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The significance of the subsurface in urban renewal

Fransje L. Hooimeijera and Linda Maringb

afaculty of architecture & built Environment, Department of urbanism, Tu Delft, Delft, The netherlands; 
burban soil and Water management Department, Deltares, utrecht, The netherlands

ABSTRACT
The subsurface is a technical space, the “engine room of the city,” 
that incorporates the vital functions of water and energy supply, 
communication systems, sewers and drainage. Natural systems too 
– crucial for stable, dry, cool and nature inclusive cities – are also 
largely dependent on the quality of the subsoil. The subsurface is 
critical in an era of climate and demographic changes, the energy 
transition and economic uncertainty and constraints. However, 
due to the domain’s current segregation and a weak urban design 
and planning connection, crucial design potential, benefits and 
innovations, remain unexploited. This paper first introduces an 
innovative systems approach, the System Exploration Environment 
and Subsurface (SEES), to recognise the subsurface as an “under-
arching” domain for urban planning and design. The physical impact 
of the subsurface on the surface quality is described for the categories: 
civil constructions, water, energy and soil/ecology. After setting 
understanding of the surface and subsurface as one united space, 
the paper will go into using the SEES as knowledge brokerage tool, 
integrating the subsurface artefacts into the design process and how 
the concept of Reversed Engineering with Nature is useful to uncover 
synergies between subsurface technologies, new urban maintenance 
regimes and scripts for design.

1. Introduction

Europe is one of the most urbanised continents in the world, in which the Netherlands has 
the second highest population density after Malta (UN 2014; see: www.ec.europa.eu/
eurostat). Land take as a result of urbanisation is seen as one of the major threats to soil in 
Europe (EC 2012) but this might be curtailed by the re-use of urban brownfield land, better 
use of urban infrastructure, discouraging greenfield development and the remediation of 
urban sprawl (EC 2001). The ambition to sustainably urbanise deltas is challenged in the 
techno-sphere by more complex subsurface conditions and exacerbated by the growing 
densification that accompanies the popular “compact city” concept (Nilsson et al. 2014).
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The techno-sphere refers to the part of the environment accommodating a wide variety 
of technological artefacts. This existing construction becomes especially of interest now 
cities in the Netherlands such as Amsterdam and Rotterdam, have adopted policies to main-
tain development within existing urban borders and to focus on densification through urban 
renewal and brownfield development (Municipality Amsterdam 2011; Municipality 
Rotterdam 2007). Urban renewal is in accord with the concept of Zero-Land-Take (Decoville 
and Schneider 2016) where it is confined to existing urban areas or brownfields. The latter 
are defined as:

sites that have been affected by the former uses of the site and surrounding land; are derelict 
and underused; may have real or perceived contamination problems; are mainly in developed 
urban areas; and require intervention to bring them back to beneficial use. (Ferber et al. 2006)

Dealing with already developed sites requires better cooperation between urban devel-
opers and subsurface specialists in the early project stages to identify more sustainable 
redevelopment strategies (Hooimeijer and Maring 2013; Mielby et al. 2016). This is to ensure 
that the right data is integrated in the new development and that the range of new techno-
logical options and urban systems designed to make cities more climate-adaptive are 
considered.

In urban concepts, the subsurface is usually not identified or included as a technical space, 
the “engine room of the city” (Hooimeijer and Maring 2015) though it incorporates the vital 
urban infrastructure of water and energy supply, electricity and communication systems, 
sewers and drainage. In addition, it houses the natural system – crucial for stable, dry, cool 
and nature inclusive cities – which is largely dependent on the quality of the subsoil. This 
role of the subsurface as “engine room” to our urban areas is also critical in an era of climate 
and demographic changes, the energy transition and economic uncertainty and constraints. 
By better understanding and re-thinking of this hybrid place, as depicted in Figure 1, and 
re-designing the “engine room” from the integrated perspective of planning, design and 
engineering, the objective is to reach an efficient overall urban system that directly supports 
improvements in the general quality of cities (Hooimeijer and Tummers 2017).

One of the main issues is that urban designers are not used to considering the subsurface 
in their urban development work, the paradigm that everything is technically possible still 
sees a separation of urban planning or design disciplines from the engineering phases of 
urban development (Hooimeijer 2014). The other main issue is that the subsurface is a broad 
field made up of many different specialists, separated by professional language or outlook, 
who do not always cooperate. Urban renewal projects need to acknowledge the subsurface’s 
heavy use and that any intentions to restore natural functions might require a completely 
different approach. The main question addressed by this paper is therefore: how can the 
subsurface be better integrated into urban development?

To gain a better understanding of the relation between surface and subsurface, the System 
Exploration Environment and Subsurface (SEES) is used as a theoretical framework. This 
framework for a knowledge map and systems overview encourages the view that both the 
surface and subsurface belong to a single space (Hooimeijer and Maring 2013) (Figure 2 and 
Table 1). This integrated perspective recognises the interdependence of the techno-sphere 
and the bio-sphere – the constructed and natural systems – within the subsurface and sorts 
issues into four categories: civil constructions, water, energy and soil. This paper begins by 
introducing the theoretical background of the SEES approach and then describes the four 
subsurface categories and their spatial implications. The importance of knowledge 
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management and the role of design within this integrated approach is explained first and 
then outline some SEES results that offer insights into working with complex systems.

