; Issues relevant to support infrastructural development; Natural 
risk assessment; Environmental risk assessment; and To monitor, identify, and assess relevant indicators  

Mutual agreements about the content, common terminology, language, timing and the above-mentioned basic 
information for all needed themes will facilitate communication between the demand side (planner) and the provider 
(geoscientist).   

5.2. How to get access to urban data and updated knowledge  

Providing the right type of information is also a matter of accessibility to all relevant databases, in order to access 
current updated data, mapping and model results. If insufficient subsurface knowledge is available at the start of a 
building project, building costs risk escalating. In the worst case, legal claims can result from miscalculating costs or 
risks. The optimal solution for urban use is when different data sources are available for all types of users. If this is 
not the case, transfer of knowledge, data and models between private and public sector must be considered (political 
decisions (laws) and tendering contracts can influence this). These considerations must include benefits for society, 
how to demonstrate and encourage this benefit when money is paid by one stakeholder and gained by another, and 
how the public and private sectors work together.  

The right type of subsurface information at the right time also involves available data finding their way to the 
database, and ensuring that the database is updated with the newest data, as these are the foundation for optimal use 
of mapping tools, decision support tools and integrated models.  

For environmental purposes, it is important initially to assess the sufficiency of the data, and where this is not 
adequate, to acquire and collate the relevant data; for example, indicator analysis and modelling, see Fig. 6. As for 
time series data, it is important to have historical data in databases, i.e. that a monitoring network is designed to support 
the planning authorities from an early stage. 

5.3. How to manage collaboration between planners and geoscientists  

Getting the right type of information is a previously unrecognized challenge in relation to integrated urban planning 
management in urban areas. This is, because the current practice in many cities and geological surveys is for work 
with subsurface information to be spread out, involving many stakeholders/experts on many levels. Besides, 
subsurface data are often collected and used on a project-specific basis, and regardless of whether the project is publicly 
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or privately funded, there is a need for re-use of date, and for regular updating, especially of mapping and models. In 
order to assure that the correct type of subsurface information (regularly updated) is used, it is recommended that an 
organization is established at city scale, with an experienced project management, with shared roles and 
responsibilities, and regular coordination between the parties involved.  

 

Fig. 6. The process of assessing data and knowledge building is a circular data process.  
 
National guidelines would be beneficial (regardless of whether mandatory or voluntary), and would help cities with 

limited resources to produce their own local guidelines. Furthermore, help in carrying out analysis of city needs by 
geological and or geotechnical experts from a national body could also help cities to understand the opportunities that 
exist, the issues that need to be managed, and the conflicts to be resolved related to their urban subsurface. This type 
of analysis would lead to greater collective knowledge and awareness. 

6. Conclusion 

The COST Action Sub-Urban (TU1206) has delivered a comprehensive review, contained in a summary report and 
6 full reports that provide a knowledge base for the subsurface knowledge required in urban planning and management. 
Various steps have been proposed that will assist in the improved provision and uptake of requisite subsurface 
knowledge, and for ensuring its accuracy and appropriateness. These steps include: A systematic approach based on 
the crafts and traditions that planners and geoscientists have developed over time; (Open) Access to relevant data and 
updated knowledge; A concept for an integrated data model (GeoCIM); and Closer collaboration between planners 
and geoscientists.  
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Appendix A. Summary of Examples of Good practice 

Table 1 presents on a topic basis a list with examples of good practice described by Working Group 2. For further 
details, see the text in Sections 3 and 4 and the detailed reports [2, 4-10]. 
 

Table 1. Summary list of selected good practice examples described [2].       

