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Preface to ”World Heritage and Climate Change”

World Heritage represents natural and cultural resources that are so exceptional that they should

be forever conserved for all humankind. World Heritage sites and immovable and movable cultural

heritage are of high significance, as they are a vital expression of the culture that makes a place or a

community unique, and their loss could be catastrophic. However, many natural and cultural World

Heritage sites are at continuous risk from climate change. There is an urgent need to understand the

ways in which the climate threatens various sites, immovable objects and artifacts, and to understand

what adaptation strategies, if any, are appropriate for their conservation. The literature over the last

10 years is replete with discussions of risk assessments, planning strategies and adaptation plans.

We are awash with information but impeded by a dearth of understanding. This Special Issue brings

together a select group of authors, each of whom contributed to an understanding of World Heritage

in a changing climate. Each invited paper addresses a subset of the natural or built environment

and synthesizes what is known and what uncertainties face decision-makers and offers examples of

tools or strategies to implement in situ. Among the proposed strategies are novel schemes of both the

mitigation of and adaptation to climate change and ideas for monitoring the conservation status of

the heritage site and/or object under examination.

Detailed past climate reconstructions of dangerous events and the simulation of future climate

change scenarios are lacking at the World Heritage site scale. This knowledge is important for

evaluating climate changes that currently threaten World Heritages and, even more so, changes

that will threaten them in the future. Scarce knowledge is available about past climate at World

Heritage sites that have been reconstructed using instrumental, documentary and paleoclimatic data.

The reconstruction of multi-century series of temperature, precipitation, wind force and direction,

relative humidity and the frequencies of floods and landslides that impact these sites could elucidate

the real effects of the changes that we are observing. This type of knowledge allows us to improve

the calibration of scenarios of changes over the near and distant future and clarifies the urgency of

implementing adaptation measures.

Chiara Bertolin, Jim Perry

Editors
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Abstract: Climate change mitigation targets have put pressure to reduce the carbon footprint of
cultural heritage buildings. Commonly adopted measures to decrease the greenhouse gas (GHG)
emissions of historical buildings are targeted at improving their energy efficiency through insulating
the building envelope, and upgrading their heating, cooling and lighting systems. However, there
are complex issues that arise when mitigating climate change in the cultural built heritage sector.
For instance, preserving the authenticity of heritage buildings, maintaining their traditional passive
behaviours, and choosing adaptive solutions compatible with the characteristics of heritage materials
to avoid an acceleration of decay processes. It is thus important to understand what the enablers,
or the barriers, are to reduce the carbon footprint of cultural heritage buildings to meet climate
change mitigation targets. This paper investigates how climate change mitigation is considered in the
management and preservation of the built heritage through semi-structured interviews with cultural
heritage experts from the UK, Italy and Norway. Best-practice approaches for the refurbishment of
historical buildings with the aim of decreasing their energy consumption are presented, as perceived
by the interviewees, as well as the identification of the enablers and barriers in mitigating climate
change in the cultural built heritage sector. The findings emphasise that adapting the cultural built
heritage to reduce GHG emissions is challenging, but possible if strong and concerted action involving
research and government can be undertaken to overcome the barriers identified in this paper.

Keywords: adaptation; climate change; cultural heritage; energy efficiency; historical buildings;
mitigation; refurbishment; sustainability

1. Introduction

By ratifying the Kyoto Protocol, the European Union (EU) committed to reducing its emissions of
greenhouse gases (GHGs). Such a commitment was further reinforced by the 2015 Paris Agreement in
which the EU agreed to a 40% reduction in GHG emissions by 2030 [1]. This can be accomplished,
in part, by improving the energy efficiency of buildings as they are responsible for 40% of the total
energy consumption in Europe [2,3]. However, a large percentage of the European building stock is
composed of historical buildings, with 35% of them over 50 years old and 75% inefficient in their use of
energy [2,4]. The potential contribution of the cultural built heritage sector to GHG emission reduction
targets is therefore significant and requires action.