2. Unifying the surface and subsurface: a systems approach

Comprehensive strategies for sustainable urban development and their practical application 
in the contemporary climate still represent a major challenge. It might take a significant 
cultural shift to adopt sustainable approaches, particularly in the dynamic and complex 
context of today’s cities. The Landscape Urbanism movement in the US (Bélanger 2012; Reed 
and Lister 2014; Waldheim 2006) does take the biosphere of the subsurface into account 
but their concepts of “constructed ground” (Pollak 2006), “mat urbanism” (Allen 2002), “dross-
cape” (Berger 2007) or “thick infrastructure”1 prioritise a landscape architectural perspective 
of the subterranean realm and how it might be approached. There is a need for approaches 
beyond Landscape Urbanism that can unite our understanding of the surface and subsurface 

Figure 1. Technical drawing of the surface and subsurface as a single space (Hooimeijer, maring and Van 
Campenhout 2016).
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techno-sphere and biosphere as a single system. The System Exploration Environment and 
Subsurface (SEES) (Figure 2) has been developed from a theoretical background of systems 
approaches and complexity theory to do just this. A systems approach is a way of “studying 
phenomena as emergent properties in an interrelated whole that are mutually consistent 
and that interact with the surroundings” (Heylighen 2000). This simplifies the subject of study 
whilst allowing for a meaningful understanding of how diverse elements might relate to 
each other as well as the varying types of relationships. The SEES basis in complexity theory 
is important to highlight the non-linearity of decision-making given the inherent unexpected 
behaviour of agents in urban development and the unforeseen consequences of their inter-
actions (Koppenjan and Klijn 2011). Rhodes (2008) refers to this as the “performance land-
scape,” a systemic model on which agents can rely to avoid being overwhelmed by continuous 
systems change and the external influence of changes to related systems.

The SEES follows on from the Layers Approach (de Hoog, Sijmons, and Verschuren 1998), 
a systematic approach to spatial planning widely used in current Dutch planning and design. 
The method builds on Ian McHarg’s (McHarg 1967) Ecological Inventory Approach that his 
students called “the layer cake” (Whiston Spirn 2000). This was brought to the Netherlands 
by Meto Vroom, a professor of landscape architecture in Wageningen (the Netherlands), and 
developed as a strategic planning concept in the 1990s (de Hoog, Sijmons, and Verschuren 
1998). The original approach distinguished between three types of connected strata: the 
occupation, network and substratum layers. These layers represent a spatial system that 

Figure 2. system Exploration Environment and subsurface (sEEs), with the surface on the Y-axis and the 
subsurface on the X-axis, used for integrating subsurface conditions in urban development (Hooimeijer 
and maring 2013).
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incorporates different rates and types, of potential and actual, spatial development and 
change (Figure 3). The authors intended that the model function as a quick and simple 
strategic planning tool but not be used to describe or explain the environment and its uses. 
As such, the Layers Approach could be seen as a performance landscape and while its use 
is currently all-embracing, this method has also generated criticism (van Schaick and Klaasen 
2007, 2011; Sijmons 2002; Tilman 2001). The two significant issues with the use of the Layers 
Approach are a lack of attention paid to the relationships between the strata and the failure 
of the layers to represent the complex nature of functions and use. The dynamics of the 
layers are also not as simple as this approach might suggest with a study by Sijmons (2002), 
describing these problems and suggesting that clear guidelines are needed for the devel-
opment of a new model for the district scale:

•  The Layers Approach is being used as a descriptive and analytic model of the layered 
reality. Confusion arises because the original Layers Approach was meant only as a plan-
ning instrument and not as a layered reality. For example, in real time, the subsurface 
does not fit in the first layer.

•  The original model is only smart when the hierarchy of the layers is used; it would 
seem to be necessary to study relations, not hierarchy, when using it as a descriptive 
or analytic model.

•  The biosphere or ecology should be given a basic role in any new model.
•  The concept should establish links between inspiring ideas and hard financial conditions 

(Sijmons 2002).

Table 1. Per subsurface category, the qualities and their data are discussed using the sEEs.

Subsurface category Subsurface quality Maps
Civil construction a cultural historical importance and 

archaeology
an archaeology and cultural historical maps

b unexploded ordnance (uXo) b uXo map 
C underground structures/foundations 

(see E) 
C (see E)

D cables and pipes D cables and pipes: sewerage, electricity, cable 
television, city heating, gas, telephone, drinking 
water

E basis for building activities/stable 
ground

C & E available geotechnical information, cables and 
pipes, expected settings cables and pipes, 
expected settings, dry building excavation depth 
foundations, risks wooden foundations, 
subsurface objects, height ground level, actual 
height and difference between actual height and 
distribution level

Water Water filtering soil average hydraulic head
Water storing soil seepage and infiltration
resource drinking water Hydraulic conductivity

soil structure/aquifers
Energy aquifer Thermal Energy storage (aTEs) aTEs potential map

Geothermal energy Geothermal potential map 
resource fossil energy Potential map recoverable fossil energy

soil Healthy and clean soil soil quality map
resource minerals Extractable minerals
Crop capacity Crop capacity map
living soil
Geomorphology/diversity landscape Geological values

Historical information
Ecological diversity Ecological map
storage of materials Potential subsurface storage map
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Van Schaick and Klaasen (2007) also proposes four areas where improvements could be 
made, including via the use of potential individual activity patterns functional spatial net-
works that represent flows of people, goods and information, viewing space as a structure 
containing related spatial elements and physical networks as made up of physical nodes 
and connections. The success of the Layers Approach suggests it might be a good starting 
point for a new method to support a cultural shift towards more sustainable use of the 
subsurface in urban development.2

The original approach acted as a stepping-stone for the SEES method, designed as it was 
from experience with, and criticism of, this Layers Approach whose original application was 
expanded by including the fundamentals of urban design as well as the introduction of 
public space and occupation (building) layers (Heeling, Meyer, and Westrik 2002). The sub-
surface layers have also been more extensively described using findings from the Manual 
Planning with the Subsurface project3 and the result of all this is the SEES method. This method 
is comprised of six functional layers and varying dynamics, professionals and fields of knowl-
edge including people, metabolism, occupation, public space, infrastructure and the sub-
surface (Hooimeijer and Maring 2013).

