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Abstract: This article is based on the project undertaken by NIKU for, and financed by, the Nordic
Council of Ministers in 2021, with supplementary literature and the expertise of the authors added
to the report findings. The main aim of the project was to find out how climate-related adaptation
and mitigation measures impact the Nordic cultural heritage. In this article we present examples of
the different adaptation and mitigation measures that impact the cultural heritage. This article has
a Nordic focus, which is transferable to other countries. The methodology involves an analysis of
qualitative data collected in 2021 through text review, interviews, and workshops. The results can be
divided into three relevant themes where there are major challenges: interdisciplinary work, need
for more knowledge and use of culture-nature based solutions, and new energy supply systems. We
conclude with recommendations on what we believe should be prioritized in the continued work
of reducing the risk of damage to cultural heritage in the future. The recommendations cover local
and international conditions, they cross sectors and political guidelines, and they reflect the need for
newly developed knowledge, interdisciplinarity, and the need for a change of attitude—a paradigm
shift in planning procedures.

Keywords: cultural heritage; adaptation measures; mitigation; climate change; archaeology; buildings;
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1. Introduction

Climate change is one of the most significant threats to humans and their living envi-
ronment, including cultural heritage, around the world. The global average temperature
is rising, and according to results from recent research, climate change is already affect-
ing weather and climate systems in all regions of the globe, which will have enormous
additional consequences for ecosystems around the world [1-3]. The Earth’s climate has
always varied, and there have always been physical causes behind these variations. But
a clear acceleration of processes, including increase in air and sea temperatures, extreme
weather events, sea level rise, and loss of inland ice and glacier mass, shows that the
climate is changing faster over the last 30-40 years, a fact that natural causes alone cannot
explain. The latest report from the International Panel on Climate Change [1] also clearly
states that the present pace of change is so high that anthropogenic influence is the only
reasonable explanation. Some researchers trace this development back even further [4,5],
but in this paper we are trying to look forward and look at possible solutions, or at least at
adaptive measures.

As anthropogenic influences might be the problem, it is also the solution. At the
international level, climate change and the impact and threats it poses have mobilized
countries to implement a mitigation policy in the form of a wide range of guidelines,
regulations and laws used to reduce emissions [1,6,7]. Lastly, these issues were discussed on
the UN Climate Change Conference in November 2021 [8]. According to the commitments
in the Paris Agreement [2] and in the Glasgow Climate Pact [8], it is imperative for all
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countries to reduce greenhouse gas emissions by 50-55% (from the 1990 level) to reach
the climate goal by 2030. There is a common international focus on technical solutions
and implementing sustainable systems for reaching these goals. All the Nordic countries
are implementing mitigation actions to reduce the effects of climate change and reduce
greenhouse gas emissions.

The adverse effects on cultural heritage are already being felt [9-15]. The 20th ICOMOS
General Assembly voted to declare a climatic and ecological emergency and calls for urgent
collective action from all relevant actors to safeguard cultural and natural heritage from
climate change. So, in the eagerness to solve the climate change problems and reducing
greenhouse gas emissions, many are not yet aware of the impact these measures have on
our cultural heritage. Little is written on this topic yet. The Nordic Council of Ministers
wanted to find out if and how climate-related adaptation and mitigation measures impact
the Nordic cultural heritage, and the Norwegian Institute for Cultural Heritage Research
was engaged to gather and systematize relevant information to improve our collective
knowledge concerning these issues [16]. In short, we call the project Climate adaptation
and heritage.

The Climate adaptation and heritage project approached the question of how cultural
heritage may be affected by different climate mitigation actions, and it includes direct,
indirect, and visual impacts of heritage sites and landscapes. Adaptation measures reducing
the impacts of already occurring events are also implemented, both in the Nordic countries
and on a global scale, and the effect of these have also been investigated. Our investigations
cover climate change mitigation and climate adaptive measures in Sweden, Denmark,
Iceland, and Norway. The work is based on gathering information from Nordic expertise.

The main aim of the project was to find out how climate-related adaptation and
mitigation measures impact the Nordic cultural heritage, direct, indirect, and visual. In
this article, we present examples of the different adaptation and mitigation measures that
impact the cultural heritage, both positive and negative. We would like to stress that
though this paper is mainly concerned with adaptation to possible damage to heritage
sites and landscapes caused by modern climate mitigation measures, we are also aware
that there is considerable knowledge and information to be extracted from past societies
(see further in Section 3.4.4). As the article is based on the project undertaken by NIKU
for, and financed by, the Nordic Council of Ministers in 2021, it has a Nordic focus, which
indeed is transferable to other countries. In addition, the different topics from the project
are discussed and analyzed further, and later studies are included.

As already described, the combination of climate adaptation and mitigation measures
with focus on the impact of cultural heritage is not widely researched. Relevant research
papers and articles are therefore scarce. However, national and regional work and project
reports are indeed relevant and are partly presented here. By talking to experts in the fields
of natural sciences and cultural heritage research and management, we have reviewed
today’s status and thoughts for the future. The article presents how cultural heritage
already is and may in future be affected by climate mitigation or climate adaptive actions.
Good and less successful examples of implemented actions are included. We discuss how to
minimize the risks of damage to cultural heritage when implementing different measures.
These recommendations include local, regional, national, and international settings, they
go across sectors and political guidelines, and they reflect the need to develop knowledge,
interdisciplinary cooperation, and attitude changes. This is also stressed in a White Paper
just printed by the EU JPI Climate and JPI Cultural Heritage and Global Change [17].

We hope this article will add an interesting, important, and highly needed insight
into the research of the interdisciplinary field that crosses climate adaptation and cultural
heritage. As far as the Nordic countries have come with implementing adaptation and
mitigation measures, it is a humbling statement to say that the time is overdue to focus on
this cross-disciplinary field of research.
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The term cultural heritage includes archaeological heritage, buildings, cultural envi-
ronments, cultural landscapes, and intangible heritage. The term climate-related mitigation
measures include all measures taken by society to minimize the carbon gas emissions, i.e.,
the green transition. In addition, the term adaptation includes measures taken to minimize
damage to cultural heritage directly by climate changes, such as increase in temperature
and precipitation in the Nordic countries. In this article we use interdisciplinary under-
standing as presented in Derry et al. [18]: “The ability to integrate knowledge from two or
more disciplines to create products, solve problems, or produce explanations”.

2. Methodology

The methodology chosen for the project involves an analysis of qualitative data
collected in 2021 through text review, interviews, and workshops (Figure 1). It first builds
on the data collected from the current literature and official documents about the topics that
are most relevant or urgent regarding the impact of climate change mitigation measures on
Nordic cultural heritage. The topics were further developed based on a series of interviews
with Nordic experts and researchers from diverse backgrounds and networks in Nordic
countries. The primary framework of the project is thus based on these interdisciplinary
inputs to ensure a broad coverage of the subject in each country, i.e., archaeology, landscape,
building, climate adaptation, climate scenarios, energy supply, etc. The strategy moves
forward by bringing together experts and researchers in workshops to discuss the primary
results and supplement them with practice-based examples. Additional information on
topics that were not addressed in interviews and workshops was obtained by conducting
supplementary interviews with complementary expertise. The results are published in a
thoroughly structured report financed by the Nordic Council of Ministers [16].

Focus on already known existing problems caused by climate change mitigation
measures for cultural heritage represented a natural starting point. A non-exhaustive
list of problematic mitigation measures for Nordic cultural heritage was compiled by
the project research team based on the available literature, articles, official reports, and
documents to map direct, indirect, or visual threats. Gradually, the focus evolved towards
constructive solutions to the problems, and on practice-based examples that have proven
to be effective and positive for the preservation of cultural heritage. The solutions that
were uncovered dealt with topics such as bilateral adaptation, resilience, implemented
constructive examples, interdisciplinarity, and knowledge exchange.