 
Topics 

  
Good practice examples 
 

 
Subgroup 2.1  
 
Subsurface 
information 
and planning  

  
How to identify subsurface information needs 
 
How to involve subsurface specialists into urban planning 
 
The Swedish Geotechnical Institute´s landslide and erosion expertise – an example of national 
support to strategic and detailed planning 
 
Communication between urban planners and subsurface specialists 
 

 
Subgroup 2.2   
 
Data 
acquisition 
and 
management 

  
Integrating urban datasets  
 
From analogue to digital data 
 
Commercial data and public data centre services 
 
Managing permissions and roles 
 

 
Subgroup 2.3   
 
3D geological 
subsurface 
modelling  

  
Application of a phased approach in the construction of the 3D geological model 
 
Constructing and maintaining 3D urban geological models 
 
Modelling man-made ground 
 

 
Subgroup 2.4a 
 
Groundwater 
monitoring 
and modelling 

  
Key elements of good practice in the design of urban groundwater monitoring networks 
 
Generalised good practice workflows for development of groundwater models in urban areas where 
available data are of differing availability 
 
Groundwater modelling used to support city planning and management of subsurface resources 
 
Integrating subsurface infrastructure in city-scale groundwater recharge and flow modelling - to 
better understand the impacts and interactions of the infrastructure to the urban groundwater resource 
 
Developing decision support tools (DSS), incorporating time series monitoring data of key 
resources 
 

 
Subgroup 2.4b 
 
Geothermal 
monitoring 
and modelling 

  
Key data in the support of different management stages of Shallow Geothermal Energy ( SGE) 
 
Work steps in good practice to assess the influence of SGE systems on urban groundwater flow and 
thermal regimes, using groundwater model or water balance approaches 
 
Monitoring and modelling 
 
Anthropogenic influence and monitoring 
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Subgroup 2.5  
 
Geotechnical 
modelling and 
hazards  

  
Geotechnical databases  
 
Framework of geotechnical data exchange 
 
Geohazards – Landslide inventories  
 

 
Subgroup 2.6 
  
Subsurface 
geochemistry  
 

  
2D geochemical data acquisition for the topsoil and shallow subsurface 
 
The use of 3D urban geochemical data  
 

 
Subgroup 2.7  
 
Cultural 
Heritage 

  
Standing monuments and sites  
 
Archaeological heritage and artefacts in situ 
 
Sustainable urban water management and cultural heritage 
 

 
Subgroup  
 
Integrated 
urban and sub-
urban 
information 
modelling  
 

  
Integrating above- and below-ground GeoCIM layers 
 
Optimising an existing groundwater monitoring network 
 
Embracing future uses of 3D models for all three GeoCIM layers 
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Appendix B. Summary of identified Key knowledge gaps 

In Table 2, identified key knowledge gaps are listed for every topic in Working Group 2. For further details, see the 
text in Sections 3 and 4 and the detailed reports [2, 4-10]. 

Table 2. Summary list of key knowledge gaps identified [2].       

 
Topics 

  
Key knowledge gaps 
 

 
Subgroup 2.1  
 
Subsurface 
information 
and planning  

  
What is a useful scale for geological and geotechnical information such as landslide hazard maps, 
depth to bedrock maps, etc. to be used in strategic planning? (Detailed enough to be useful yet easily 
used and understood by urban planners and decision makers.) 
 
The role of National Geological Surveys as a support to questions related to strategic planning in the 
urban sub-surface 
 
Experiences from renewals or updates from existing urban subsurface masterplans 
 
Examples of financial solutions used to make subsurface information available in strategic planning 
where guidelines for several unknown projects are set. For example, how the need for digitization, 
collection of data and production of maps have been financed when there are several unknown 
stakeholders, both private and public 
 
Methods  to bring subsurface information into urban planning in cities with limited resources as data, 
time and/or economic resources 
 
The benefit of an extended and intensified usage of geotechnical data for suburban space 
management. As the impact of new tunnels, metro lines, cultural heritage, underground car-parks 
and buildings sub-levels with existing underground infrastructure is becoming more and more 
prevalent, collaboration with other users of these data must be investigated 
 

 
Subgroup 2.2   
 
Data 
acquisition 
and 
management 

  
Clarify unclear legislation related to data acquisition and management policies 
 
Adopt standard naming conventions and use of controlled glossaries 
 
Develop data exchange and validation tools which are independent of proprietary software 
 
Maximize use of open data discovery and data access platforms, with low financial and security costs 
 
More metadata are needed to improve data discovery, explain how to use the data, and communicate 
any restrictions on their use 
 