The Manual Planning with the Subsurface project defined the qualities of the subsurface 
that support the surface. These qualities were classified, in line with many ecosystem services 
studies, as having production, regulation, carrying and information qualities (Figure 4). This 
ecosystem-related view is not in line with a traditional spatial planning and design perspective 
as the categories of production, regulation, carrying and information are not within an urban 

Figure 3. The layers approach (de Hoog, sijmons, and Verschuren 1998).
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developer’s vocabulary (Hooimeijer and Tummers 2017). For this reason, the SEES method 
has adopted the more familiar categories of civil constructions, energy, water and soil.

The current design of SEES is the result of the research projects “Design with the subsur-
face”4 and “Balance4P,”5 that included workshops with municipal urban development project 
teams. The aim was to investigate how knowledge exchange with respect to subsurface 
data and information could be improved. In addition to the identification of the four new 
categories, these projects and workshops helped to develop more logically order, and in 
some cases combine, subsurface qualities.

The SEES has developed into a method that supports and registers knowledge exchange 
between experts of different fields. It can be used in “Charrettes” where in successive rounds 
the sectoral data is discussed and step by step brought into information that can be used 
for planning and design (Lennertz, Lutzenhiser, and Duany 2014). The SEES method provides 
an overview of the urban system and by relating the “surface” layers to “subsurface qualities,” 
it enables a LEAN6 thinking work method that avoids mistakes and focuses on quality via 
direct communications, the setting and maintenance of appointments and by not concen-
trating on impossibilities. A better end result is likely if SEES is applied at an early stage in 
the development process but it can also be used in later development phases.

The four categories previously mentioned, their subsurface qualities and links to urban 
planning and design are described in the following section as well as analysis based on lit-
erature reviews and results from the two research projects “Design with Subsurface” and 
“Balance4P” (Hooimeijer and Maring 2013, 2015; Hooimeijer and Tummers 2017; Norrman 
et al. 2015).

2.1. Civil constructions

The first category, civil constructions, refers to the techno-sphere – as all artificial and human 
interventions within the subsurface – and includes the subsurface qualities: archaeology, 
unexploded ordnance, underground constructions, cables and pipes as well as the carrying 

Figure 4. framework for the integrated assessment and valuation of ecosystem functions, goods and 
services (de Groot, Wilson, and boumans 2002).
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capacity and stability of soil (probability of earthquakes or subsidence). As they are linked 
to human activity, these elements are an integral part of the city structure and therefore 
closely linked to spatial quality. Whereas surface development is controlled by a highly 
sophisticated planning system, the subsurface amounts to, quite literally, a hidden sphere 
in which planning is sketchy at best (Hooimeijer and Tummers 2017). This suggests that were 
we to better organise and tailor civil constructions to surface development earlier in the 
planning process, it should be possible to make major improvements in systems efficiency 
such as more effective links between green spaces, water, microclimate and clean soils.

The clearest example of how this techno-sphere binds the surface and subsurface together 
can be found within the realms of underground constructions and the cables and pipes. 
Underground constructions as a function are always part of either a building or, in the case 
of an underground parking garage or tunnel, the infrastructure system. These constructions 
in general negatively affect the interactions between groundwater and soil conditions; where 
disturbed groundwater flows and inadequate carrying capacity can result in structural dam-
age. In the Netherlands, one out of seven and a half houses have wooden bearing piles that 
will rot if the groundwater table drops too low (Klaassen 2012). Underground constructions 
can, however, be combined with the excavation of contaminated soil or the reuse of old 
foundations or quays to create a win-win situation. In Amsterdam’s Borneo Sporenburg, the 
poor quality quay was stabilised by a new foundation shared with the private housing that 
was then built on top (Figure 5). These shared foundations were paid for by the sale of self-
build housing and was not only an excellent technical solution but the placement of smaller 
houses along the quay also improved the spatial character of the broader site.7

The most impressive example of this spatial connection between subsurface infrastructure 
and the design of urban structures and public space is the “Haussmannisation” of Paris in 
1857. Haussmann’s boulevards, as one of the largest urban renewal operations in the history 
of Paris, created a surface infrastructure with a distinct air of grandeur. The main motivation 
for these boulevards was however the housing of the sewers, that were designed by engineer 
M. Belgrand (du Camp 1993). Today, both surface and subsurface infrastructure still exists 
though the original farms that collected the waste for re-use in agriculture have been 
replaced with sewage treatment plants.

Figure 5. borneo sporenburg amsterdam, along the water the houses built on the old quay. 
source: West 8.
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The interplay between soil stability, carrying capacity and building-site preparation is 
illustrated within the Grachtengordel, Amsterdam’s Ring of Canals. Here, the balance between 
water and soil is changed using the excavated soil coming from the construction of the 
canals to raise the level of the built area (Segeren and Hengeveld 1984). It is this integrated 
street plan and water system design that demonstrates the relationship between land 
restructuring, surveying and water management that is the basis of traditional urban devel-
opment in the Netherlands (Hooimeijer 2014). Jakarta (Indonesia), as an expanding city built 
on swampy ground, with large water extractions and without adequate water management 
measures, is an example of a lack of balance in this respect as the city faces subsidence and 
immense problems with future flooding (Tarrant 2014).

It is clear then, that natural systems should be considered during the planning of human 
interventions and that interfering in these systems can produce reactions that affect both 
natural and urban functions, above and below the ground, and on varying temporal and 
spatial scales. This requires a culture shift and an alternative approach that can align the 
interests of economic development with care for the environment. The Reverse Engineering 
with Nature might provide a new engineering approach to sustainable solutions that can 
be implemented through urban design.8

2.2. Energy

In general, energy generation, transmission and storage needs are closely connected to 
spatial development (MacKay 2008; Sijmons et al. 2014) and with regard to the subsurface 
involves the subsurface qualities: Underground or Aquifer Thermal Energy Storage (UTES, 
ATES), geothermal energy and oil, gas or shale gas fossil energy. U/ATES stores heat and cold 
in the subsoil or groundwater to depths of 300 metres in open or closed systems.

