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Summary

European cities are growing. This growth threatens sustainable development of cities. In contrast 
to the attention given to the visible expressions of cities, there is a marked lack of appreciation of 
the subsurface among those who plan, develop and manage cities. This is manifested in a lack of 
co-ordinated policy on the subsurface. The area beneath the cities is used inefficiently at best and 
unsustainably at worst; safeguarding of subsurface ecosystem services and resources lacks robust-
ness and conflicting uses of the subsurface are largely unaddressed. Archaeological heritage is one 
of our underground resources that is threatened by this development. The threat occurs because 
the resources and ecosystem services provided by the urban underground, i.e. space, materials, 
water and energy, are considered without vision for their future uses collectively. Research on 
in-situ conservation and management of archaeological sites has shown that cultural heritage and 
water management are interdependent. Unanticipated disruption of groundwater flow caused by 
urban development near or at archaeological sites may cause significant and irreversible damage. 
To safeguard waterlogged urban archaeological heritage in-situ as a subsurface cultural resource 
for future generations, it is necessary to understand, plan and manage its protection in conjunction 
with other use of the wider underground space and related processes above ground.

Norway and the Netherlands have both signed the European Convention on the Protection of 
the Archaeological Heritage and follow the main objective of the convention to protect and pre-
serve archaeological heritage, preferably in-situ. Policy implementation and practice show clear 
differences between both countries. The comparative review described in chapter 2 shows that 
automatic legal protection of monuments and sites before a certain period by a single piece of 
legislation, such as in Norway, ensures unprecedented strong protection of a selection of cultural 
assets. Still, those assets may be endangered by spatial planning processes, as developers may be 
unaware of potentially damaging measures, such as groundwater lowering. A better integration in 
the spatial planning process will reduce the loss of archaeological heritage. An integrated water 
management approach has been a leading principle in the Netherlands since 2007. The approach, 
steered by comprehensive guidance and single legislation not only places water earlier in the 
planning process, but also facilitates the early inclusion of cultural heritage. It seems though that 
this early inclusion still is difficult to achieve in practice. Raising awareness among different dis-
ciplines and providing guidance are viewed as essential steps to achieve successful integration. 
Both Norway and the Netherlands have much to gain from awareness raising efforts.

The objective of urban water management is to ensure that no damage is caused during peak 
periods of precipitation or during prolonged periods of drought. The urban water balance is fun-
damentally important for the preservation conditions of organic archaeological remains primarily 
through its influence on oxygen supply. Increased pressure on urban areas has inspired and forced 
a shift in focus from water conveyance and transport towards re-establishing the natural (pre-ur-
banised) water balance. Over the past several years, the traditional policy to rapidly discharge 
storm water to the surface water system has been changed. The aim is now to buffer, infiltrate and 
delay runoff of rainwater on-site, using so-called sustainable urban drainage systems (SuDS). This 
paradigm change provides a unique opportunity to improve preservation conditions in urban areas 
with organic archaeological deposits. Presenting the multiple benefits of sustainable solutions in 
relation to in-situ archaeological heritage preservation, ideally monetised and couched in “sustain-
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ability” language, seems to offer the best possibility to get options taken up. Chapter 3 discusses 
the possibilities and provides suggestions to better assess and disseminate options for sustainable 
water management that include archaeological heritage preservation as a distinct benefit.

In chapter 4, the Bryggen case illustrates how multidisciplinary investigations and monitoring 
contribute to a holistic, integrated risk assessment and sustainable mitigation solutions for in-situ 
preservation of waterlogged archaeological remains. The UNESCO World Heritage Site Bryggen 
in Bergen is characterised by uniquely well-preserved archaeological deposits up to more than 
8 meters in thickness below historic wooden tenements from 1702. All the archaeological re-
mains and the historic buildings above are considered a single cultural monument. A fire in 1955 
destroyed a third of the site. The area was redeveloped in 1979. In the last decades, increased 
degradation and subsidence by lowered groundwater levels caused by the redevelopment, formed 
a serious threat for the safeguarding of the site. A multidisciplinary investigation, including hy-
drogeological monitoring and modelling, resulted in a deep understanding of the complex subsur-
face conditions at the site and its wider surroundings. The identified natural and human-induced 
factors that affect in-situ degradation are primarily related to groundwater conditions. Mitigation 
measures, inspired by international sustainable integrated water management practices to store, 
retain and infiltrate storm water were designed and implemented. Evaluation shows significant im-
provement in groundwater conditions and in-situ preservation conditions. The Bryggen case shows 
that sustainable water management and in-situ preservation of waterlogged urban archaeological 
sites are highly compatible when carried out on the basis of sound hydrogeological knowledge.