 
Subgroup 2.3   
 
3D geological 
subsurface 
modelling  

  
The complexity of the urban subsurface, including man-made ground, combined with the level of 
detail of information asked for in many urban planning issues, and the difficulties involved in 
collecting new data in a city environment, demand that geologists look beyond their traditional data 
sources (e.g. borehole descriptions, shallow geophysics) and use data from third parties. However, 
the integration and “translation” of all of the different data sources into one model workflow is 
currently very time-consuming and case-specific 
 
Combined 3D property modelling of the small-scale heterogeneity of man-made deposits and natural 
deposits requires new modelling approaches. The combined approach used in Odense looks 
promising, but has yet to be tested in other cities 
 
The properties and functions of the urban subsurface are frequently altered, making models quickly 
out-of-date. Management of the shallow urban subsurface requires model tools that can be frequently 
updated for a new situation (e.g. in conjunction with hazard management) or can quickly incorporate 
additional information. At present, there are no general workflows, other than for stochastic 
modelling of properties, that enable quick model update 
 
There is a need for dynamic (4D) urban subsurface models that can be used for real-time monitoring 
and incorporation of time-series data on subsurface properties, e.g. in conjunction with cultural 

12 Mielby et al. / Procedia Engineering 00 (2017) 000–000 

heritage management or monitoring building activities. 
 
At present, shallow subsurface models are largely constructed on an ad hoc basis when a subsurface-
related problem occurs. It would be much more cost-effective if one geological framework model 
would be available, that formed a common basis for the various kinds of dedicated models of parts 
of the city. Apart from being actively maintained, a framework model would have to be scalable 
(5D), in order to be of much use. To give subsurface information a firm position in urban planning 
and management, geological information will have to be presented in the right format, at the right 
time. It should also be possible to include subsurface infrastructure and aboveground information. 
At current, there are no good examples of a truly integrated modelling approach that extends both 
above and below the surface 
 

 
Subgroup 2.4a 
 
Groundwater 
monitoring 
and modelling 

  
In many cities/countries there is no formal legislation or regulation on specification of monitoring 
infrastructure 
 
There is significantly difficulty in designing appropriate representative groundwater monitoring 
networks, in cities which have very little historical groundwater data or understanding of the urban 
groundwater resource, and no existing network infrastructure  
 
Urban groundwater monitoring systems have generally been developed over time and are ad-hoc, 
and do not capture appropriate data for current monitoring needs  
 
Lack of understanding of aquifer properties of man-made (artificial) deposits and subsurface 
infrastructure, and how these should be appropriately modelled in groundwater models 
 
Modelling the linkage of seal-level change to groundwater-levels in coastal cities  
 
Integrating real time monitoring data into groundwater models, to enable forecasting and prediction 
for city planning.  
 
Adequate monitoring systems to provide required data to develop calibrated and validated flow and 
heat transport models 
 

 
Subgroup 2.4b 
 
Geothermal 
monitoring 
and modelling 

  
How can a series of thermal groundwater use systems be integrated into a network based on local 
and regional scale risk minimization, considering long- and medium-term development 
(development of groundwater and heat use concepts, suitability maps)? 
 
How can these complexities be communicated and included in city planning? 
 
To what degree can thermal groundwater use systems be optimized? 
 
What thermal, chemical and microbiological effects occur downstream of thermal groundwater use 
and how can they influence future groundwater use?  
 

 
Subgroup 2.5  
 
Geotechnical 
modelling and 
hazards  

  
How to increase the awareness among city planners and stakeholders of the importance of 
geotechnical modelling and geohazards inventories?  
 
How to incorporate geotechnical modelling and geohazards data into the early stages of spatial 
planning?  
 
How to encourage private companies to share their geotechnical data with geological survey 
organisations and municipalities? This may be by enforcement of regulations requiring data to be 
sent to geological survey archives, or by cooperation for mutual benefit (like ASK Network)? 
 
What should be an optimal framework/standard for integration of 2D/3D geotechnical models (site 
specific) with city scale 3D models? 
 

