
VU Research Portal

In-situ preservation and management of waterlogged urban archaeological sites

de Beer, J.

2019

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
de Beer, J. (2019). In-situ preservation and management of waterlogged urban archaeological sites: Strategies
based on the case Bryggen in Bergen, Norway. [PhD-Thesis - Research and graduation internal, Vrije
Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/62f4c3e9-5232-4b9e-8f2d-30c2cdf86e20


1CHAPTER

GENERAL 
INTRODUCTION



Chapter 1

12



 General introduction

1.  General introduction

1.1.  Rationale

European cities are growing. This growth threatens sustainable development - a pattern of growth 
in which resource use aims to meet human needs while preserving the environment for present 
and future generations (The Brundtland Commission, 1987) - of cities. In contrast to the attention 
given to the visible (above surface) 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. As a consequence, the area beneath the cities is used inef-
ficiently at best and unsustainably at worst; safeguarding of subsurface ecosystem services lacks 
robustness and conflicting uses of the subsurface are largely unaddressed. Growth of cities, cou-
pled with the demand for improved liveability and environmental protection, is creating a strong 
demand for new underground infrastructure. Conflicts with prior uses and unappreciated impacts 
on other underground resources make use of underground space in cities suboptimal.

Archaeological heritage is one of several underground resources that is threatened by this 
development. The threat occurs most frequently because the basic resources provided by the un-
derground, i.e. space, materials, water and energy, are considered without vision for their future 
uses collectively, and of the subsurface. In recent years, research on in-situ conservation and man-
agement of archaeological sites has shown that cultural heritage and water management are inter-
dependent (Holden et al., 2006, 2009; De Beer & Matthiesen, 2008). Unanticipated disruption of 
groundwater flow caused by urban development in the vicinity of archaeological sites may cause 
significant and irreversible damage. To safeguard archaeological heritage (in-situ) as a subsurface 
cultural resource for future generations as stated in the Malta Convention, it is necessary to un-
derstand, plan and manage its protection in conjunction with other use of the wider underground 
space and related above ground processes.

1.2.  Aims and objectives

This thesis aims to give a significant scientific contribution to (1) improved mitigation options to 
reduce archaeological degradation in urban areas, and (2) adaptation of monitoring and manage-
ment of waterlogged archaeological remains to increased pressure by climate change and urban-
isation. 

In line with the overall aims, the following research objectives are defined:
1. Comparative review of policy and practice in cultural heritage management and water 

management in urban planning.
2. Hydrogeological characterisation and monitoring of urban archaeological sites for in-situ 

preservation - case study Bryggen in Bergen.
3. Evaluate the use of sustainable urban drainage systems in mitigation strategies.
4. Assessment of integrated 3D modelling tools for subsurface planning and in-situ archae-

ological heritage management.
5. Development of tools and guidance for integrated planning processes and policies, envi-

ronmental monitoring, integrated risk assessment and mitigation measures.
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The collective results of the above research objectives are new tools and guidance to improve 
risk assessment and monitoring of waterlogged urban archaeological sites, and recommendations 
for adaptation of legal, organisational and planning processes to improve the safeguarding of ur-
ban archaeological heritage as a cultural subsurface resource under increased external pressure by 
climate change and urbanisation.

The interrelationship of the research objectives is illustrated in Figure 1. At the core of this 
thesis is the case study Bryggen in Bergen. The case is used to illustrate how risk-assessment in 
relation to in-situ preservation potential is carried out by combining archaeological investigations 
with geoscientific knowledge and techniques such as groundwater monitoring and modelling in 
an urban setting.

The Bryggen case is also used to show how mitigation of in-situ degradation processes and ad-
aptation to climate change and urbanisation can be carried out successfully by adaptive design and 
implementation of sustainable urban drainage systems. Here, the Bryggen case is used to test a 
new valuation method to assess different sustainable mitigation options, emphasising the multiple 
benefits of implementation of sustainable water management solutions to in-situ preservation of 
the site. Such a valuation method not only provides insight to decision-makers on the (monetary) 
value of different water management options, but it also strengthens the appreciation of archaeo-
logical material that may not have been recognised by urban planners before.

Archaeological heritage preservation and water management are highly interdependent, re-
quiring an integrated management of both fields. Policy and practice towards an integrated ap-
proach has evolved rapidly during the last decade, but with variable success internationally. A 
comparative review of policy and practice between the Netherlands and Norway has therefore 
been carried out to improve our knowledge on this issue and support general recommendations 
for improved archaeological heritage preservation in-situ in integrated subsurface planning pro-
cesses. 