Sustainable urban planning in heritage cities requires a multidisciplinary approach to protect 
and preserve archaeological heritage and at the same time facilitate viable urban development. 
Chapter 5 describes the aims and benefits of 3D geological and anthropogenic framework mod-
elling tools as part of a decision support system for archaeological heritage preservation and 
sustainable regeneration in cities. This is illustrated by presenting the results of application of 
3D subsurface modelling to the assessment of the in-situ preservation potential of archaeological 
deposits at the case Bryggen in Bergen. The need for new and improved classifications for archae-
ological deposits and their properties is addressed, something that at least partly could be realised 
through adaptation and extension of available classifications for other types of artificial ground. 
Such a classification would facilitate deposit and excavation modelling and contribute to objective 
decision support for the management of archaeological heritage.

A general discussion and synthesis related to the research objectives of this thesis is given in 
chapter 6, including conclusions and recommendations. Some key messages are:

• Risk assessment of urban archaeological sites requires a holistic and multidisciplinary 
perspective. It must include a wider understanding of the hydrogeological conditions in 
which the archaeological deposits are embedded. It is recommended that risk assessment 
always starts with building up a proper conceptual understanding of the site and its sur-
roundings. Simple visualisations, ranging from hand-drawn drawings to conceptual 3D 
model animations, at the early stages in a project will engage stakeholders, improve com-
mon understanding and effective communi¬cation. 

• Risk assessment also requires combination of standardised archaeological observations 
with spatial information on e.g. groundwater saturation, head, flow and chemical com-
position, preferably in a single, interrogable three-dimensional framework. Geological 
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framework modelling followed by or parallel with numerical groundwater modelling are 
tools that can contribute to improve the understanding of the often complex, three-dimen-
sional build-up of an archaeological site. Cost-effective implementation of such informa-
tion frameworks require standardisation across disciplines.

• Risk assessment of waterlogged archaeological sites is dependent on groundwater monitor-
ing. Pitfalls and sensitivities in groundwater monitoring are related to commonly agreed 
monitoring procedures, instrument errors, conversion errors, construction of observation 
wells and time lag effects. The Bryggen case has shown that it is vital to have long-term 
and high frequency groundwater- and barometric pressure measurement series to assess 
groundwater levels and flow conditions within complex waterlogged urban archaeological 
deposits.

• Combining groundwater monitoring with geological and hydrogeological modelling, cre-
ates a virtuous circle of knowledge improvement where both model(s) and monitoring 
systems are steadily improved.

• Other sources of information such as observed terrain or building subsidence from ge-
otechnical investigations or satellite imagery can help to early identify areas that may 
undergo degradation processes in the subsurface and are important risk assess-ment tools, 
although they only document consequences of potential degradation.

• Improved management practice and better in-situ protection of archaeological heritage is 
dependent on increased awareness and knowledge among heritage and water managers, as 
well as among other urban decision makers. To carry out in-situ preservation of archae-
ological deposits, heritage authorities, policy and decision makers as well as the wider 
research community require guidance and tools to make informed decisions. Chapter 6 
gives examples of such guidance.

• Communication and knowledge dissemination should take the perspective of those who 
can benefit most from it and of those who can make a difference; planners, engineers, 
developers and other (urban) decision makers. Urban development generally threatens 
the co-existence of archaeological deposits in the subsurface and therefore stakeholders 
involved in urban development should be addressed. This perspective is much wider and 
more multidisciplinary than the expert perspective of the knowledge provider (i.e. the ar-
chaeological, subsurface or water management specialist). Communication must therefore 
become more “outside and in”, rather than “inside and out”.
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