 
Subgroup 2.6 
  
Subsurface 
geochemistry  

  
Development of 3D and 4D mapping technology 
 
Geochemical data acquisition and management 
 
3D representation and use of geochemical data 
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heritage management or monitoring building activities. 
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3D representation and use of geochemical data 
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Subgroup 2.7  
 
Cultural 
Heritage 

  
There is a large risk of heritage deterioration as a result of unforeseen circumstances. The reasons 
for these are plenty; natural, political or management decisions, characteristics of the soil, historical 
activities, (ground) water circulation, human action or just the wrong location. Significant progress 
has been made in recent years towards a more holistic approach, including a range of different 
disciplines. This progress has been triggered by examples of developments where environmental 
changes caused by urban development have resulted in decay of archaeological deposits and damage 
to historic buildings. A proper understanding of the natural and man-made environment and 
processes affecting heritage is essential for in situ preservation, mitigation design, as well as 
management of heritage sites. Cultural heritage resources have to be considered as an integral 
element in urban planning processes if they are to be preserved for future generations 
 
In general, the status in urban planning shows a lack of coordinated policy on the subsurface. In 
urban development processes, conflicts with prior uses and unappreciated impacts on suburban 
resources, amongst them archaeological heritage, are either unaddressed or taken care of too late in 
the planning process. This makes the use of underground space in cities suboptimal. In terms of 
ecosystem services, the subsurface environment either acts as a carrier for archaeological heritage 
(stewardship) or supports above ground heritage. Often it is not enough to protect the heritage site 
or monument itself; new developments outside a specific protected area can lead to changes in 
groundwater level, and cause serious damage to heritage buildings and archaeological deposits 
 
The multiple benefits that modern sustainable water management systems may provide, including 
heritage preservation support, are not yet fully recognized by those who can benefit most from it; 
heritage managers, water managers as well as urban planners and decision makers. A knowledge gap 
exists in terms of awareness of the option to include (retrofit) modern climate adaption measures in 
historic cities. Similarly, it is necessary to further develop technical modifications to established 
sustainable water management systems if they are to be applied in areas with vulnerable cultural 
heritage. Implementing new infrastructure for sustainable water management in archaeologically 
important areas can be challenging Any local structure used to manage surface - and groundwater 
flow can potentially damage archaeology Most of these structures require groundworks, and some 
are placed completely under the surface. This trade-off requires special attention and experience 
 

 
Subgroup  
 
Integrated 
urban and sub-
urban 
information 
modelling  

  
The largest knowledge gap in this subject area is how to initiate the GeoCIM process. However, it is 
not necessary to commit, up front, to creating the perfect, fully-featured GeoCIM from scratch 
 
The biggest impacts of a GeoCIM are likely to come in the earliest phases of the decision-making 
and planning process, when a holistic overview of all relevant information can result in design 
changes that minimise cost and hazard risks. There needs to be greater recognition of this potential 
impact and benefits of GeoCIMs within this early stage of the decision-making and development 
process – as well as the knowledge benefits of integrating above- and below-ground city information 
to these early strategic decisions. This is something that city municipalities and other government 
bodies, as well as geological surveys and other research organisations are only just beginning to 
realise and fully explore 
 

 
 
References 
 
[1] M.J. van der Meulen, S.D.G. Campbell, D.J. Lawrence, R.C. Lois González, I.A.M. van Campenhout, OUT OF SIGHT OUT OF MIND? 

Considering the subsurface in urban planning - State of the art. COST TU1206 Sub-Urban Working Group 1 Summary Report, TU1206-WG1-
001, 2016.  

[2] 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, 
OPENING UP THE SUBSURFACE FOR THE CITIES OF TOMORROW. Considering access to subsurface knowledge – Evaluation of 
practices and techniques.  COST TU1206 Sub-Urban Working Group 2 Summary Report, TU1206-WG2-001, 2016. 

[3] World Economic Forum, The Global Risks Report, Inside report. 11th Edition. Committed to improving the state of The World, 
http://wef.ch/risks2016, 2016. 

[4] R. van der Krogt, PowerPoint presentation. Evaluation framework of city cases for planning with the sub-surface; TU1206-WG2-002, 2016. 
[5] C. Watson, N.-P. Jensen, M. Hansen, G. Ryżyński, K. Majer, Data acquisition and management. COST TU1206 Working Group 2, Work 

package 2.2 report; TU1206-WG2-003, 2016. 