Carrying out archaeological risk assessment through an integrated spatial planning process 
in a complex three-dimensional space is a challenging task. 3D modelling and visualisation tools 
evolve rapidly and can support this task. Using the Bryggen case, this thesis explores the opportu-
nities that these tools may offer to improve both archaeological and geoscientific interpretations, 

Figure 1: The research objectives and their relation to the core of this thesis; the case study Bryggen in Bergen

14



 General introduction

as well as communication between disciplines.
In the following, the objectives are shortly elaborated in terms of related research questions 

and their relevance for the scientific community, stakeholders and end-users. It is argued why the 
research is a novel, timely and significant contribution for the scientific community and particu-
larly for urban planning and cultural heritage management.

1.2.1.  Comparative review of policy and practice in cultural heritage management 

and water management in urban planning

Climate projections indicate a trend towards increased and more intense precipitation in Norway, 
which will result in more storm water runoff in urban areas (urban flooding). This requires an en-
hanced framework for managing urban flooding, especially in areas where there are large areas of 
impermeable surfaces such as roads and pavements. At the same time more, prolonged periods of 
drought can be expected. Challenges will also arise in connection with the development and den-
sification of urban areas. The local character of the impacts of climate change puts municipalities 
in the front line in dealing with climate change. To enable the municipalities to ensure resilient 
and sustainable communities also in the future, water management adaptation to climate change 
must be made an integral part of municipal responsibilities (White Paper 33, Norw. Gov., 2013).

Research on in-situ conservation and management of archaeological sites has in recent years 
shown that cultural heritage and water management are interdependent (Holden et al., 2006, 2009; 
De Beer & Matthiesen, 2008). More prolonged drought periods lead to periodically lower ground-
water levels that directly results in a periodic increase of degradation of organic archaeological 
deposits. The gradual change of the urban water balance by adaptive measures such as replacing 
and improving piped water sewage systems or construction of sustainable urban drainage systems 
will have a direct effect on the preservation potential of archaeological deposits.  The effects of 
adaptive measures in water management may be positive or negative for archaeological heritage 
preservation. 

It is realised that the water management and cultural heritage domains need to be considered 
in an integrated manner to improve in-situ preservation of archaeological heritage and sustain 
cultural heritage values. Since the cultural heritage and water management domains historically 
have developed individually, with different perspectives and goals, this leads to tension in local 
planning systems – especially in urban areas. 

Chapter 2 of this thesis presents the results of a comparative review of policy and practice 
in cultural heritage management and water management within the context of urban planning.  
The main policies on water management and cultural heritage management in Norway and the 
Netherlands are compared, with focus on archaeological heritage and practical application of for-
mal policies. A comparison between Norway and the Netherlands has been chosen because both 
countries have the same European legislation principles at the base of their national policies for 
cultural heritage management (Malta Convention) and water management (EU Water Framework 
Directive), but the historic legacy of both domains is quite different. The Netherlands have, for 
natural reasons, a much stronger legacy in urban water management than Norway. In Norway, 
cultural heritage and history has always been regarded as an important issue, and strong protective 
legislation has been developed thereafter. Using a comparative review approach, the relationship 
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between the cultural heritage and water management domains in both countries is assessed, with 
the objective to suggest measures to better tune their needs to support a more integrated urban 
planning in favour of both cultural heritage preservation and sustainable urban water management.

1.2.2.  Hydrogeological characterisation and monitoring of urban archaeological 

sites for in-situ preservation - case study Bryggen in Bergen.

Standing historical buildings often rest on extensive archaeological remains, also known as cul-
tural deposits. Depending on the natural environment, the cultural deposits at many sites consist 
of highly organic, naturally degradable strata (Holden et al, 2009). Examples are Hungate in York 
(Kenward and Hall, 2000), Oslo (Schia og Høeg, 1987), Szczecin (Wilgocki, 2004). Preservation 
conditions for naturally degradable archaeological remains are strongly dependent on both water 
quality and the presence or absence of groundwater in particular (Van de Noort et al., 2001, Ca-
ple, 1996). Deterioration of archaeological material often occurs as a consequence of lowering of 
the groundwater level (Holden et al, 2006, De Beer and Matthiesen, 2008). Both mechanical set-
tling and oxidisation of organic material occur, destroying archaeological assets and removing the 
bearing capacity of the historical buildings above (De Beer, 2008). A main goal at such heritage 
sites is therefore to establish a stable hydrological environment, so the site will be safeguarded for 
posterity. Despite the important role of hydrogeology in preservation at many sites, there is still 
a lack of systematic recording of hydrological, geological and geochemical processes in order to 
improve in-situ preservation and management of complex archaeological sites.