The United Nations Educational, Scientific and Cultural Organization (UNESCO), the International
Centre for the Study of the Preservation and Restoration of Cultural Property (ICCROM) and the
International Council on Monuments and Sites (ICOMOS) have pledged for the development of

Climate 2019, 7, 90; doi:10.3390/cli7070090 www.mdpi.com/journal/climate1
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mitigation strategies applied to cultural heritage. This is particularly relevant to Europe where a large
percentage of the heritage properties inscribed in the UNESCO World Heritage List are located [5].
They also encourage managers to reduce GHG emissions at site level, especially within the World
Heritage network [6]. Strategies to mitigate climate change in the built heritage sector include the
implementation of energy efficiency measures, for instance, decreasing the use of energy for lighting,
heating, cooling and ventilation, or reducing the energy used for transporting building materials. Other
measures which can contribute to mitigation efforts include waste reduction, reusing and recycling
materials, using sustainable materials and processes and decreasing water use [7,8]. The carbon
footprint of the cultural built heritage can also be reduced through energy efficiency planning and
interventions to decrease emissions within its own management [9].

The cultural built heritage sector can therefore significantly contribute to climate change mitigation.
The aim of this paper is to understand how climate change mitigation is currently considered in the
management and preservation of the cultural built heritage in Europe. Specifically, the objectives are
to determine the perspectives of experts in cultural heritage preservation on the enablers - and the
barriers - to mitigate climate change within their sector, and to identify best-practice approaches for
the refurbishment of historical buildings with the aim of decreasing their energy consumption.

2. Mitigating Climate Change in the Cultural Built Heritage Sector

There is an increasing body of research on climate change mitigation in the built heritage sector,
with most studies focusing on reducing the energy used in heritage buildings through retrofitting
efforts, i.e., improvements in the thermal performance of the building envelope, and upgrading the
heating, ventilation and air conditioning systems. Less research has been accomplished on the use of
traditional passive measures in historical buildings as strategies to reduce energy consumption, and
on the use of the Life Cycle Assessment (LCA) methodology for the selection of materials requiring
less energy to produce, and thus emitting less CO2. There is also limited research on energy saving
measures induced by changes in user behaviours, and on the challenges associated with improving
the energy efficiency of heritage buildings in relation to the impact of the refurbishment on their
historical value.

Several studies investigated possible retrofitting solutions for historical buildings to reduce their
energy consumption. The proposed measures include improved thermal insulation of floors and
roofs, external wall insulation through the use of highly insulating plaster [10], the installation of
more efficient (and draught-proofing) windows, the improvement of heating, cooling, ventilation and
lighting systems (e.g. installation of light emitting diodes [LEDs]), the installation of photovoltaic
tiles, and even the elimination of rising damp [11–13]. Hence, previous studies have mainly presented
examples of retrofitting of historical buildings that have been successful in decreasing the building
energy consumption.

Improvements in the insulation of the building envelope is a major theme in climate change
mitigation. There are several options and evidence for their varying effectiveness, including recently
advanced options. For example, Berardi [14] investigated the properties of aerogel systems with
plasters, concrete tiles/panels and fibre blankets, emphasizing that these materials have great thermal
performance, but they are too expensive to be used for a sustainable economic return. Also,
Zhou et al. [15] investigated the performance of internally insulated walls with aerogel-based high
insulating plaster and renders such as lime mortar and mineral plaster, indicating that internal
retrofitting using such materials can alter the hygrothermal performance of walls and, for this reason,
recommended caution in their use. Novel but more traditional methods of insulation can also be used,
e.g., Nardi et al. [16] investigated the upgrading of the internal vertical envelope using insulating
panels made of hemp fibre, which resulted in increased thermal performance. There are, nonetheless,
possible disadvantages resulting from these building alterations, such as an increase in decay caused
by changes in hygrothermal performance and vapour movement when new materials are introduced
to increase thermal performance.
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Another area of attention is the improvement of the heating, cooling, ventilation and lighting
systems e.g., [17], and the cogeneration of heat and power using renewable energy sources to reduce
the buildings’ operational energy requirements. These can include heat pumps as heating and cooling
systems, which use outdoor air, underground water e.g., [18,19] and heat stored in the ground
e.g., [20–22], demand-controlled ventilation and trigeneration technologies [18], efficient lighting
systems [23] and ‘hybrid’ energy systems [24]. Unlike other research, Lo Basso et al. [24] considered
the heritage values as a key factor to take into consideration when proposing changes to the heating
and power system of historical buildings, notably in the use of photovoltaics, solar hybrid collectors,
and heat pumps as solutions to effectively reduce their energy consumption. This is because there is a
risk of incompatibility, as the use photovoltaic systems, for example, can affect the aesthetic value of
a historical building. These examples, amongst others, paint a complex picture; it can be difficult to
identify a solution due to the subjectivity of different aspects to take into consideration when designing
refurbishment measures, such as values and money.