Regarding qualitative data, NIKU (represented by the research team) adheres to the
applicable ethical guidelines from the National Research Ethics Committee for the Social
Sciences and Humanities (NESH), which include privacy protection and research ethics.
Current legislation on privacy (cf. Norwegian Personal Data Act, Personopplysningsloven)
and GDPR requirements have also been followed. The individuals who participated in
the interviews and workshops were informed about their rights, and the events were
conducted without audio recordings to minimize the collection of personal information
and to ensure the integrity of the interviewees.

2.1. Interviews

19 interviews were conducted in June 2021 with a representative sample of 26 experts
and researchers (informants) in cultural heritage management and research from leading re-
search centers, from central government and public administration at regional and national
levels in four Nordic countries: Sweden, Norway, Denmark, and Iceland. Each interview
was conducted by two members of the research team with complementary professional
backgrounds (16 individual interviews and three group interviews with 2-5 informants)
and lasted approximately one hour. Detailed notes were taken manually during inter-
views (conducted without audio recordings), and the results were later examined and
presented in tabular forms, where all topics were referred to and the relevance for cultural
heritage explained.
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TOPICS ARE MAPPED and SUPPLEMENTED
DURING INTERVIEWS WITH INFORMANTS
AND USED FURTHER IN WORKSHOPS
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Figure 1. This is a visual description of the method used in report. Idea and graphics: Simon, NIKU.

The aim with the interviews was threefold: (1) put together a comprehensive picture
of the situation, (2) identify the adaptation and mitigation measures that are perceived to be
a threat to cultural heritage from different professional perspectives, and (3) provide good
examples to meet both environmental objectives and cultural heritage needs. The research
questions were designed around the issues of the main research question and followed
an easily replicable structure with open-ended questions [19]. These were organized into
four topics: (1) experience of each informant, (2) present situation, (3) future prognosis and
expectations, (4) laws and management systems. Each informant or group of informants
was asked to reflect upon implemented local, regional, and national mitigation, and/or
adaptation measures in his/her own country, and whether and how these measures en-
sure or affect the proper preservation and management of cultural heritage. A note on
the semi-structural interviews showing topics discussed is included as Supplementary
Material. Topics such as closer cooperation between authorities, harmonization of methods
and management documents, knowledge collection, and the creation of interdisciplinary
networks were also addressed. In addition, relevant management documents in each
country were mapped (see Table 1). Overall, the discussions formed the basis for defining
the most relevant topics in each country.
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Table 1. Relevant national and international governing documents.

Country Type of Document

Norway National white paper Kulturmiljemeldingen St.Meld. 16. (2019-2020)

Norw The Directorate for Cultural Heritage climate strategy, Riksantikvarens
orway klimastrategi 2021

Norway The Planning and Building Act

Norway National Standard NS9451: 2009

Norwa The state’s planning guidelines for coordinated housing, area and transport

y planning

Norw The National Heritage Board’s thematic report on cultural monuments and

orway cultural environments. National framework for onshore wind power
State planning guidelines for climate and energy planning and climate

Norway adaptation

Iceland Climate Action Plan—Umbhverfisraduneytid Adgerdaaaetlun, 2020

Iceland Cultural Heritage Act—L6g um menningarminjar, nr. 80/ 2012

Iceland Planning Act—Skipulagslog, 123/2010

Iceland Building Regulations—Byggingarreglugerd, Stjtid. B, nr. 441/1998

Iceland Building Act—Byggingarlog, 5416/1978

Sweden Climate Act (2017:720)

Ordinance (2018:1428) on authorities’ climate adaptation work, Ministry of the
Sweden Environment—Fo6rordning (2018:1428) om myndigheters
klimatanpassningsarbete

National strategy for climate adaptation, 2018, Ministry of the

Sweden Environment—Nationell strategi fér klimatanpassning

Sweden The Cultural Environment Act—Kulturmiljolagen (1988:950)

Sweden The Environmental Code—Miljobalken (1988:808)

Sweden Planning and Building Act—Plan-och bygglagen (2010:900)

Sweden Ordinance on flood risks—Forordning (2009:956) om &versvamningsrisker
Denmark Museum Law—Museumsloven

Denmark A green and sustainable world

Denmark Climate change projects

Denmark The Planning Act, for municipal urban planning

Denmark Building Act

Denmark Building Protection Act

Europe Water Framework Directive

Europe Flood Directive 2007/60/ EC 23.10.2007

International European Convention for the Protection of the Archaeological Heritage (1992)

(Malta Convention)

International ~ UN Global Goals for Sustainable Development (2015).

2.2. Workshops

Six thematic workshops were held in September 2021, with 17 informants. The
topics that were identified as most relevant to the four Nordic countries during interviews
constitute the basis for the workshop structure. The timeframe per workshop was 1-2 h.
Several informants attended more than one workshop. Each workshop was conducted
by three to five members of the research team who assumed different roles (i.e., leader,
secretary, interpreter, observer) to be able to capture the essence of the discussions and
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highlight topics, examples, and other comments and suggestions from the informants. The
workshops represented more extensive thematic discussions than the interviews. Their
aim was threefold: (1) interdisciplinary and transboundary discussion about the impact of
various climate change mitigation and adaptation measures on cultural heritage, (2) focus
on providing examples of mitigation measures that protect cultural heritage, and (3) identify
knowledge gaps.

Two workshops were international and gathered informants from the four Nordic
countries. They addressed interdisciplinary issues about the following topics:

1.  Archaeology, cities, and landscapes.
2. Buildings, cities, and landscapes.

Four workshops were national and gathered the informants of each country. They
focused on the specific national challenges related to interdisciplinary approaches on
management issues for the following Nordic countries:

3. Denmark.
4.  Norway.
5.  Sweden.
6. Iceland.

During the first two workshops (cf. numbers 1 and 2), several subject areas were
discussed among the four Nordic countries that took on the issues related most specifically
to archaeology (‘underground’ cultural heritage) and buildings (‘above ground’ cultural
heritage) and their immediate relation to cities and landscapes. During the other four
workshops (cf. numbers 3-6), challenges and good adaptation and mitigation measures
were discussed for each country. The six workshops allowed us to identify good examples
of climate change adaptation strategies and mitigation measures that do not adversely affect
cultural heritage, and to pinpoint the current shortcomings. Additionally, they showed
an urgent need for further research and development of interdisciplinary methods and
management systems.

2.3. Complementary Interviews

Nine complementary interviews were conducted in November 2021, with 11 new in-
formants from the four Nordic countries. After the interpretation and analysis of the first
round of interviews and workshops, the research team identified a need for additional
information within several subject areas, i.e., nature management and environmental
issues. These interviews were conducted in the same way as the interviews described in
Section 2.1. Interviews.

2.4. Written Sources

Broader knowledge was acquired through the literature studies relevant to the topic
related to measures that affect cultural heritage sites and landscapes. The literature that
was chosen for the research largely focused on the Nordic countries” governing documents,
as well as research and reports available to the wider public (i.e., research papers, official
reports, white papers, documents in public administration and official websites). Table 1
shows a non-comprehensive list of the most important governing documents for the Nordic
countries. The information from the literature review was compared to results from the
interviews and workshops to give an overall picture of each topic. Since the thematic areas
are naturally interdisciplinary and international, the informants were also encouraged
to send the research team all documents that they deemed relevant, in order to provide
a complete picture of the challenges, shortcomings and successful adaptation measures
within the four Nordic countries.