This realm operates on all scales (including that of an individual building, district, regional 
and national scales) and Sijmons et al. (2014) demonstrated the influence of various energy 
generation technologies on spatial development. In practical terms, linking open Aquifer 
Thermal Energy Storage (ATES) systems with urban development becomes spatial in the 
sense that the hot and cold groundwater wells need to be coordinated to prevent interfer-
ence between individual systems that inhibit system performance (Bakr, van Oostrom, and 
Sommer 2013; Moinier 2013). Surface demand for the energy generated in the subsurface, 
is required in order to prevent losses during energy transport and the heavy-truck access 
required for system maintenance will also affect public space design. In addition, the impact 
of ATES on soil carrying capacity is also important with regard to building foundations but 
this field is still being researched (Bouazza et al. 2011). There have been examples of soils 
freezing as a result of the re-infiltration of excessively cold groundwater (Bonte et al. 2011) 
and ATES can also be combined with groundwater remediation (Sommer et al. 2013).9

More practical examples for the use of geothermal energy to fulfil spatial objectives can 
be found in countries such as Iceland and Japan. Iceland in particular, uses this resource to 
perform many urban functions such as keeping streets snow-free, the supply of energy and 
for recreation in spa resorts for example. Geothermal energy employs the earth’s natural 
heat but the first attempts to apply this form of heating in an urban setting in the Netherlands 
(The Hague) failed because part of the 3000 homes required were not build do to the financial 
crash in 2008.10 The use of this technology is hampered by its dependence on demand, by 
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its high costs, uncertainties around the life-span of wells and the fact that geothermal energy 
does not provide cooling (particularly required in office buildings).

Using groundwater as a source of energy might also interfere with other uses such as 
drinking or industrial water provision. The Heineken brewery in Den Bosch investigated the 
potential for geothermal energy before another party would to protect their groundwater 
which is the most important component in the production of their beer. The company is 
also interested in reducing CO2 emissions per bottle produced as well as improvements in 
other sustainability indicators. Their business case included a study to transport residual 
production heat to homes within a nearby housing association but unfortunately, the poten-
tial of the geothermal source was not substantial enough to warrant implementation. 
Heineken did, however, continue to cooperate with the housing association with the aim of 
establishing a more sustainable area development in exchange of energy (Heineken 2010).

Developments in the field of energy supply include the emergence of smart grids that 
will better coordinate supply and demand needs but this requires a well-developed subsur-
face network of cables and pipes. In conclusion, the relationship between energy and urban 
development is defined by location (proximity and connection to the source) and quantity 
(the scale of supply and demand), and this topic should play an important role in the plan-
ning of cities.

2.3. Water

The hydrological cycle is an enormous system that integrates the subsurface and surface in 
effect a river is “groundwater you can see.” Water and soil are integrally connected and both 
play a crucial role in landscape morphology and typology. They are the carriers of the con-
ditions and processes required for the planning and design of natural, agricultural and urban 
landscapes (van Dorp et al. 1999).

The subsurface qualities in this category are: water filtering and storage, resource for 
drinking, industrial processes, green-space and agricultural irrigation. These qualities might 
interact with the subsurface at shallow depths (in the case of phreatic groundwater) or 
extend to deep groundwater aquifers.

It is no surprise that the Netherlands, known for its water management, is also develop-
ing a plan to manage groundwater reserves. A national strategy for the subsurface – 
“STRONG” – will allocate and organise groundwater resources on a larger scale. An example 
of urban development allowed in an area set aside for water extraction is Lanxmeer 
(Culemborg, the Netherlands) where strict measures for the spatial layout and public space 
design, together with regulations governing water use and discharge are intended to safe-
guard water quality (Figure 6). Permaculture concepts underlie Lanxmeer’s design for 
adopting natural processes as a core strategic element within the planning process (van 
Timmeren, Sidler, and Kaptein 2007).

Large-scale extraction of groundwater also impacts the water system as demonstrated 
in Delft (the Netherlands) with the DSM factory’s use of groundwater in their production 
processes. When the factory closed and extraction stopped, the area suffered problems with 
water levels and potential subsidence to such extend that the extraction continues today 
and is pumped to sea. This emphasises how water systems in cities can no longer be seen 
simply as natural systems and how subsidence issues, together with pluvial floods and water 
shortages, require a new systems based approach in which open water, open soil, green 
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roofs, grey-water systems and mechanisms to reduce drinking water consumption are 
included in district scale solutions.

Taking these subsurface characteristics, including the groundwater system, into account 
at the early development stages can attract significant benefits. In the Netherlands, there 
are already several examples that illustrate the concept of “Delta Urbanism” (Meyer, Bobbink, 
and Nijhuis 2010) wherein the water system is considered a qualitative condition to steer 
urban design. The city of Rotterdam is well aware that climate change adaptations are nec-
essary to ensure its future viability and to manage the increase in water coming from above, 
from the river and from the sea. Two underground water reservoirs have been built in the 
Museum Park (10,000 m3) and under Kruisplein (2700 m3) to temporarily store rain-water. 
These are part of an overall water management strategy in which the natural water system 
is enhanced via several water squares, green roofs, the enlargement of pumping capacities, 
a separated sewer system and discharges to open water (Gemeente Rotterdam et al. 2007). 
The city is implementing measures to increase the amount of exposed soil so as to improve 
water infiltration rates and enhance its overall green structure. Citizens are also encouraged 
to include water responsive measures in their gardens and homes so that the overall water 

Figure 6. The main structure of lanxmeer is also shaped by the public space, which is car-free green space.  
source: lodewijk van Deysselhof.
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system is enhanced and becomes more complex. These measures ensure that the relation-
ships between surface and subsurface are exploited and, while trade-offs are required, water 
storage and discharge are better integrated. Further, in a system that was previously pre-
dominantly public, the role of private stakeholders has been increased. In general, the inclu-
sion of the subsurface offers green and ecologically balanced technical solutions that 
enhance the overall urban quality.

2.4. Soil

The importance of soils is already evident in the above sections and includes the subsurface 
qualities: healthy and clean soil, living soil, crop capacity, geomorphology, landscape diver-
sity, ecological diversity, source of minerals, storage of materials and CO2 storage capacity.