Chapter 4 of this thesis describes the case study of the World Heritage Site Bryggen in Bergen. 
Focus lies on hydrogeological characterisation and integration of hydrological, geological and 
geochemical data and knowledge in the preservation project. The case study illustrates how an 
effective multi-disciplinary collaboration can lead to a proper risk assessment and cost-effective 
sustainable solutions to establish a stable hydrological environment with good preservation po-
tential. The extent of the research that has been carried out at the World Heritage Site of Bryggen 
is unique both in size, duration and involvement of scientific disciplines. The hydrogeological 
characterisation, mitigative strategy and monitoring at Bryggen are presented and discussed with 
the objective to identify general pitfalls and sensitivities, to develop monitoring strategies and to 
evaluate the use of numerical groundwater modelling as a tool in archaeological studies.

1.2.3.  Evaluation of the use of sustainable urban drainage systems in mitigation 

strategies.

As mentioned before, climate projections indicate a trend towards increased and more intense pre-
cipitation in Norway, which will result in more storm water runoff in urban areas (urban flooding). 
In several countries, such as the Netherlands, Germany and USA, disconnection of impervious 
roof - and road surfaces from the sewage system and connection of stormwater runoff to infiltra-
tion facilities became a frequently used method to cope with severe water management problems 
at the end of the last century. During the last decades, a range of different surface water drainage 
solutions has been developed that contribute to reduce the detrimental effects of climate change, 
and thus are in line with the ideals of sustainable development. These solutions are collectively 
referred to as Sustainable Drainage Systems (SuDS). SuDS intend to mimic the natural catchment 
processes as closely as possible by using a “management train” (CIRIA, 2015). 
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It is becoming increasingly recognised that SuDS can deliver multiple environmental, social 
and economic benefits. In addition to managing flows, volumes, and diffuse pollution, some com-
ponents in the management train can positively impact air quality, carbon reduction, recreation, 
education and other elements of community health and vitality that have monetary or intangible 
social or cultural value. Encouraging natural groundwater recharge (where appropriate) is one of 
the key aspects of a successful SuDS scheme. Besides the general positive effects on desiccation 
reduction, minimising sewage overflows and increasing purification efficiency of sewage water at 
treatment plants, infiltration of stormwater runoff may also positively impact ground- and building 
stability and preservation of archaeological material. 

SuDS reduce peak discharges and overflows from combined sewage systems to surface wa-
ters, and infiltration facilities as part of the SuDS scheme may reduce water shortages and can be 
used to actively control too low and/or too high groundwater levels in combination with drainage 
(Boogaard et al, in prep.). During the last decade, a wealth of experience has been collated about 
the design, construction and performance of infiltration facilities, primarily outside of Norway. 
Today, we see that infiltration facilities not only are implemented to overcome increasing storm-
water management issues related to increased precipitation or prolonged dry periods, but also are 
constructed to prevent damage to wooden pile foundations from low groundwater levels. Similar-
ly, sustainable urban drainage systems may provide a cost-effective measure to improve or sustain 
archaeological preservation conditions and to alleviate subsidence. The multiple benefits of SuDS 
may provide a highly attractive and cost-effective mitigation solution, although the application 
at vulnerable archaeological heritage sites will require some specific design adaptations. At the 
World Heritage Site of Bryggen, several SuDS types are used to restore the water balance and 
improve preservation conditions. Chapter 4 of this thesis presents and discusses the design and 
performance of SuDS scheme at the World Heritage Site of Bryggen, which is internationally the 
first scheme that has been constructed with preservation of archaeological heritage as its main 
purpose. 

Although the basic principle has been applied for centuries under natural circumstances and 
some international experiences had been gained in urban areas, the practical implementation has 
raised many questions, such as: “How will infiltration facilities perform in the long run? Will 
infiltration facilities be adapted by residents, and how will they deal with them? Which contam-
inations does stormwater contain, and may these increase decay of organic cultural deposits?” 
To answer these questions, the first systems were subjected to measuring programs in order to 
document the quantitative, qualitative and social functioning of the infiltration facilities. For this 
thesis, a literature study has been carried out on the design, functioning and monitoring of SuDS. 
The results are compared with the specific design and first monitoring results of the SuDS facili-
ties at Bryggen in Bergen with the objective to prepare new guidance for the application of SuDS 
at archaeological heritage sites.