3. Results

Through interviews and workshops, experience was cross-evaluated and systematized.
The results are presented in the five following topics (Sections 3.1-3.5) that confront the
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Nordic countries” main challenges for preserving and making cultural heritage resilient in
times of adapting society to a greener world. These topics include solutions that were out-
lined by the informants to cope with different climate mitigation and adaptation measures
that directly, indirectly, and visually affect the Nordic cultural heritage.

The informants stated a growing need for improving the coordination and collabo-
ration between governance and management bodies, whatever topic, mode of mitigation
or heritage type is chosen. Their recommendations include a more holistic and more in-
tegrated approach and understanding of complex issues across sectors, disciplines, and
professions. Equally important is a need for interdisciplinary approaches that follow both
horizontal and vertical lines of cooperation and areas of responsibility. This topic is further
deliberated in the Discussion section.

Since this is a cross-dimensional topic that until now has not been the subject of in-
tensive research, the existing available literature most often presents disjunctive fractions
of much more complex and multifaceted challenges. Simultaneously, the rapid develop-
ment of the media and social networks through many available channels and platforms
over the last 5-10 years, as well as new forms of journalism and new media formats and
markets, have greatly influenced society’s views and opinions on politics and political
decisions. This is also visible in the climate debate, and it challenges society’s trust in
research and management. Through distortion of general knowledge due to incorrect
or incomplete information on popular networks, misconceptions about climate change
and misunderstandings about mitigation and adaptation actions are spread among the
population. According to our informants, aside from interdisciplinarity, dissemination
of correct and reliable information and knowledge transfer are powerful tools and must
come from dependable sources. Our personal experiences confirm this. We also believe
that it is more important in this context to focus on the measured and experienced effects
that climate change and climate change adaptation and mitigation have on heritage sites
and landscapes rather than the reasons for these changes. Changes occur and need to be
remedied now. Too often the discussion gets sidetracked by the root causes of the changes.
It is not that we do not agree that the root causes of climate change must be treated as well,
but we see an urgency in the remedies that cannot wait until the other aspects are solved.
Cultural heritage risk assessment is essential in the task of prioritizing which sites to adapt
or investigate and document before they are lost.

3.1. Energy Efficiency

There are examples of projects where calculations of the cost-benefit of upgrading older
buildings to meet current requirements for energy efficient buildings have been performed.
Several calculations show that gentle upgrading is energy efficient, safeguards heritage val-
ues, and it can help avoid construction damage to the built heritage [20]. Research projects
are also being carried out to investigate how to upgrade older buildings to almost zero
energy levels [21], and the solution in these projects has been to work in interdisciplinary
project groups to safeguard heritage principles. The research and development program,
“Spara och bevara” (Save and preserve), focuses on raising knowledge about energy ef-
ficiency in culturally and historically valuable buildings [22]. The research program is
initiated by the Swedish Energy Agency and aims to develop and disseminate knowledge
and technological solutions that contribute to energy efficiency without destroying the
historical values of the buildings.

Presenting successful results on how to upgrade without combating buildings” her-
itage values are indeed relevant to meet the requirements for reducing greenhouse gas
emissions. This work is multifaceted, but the focus is often on replacement of building parts
(e.g., windows), new types of materials (e.g., insulation and increased density in building
structures), as described in 3.1.2. There is also a need to check damage development related
to energy efficiency and temperature reductions in buildings. This has been particularly
relevant in the autumn and winter of 2021 /2022, with high electricity prices in the Nordic
region, where indoor temperatures in older buildings have been kept lower to save electric-
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ity cost. In the diocese of Vaxjo in Sweden, for example, the development of damage in
churches has recently been seen to increase due to lowering of indoor temperatures.

3.1.1. Technical Installations

In some places in Scandinavia, solar panels have been installed on the roofs of cul-
turally and historically valuable buildings, which can have a negative visual impact, see
Figures 2 and 3. Solar cells on private buildings in Denmark have often not been part of
a comprehensive analysis of needs, impact and aesthetics, and there is little skepticism
associated with their use on roofs. This means that solar cells are installed where other
solutions might have been better for preservation and for energy supply. In close collabora-
tion with architects and other professional expertise, the negative visual consequences of
solar panels, as exemplified in Figures 2 and 3, can be reduced, as exemplified in Figure 4.
Even if there are new developments in solar panels and possibilities for integrations, this is
yet to be used on heritage buildings.

Figure 2. Solar panels on roof of historic building, Lund, Sweden. Photo: Haugen, NIKU.

Figure 3. Solar panels on old outhouse, Vega, Norway. Photo: Vandrup Martens, NIKU.
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Figure 4. Solar panels on modernistic building in Drammen, Norway. Photo: Vandrup
Martens, NIKU.

Heat pumps are energy efficient but can be visually disturbing on older buildings
if you choose a solution with an outdoor unit, see Figure 5. There are also variations
in how much change and how many major interventions are required in the building
structure. It is a challenge, but it is also possible to develop good solutions for heritage
buildings with minimal intervention. It requires, however, a close collaboration with
expertise within energy technologies, building constructions, municipal administration,
and cultural heritage managers.

Expansion of hydroelectric power is largely linked to Icelandic, Norwegian, and,
to some extent, northern Swedish conditions. Iceland, Norway, and northern Sweden
have well-developed hydroelectric power systems that Denmark and southern Sweden
do not have. There are challenges related to the expansion of the existing building stock
to increase the capacity for green energy. The challenge is partly to rebuild or build out
the existing building stock that includes culturally valuable buildings, and to add new
structures, as well as possible new hydroelectric power stations in new areas. In addition,
there will be a need for new and renewed power transmission systems and wiring. Today’s
hydroelectric power plants are an important part of our Nordic cultural heritage and
industrial history, and it is therefore relevant to work closely with involved participants to
take cultural heritage aspects into account in the event of major changes. Archaeological
heritage sites and landscapes are impacted by the dams connected to the hydroelectric
power plants. These often cover archaeological sites and landscapes, and by lowering the
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water table inundated sites may be exposed to further degradation [23,24]. Establishing
new hydroelectric power plants will almost certainly come into conflict with listed sites.

Figure 5. Modernistic building in Arendal, Norway, with outdoor unit from air-to-air heat pump
attached to the facade. Photo: Kjelsen Jernaes, NIKU.

3.1.2. Upgrading and Restoration of Heritage Buildings

It is a challenge to choose the right materials and methods in older buildings in
connection with measures to reduce greenhouse gas emissions and adapt and secure the
buildings against slow degradation and extreme weather events. This applies to general
upgrades, preventive measures, and restoration after damage. A change of attitude is
required, because new materials have been introduced that are incompatible with original
building elements. This is seen as a challenge, partly due to strong market forces that
influence homeowners’ choices, and partly due to the need for knowledge dissemination.
There is a great lack of knowledge about sustainable upgrading of older, but “ordinary”,
buildings worthy of preservation. There is a need for close collaboration between architects,
engineers, craftsmen, and consultants in the field of cultural heritage, to be able to use more
traditional materials and methods to a greater extent when upgrading, and in damage
analyses after extreme events.