Traditional passive measures adopted in historical buildings use renewable energy sources,
notably wind and solar, for heating, cooling and ventilation. Such measures include the design of
patios and courtyards to improve building ventilation [25], the use of natural ventilation [26,27], double
windows [28], and coloured reflecting mortars and tiles [29,30]. On the one hand, these measures can
effectively maximize the intrinsic characteristics and behaviours of historical buildings, for example by
using natural ventilation in heavyweight buildings for night pre-cooling in warm climates [26]. On
the other hand, these approaches should consider aspects such as heritage value preservation and
the energy embodied in the materials of the building, i.e., the energy required for their extraction,
manufacturing, transportation, and during construction. For instance, Rosso et al. [29] demonstrated
that the energy demand for cooling a building was decreased by using newly developed coloured
reflecting mortars and tiles. However, the aesthetic impact of applying these new mortars should be
evaluated against the potential loss of heritage values and the energy embodied in the original mortars
and tiles. One could argue that if the historical tiles are not damaged, there is no reason to replace them,
as their replacement will result in GHG emissions and a loss of heritage value. Effectively, the energy
embodied in historical buildings is rarely considered in energy-retrofit strategies [31,32]. The adaptive
reuse of heritage building materials can reduce GHG emission; nonetheless, historical buildings still
need to be upgraded to be energy-efficient over their full life cycles [32]. Some assessments have
compared the energy embodied in historical materials with materials that are more recent. However,
such comparison should not be done on its own and needs to consider the historical and cultural value
of the ancient materials. The adaptive reuse of historical buildings allow for preserving both the energy
embodied in the material and the heritage values of the building [33].

Also, Litti et al. [34] investigated the replacement of historical windows with new ones as an
additional measure to improve thermal insulation. The findings highlight that replacing windows does
not necessarily allow for the largest energy savings over their full life-cycles, while their maintenance
may result in comparable or more considerable savings [34]. In fact, the LCA methodology can be used
to select solutions or materials using less energy and thus emitting less CO2, however, the application
of the LCA methodology is still in its infancy in the cultural heritage sector [35,36]. As a result of
this gap in knowledge, Bertolin and Loli [37] developed a decision-support tool integrating a LCA
approach within the framework of building conservation principles, nonetheless, they highlighted the
need for further work in this direction given the complexity of this issue.

There are not only material aspects to consider when retrofitting historical buildings. Users’
behaviour has an important role to play in mitigating climate change, as it determines the preference
and choice for room temperature and ventilation, for instance [38], and can help target specific groups
in carbon reduction strategies. Many studies highlighted the high energy saving potential derived
from changes in user behaviour [39–43], which they estimated to range from 62 to 86% [40]. Human
behaviour, however, can lead to a rebound effect in energy usage. Hens et al., [44] showed an example
of such a rebound effect with the average indoor temperature of houses increasing after improving
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insulation. The increasingly energy-intensive way of life should also be considered when designing
energy-efficiency policies and strategies by promoting lifestyles compatible with carbon reduction [45].
Occupants’ behaviours in their use of energy can be approximated using variables such as type of
dwelling or the Heating, Ventilation and Air Conditioning (HVAC) system they use, and thus help at
targeting carbon reduction strategies to specific groups. Guerra Santin et al. [46] found that occupants
living in non-detached dwellings or in houses where thermostats are installed consume less energy,
for instance. This shows that more engagement with behavioural research is needed to identify
opportunities for reducing GHG emissions [47].