Conceptual approaches such as Landscape Urbanism (Waldheim 2006), the resilient city 
(de Bruijn 2004; Holling 1973; Wardekker et al. 2010), healthy city (Beumer, Bardos, and 
Menger 2014; de Leeuw et al. 2014; Wuana and Okieimen 2011) and happy city (Montgomery 
2013) all stress the importance of soils and these approaches all incorporate the notions of 
healthy and clean soil, living soil, crop capacity and ecological diversity.

Since the financial crisis of 2008, urban development practice has changed drastically 
and urban renewal is preferred to Zero-Land-Take. As these projects require much more time 
to develop, intermediate uses are often employed (Heurkens, de Hoog, and Daamen 2014). 
This change in the dynamics in urban development suggests that there are opportunities 
for the intermediate use of polluted areas whilst using Gentle Remediation Options (Cundy 
et al. 2016). This can be seen in Le parc du Chemin-de-l’Ile (Nanterre, France) where remedi-
ation is combined with the area’s park function.11

Crop capacity is also crucial to the emerging trend of urban agriculture as a way of more 
sustainably designing public spaces to enhance social interaction and shorten the distance 
between food production and consumers. Urban agriculture also plays a role in the education 
of children in the cycles of life as well as improving their diet (Duchemin, Wegmuller, and 
Legault 2008). In many urban areas, however, food production takes place in closed systems 
(containers) due to suspicions of soil quality (pollution).

On the larger (perhaps even regional scale), soils influence geomorphology and landscape 
diversity, and therefore, influence urban design. Guatemala City is an example of extreme 
morphological and landscape conditions where inaccessible space is found in the valleys 
rather than on the higher ridges that the city occupies.12 Historically, areas with poor soil 
conditions house poorer communities while the rich live in areas with more favourable soil 
conditions. This is not only the case in the Netherlands, where The Hague’s poor traditionally 
lived on peat areas while the rich lived on sand, but also in New Orleans where lower-lying 
former marshlands now house the urban poor.13

Urban ecological diversity is also possible only when there is a conscious effort to work 
with the abiotic and biotic systems (Tjallingii 1995). One of the subsurface-related interven-
tions where there is a particular opportunity to adopt a different approach is in the prepa-
ration of construction sites. Instead of a technical approach – such as adding sand to city 
streets to counteract subsidence – a Reverse Engineering with Nature mind-set could provide 
a more tailored approach in which low-lying areas could be retained as green areas such as 
parks.
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Requirements in the Netherlands for “mineral sources” not only influences the architecture 
but also has a spatial impact at the larger scale of the district as the sands used in construc-
tion site preparation is usually extracted locally. This has resulted in numerous “sand-winning” 
pits and lakes with most city expansions in Utrecht and Den Bosch (the Netherlands), includ-
ing a lake where sand was mined that now provides local recreation amenity. The most 
spectacular link between mining and urban development can be found in Kiruna (Norway), 
where the iron ore mines have left the ground unstable and will force the city to relocate. 
Since all of the town’s residents are also employed at the mine, social acceptance and will-
ingness to bear the financial costs of this move are high. Here, the entire design process and 
preparation of a future vision for the new town is founded on intensive knowledge exchange 
and integration of the technical and natural conditions to ensure a sustainable future.

3. Knowledge exchange, the design process and dealing with complex 
systems

In the previous section, the “performance landscape” of the surface and subsurface was 
sketched as one united space. It shows how interference in the subsurface system can affect 
the design process at different times, spatial scales and even in different locations. In addition, 
the techno-sphere and biosphere with the urban system are now so closely interwoven that 
the complexity has become difficult to understand, manage or alter when attempting to 
establish a better and more sustainable urban development. Technical explanations of sub-
surface qualities and examples of their relation to urban design are present but very sectoral. 
Proper integration not only links surface and subsurface but also considers the interaction 
between the subsurface qualities. This is a complex system, with many challenges, that 
cannot be met with a single solution. In this section, the application of SEES to the design 
process is described to show how SEES can support knowledge and brokerage when working 
with the complex system of a performance landscape.

3.1. Knowledge exchange

Knowledge exchange is crucial to the improved integration of the subsurface in surface 
urban development, and it has the potential to generate new knowledge since it supports 
and enhances interdisciplinary cooperation (Norrman et al. 2015). Furthermore, with knowl-
edge management, it is possible to handle uncertainties in a qualitative manner. There is a 
need for deliberate knowledge management, brokerage and mediation, which translates 
data into information that can be used in spatial development.

In the “Design with the Subsurface”14 and “Balance4P”15 projects, workshops with munic-
ipal project teams from Rotterdam (the Netherlands) and Göteborg (Sweden) were central 
to the investigation of integrating surface and subsurface in urban planning and design. 
These projects defined the barriers, and opportunities for knowledge exchange between 
engineers, from the subsurface system, and urban planning and design professionals. SEES 
can be used, as it was in these two projects, to structure knowledge exchange workshops 
in two ways. Firstly, it works as an expertise map where each expert can indicate their field. 
As a result, the role and knowledge of the participants becomes clear and when the discus-
sion is about their topic, the participant is properly acknowledged. Secondly, SEES is used 
to structure the discussion. The topics of the subsurface are discussed following the order 
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of the table (from left to right or the other way around) and linked systematically to the 
surface layers: infrastructure, public space, buildings, urban metabolism and people. In the 
workshops in Rotterdam and Göteborg, specialists explained the data for each topic to the 
urban designers, landscape architects, architects, developers and/or housing corporation 
representatives. The natural and technical conditions of the site were then explored in dia-
logue and annotated on a large print of SEES (see Figure 7).

The stakeholder’s conclusions or experiences regarding the use of the SEES method was:

•  Going through the subsurface topics at an early stage of the project creates opportu-
nities to consider the qualities of the subsurface and results in smarter solutions.