The use of traditional materials as a climate change measure can be a good solution.
Traditional craftsmen can have an interesting ecological approach and are important carriers
of knowledge. Figure 6 shows Danish traditional materials for house building, and a need
to focus on traditional, frequent maintenance as an important measure for achieving energy
savings and safeguarding cultural heritage values has been emphasized. Maintenance
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will save the need for major repairs from damage that can develop over time. The biggest
shortcoming in connection with the restoration of buildings is a lack of knowledge and
experience and a shortage of experienced craftsmen. It is important to bring in the right
expertise at the right place and time in the processes. Local knowledge is as highly valued
as data generated through professional projects, and the acquisition of knowledge should
be able to include both. To a large extent, the threat to buildings and cities lies in the fact
that cultural heritage expertise enters both the planning and the restoration processes too
late and therefore can only contribute to a lesser extent, both for archaeology, buildings
and cities. The proposed measures are, therefore, a Nordic knowledge bank, a collection
of examples and a Nordic network of professionals. The focus should be on assessing the
use of traditional materials and implementing environmentally friendly quality materials.
This may relate to the existing Traditional Knowledge World Bank (TKWB) [25]. A robust
system for seeking knowledge is developed, in addition to the question of how to join
and contribute. When it comes to the topics of climate adaptation and caretaking of the
Nordic heritage, it is natural to be inspired by the TKBW system regarding how to gather
knowledge and make it available.

Figure 6. Example of the use of traditional materials from Aarhus, Denmark. Photo: Muldbjerg, Unsplash.

Menon Economics and NGI recently completed a preliminary project and report
that deals with developing and highlight the socio-economic value of preventing climate
change [26]. The preliminary project is limited to assessing measures to reduce the conse-
quences of landslides and floods in Stryn municipality, Norway, and extreme precipitation
in the town of Fredrikstad, Norway. The result shows that investments in important
climate adaptation measures provide high profitability. Society can save up to six times
the invested amount by choosing the most profitable measures. The main findings show
that socio-economic analysis is a suitable tool for identifying socio-economically profitable
strategies and specific solution choices. The most profitable measures may require coopera-
tion and interdisciplinary collaboration between different service areas in the municipality.
Furthermore, citizens’ willingness to pay to reduce the probability of incidents, and thereby
reduce the feeling of insecurity, can be decisive as to whether the measures are profitable or
not. The preliminary project and report also show that climate adaptation measures can
provide increased recreational values and improved biodiversity.
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3.2. New Energy Supply Systems

There are different views and priorities for the development of a sustainable and
environmentally friendly energy supply in the four Nordic countries, especially be-
tween southern and northern Scandinavia. For example, Scania (the southern part of
present-day Sweden) and Denmark focus on wind energy (80% of total production) and
solar energy, while most of the electricity produced in Norway comes from hydroelec-
tric power (91% of total electricity production; as of now, Norway is Europe’s biggest
producer of hydropower). In Sweden, hydroelectric power accounts for 45% (northern
Sweden) and the wind share of total electricity production is on the rise (today, approx.
21%, compared to 3% in 2010). Iceland benefits from geothermal energy and hydropower
since the 1970s, that amounts to 99% of the country’s electricity production [27]. There-
fore, Iceland does not have the same urgent need for new renewable energy systems as
the rest of the Nordic regions, although the government is looking at options for adding
wind turbines to their primary energy supply.

Solar parks are a valuable part of the future energy supply, and they are in increas-
ing use in southern Scandinavia as well as in the rest of Europe; see Figure 7. Sites for
solar parks are likely to be greenfield sites, often positioned on south-facing slopes (to
maximize solar exposure), which coincidentally are also potential sites for past settle-
ments and old cultural landscapes [28,29]. Archaeological heritage, cultural landscapes,
and cultural environments can be directly disturbed or permanently damaged by the
establishment of solar parks, especially if the location of the associated infrastructure
(pipelines, road networks, etc.) and the construction methods do not include a detailed
assessment of impacts on the cultural heritage of the site. The implementation of prac-
tical measures would avoid or minimize any adverse effects. Some sites require more
management than others and necessitate integrated and site-specific actions, surveys,
and assessments, which may lead to mutually beneficial solutions [28,30]. In the case
of metropoles and cities, solar parks located outside building environments and large
agglomerations can be seen as a solution, as they can produce green energy for large
parts of the population and still be in a concentrated area. The installation of solar
parks can also relieve buildings of unsightly solar panels mounted on roofs, although
new technological generations of integrated photovoltaic construction elements provide
alternative solutions (e.g., building-integrated photovoltaics, BIPV, and building-applied
photovoltaics, BAPV). Solar parks can also be seen as a way of safeguarding archaeologi-
cal heritage and for in situ preservation, where the archaeological remains are protected
under the panels. That would specifically be the case for areas that would otherwise be
used in agriculture. Modern ploughs go much deeper into the deposits and the subsoil
than the solar panel legs need to. However, if the archaeological remains at a solar panel
site are all very close to the surface, the site risks destruction rather than preservation
and should thus be investigated prior to installation.

There are major national differences in how wind power is perceived as an impact-
ing factor on cultural heritage. There is also a certain difference related to where the
windmills are situated in the different parts of Scandinavia, and thus, they have different
prerequisites for affecting cultural heritage. In Denmark and in southern Sweden, there
are often larger wind-power plants in areas that are already dominated by infrastructure,
or in strongly human-influenced landscapes such as cultivated land. There is also a
long tradition of single windmills at farms, which is generally perceived as positive and
contributes to local power production, where long transmission lines to consumers are
avoided. Similarly, only a few individual cases are also found in Norway.
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Figure 7. Solar cell park in Grasten, Jutland, Denmark. Photo: New Qresund/Wikimedia Com-
mons/CC BY 2.0.

The visual and social effects of wind power plants and their impact on cultural
landscapes and cultural environments is an ongoing discussion in Europe [31-33]. For many
years, Norway has been no exception [34-37]. The National Heritage Board has written
a report on cultural monuments and cultural environments as a national framework for
onshore wind power [38], and this has been further developed to an up-to-date knowledge
overview on the effect of wind power [39]. Here, it is considered that all types of measures
such as wind turbines, supply routes, cables, transformers, service buildings, and other
necessary elements affect cultural monuments and cultural environments directly and
indirectly [38,39]. In addition to the obvious impacts, there are changes in the microclimate,
water flow, etc., that can change the conservation conditions underground. There is not
much difference in the impact of similar infrastructure in connection with hydroelectric
power plants, but the discourse is completely different. The discourse concerning wind
power plants in Norway seems largely to be disconnected from the actual effects and instead
focusing on a general feeling that large-scale windmills are damaging the landscapes, both
as a living environment and as a means of production, and as one of the bases of tourism.
This discourse also triggers a general concern for natural environments still unmodified
by human activity and a strong public opposition to wind projects in Norway [40]. In
Denmark and southern Sweden, windmills have been part of the landscape since medieval
times, obviously transforming in shape and size over time. There, the current debate is
largely focusing on how large land-based wind turbines are acceptable in the landscape,
and whether it is preferable to have single windmills rather than larger wind farms (see
Figures 8 and 9). One often sees the wind turbines near existing infrastructure, which differ
from the many planned wind turbine parks in Norway. In northern Norway and northern
Sweden, there is a growing concern that wind turbines, particularly in larger wind farms,
may have adverse effects on immaterial heritage, specifically on reindeer grazing. A recent
court case was won by reindeer herders, resulting in a possible need to dismantle a newly
erected windfarm placed in a central reindeer grazing area. This type of conflict is highly
undesirable and might have been avoided with improved dialogue between all parties
before the windfarm was built.
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Figure 9. Large windfarm in cultivated land in Denmark. Photo: Vandrup Martens, NIKU.