Yarrow [48] investigated the perspectives of building professionals, planners and home owners
in relation to not only the issue of climate change mitigation when refurbishing historical buildings,
but also on the challenges involved in relation to the impact of energy efficiency improvements on
the historical significance of heritage buildings. On the one hand, there is pressure to preserve the
authenticity of the historic built environment, but, on the other hand, there is pressure to mitigate
climate change. Considering the above options, it is clear that many mitigation choices involve physical
alteration of heritage assets. This raises the question as to whether the mitigation solutions proposed
in the literature are compatible with the heritage values and also with the traditional characteristics
and behaviour of historical materials and structures. This is a complex issue and there are contrasting
examples in the literature. For instance, Ascione et al. [49] developed a methodology to select measures
to retrofit a historical building according to energy, environmental and economic indicators. Using
that methodology, one of the solutions identified was the replacement of the historical windows
with new double glazed ones, a solution that was proposed without considering the values of the
heritage building. As an example of best practice, De Santoli et al. [50] focused on reducing the
heat load of a historical building and, to deal with this issue, their proposed solution consisted of
an air exchange system integrated with the existing architectural elements of the building, such as
chimneys and fireplaces. By converting them to a new role, the solution remained compatible with the
heritage values, and minimised changes to the building fabric. Webb [43] further stressed that energy
retrofitting of historical buildings can be an opportunity to help preserve them for future generations.
There is an inherent complexity in balancing the drivers and constraints of mitigation-related energy
retrofitting of historical buildings [48]. There is a desire to improve internal comfort and to reduce
operating costs, while the need to preserve heritage values can constrain mitigation actions; for example,
Cornaro et al. [10] discounted the potential for interior wall insulation due to the presence of frescoes.

Overall, the literature on approaches to reduce GHG emissions in historical buildings focuses on
presenting case studies on measures to improve the thermal performance of historical buildings, e.g.,
building envelope insulation and upgrading of heating and cooling systems. This is in addition to
generic advice on reducing the environmental footprint of historical buildings through retrofitting,
renewable energy generation on site, offsetting carbon emissions, managing waste and using water
more efficiently, both from a technical point of view e.g., [8,51,52] and for informing buildings’ owners
and the public see [53–55]. This review highlights the paucity of studies on the challenges to overcome
in the cultural built heritage sector to mitigate climate change. A broader picture is needed to inform
and support decision making on the priorities to consider when promoting climate change mitigation
in the cultural built heritage sector. A number of questions remain insufficiently addressed in the
literature, notably, how do experts involved in the preservation of the cultural built heritage consider
climate change mitigation? What are the enablers for implementing mitigation strategies, and what
are the barriers to overcome? Answering those questions is essential for the development of mitigation
measures and for the identification of future research directions. To date, most studies have used
quantitative methods, except for Yarrow [48] who followed a qualitative approach. The current study
uses a qualitative methodology involving interviews with experts, and the above literature review was
conducted to provide background information for the interpretation of the interviewees’ responses.
To the author’s knowledge, this is the first paper that identifies enabling and constraining factors as
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well as examples of best practice in mitigating climate change in the built heritage sector as a result of
consultations with experts.

3. Methodology

The methodology used in this study consisted of qualitative semi-structured interviews with
experts in the preservation and management of cultural heritage. In total, 45 interviews were conducted
in the UK, Italy and Norway; three European countries with different climates and heritage typologies.
The selection of case study sites in those three countries allowed for triangulation of information.
These sites were also selected as they form part of a larger project led by the first author with research
on vulnerability and adaptation to climate change risks reported elsewhere [56,57]. The number of
interviews was based on the principle of saturation in qualitative research, i.e., when it became evident
that there was redundancy in the interviewees’ answers and no new theme emerged, no additional
interviews were conducted. The interviewees were academics and researchers working in different
universities and research centres, including experts involved in EU-funded projects focusing on climate
change and cultural heritage (42%); practitioners working in organizations and institutions with a
focus on the preservation of cultural heritage (27%), and managers, coordinators and professionals
involved with UNESCO World Heritage Sites (WHS) (31%). Eighty percent of interviewees have more
than 10 years of experience working on preserving cultural heritage and there were more males than
women interviewees (Table 1).

Table 1. Characteristics of the interviewees: type of organization where they work, number of years
working in the cultural heritage sector and gender (n = 45).

Type of Organization.
Number of Year Working in the

Cultural Heritage Sector
Gender

Universities and research centres = 42% 1–9 years = 20% Male = 58%

Governmental institutions = 27% 10–19 years = 30% Female = 42%

Heritage sites = 31% 20–29 years= 30%

30–39 years= 18%

>40 years = 2%

The interviewees were from diverse backgrounds and specializations, including anthropologists,
archaeologists, architects, conservation scientists, geologists, biologists, managers and coordinators of
heritage sites, sustainability officers and urban planners. The structure of the interviews was prepared
in advance, but during the interviews the order and number of questions varied according to the
interviewees’ expertise and answers (i.e., the interviews were semi-structured). Introductory questions
on the professional background of the interviewees were followed by a list of questions focusing on
themes related to climate change mitigation in the cultural heritage sector: GHG emission reductions
at heritage sites, improvement in the energy performance of historical buildings, sustainability of
materials, and methods used during conservation practices. Ethical approval for this research was
obtained through the University of the West of Scotland procedure. The interviews were audio recorded
and then transcribed, analysed and coded using the NVivo software (Version 11, QSR International
(UK) Limited, Daresbury, Cheshire, UK). The interviews were conducted in English in the UK and
Norway and in Italian in Italy. The Italian interviews were not translated during the coding process
but some quotes were translated for the purpose of displaying samples of interview quotations in
Tables 2–4.
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Table 2. Selected quotations in relation to the factors enabling climate change mitigation in the cultural
built heritage sector.