•  Going through technical issues together resulted in an open and shared attitude 
towards the aspired goals of the project. Technical issues did not become insurmount-
able problems that lead to experts becoming the ambassadors of their own expertise 
and halting the project. Instead, everybody is a partner and works collaboratively on 
solutions for the shared goals of the project.

•  Looking at the possibilities afforded by all spatial conditions (water, energy, civil con-
structions and soil), is easier with “live” dialogue between specialists, as information 
of different kinds is brought together. More crossovers occur as problems are tackled 
using solutions from another domain.

•  A session of this kind is an effective and efficient approach: in just one afternoon, all the 
important information is identified, and choices can be made about how to proceed 
and how to investigate further.

Figure 7. The sEEs filled in after used in a workshop, with issues and topic linkages.
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In case of Rotterdam Merwevierhavens, the method was taken further by producing a 
Subsurface Potential Map that could be included in the vision document and play a role in 
the development of specific blocks in the area (see Figure 8). The Subsurface Potential Map 
transforms the data into visual information about the subsurface that the urban designer 
can then use as a design guideline. It is selective, showing what artefacts in the subsurface 
have a direct impact on surface developments and the spatial interaction between the dif-
ferent subsurface qualities. Crucial to the Subsurface Potential Map are the corresponding 
sections that demonstrate the graphic interface between the surface and subsurface 
(Bélanger 2012). Together they work as a script on which the programming and the designing 
of a project can be done, as well as provide freedom and inspiration for concrete options 

Figure 8. The subsurface Potential map transforms the data into information about the subsurface that 
the urban designer can use as a design guideline (Hooimeijer).
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Figure 9. The subsurface map is used to make different design principles (van der Graaf 2014).
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and solutions. Another important aspect of the Subsurface Potential Map is that it is an 
interactive PDF in which layers can be turned on and off. This is very helpful to selectively 
display information in order to make specific interactions clear or zoom in on situations. 
Figure 9 shows a design exercise by van der Graaf (2014) who used the Subsurface Potential 
Map to draw different design options, from different starting points within the existing 
spatial qualities and technical constraints.

Other work that supports the importance of visibility and presence between the subsur-
face and surface is the work by landscape architect Seth Denizen who made the “Urban Soil 
Taxonomy: The Eighth Approximation.” Denizen’s work identifies the characteristics of the 
urban subsurface and visualises them with inspiring graphics (Figure 10).16 These first steps 
from a designer can only become more common practice when the integration of the sub-
surface in spatial design becomes easier through more conscious knowledge exchange.

Further research is being conducted into the architectural representation of the subsur-
face in planning documents, focusing in particular on the design of legends (Hooimeijer, 
Kuchincow Bacchin, and Lafleur 2016). The COST SUB URBAN Action17 network has its focus 
on realising this in the 17 European countries that are participating, in which the Netherlands 
is the frontrunner in implementing the subsurface into visions (Lamé and Maring 2014) and 
Finland currently preparing a Subsurface Master Plan for Helsinki (Figure 11) (Ikävalko, Satola, 
and Hoivanen 2016). This Subsurface Master Plan manages the necessary knowledge to give 
purpose to the subsurface qualities in urban redevelopment; however, the subsurface should 
be considered earlier in the development process, rather than during the design phase.

Figure 10. landscape architect seth Denizen made the “urban soil Taxonomy: The Eighth approximation” 
which identifies the characteristics of the urban subsurface.
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3.2. The design process

Urbanism is about integrating social, cultural, economic and political perspectives with the 
natural and man-made conditions of an urban landscape in order to shape and plan for more 
sustainable development. Urbanism is, in essence, transdisciplinary because an urbanist 
works to integrate the goals of stakeholders of all disciplines in an urban plan and design. 
The act of integration and design requires systemic knowledge on a wide range of subjects 
(shown in Figure 12). According to Thompson and Tuden (1964) design is the method to find 
the right measures for a project, in particular when both problems and agreements are 
unknown (see Table 2). The success of this exploration depends on understanding the capac-
ities and constraints of each separate field during the design process. The design process is 
done by a sequence of visualisations, or the so-called “design thinking process.” Because of 
the value they bring, visual representation and visualisation tools are also called “the mother 
of all design tools” because they are used in every stage of a design thinking process (Liedtka 
and Ogilvie 2011).

Corner (2006), argues for moving from aesthetic design to operational logic and from 
aesthetic categories to strategic instrumentality. Corner calls for a focus on the agency of 
landscape, how it works and what it does, rather than simply on its appearance. In the 
Landscape Urbanism discourse the natural system is put forth as the leading operational 
logic and landscape architecture is granted the ability to make urban structures more durable 
and sustainable (Waldheim 2006). In genuinely integrating the subsurface, meaning includ-
ing more than the natural system; it pursues a holistic approach and considers a Reversed 
Engineering with Nature. Transdisciplinary collaboration should have a generalist approach 

Figure 11. subsurface master Plan Helsinki.
notes: Greyish colours: current underground facilities and tunnels, bluish colours: planned future underground tunnels 
and facilities, brown: bedrock resources near the surface suitable for the underground construction, white triangles: access 
tunnels to underground spaces (ikävalko, satola, and Hoivanen 2016).
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and start, through design thinking, to understand the natural system collectively with “spatial 
technology.” Thus, not only prioritising the operational logic of the natural system, but com-
bining this with the agency of the technological urban constructions already in place. 
Synchronisation of time, space, technology and interests, should lead to a combined lan-
guage, shared methods, unified concepts and integrated scales that could be visualised, in 
the SEES or a Subsurface Potential Map.