A challenge for built environments in connection with further development of wind-
mills is that it can have a visual negative impact. In addition, there are concerns regarding
construction, operation and maintenance that require power transmission systems and
pipelines through or near built environments, as do all forms of power. To achieve minimal
negative impact on cultural environments, offshore wind turbines are seen as a solution

(Figure 10).
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Figure 10. Offshore windfarm photographed from Jutland, Denmark. Photo: News Qresund,
Wessman/Wikimedia Commons/CC BY 2.0.

In Norway and northern Sweden, there is a pronounced potential for upgrading hy-
droelectric power to increase the need for green energy [41]. Increased precipitation means
that several of the hydroelectric power plants are undersized. In addition, there is a wish
to increase production, and therefore, further develop several of the dams. Upgrading and
expansion is a theme with many facets, both for the facilities such as climate considerations
and safety, and for cultural heritage and cultural environments that are affected by the
facilities. A good solution for safeguarding cultural heritage when rebuilding or expanding
existing facilities is to enable a more frequent and closer collaboration between the cultural
environment authorities and the Norwegian Water Resources and Energy Directorate (NVE)
and similar authorities in the other countries, e.g., by heritage authorities cooperating with
energy providers on evaluating vulnerable heritage sites affected by power production,
cf. [42,43]. An example of this is the 2000 report from the World Commission on Dams [44].
The heritage management authorities should be included early in such processes to find the
best possible solutions and avoid added negative impact on heritage sites and landscapes
(see, e.g., Zaina and Tapete 2022 [45]). It is again important to emphasize both the physical
and the visual effects of the transmission lines that transfer electricity from the hydropower
plants to the consumers. A large number of small hydroelectric power plants has been
established in Norway over the past decade [46]. They were established with decreased
regulatory rules as an attempt to increase local power production. However, this has
resulted in reduced protection of both cultural and natural heritage and is something to
consider in future power plant establishments.

Regardless of the choice of energy source, the power station itself is not the only
change in the landscape. Wiring and other infrastructure associated with power production
have a major impact on cultural heritage, see Figure 11. Energy from water, wind, and sun
must be transported from the production site to the consumers. It is therefore not only
the direct intervention that is made in the establishment of new energy sources, but the
associated pipeline network and/or transmission lines, which can directly, indirectly, and
visually affect cultural heritage. This is a factor that is important to consider when planning
new climate adaptation and mitigation measures. So are the possibilities of shorter power
transmission distances to new development sites. A local power source may significantly
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reduce the need for power transport infrastructure. The challenges underline the need for
early involvement of all the right expertise at the planning stage.

Figure 11. Dominant power lines at house in Denmark. Photo: Vandrup Martens.

3.3. Renewed and Upgraded Transport Systems

Electrification of transport systems is generally seen as a good way to reduce green-
house gas emissions, air pollution, and even sound pollution. Development of new infras-
tructure for power supply and railway lines, subway lines, light rail lines, or electrification
of water transport (large ferries and smaller boats), entails large construction areas in con-
nection with development in new areas. Regarding railway upgrading, new, or reinforced,
power line networks are established. Ground conditions, water runoff, and drainage
will impact archaeological heritage. A special challenge arises when transport routes are
planned in areas where no mapping of cultural heritage has previously been done. A lack
of information on the possible impact on cultural heritage will, in these cases, not mean
that there is no negative impact. However, there will be an absence of known impact, a
case where there is clearly an increased reason for including heritage expertise.

Another type of a renewable transport system is the electrification of car parks in
the Nordic countries. The number of electric cars that are requested from the Nordic
governments, require large amounts of charging stations located systematically to gain a
sensible, geographically widespread network. No other country in the world has more
electrical cars than Norway, compared to the number of inhabitants [47]. As of April 2022,
Norway has 19,705 public charging stations, whilst Sweden has 14,168 public stations [48].
There is no similar overview for Denmark and Iceland, but other overviews reveal that
they have far less [49]. By looking at Denmark’s leading charging companies (EON and
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Clever), there are approximately 4500 public charging stations today, and there is a plan for
expanding the public charging net in the coming years.

The charging stations may come into conflict with cultural monuments and cultural
environments and have a negative effect on lines of sight and experiences; see Figure 12 for
example. In the transition to electric vehicles in the Nordic countries it will be important
to include cultural heritage input regarding the location of charging stations, especially
because there is a requirement from electric car owners demanding charging stations near
cultural monuments, so that they have something to spend time on while charging the
car [50]. In Norway, there is a geographical distribution of charging stations, although most
of them are in the southern parts of the country [51]. This means that in the northern parts
of the country it is more difficult to get access to a public charging station, and instead
users become dependent on being able to charge at home. An increase in charging capacity
in both Sweden and Denmark, and eventually Iceland, is expected. Therefore, there is a
need to look at best practice in Norway as a pioneering country, with the aim of avoiding
conflicts in areas with cultural heritage.

Figure 12. Charging stations in a row right in front of preserved built heritage at Bygland Bygdetun,
Norway. Photo: Leira, for Visit Serlandet.

It is not only the worldwide electrification of car parks, which indeed is especially
relevant for Norway (where eight of the ten purchases of the most sold new cars in 2021
were fully electric) [52], but that of trams, busses, and ferries as well, that shows the shift
from fossil fuel to electrification. This does not particularly affect the cultural heritage
in any negative way, as the ports for ferries and tram and bus stations are already built.
However, when there is a need for an additional power supply, the challenges are the same
as for railway lines. Conflicts may also arise in small coastal harbors with preserved built
heritage, where a ferry charging station may have great visual impact [53].

3.4. Nature and Culture-Based Adaptation and Solutions

Nature-based solutions (NBS) is a concept that seeks to integrate nature’s own solu-
tions into climate mitigation and adaptation measures. NBS includes ecosystem-based
adaptation, ecosystem-based disaster risk reduction, and green, as well as blue-green infras-
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tructure [54,55]. Culture-based solutions (CBS) is a topic addressed in UNESCO’s report
“Changing minds, not the climate: culture-based solutions to local climate adaptation” [56].
The organization believes that it is necessary to draw on local knowledge and experience in
addition to scientific and technical knowledge to solve the climate crisis. Both NBS and
CBS are included in specific measures that were discussed by our informants.

3.4.1. Water Management

Rain beds in cities are a good example of how climate adaptation measures also
safeguard cultural heritage and cultural environments. Bjernstjerne Bjornsons gate in
Drammen, Norway, is the country’s first road construction where local surface water
management in the form of rain beds is the only system for managing surface water. The
system has many benefits, such as biodiversity and well-being, and it works well for
cultural heritage, with natural drainage at the bottom (Figure 13). With this method, the
precipitation is filtered, and the need for excavation of pipes which can have a negative
effect on archaeological remains is minimized.

Figure 13. Rainwater beds along a busy street in Drammen, Norway. Photo: Vandrup Martens, NIKU.
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Other examples of surface water management are the use of permeable materials
and surfaces to replace asphalt or concrete covers, particularly in urban contexts. We
have come across an aesthetically pleasing and efficient example in France (Figure 14),
where permeable materials and sedum were used as cover at a supermarket parking place,
infiltrating water to subsoil deposits.

Figure 14. Permeable pavement at a parking lot in central France. Photo: Vandrup Martens, NIKU.

Drainage and dehydration are the biggest threats to heritage preservation at Bryggen
in Bergen in Norway, and local infiltration will be an advantage for archaeological in situ
preservation. Here is a good example of both a rain bed and a larger infiltration system for
precipitation following the globally well tested Dutch model of water infiltration systems
(Figure 15) [57,58]. Various measures have been taken both above and below ground to
reduce the loss of groundwater from the World Heritage Site, by sealing the sheet pile
wall around the neighboring site to the north and using several surfaces in and around the
World Heritage Site to infiltrate collected rainwater into the ground [59]. The purpose was
to raise the groundwater level, which is of great importance for the continued preservation
of archaeological deposits and to prevent the historic wooden buildings included in the
World Heritage Site from being exposed to subsidence and subsequent damage.