14 Mielby et al. / Procedia Engineering 00 (2017) 000–000 

[6] J. Schokker, P.B.E. Sandersen, H. De Beer, I. Eriksson, H. Kallio, T. Kearsey, S. Pfleiderer, A. Seither, 3D urban subsurface modelling and 
visualisation - a review of good practices and techniques to ensure optimal use of geological information in urban planning. COST TU1206 
Working Group 2, Work package 2.3 report; TU1206-WG2-005, 2016. 

[7] H.C. Bonsor, P. Dahlqvist, L. Moosmann, N. Classen, J. Epting, P. Huggenberger, A. García-Gil, M. Janźa, G. Laursen, R. Stuurman, C.R. 
Gogu, Groundwater, Geothermal modelling and monitoring at city-scales – identifying good practice, and effective knowledge exchange. COST 
TU1206 Working Group 2. Work package 2.4 report; TU1206-WG2-006, 2015. 

[8] G. Ryżyński, B. Mozo, A.Toumazis, I. Vergauwen, G. van Alboom, M. Van Damme, V. Vanwesenbeeck, K. Majer, D. Entwisle, A. Ustun, I. 
Peshevski, M. Jovanovski, M. S. Serbulea,  Geotechnical data and geohazards in city subsurface management. COST TU1206 Working Group 
2. Work package 2.5 report; TU1206-WG2-007, 2016. 

[9] C. Le Guern, B. Sauvaget with contributions from D. Campbell & S. Pfleiderer, A review of good practice and techniques in sub-urban 
geochemistry; to ensure optimal information use in urban planning, COST TU1206 Working Group 2. Work package 2.6 report; TU1206-
WG2-008, 2016. 

[10] J. de Beer with contributions from F.C. Boogaard, M. Vorenhout, G. Gianighian. A review of good practices in cultural heritage management 
and the use of subsurface knowledge in urban areas. COST TU1206 Working Group 2, Work package 2.7 report; TU1206-WG2-009, 2016. 

[11] European Environmental Agency, Digest of EEA indicators 2014, EEA Technical report No 8/2014, 2014. 
 

 



 Susie Mielby  et al. / Procedia Engineering 209 (2017) 12–25 25
 Mielby et al. / Procedia Engineering 00 (2017) 000–000 13 

 

 
Subgroup 2.7  
 
Cultural 
Heritage 

  
There is a large risk of heritage deterioration as a result of unforeseen circumstances. The reasons 
for these are plenty; natural, political or management decisions, characteristics of the soil, historical 
activities, (ground) water circulation, human action or just the wrong location. Significant progress 
has been made in recent years towards a more holistic approach, including a range of different 
disciplines. This progress has been triggered by examples of developments where environmental 
changes caused by urban development have resulted in decay of archaeological deposits and damage 
to historic buildings. A proper understanding of the natural and man-made environment and 
processes affecting heritage is essential for in situ preservation, mitigation design, as well as 
management of heritage sites. Cultural heritage resources have to be considered as an integral 
element in urban planning processes if they are to be preserved for future generations 
 
In general, the status in urban planning shows a lack of coordinated policy on the subsurface. In 
urban development processes, conflicts with prior uses and unappreciated impacts on suburban 
resources, amongst them archaeological heritage, are either unaddressed or taken care of too late in 
the planning process. This makes the use of underground space in cities suboptimal. In terms of 
ecosystem services, the subsurface environment either acts as a carrier for archaeological heritage 
(stewardship) or supports above ground heritage. Often it is not enough to protect the heritage site 
or monument itself; new developments outside a specific protected area can lead to changes in 
groundwater level, and cause serious damage to heritage buildings and archaeological deposits 
 
The multiple benefits that modern sustainable water management systems may provide, including 
heritage preservation support, are not yet fully recognized by those who can benefit most from it; 
heritage managers, water managers as well as urban planners and decision makers. A knowledge gap 
exists in terms of awareness of the option to include (retrofit) modern climate adaption measures in 
historic cities. Similarly, it is necessary to further develop technical modifications to established 
sustainable water management systems if they are to be applied in areas with vulnerable cultural 
heritage. Implementing new infrastructure for sustainable water management in archaeologically 
important areas can be challenging Any local structure used to manage surface - and groundwater 
flow can potentially damage archaeology Most of these structures require groundworks, and some 
are placed completely under the surface. This trade-off requires special attention and experience 
 