This interdisciplinary approach can be integrated in the design process even though the 
latter is ambiguous, personal and somewhat intangible. van Dooren et al. (2013) has shown 
that integration of other disciplines is essential part of the process of design and that it can 
be included in a framework. This framework is not a step-by-step guide for a successful 
design process, but is an overview of five generic elements involved in designing, that make 
the design process more explicit and structured. The five elements are:

(1)  Experimenting: trying out different alternatives, out-of-the-box thinking.
(2)  Guiding theme or qualities: taking the programme or another idea as a starting 

point/concept.
(3)  A frame of reference or library: examples of other designs or principles.
(4)  Sketching/modelling: representation or visualisation of ideas.
(5)  Domains: design is about making space with structures, for functions and within an 

urban and social, historical and philosophical context.

To exploit the potential of the subsurface van der Graaf (2014) utilised this framework in 
an effort to understand how the subsurface could be investigated during the experimenta-
tion (1) at the beginning of the design process. As a result, the subsurface is not just a guiding 
theme (2) but an influential element in the qualities of the local conditions. Subsurface 

wind, sun
ecology, water, soil

building site preparation
metabolism
public space
utilities

density
mobility
societal demands
plan economics
governance
legislation

Natural system Human system

Figure 12. overview of topics the urban planners and designer synergise in an urban plan.

Table 2. Thompson and Tuden (1964).

Measures ↓
Problems and goals →

Familiar and with existing agreement Unfamiliar and there is no agreement
Known optimisation negotiation
unknown innovation Design



322   F. L. HOOIMEIJER AND L. MARING

aspects are derived from a wide variety of expertise, and it is not the job of the urban designer 
to investigate them all. By collaborating with different experts, and using deliberate knowl-
edge brokerage instruments, like the SEES, urban designers will now be able to include the 
technical space of the city in their work. The design process investigates spatial opportunities 
at the surface level and creates a coherent design that relates to the subsurface characteristics 
of a site. This requires a sufficient understanding of subsurface conditions and a transforma-
tion of the data into the language of sketches and models (4). For example, the Subsurface 
Potential Map clarifies the main characteristics of the subsurface and the spatial effects at 
the surface level to enable urban designers to experiment and establish links between dif-
ferent solutions. This strengthens the solutions and contributes to a coherent end result. 
Urban designers should experiment with the unknown aspects of the subsurface in order 
to expand their knowledge and experience. Urban designers should become familiar with 
data modelling, understanding the influence of subsurface factors, and have generic solu-
tions available in a frame of reference (3); only then can the subsurface conditions become 
a integrated part of the built environment. Subsurface conditions are not an obstruction to 
the urban design process: when addressed as part of the domains (5), they can enrich the 
final design and secure sustainable urban development.

3.3. Dealing with complex systems: reversed engineering with nature

The integration of the subsurface in surface spatial developments has a small frame of ref-
erence due to its complexity. There is an extremely large, diverse amount of knowledge and 
experience, laws, regulations that involves many stakeholders (Hooimeijer and Tummers 
2017). This is not fully captured by the simplified classification of the techno-sphere and 
biosphere; many other issues are involved in the urban development process, for example, 
the relation between public and private, or health and ethical issues. The Industrial Revolution 
created the dominance of the idea of efficiency through machinery, and today, relates to a 
large disciplinary gap. This paradigm of efficiency is the foundation of modern profession-
alism, but is not applicable to problems of open societal systems. The segregation between 
civil engineering and urbanism started at this juncture. Addressing this segregation, Webber 
and Rittel (1973) defined engineering tasks as “tame” problems and social tasks as “wicked” 
problems. Webber and Rittel define the problems that natural scientists deal with as tame 
ones: the problem is clear and it is easy to quantify when the problem is solved. In contrast, 
the urban designer deals with open societal systems, the wicked problems, which do not 
have easily clarified traits. In order to find the balance between the tame and the wicked, 
the SEES works as the performance landscape (as defined by Rhodes 2008), the elements of 
the system are modelled and the SEES works as a reference for stakeholders to easily refer 
to without continuously tracking changes in the whole system. Moreover, the model allows 
for non-linear ways of working. The SEES closes the disciplinary gap in an instrumental way, 
by bringing together information from different disciplines new crossovers become possible 
and can tackle problems using solutions from another domain. But the SEES is not an instru-
ment that solves problems or complexity, instead it is a tool, and it will always be the direct 
interaction of experts that works best.

Klein Woolthuis et al. (2013) highlights the importance of entrepreneurs in sustainable 
development in a paper about institutional theory and the role of institutional entrepreneurs, 
or people who are capable of changing the institutions. There is rarely only one person 
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capable of change in urban development, but instead is subject to “distributed agency,” a 
term introduced by Garud and Karnøe (2003) to explain the product innovation processes. 
They argue that, in the process of development, different steps require different knowledge 
and commitments; therefore, it is not a linear process with the same professionals. Klein 
Woolthuis et al. (2013) use the case of Lanxmeer (the Netherlands) to demonstrate how 
these principles of institutional entrepreneurship and distributed agency are the foundation 
of sustainable development. Lanxmeer (Culemburg) is a small scale, self-organised, sustain-
able housing area that is internationally recognised design that exemplifies social and urban 
quality interwoven with smart development and nature. Many actors were involved, includ-
ing producers, users, evaluators and regulators. Subsurface qualities were exploited. The 
urban design of Lanxmeer is based on the concept of permaculture, this concept is also used 
to derive the application of the technical systems (van Timmeren, Sidler, and Kaptein 2007). 
The project is illustrative of the Reversed Engineering with Nature concept; trade-offs and 
synergies are found between the categories of civil constructions, water, energy and soil 
and implemented as a continuous system that runs through the surface and subsurface.

Reversed Engineering with Nature is a concept that goes beyond Landscape Urbanism 
because it does not ignore the techno-sphere but carefully creates balance in an effort to 
find cooperation with the biosphere. It relates the tame and wicked knowledge fields, actors 
and looks at the city as a hybrid performance landscape. Thus, not only allowing the oper-
ational logic of the natural system to take the lead, but working together with the agency 
of the technological urban constructions that currently exist. Synchronisation (in time, space, 
technology and interests) is one of the main goals in this approach.