3.4.2. Forest Management

Many government and non-governmental organizations in Europe directly engage
in afforestation programs to create forests and increase carbon capture. For some Nordic
countries, afforestation (either natural or intentional) can be an environmental problem
that entails a direct risk for the preservation of archaeological remains, cultural heritage
buildings, monuments, and landscapes, as well as the maintenance of biological diversity,
if not managed sustainably. Many cultural landscapes and ecosystems are disappearing
in overgrowth, and archaeological remains are damaged beyond repair, because of poor
or lacking management, the introduction of non-indigenous species, and a lack of knowl-
edge [60]. Afforestation also reduces the likelihood of identifying and locating ruins and
archaeological sites that have not yet been investigated.
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Figure 15. Rainwater bed and infiltration bed at Bryggen in Bergen, Norway. Photo: Dunlop, NIKU.

Measures to reduce the effect of natural afforestation, such as clearing of forests,
cutting of scrub, and grazing, can provide good results in terms of protection of cultural
heritage landscapes and the re-creation of natural and cultural values and qualities. It is a
continuous work and cannot be a one-off measure. However, one must also be aware of
risks to heritage sites and landscapes in this regard. Logging on unfrozen ground may cause
severe and permanent damage to archaeological remains, and construction of irrigation
ditches can permanently change water flows and destroy archaeological deposits. These
types of damage are often seen in connection with deforestation. A lack of functioning
regulation for follow-up actions, a faulty management plan, or an interruption of regular
maintenance of the cultural heritage landscape after forest clearing may cause irreparable
damage to archaeological heritage and built cultural heritage. The informants state that it
is necessary to coordinate national and local governments and professional bodies who
manage landscapes and natural resources, and to integrate cultural heritage in the forest
management plans.

3.4.3. Nature and Landscape Management

A general challenge for cultural environments and cultural landscapes involved
in nature management processes is that natural resources and nature maintenance are
prioritized over the preservation of cultural heritage. As an example, semi-natural habitats,
post-Reformation buildings and intangible cultural heritage in protected landscapes such
as national parks, are not enforced as directly in the park’s chart as natural assets and
values, and thus, they are not always given the necessary focus enabling them to be
preserved. Although archaeological heritage sites are in principle better protected by the
law, archaeological traces in protected areas can be exposed to wear and tear due to mass
tourism or to destruction due to lack of knowledge. Cooperation, knowledge, and a holistic
approach, as well as dissemination, will contribute to the reduction in this type of conflict
of interest and to better protecting cultural heritage in nature management.

Restoring natural water flow and saturating peatland through a process commonly
referred to as “rewetting” is a process used in climate change mitigation to reduce carbon
emissions and restore ecosystems characteristic of the pre-drained landscape [61-63]; for
instance, Iceland has initiated several rewetting projects, and the Norwegian Ministry
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of Climate and Environment made the same recommendations [64]. Regarding cultural
heritage, rewetting can be a way to secure vulnerable organic archaeological traces and
preserve the cultural landscape and biodiversity. However, as some of our informants
pointed out, cultural heritage in peatland landscapes is not always adequately considered.
Tlerup Adal in Denmark, the oldest and largest site from the Early Iron Age where weapons
were sacrificed [65], is an example where only limited monitoring has been carried out and
no rewetting has been implemented on the unexcavated areas (most of the valley), as would
ideally be desired from the point of view of cultural heritage. Instead, intensive drainage
has been carried out in order to cultivate wet areas. Here, archaeological interests stand
in opposition to agricultural interests, and there will be a abdication of responsibilities,
from private actors to municipal, regional, and state. This type of unresolved area of
responsibility threatens the preservation of important archaeological sites and cultural
landscapes, and it may apply to further drainage of existing agricultural lands as well, due
to more precipitation and greater need for drainage to ensure local food production.

Countries in Scandinavia receive support for the maintenance of cultural landscapes,
but Southern European countries provide alternative methods of management that foster
the protection of environments and species [66]. In Switzerland, France, Italy, and Spain,
support has been provided in Alpine areas for the maintenance of cultural landscapes and
traditional farming practices in the form of local initiatives, financial support, certification
systems, compensations, etc., i.e., renumerated shepherds and sheepdogs who follow graz-
ing animals on traditional routes and protect them from predators [67-69]. In Switzerland,
this aid is not implemented as agricultural support, but specifically as a support for the
maintenance of the cultural landscape [70]. This practice is seen as essential to ensure
grazing of areas that have traditionally been kept open as pastures or meadows through
human activity. It is a way of preserving both intangible and tangible cultural heritage, at
the same time as it helps protect valuable cultural landscapes and wildlife. In turn, it has a
significant bearing on the socioeconomic development of rural regions (e.g., employment,
agrotourism, recreation, etc.). These solutions can indeed be seen as crossing nature-based
and culture-based solutions.

3.4.4. Culture-Based Solutions

Pluralistic knowledge (knowledge pluralism) is of great value when it comes to climate
adaptation and mitigation, UNESCO believes. The Netherlands is cited as an example
where culture-based solutions (CBS) are used in climate adaptation work. Dealing with
water problems is not new in the Netherlands; there are centuries of experience and knowl-
edge to fall back on. UNESCO has written another report focusing specifically on CBS that
have been implemented in the Netherlands: “Culture and heritage for climate adaptation.
Four examples from the Kingdom of the Netherlands” [71]. The report discusses and
gives examples of how cultural heritage can be used actively in connection with climate
adaptation. UNESCO emphasizes the importance of CBS and believes that cultural heritage
should not only be seen as a victim of climate change, but also as part of the solution.
We try to focus on adaptation to possible damage to heritage sites and landscapes caused
by climate change mitigation, and we would like to emphasize that historic solutions in
heritage itself may contribute to the adaptation and future solutions (see e.g., SACC [72]).

Knowledge of historic use of nature and climate adaptation of buildings and building
environments could contribute to future solutions for climate adaptation. When looking at
the impact of climate adaptation measures on cultural heritage, there is a clear potential in
gaining knowledge about how humans have historically managed cultural monuments and
cultural environments. The importance of traditional crafts for fighting climate change has
also been stressed in the ICOMOS IFLA 2017 convention [73]. Knowledge of past solutions
can provide supplementary knowledge to today’s choice of good solutions. It is obviously
useful to consider culture-based solutions, in parallel with nature-based solutions, when
discussing climate adaptation and in general when looking at good examples, see Figure 16.
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Our informants mentioned culture-nature based solutions as the next step to best integrate
cultural and natural perspectives in climate change mitigation and adaptation measures.

.

Figure 16. At Huseby bruk in Sweden, historical maps have been used in the restoration and
re-creation of wetlands, as a measure to deal with water problems. Photo: L.G.foto/Wikimedia
Commons/CC BY-SA 4.0.

3.5. Adaptation to Extreme Hazards

In a changing climate with increasingly frequent extreme weather events in the Nordic
region, there is a need to secure heritage, both buildings and archaeology, to prevent
damage. This is done in two ways that complement each other; preparedness and plans for
mitigation, adaptation, and salvaging, and active changes to secure cultural heritage before
an incident strikes.