1.2.4.  Assessment of integrated 3D modelling tools for subsurface planning and 

in situ archaeological heritage management.

Sustainable urban planning in heritage cities requires a multidisciplinary approach in order to pro-
tect and preserve archaeological heritage and at the same time facilitate viable urban development. 
Easily available and user-friendly 3D geological and anthropogenic modelling tools can provide 
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a valuable addition to a decision support system for cultural heritage preservation and sustainable 
regeneration in heritage cities. Chapter 5 of this thesis discusses the development and benefits of 
such 3D modelling tools. The Bryggen case is used to test the applicability and limitations of 3D 
geoarchaeological framework modelling. The complexity of the Bryggen archaeological site, as 
well as the large amounts of monitoring and modelling data from multidisciplinary sources that 
are being gathered, have called for an easy-to-use visualisation and framework modelling system 
of the underground in three dimensions. A portrayal of multidisciplinary data from archaeologi-
cal, geochemical and hydrological monitoring and modelling within in an interrogative 3D sub-
surface modelling framework of the site and its wider surroundings, will contribute to a holistic 
site evaluation and better risk assessment. Cultural heritage authorities will be equipped with 
model outputs that enable them to perform better assessments and communicate risks of in-situ 
decay at the site. A 3D framework model will therefore also facilitate communication between 
different stakeholders.

The use of 3D modelling requires classification of subsurface entities, either they are of geo-
logical (sands, clays etc) or anthropogenic character (fillings, cultural deposits, infrastructure etc.). 
An efficient and consistent portrayal of the 3D subsurface thus requires improved classification 
systems for the subsurface. Currently, the (hydro) geological and archaeological fields use various 
descriptions for subsurface entities, such as soil type, lithology, stratigraphic units and for process 
descriptions in the subsurface related to e.g. groundwater flow and soil- and groundwater chemis-
try. Effective and sustainable in-situ preservation will require a terminology which is more tuned 
to both domains, and standards.

Chapter 5 addresses the need for new and improved classifications for archaeological deposits 
and their properties, partly through adaptation and extension of available classifications for other 
types of artificial ground (Ford et al., 2006). Such a classification facilitates deposit and excavation 
modelling and an objective decision support tool for the management of cultural heritage in-situ.

1.2.5.  Development of tools and guidance for planning processes and policies, 

environmental monitoring, integrated risk assessment and mitigative 

measures.

To improve safeguarding of cultural deposits in-situ, heritage authorities, policy and decision 
makers as well as the wider research community require guidance and tools to make informed 
decisions. The intrinsic value of cultural deposits and their vulnerability for urban development 
measures need to be recognised within its wider urban context; not only by the archaeologist, but 
also by other users of the urban environment. It is therefore necessary to broaden the relevance of 
cultural deposits and subsurface knowledge and make it complementary to and interoperable with 
above-ground urban planning and development.

Chapter 6 of this thesis combines the lessons learned from the previous chapters and develops 
new guidance and tools. The guidance and tools have the following objectives:

• Improve planning processes and policies to better integrate subsurface knowledge and 
particularly archaeological aspects in urban planning processes.

• Improve cost effective environmental monitoring of cultural deposits.
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• Facilitate a holistic risk assessment for preservation of cultural deposits, considering the 
complexity of the urban subsurface and processes that influence preservation conditions.

• Provide good practice exemplars for mitigation of degradation of cultural deposits.

1.3.  Scope and background

1.3.1.  Scope

This thesis focuses on in-situ preservation of waterlogged archaeological remains. The scope of 
the study is limited to environmental conditions and processes governing the degradation of or-
ganic materials. Degradation of other materials such as metal, ceramics and other anthropogenic 
objects are outside the scope of this study.

The term waterlogged means completely saturated with water. Oxygen in air is the biggest 
threat to in-situ preservation of archaeological deposits (Hollesen and Matthiesen, 2014) and 
strongly dependent on the degree of water saturation. Anoxic conditions may however still occur 
in a significant thick zone above the groundwater table, in the partly or temporarily saturated 
zone. The study of transport of oxygen through the unsaturated and partly saturated zone falls out-
side the scope of this study. Matthiesen et al (2015) have shown that the overall effect of rainfall 
and re-wetting of archaeological deposits leads to a decrease in oxygen supply to the deposits, and 
thus more favourable in-situ preservation conditions. This thesis focuses on the hydrogeological 
conditions governing the degree of saturation, and mitigative and adaptive options that may affect 
the saturation conditions in favour of in-situ preservation of organic archaeological remains.