4. Conclusions

The purpose of this paper is first to give shape to the integration of the surface and the 
subsurface systems; through enabling the subsurface to influence urban planning and 
design and tackle current trends such as climate change and energy transition. Emphasis 
was placed on the importance of knowledge exchange, a cultural shift towards recognising 
the apparent relationship between the subsurface and surface, and exploiting that relation-
ship in urban design. Deliberate knowledge exchange is a key to the resolution and under-
standing of complex issues and an essential result of the cultural shift involving changing 
in practice.

The scientific challenge stated in the introduction was: How can the subsurface be better 
integrated into urban development? The answer is that the subsurface should be a new field 
for interdisciplinary research. In urban renewal and the redevelopment of brownfield land, 
the subsurface and surface, and particularly where the natural and man-made systems con-
nect, should not merely co-exist but work together. Turning to an approach that starts from 
the merits of natural systems and balance these out with state-of-the-art technology will 
lead to innovative solutions. This approach of Reversed Engineering with Nature involves 
an enormous change in attitude, organisation and design in urban projects, and it requires 
close cooperation between urban designers and engineers.

The SEES facilitates this by providing an overview of the different fields of knowledge 
that involve the subsurface and displays their connection to surface planning and design. 
The framework is considered a “performance landscape” that supports three tactical ingre-
dients: the knowledge map, the system overview, and knowledge brokerage between 
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disciplines of different natures. It brings together different agents and enables distributed 
agencies to adapt to the “wickedness” of urban development. The ultimate aim is to identify 
opportunities in the synergy of different systems, and use that synergy to add to the general 
urban quality. During the design process, use of a Subsurface Potential Map can operation-
alise the subsurface information, making natural conditions a priority and carefully balanced 
with the technical applications. In this way, the Reversed Engineering with Nature approach 
is developed further.

However, the SEES and the Subsurface Potential Map alone are not enough to facilitate 
a Reversed Engineering with Nature approach; precise research into architectural representa-
tion is needed to create a sufficient link between subsurface and planning documents, and 
to uncover synergies between subsurface technologies, new urban maintenance regimes 
and scripts for design.

Notes

1.  These concepts are not all described in scientific literature but are part of urban concepts in 
practice, see for example cdrchouston.org/blog/2012/11/16/thick-infrastructure (checked 4 
August 2017).

2.  The theoretical description of the SEES largely comes from: Döpp, Hooimeijer, and Maas (2012). 
The SEES is the result of the subsequent development of the Urban Climate Framework, the 
six layers, which was developed in cooperation with Sonja Döpp and Nienke Maas (TNO). The 
subsurface was added in cooperation with Linda Maring (Deltares).

3.  Handreiking plannen met de ondergrond on www.ruimtexmilieu.nl is a website that was built 
for the former Dutch Ministry of Transport, Spatial Planning and Environment by H2Ruimte, 
TNO, Dauvellier Planadvies, MoceaN and Alterra.

4.  By TNO, Deltares, SKB, the Ministry of Infrastructure and Environment and the municipality of 
Rotterdam see: https://publicwiki.deltares.nl/display/SEES/HOME+English.

5.  Snowman financed project by TUD, Deltares, Chamlers and VITO see: http://www.chalmers.se/
en/projects/Pages/Balance-4P.aspx.

6.  LEAN thinking as a term was coined by James P. Womack and Daniel T. Jones to describe a 
business methodology that aims to create value and eliminate waste. They came up with this 
term when studying the Toyota Production System.

7.  See http://www.west8.nl/projects/urban_design/borneo_sporenburg/.
8.  http://www.ecoshape.nl/overview-bwn.html.
9.  http://www.arcadis.nl/projects/Sanergy_de_synergie_van_2_werelden_Bodemenergie_en_

grondwatersanering.aspx.
10.  http://geothermie.nl/geothermie-aardwarmte/projecten/aardwarmte-den-haag.
11.  http://www.nanterre.fr/353-parc-du-chemin-de-l-ile.htm checked 24 June 2015.
12.  See: http://issuu.com/oficiocolectivo/docs/inverscape_s__barranco_inverted_sep.
13.  http://www.compendiumvoordeleefomgeving.nl/dossiers/nl0072-landschapstypen.

html?i=12-62.
14.  By TNO, Deltares, SKB, the Ministry of Infrastructure and Environment and the municipality of 

Rotterdam see http://www.skbodem.nl/project/31.
15.  http://www.chalmers.se/en/projects/Pages/Balance-4P.aspx.
16.  See: https://anthropocenesoil.wordpress.com/2012/03/20/urban-soil-taxonomy-the-eighth-

approximation/.
17.  This is a subsidy from the European Union supporting networking across Europe around certain 

topics. See: http://sub-urban.squarespace.com/#about.

http://www.ruimtexmilieu.nl
https://publicwiki.deltares.nl/display/SEES/HOME+English
http://www.chalmers.se/en/projects/Pages/Balance-4P.aspx
http://www.chalmers.se/en/projects/Pages/Balance-4P.aspx
http://www.west8.nl/projects/urban_design/borneo_sporenburg/
http://www.ecoshape.nl/overview-bwn.html
http://www.arcadis.nl/projects/Sanergy_de_synergie_van_2_werelden_Bodemenergie_en_grondwatersanering.aspx
http://www.arcadis.nl/projects/Sanergy_de_synergie_van_2_werelden_Bodemenergie_en_grondwatersanering.aspx
http://geothermie.nl/geothermie-aardwarmte/projecten/aardwarmte-den-haag
http://www.nanterre.fr/353-parc-du-chemin-de-l-ile.htm
http://issuu.com/oficiocolectivo/docs/inverscape_s__barranco_inverted_sep
http://www.compendiumvoordeleefomgeving.nl/dossiers/nl0072-landschapstypen.html?i=12-62
http://www.compendiumvoordeleefomgeving.nl/dossiers/nl0072-landschapstypen.html?i=12-62
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http://www.chalmers.se/en/projects/Pages/Balance-4P.aspx
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