Preparedness work is especially important at local levels, and includes the planning
sector at the municipal level, the local fire brigade, and the owners and managers of the
properties. However, this is seen as challenging because of the crossing of responsibility
levels; an area plan for securing a heritage environment might include several owners.
The incentive is not clear enough for spending money and resources on these issues, even
though it is much more cost-effective to invest in preventive risk management planning
before disaster has struck (and reduces the loss of cultural historical values as well), than
to spend large amounts in post-disaster recovery and rehabilitation, [74-76]. Again, a
paradigm shift seems required to ensure the prioritization of safeguarding heritage and
disaster prevention.

At the municipal level, climate protection and adaptation measures to meet climate
change can therefore be to secure individual buildings or archaeological sites from damage
by, for example, sea level rise, coastal erosion, floods, surface water, droughts, and fires. Rel-
evant measures to secure heritage sites can be to build flood defences, make rain beds near
buildings (infiltrating water to preserve both wooden building foundations and archaeolog-
ical deposits), lifting or moving buildings, increase safety in built environments that have
previously been exposed to fire, and create filtration systems for surface water to prevent
damming. There are also examples of securing listed buildings that are disassembled for
temporary or permanent storage, to prevent damage from coastal erosion.

One of the challenges associated with securing buildings and sites to minimize damage
from extreme events, is the safeguarding of the cultural-historical value of both built and
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archaeological heritage. By carrying out major changes in the environment one will also
change the inherent values, and this should be considered when designing and implement-
ing plans. Few of the completed projects have included an impact assessment in which any
changes in the values are considered.

4. Discussion

When looking at the findings, we should ask the questions: “How can we adapt to a
changing climate and further develop and make the green transition without jeopardizing
heritage values? How can we implement this work to make the necessary changes?” Since
the existing literature does not approach this subject, we cannot discuss our findings by
referring to earlier studies and projects. The discussion will therefore be based on the results
from workshops and interviews to look forward and suggest future research directions and
implementation. Due to the comprehensive nature of the topics included in the results, not
all topics can be further discussed. Therefore, we have chosen the three most relevant areas
of interest, where we can approach future needs: interdisciplinary work, culture-nature
based solutions, and new energy supply systems.

4.1. Interdiciplinary Work

In March 2022, The Office of the Auditor General of Norway [Riksrevisjonen] launched
a report on investigation of the management of climate-related adaptation of buildings and
infrastructure [77]. Some of their main findings and topics for criticism correlate with our
findings; the lack of interdisciplinary systematized work to reach well-founded solutions
for adaptation of buildings and infrastructure. This was a topic that was apparent in
all completed discussions and interviews, for all the involved countries. We all see the
impact of our own actions, but not the impact of humanity’s actions, which makes a great
difference when it comes to climate change adaptations and the green transition.

Our findings show in general how complex the approach to climate change mitigation
and adaptation is. Both the challenges and the solutions bridge many fields of expertise,
which in general need interdisciplinary collaboration. In short, the results show that the
planning and execution of mitigation and/or adaptation measures lack the inclusion of
management of cultural heritage at an early stage, and in many cases that inclusion is
lacking completely. Previous undertaken work often lacks the focus and the understanding
of the long-term impact on heritage of the given measures. When the impact is unknown,
how can one take this into account when there is urgency in getting adaptation measures
implemented? Politicians are now talking about reducing ‘red tape’, i.e., the bureaucratic
rules that control development, to allow for faster implementation of adaptation and
mitigation of climate change. This can result in potential danger unless a paradigm shift is
implemented that includes heritage specialists in the planning processes from the outset.

The sectorization of management and a multi-level governance system are seen as
a general challenge when discussing cultural heritage in relation to mitigation measures
which are designed, among other goals, to fight climate change, avoid disasters caused by
natural hazards, and facilitate the green transition. The need for interdisciplinary thinking
is essential and beneficial from a wide range of perspectives [78-80] but seems to be easier
said than done.

The Nordic countries have different divisions of responsibility at different levels. For
example, in Norway, operational mechanisms are established at a more local and municipal
level than in Sweden, which rather, takes actions at county level. However, it would be
unreasonable to assume that local government agencies possess the necessary resources to
get deep insight and knowledge about complex, interdisciplinary debates on the impact
of climate change mitigation and adaptation measures on Nordic cultural heritage. Part-
nership between national, regional, and local government agencies is essential to properly
ensure knowledge sharing and a holistic management. Nevertheless, it is important that
understanding, knowledge, and participation, including training, are also anchored locally
to enforce site-specific adaptation and mitigation measures that are adapted to the local
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cultural heritage and environment; additionally, analyses and monitoring should also be
conducted on a local scale, providing tailor-made solutions.

The conversations with the informants highlighted an urgent need for an earlier
and wider inclusion of cultural heritage issues in the processes dealing with climate
adaptation and mitigation measures in other sectors. Their impact on cultural heritage can
be variable. As we lack the proper distance and integrated knowledge about this relatively
recent problem, some measures can easily trigger a type of “domino effect” with delayed
implications and unpredictable consequences for Nordic cultural heritage. A solution for
mapping the long-term effects on heritage could be an interdisciplinary approach.

It is easy to state a need for interdisciplinary work, to avoid silo-thinking and the
ensuing negative impact on our heritage. It is widely known that interdisciplinary work
is especially needed when complex, real-world problems cannot be understood or solved
with the tools and perspectives of only one discipline [18], but how should this be done?

This complexity requires a paradigm shift, a change of attitude on the part of designers
and executors, where the focus is on system-based methodology for interdisciplinary
and complex processes and opens for cultural heritage assessments to implement good
measures. The interdisciplinary approach is needed at planning stages, preparedness,
damage limitation, and salvaging. There is a crucial need for a mapping of possible
systems of collaborations in municipal management; a sort of “border crossing public
management”, not just for cultural heritage, but for finding solutions for climate-related
adaption in general. Relevant systems for multidisciplinary processual collaboration can be
giga mapping, systems thinking, and boundary work. We also see the need for a systematic
approach on how to integrate relevant research in the daily work for municipalities and
management. Translational research might pinpoint the needs here. The goal would be to
include cultural heritage assessments in connection with climate adaptation measures at
local, regional, and national levels.

The workshops and interviews viewed the need for national, Nordic, and interna-
tional co-operation on guidelines and legislation. To be able to meet these needs, we would
suggest that the Nordic countries could facilitate a Nordic knowledge bank. The knowl-
edge bank should focus on hands-on, practical measures to spread the knowledge and
best-practice of adaptation measures and solutions for the green transition that do not com-
promise with cultural heritage. This could be a Nordic network of professionals. The focus
should be on assessing the use of traditional materials and implementing environmentally
friendly quality materials. The network should facilitate and help local management in
including heritage at an early stage for local and regional matters, and the work carried out
there should have transfer value to other countries.

4.2. Culture-Nature Based Solutions

Our Nordic heritage would benefit from culture- and nature-based solutions, where
the long-term effect of both mitigation and adaptation is mapped and analyzed. Nature-
based solutions can be done in many ways, and heritage may benefit in various ways
and scopes. Rewetting of areas to restore natural water flow and saturating peatland is
supported through EU standards. In parallel, intensive drainage is carried out to cultivate
wet areas to ensure food production, and in these conflicting issues, archaeological sites
and cultural landscapes can be affected. A dialogue between sectors is necessary, where
ecosystem services, agriculture sectors, climate experts, and cultural heritage research
and management jointly choose which areas to focus on and which solutions to adopt. It
ensures the implementation of efficient rewetting process, as well as both the preservation of
cultural heritage and the maintenance of agricultural landscapes. Other ways of managing
landscapes are reforestation and clearcutting of forests.