 
Subgroup  
 
Integrated 
urban and sub-
urban 
information 
modelling  

  
The largest knowledge gap in this subject area is how to initiate the GeoCIM process. However, it is 
not necessary to commit, up front, to creating the perfect, fully-featured GeoCIM from scratch 
 
The biggest impacts of a GeoCIM are likely to come in the earliest phases of the decision-making 
and planning process, when a holistic overview of all relevant information can result in design 
changes that minimise cost and hazard risks. There needs to be greater recognition of this potential 
impact and benefits of GeoCIMs within this early stage of the decision-making and development 
process – as well as the knowledge benefits of integrating above- and below-ground city information 
to these early strategic decisions. This is something that city municipalities and other government 
bodies, as well as geological surveys and other research organisations are only just beginning to 
realise and fully explore 
 

 
 
References 
 
[1] M.J. van der Meulen, S.D.G. Campbell, D.J. Lawrence, R.C. Lois González, I.A.M. van Campenhout, OUT OF SIGHT OUT OF MIND? 

Considering the subsurface in urban planning - State of the art. COST TU1206 Sub-Urban Working Group 1 Summary Report, TU1206-WG1-
001, 2016.  

[2] 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, 
OPENING UP THE SUBSURFACE FOR THE CITIES OF TOMORROW. Considering access to subsurface knowledge – Evaluation of 
practices and techniques.  COST TU1206 Sub-Urban Working Group 2 Summary Report, TU1206-WG2-001, 2016. 

[3] World Economic Forum, The Global Risks Report, Inside report. 11th Edition. Committed to improving the state of The World, 
http://wef.ch/risks2016, 2016. 

[4] R. van der Krogt, PowerPoint presentation. Evaluation framework of city cases for planning with the sub-surface; TU1206-WG2-002, 2016. 
[5] C. Watson, N.-P. Jensen, M. Hansen, G. Ryżyński, K. Majer, Data acquisition and management. COST TU1206 Working Group 2, Work 

package 2.2 report; TU1206-WG2-003, 2016. 

14 Mielby et al. / Procedia Engineering 00 (2017) 000–000 

[6] J. Schokker, P.B.E. Sandersen, H. De Beer, I. Eriksson, H. Kallio, T. Kearsey, S. Pfleiderer, A. Seither, 3D urban subsurface modelling and 
visualisation - a review of good practices and techniques to ensure optimal use of geological information in urban planning. COST TU1206 
Working Group 2, Work package 2.3 report; TU1206-WG2-005, 2016. 

[7] H.C. Bonsor, P. Dahlqvist, L. Moosmann, N. Classen, J. Epting, P. Huggenberger, A. García-Gil, M. Janźa, G. Laursen, R. Stuurman, C.R. 
Gogu, Groundwater, Geothermal modelling and monitoring at city-scales – identifying good practice, and effective knowledge exchange. COST 
TU1206 Working Group 2. Work package 2.4 report; TU1206-WG2-006, 2015. 

[8] G. Ryżyński, B. Mozo, A.Toumazis, I. Vergauwen, G. van Alboom, M. Van Damme, V. Vanwesenbeeck, K. Majer, D. Entwisle, A. Ustun, I. 
Peshevski, M. Jovanovski, M. S. Serbulea,  Geotechnical data and geohazards in city subsurface management. COST TU1206 Working Group 
2. Work package 2.5 report; TU1206-WG2-007, 2016. 

[9] C. Le Guern, B. Sauvaget with contributions from D. Campbell & S. Pfleiderer, A review of good practice and techniques in sub-urban 
geochemistry; to ensure optimal information use in urban planning, COST TU1206 Working Group 2. Work package 2.6 report; TU1206-
WG2-008, 2016. 

[10] J. de Beer with contributions from F.C. Boogaard, M. Vorenhout, G. Gianighian. A review of good practices in cultural heritage management 
and the use of subsurface knowledge in urban areas. COST TU1206 Working Group 2, Work package 2.7 report; TU1206-WG2-009, 2016. 

[11] European Environmental Agency, Digest of EEA indicators 2014, EEA Technical report No 8/2014, 2014. 
 

 