Basically, there are 3 main ways to quantify deterioration rates (Matthiesen, 2007):
a. Describe the state of preservation of the deposits repeatedly over time.
b. Use modern analogue materials and study their deterioration after a period in the soil.
c. Use environmental monitoring along with current knowledge about deterioration in dif-

ferent environments. 

All three methods are used at Bryggen. The scope of this thesis is limited to further develop-
ment of the third approach, environmental monitoring.

1.3.2.  Background

Archaeological strata are considered a non-renewable resource by the Norwegian government, and 
direct or indirect damage to them poses a threat to continued preservation of these heritage fea-
tures. The medieval towns are protected under the provisions of Norway’s Cultural Heritage Act.  
The Directorate for Cultural Heritage in Norway (Riksantikvaren) – in close cooperation with the 
Norwegian Institute for Cultural Heritage Research (NIKU) and other relevant institutions – has 
developed a Norwegian Standard (NS9451:2009) that stipulates various requirements concerning 
environmental monitoring and investigation of cultural deposits. This standard describes manda-
tory environmental monitoring and documentation procedures regarding preservation conditions 
and the state of preservation of cultural layers in the protected medieval towns in Norway, to be 
used in connection with any urban spatial planning project. The standard aims to contribute to the 
protection of archaeological heritage by obliging professionals drawn from a variety of disciplines 
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(chemistry, archaeology, hydrology, geotechnics etc.), as well as authorities and the private sector, 
to collaborate. To secure the best possible management and policy formulation regarding spatial 
planning in urban areas, and to enable the implementation of preventive measures or mitigation 
strategies, baseline reference and monitoring data are essential and need to be presented in a com-
prehensible and comparable way. 

Riksantikvaren considers environmental monitoring of preservation conditions and the state 
of preservation as an important task for knowledge-based cultural heritage management. Sys-
tematic and periodical monitoring of selected parameters using standardised methods provide 
comparative data and results both over time and between different investigations. To build up 
a sound base for cultural heritage protection strategies, Riksantikvaren oversees that the state 
of preservation and preservation conditions of protected archaeological sites are systematically 
mapped and monitored.

State of preservation

A detailed description of the actual state of preservation of the deposits is a prerequisite in any 
monitoring program, to know what one tries to preserve. It forms the baseline for future compar-
ison. At Bryggen, the actual state of preservation is documented using a protocol (Dunlop, 2006) 
that has become part of the Norwegian Standard for environmental monitoring and investigation 
of cultural deposits (Norsk Standard NS9451:2009, 2009). See also section 2.2.2.5, Table 1.

Preservation conditions

Documentation of archaeological deposits according to the state of preservation scale gives a 
static picture of the current quality of the archaeological deposits. However, it does not tell us if 
decay processes have stopped or still are ongoing. Assessment of ongoing decay requires knowl-
edge about the conditions of the burial environment with respect to its external effect on the decay 
processes and rates. The environmental preservation conditions are determined by a combination 
of physical, chemical, and hydrological parameters, but are also dependent on the constituents 
of the archaeological deposits themselves (De Beer et al., 2012). An overview of degradation 
processes for different materials, approaches and methods for the assessment and monitoring of 
archaeological sites in situ, is given in Huisman (2009) and provides a good starting point for 
further categorisation, documentation and mapping purposes to assess the state of preservation 
of an archaeological site and the preservation conditions provided by its burial environment. Kib-
blewhite et al (2015) identified factors affecting the fate of buried objects in soil and developed a 
method for assessing where preservation of different materials and stratigraphic evidence is likely 
in the landscape based on soil types. 

Although it is possible on a more generic level to assess the preservation potential of ar-
chaeological material (e.g. Kibblewhite et al, 2015), the variation between archaeological sites in 
terms of both material and environmental conditions is so variable that it is impossible to assess 
the preservation conditions of any archaeological site by using a standard set of monitoring pa-
rameters.  A combination of geochemical analyses may be used to determine the preservation 
conditions of the environment in which an archaeological feature is buried. At the Bryggen site, 
the preservation conditions have been assessed by expert judgement of multiple environmental 
parameters, provided by environmental monitoring of geotechnical, hydrological, and geochemi-
cal methods of analysis. The results have been translated into different categories of preservation 
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conditions, like the categories for the state of preservation. See section 2.2.2.5, Table 3.
The environmental monitoring and assessment of preservation conditions are discussed in 

detail in chapter 4. In chapter 5, the categories of preservation states and conditions in boreholes 
or profiles are visualized for comparison, giving an indication of current or historic decay.