To secure archaeological sites and cultural landscapes, as well as buildings and built
environments, from extreme natural hazards in the best possible way, it will be necessary
to study and evaluate historical safeguarding solutions against local climate conditions and
assess the extent to which these solutions can contribute knowledge that is also relevant
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in relation to today’s safeguarding needs. So-called culture-based solutions (CBS) look at
historical approaches and retrieve present historical knowledge about climate adaptation,
to assess which methods previously worked [72].

When looking at today’s management, there are unintended side effects that need
to be included in the analysis of landscape management and the analysis should involve
historic approaches in areas valued as cultural landscapes.

Greenhouse gas calculations and life cycle analyses are becoming more and more
relevant tools in restoration processes of buildings, which several previously mentioned
projects address. There are, nevertheless, needs for further development of more cus-
tomized calculations on savings on greenhouse gas emissions and saved energy in relation
to material use when upgrading older buildings. The same goes for emission calculations
on new buildings that require demolition of old buildings. Here, storage of carbon in the
materials in the calculations should be included. Different qualities of materials should
also be considered in the analyses. Traditional craftsmen can have an interesting ecological
approach and are important knowledge carriers in these matters. This is indeed a beneficial
way of looking at different culture-based solutions; where material quality secures the
long-term effect of the upgrading, keeping alive the traditional ways of choosing the right
solutions supporting energy efficiency. The challenges of using high quality materials are
of course closely related to market prices; but could we facilitate a new wave of using
cost-benefit analyses when choosing material for our old buildings? Could we in some way
challenge today’s timber market, by rewarding those who steered away from the cheapest
materials and chose the solutions minimizing the carbon footprint and being healthy both
for buildings and people?

The national system in each country must be rigged for alternative thinking in support-
ing owners and managers so it becomes easy for them to choose cultural- and nature-based
solutions when maintaining heritage sites and making areas of cultural heritage and land-
scapes resilient.

4.3. New Energy Supply Systems

The constant warning from IPCC is alarming in many ways, but when looking at the
speed of change, the need to change our lifestyles to limit the greenhouse gas emissions is
particularly urgent. Because it is so difficult to make “everyone” undergo vast changes, and
giving up benefits, there is a galloping need for making electricity greener and renewable.
We need to hurry in a slow way, making room for border-crossing risk analysis and the
impact of our heritage. In this case, the “red tape”, the bureaucracy, is a friend of cultural
heritage, allowing at least the possibility of this being included in the planning processes.
Regarding wind power, it would be beneficial for Norway and the northern part of Sweden
to follow the development in the southern part of the Nordic countries by placing the
power station with all its gear and infrastructural needs where there is already existing
infrastructure. Some people and companies are always making large profits on green
solutions, and they have all the right justifications for placement where the income is high.
This goes for the charging stations for electric cars as well; to make good decisions on where
to place charging stations, include heritage expertise, so other countries can consider good
examples, and not only learn from other countries” mistakes.

After 24 February 2022 and the war in Europe, the question of nuclear power was
revived. Countries that did not consider this as a relevant issue before, now suddenly do
(as in Norway). Some countries have advocated that nuclear power should be considered
green energy (e.g., Sweden and France), whereas others argue the opposite (e.g., Germany
and Denmark). When considered from a future heritage perspective, nuclear power cannot
be considered green energy. The power production itself is not the most problematical,
though it does require a non-renewable resource as fuel, and a nuclear power plant covers
a much larger, though more compressed area than a windfarm. The real problem is long-
term nuclear waste management. Any material that requires safekeeping for 10,000 years
before it no longer poses a health threat to plant or animal life must be seen as a pollutant.
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10,000 years ago, the ice was retreating from the Nordic countries after the last Ice Age,
and human beings were arriving and settling in the Stone Age hunter-gatherer societies.
Human history has changed so much and so fast even in the past 1000 years, and not
a single societal system has so far survived millennia. It is impossible for people in the
present to guarantee the necessary future safeguarding of nuclear waste. Further focus on
more controlled and predictable power production from wind, water and sun is therefore
the better way to a green transition and a reduction in greenhouse gas emissions, as well as
a better way to protect natural and cultural heritage.

This is a call to heritage experts to join the debate on how we can provide useful
information when adapting to a climate that is more extreme and participate in discussing
the green future for the Nordic countries. The heritage experts can participate in many ways,
using knowledge concerning the long story lines back in time, to come up with solutions
that won’t harm our heritage either in the short term or the long term. The development of
new technologies is moving fast, and so are changes to the climate. Therefore, solutions to
these dilemmas concerning adaptation and mitigation in relation to protection of heritage
are needed now.

5. Conclusions

The Nordic countries implement mitigating and adaptive actions to reduce the effects
of climate change and reduce greenhouse gas emissions. This article has approached the
question of how cultural heritage may be affected by different climate mitigation and
adaptation actions, and it includes direct, indirect, and visual impacts of heritage sites and
landscapes. In this article, we have discussed how we can further develop and ensure the
green transition without jeopardizing heritage values, and how we can implement this
work to make the needed changes. We have chosen to discuss in depth the three most
relevant areas of interest to see where we can best address future needs: interdisciplinary
work, culture-nature based solutions, and new energy supply systems. As the topic is
both complex and not previously discussed in articles, the recommendations for work that
needs to be incorporated now are concluded here as a summary of the discussion. The
long-term perspectives of the suggestions are not yet known, nor the adaptation measures
to be implemented in the future. Therefore, we need to base our knowledge on theoretic
and historic approaches.

We conclude with recommendations on what we believe should be prioritized in the
continued work of reducing the risk of damage to cultural heritage in the future. The
recommendations cover local and international conditions, they cross sectors and political
guidelines, and they reflect the need for newly developed knowledge, interdisciplinarity
and the need for a change of attitude, a paradigm shift in planning processes. At the
intersection of climate, measures, management and cultural heritage, there are some
complex challenges, but they can be solved.

We recommend early involvement of the heritage sector in all processes concerning
contingency plans and impact assessments, and, thus, method development for systematic
processual work. Additionally, there is a special need for developing detailed map-based
cross-analyses for risks of extreme events such as flooding or landslides and their impact
on cultural heritage. Use of historic climate adaptation, where the adaptive actions carried
out by people facing similar challenges earlier are analyzed, will also contribute to well-
founded holistic evaluations of future needs and solutions.

We recommend the establishment of a Nordic knowledge bank. The knowledge bank
could be a Nordic network of professionals in cultural heritage research and management.
There should be examples of hands-on, practical measures to spread the knowledge and
best-practice of mitigation and adaptation measures that are not in conflict with cultural
heritage. The network should focus on assessing the use of traditional methods and
materials and implementing environmentally friendly quality materials and facilitate and
help local management in including heritage at an early stage for local and regional matters.
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We recommend close cooperation between national authorities responsible for plans
on increased power production, power transmission systems, and cultural heritage manage-
ment in the Nordic countries. There is also a need for developing future scenarios related
to how an extended investment in renewable energy in the Nordic countries, coupled to
a close connection to the European power market, will impact Nordic cultural heritage,
directly, indirectly, and visually.

Lastly, we would like to point out that impacts on cultural heritage by climate mitiga-
tion or adaptation actions may be difficult to distinguish from impacts from climate change
itself, when we talk about the need for knowledge, accountability, and practical execution.
Thus, our advice will also have relevance concerning heritage preservation in general. As
the impacts of climate mitigation or adaptation actions on cultural heritage has so far not
been prioritized, we recommend that this subject should be actively included in existing
work on cultural heritage and climate change impacts. A good place to start would be to
establish the knowledge bank that can start raising awareness of these matters in general.
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