1.4.  Dissemination of results

Dissemination of results covered by this thesis has been carried out through a range of own and co 
authored articles and other publications, as well as through many public presentations at scientific 
conferences. Here follows a list of selected publications, in chronological order. For co-authored 
publications, my own contribution is indicated:

De Beer, J., 2005. Hydrogeologisk modellering Bryggen, Bergen. Midlertidig rapport. 
NGU-report 2005.080 (in Norwegian only).

Christensson, A., Dunlop, R., Matthiesen, H., Jensen, J.A., de Beer, J., 2007. Safeguarding a 
World Heritage Site: Bryggen in Bergen, Norway. In: Geoarchaeological and Bioarchaeological 
Studies. Proceedings from the conference “Preserving Archaeological Remains in situ 3”, 
Amsterdam, December 2006. Own contribution 20 %.

De Beer, J., Jensen, J.A., Matthiesen, H. And Christensson, A., 2006. Bryggen World Heri-
tage Site; A numerical model to support archaeological preservation strategies. Poster at confer-
ence “Preserving Archaeological Remains in situ 3”, Amsterdam, December 2006. Awarded best 
poster. Own contribution 90 %.

De Beer, J. and Matthiesen, H., 2008. Groundwater Monitoring and Modelling from an Ar-
chaeological Perspective: Possibilities and Challenges. NGU Special Publication, 11, pp. 67-81. 
Own contribution 60-70 %.

De Beer, J., 2008. Statusrapport grunnvannsovervåking og hydrogeologisk modellering ved 
Bryggen i Bergen. NGU-report 2008.069 (in Norwegian only).

Ashley, R., Christensson, A., de Beer, J., Walker, L., Moore, S. and Saul, A., 2012. SKINT 
Water series II. Selling sustainability in SKINT (SSIS). Project report Skills Integration and New 
Technologies (SKINT), Interreg IVB North Sea Region Programme, pp. 55. Own contribution 
20-30 %.

De Beer, J., Christensson, A. and Boogaard, F. (eds.), 2012. SKINT Waterseries I: Sustainable 
water management across boundaries. Project report Skills Integration and New Technologies 
(SKINT), Interreg IVB North Sea Region Programme, pp. 87. Own contribution 60-70 %.

De Beer, J., Matthiesen, H. & Christensson, A., 2012. Quantification and Visualization of 
in situ degradation at the World Heritage Site of Bryggen in Bergen, Norway. Conservation and 
management of archaeological sites, 14(1–2): 214–226. (2012). Own contribution 60-70 %.

De Beer. J., Price. S.J. and Ford. J.R., 2012. 3D modelling of geological and anthropogenic 
deposits at the World Heritage Site of Bryggen in Bergen. Norway. Quaternary International. 251. 
February: pp. 107–116. Own contribution 60-70 %.

De Beer, J., Seither, A, Vandrup Martens, V., Matthiesen, H. and Vorenhout M. 2015. Moni-
toring and modelling in Urban Watch. In: Harvold, K., Larsen, K. (ed.), de Beer, J., Boogaard, F., 
Vandrup Martens, V., Matthiesen, H., Muthanna, T.M., Seither, A., Skogheim, R. and Vorenhout, 
M., 2015. Protecting the Past and Planning for the Future: Results from the project “Cultural Her-
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itage and Water Management in Urban Planning” (Urban WATCH). CIENS-report 1-2015, ISBN 
978-82-92935-11-8: 30-42. Own contribution: 50 %.

De Beer. J. and Seither. A., 2015. Groundwater Balance. In: J. Rytter and I. Schonhowd. eds. 
Monitoring. Mitigation. Management. The Groundwater Project – Safeguarding the World Heri-
tage Site of Bryggen in Bergen. Riksantikvaren. Oslo. 105–123. Own contribution 60-70 %.

Matthiesen, H., Hollesen, J., Dunlop, R. and de Beer, J., 2015. In situ Measurements of Ox-
ygen Dynamics in Unsaturated Archaeological Deposits. Archaeometry, 57(6): 1078–1094. Own 
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De Beer, J., 2016. Cultural Heritage. A review of good practices in cultural heritage manage-
ment and the use of subsurface knowledge in urban areas. TU1206 Sub-Urban WG2 report. TU1206-
WG2.7-008, available from:  http://sub urban.squarespace.com/s/TU1206-WG27-008-Cultur-
al-heritage.pdf.
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