Themes Quotes

Economic
factors

“(Give) incentives (to) (...) people to make compatible (...) interventions.” (Academic)

“Incentives, (...) funding programs (...) could help people to (...) (do) things that otherwise they cannot do.”
(Heritage site manager)

“The state or municipality should provide incentives (and give funding) (...) (also) for non-listed buildings. (...)
The gap between economic, cultural, historical and social value should be bridged.” (Academic)

“When things cost more to do in the right way we have to have the willingness to pay more.” (Heritage site
coordinator)

“Recovering money (...) through energy saving.” (Academic)

“It is better to give work to people that live in the place and that can do maintenance, instead of bringing low
quality windows from abroad.” (Academic)

Legislation and
regulations

“(It) would be really helpful, particularly with tenements, if there was more legislation.” (Heritage site manager)

“There has to be work on the development of guidelines in collaboration with the municipalities.” (Academic)

“You have to get it written in management plans. (...) We need (...) tools, action and activities to help them.”
(Academic)

“(Regarding) making the buildings more energy efficient, (enforce) policy requirements when it is a public
building.” (Academic)

“To report the carbon usage of the building ( . . . ) on how the building is energy efficient." (Academic)

Normally buildings consume more energy compared (with) how they were designed. Post-evaluation needs to be
performed and needs a regulatory structure.” (Academic)

Sustainable
refurbishment
strategies

“Focus on reuse and adaptability. (Avoid) building waste.” (Academic)

“For the stonework (...) they sourced stone from a bridge that has been dismantled." (Member of governmental
institution)

“Use natural resources and materials.” (Heritage site manager)

“We rely on natural materials. We (...) promote the broader advantages in sustainability of the historic
environment in terms of social-economic sustainability (...) local jobs, skills. (...) Instead of getting something
(from abroad), we (engaged) a local firm. (...) Sustainable in terms of materials, (...) low carbon in terms of the
local economy." (Member of governmental institution)

“(Use) sustainable (products). Instead of mineral wool, there are wood-based products. ( . . . ) Traditional
materials: wood, stone...” (Academic)

“Every construction phase should consider the LCA (...) (this) is little applied to cultural heritage. Its
conservation ( . . . ) should be done with low emissions.” (Academic)

“(Historical buildings) will not be passive houses nor be A+++. We need to understand what we mean by
sustainability. If we change everything, losing the material and the energy used to produce it, we will have a better
building in terms of thermal performance, but we lost much more grey energy. We need to evaluate the
sustainability through 360 degrees.” (Academic)

Sustainable
transportation
strategies

“(Pedestrianisation) of historical city centres is a positive thing.” (Academic)

“Sundays without cars helps in sensitising (the issue). ( . . . ) To go in the city centre with the bike . . . ”
(Researcher)

“Promote appropriate transport. ( . . . ) people do not actually think to cycle instead of taking a bus.”
(Sustainability officer)

Change in user
behaviour

“Encourage people to conserve energy, save resources, recycle and reuse. (...) Those things have to become the
norm, rather that something special.” (Heritage site manager)

“We achieved 30% of reduction in carbon emission over 4 years based on ( . . . ) fabric interventions (and) change
in behaviour.” (Member of governmental institution)

“Wear another jumper instead of putting in double glazing.” (Heritage site manager)

“Run climate change and mitigation energy awareness. ( . . . ) Reduce the demand." (Member of governmental
institution)

“Work with owners and motivate them.” (Academic)

“Engage the citizenship.” (Researcher)

Knowledge “It has very much to do with knowledge ( . . . ) (and) information” (Academic)

“Sharing the knowledge ( . . . ) contributing to research” (Heritage site manager)
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Table 2. Cont.

Themes Quotes

Energy
compensation
strategies

“Face (the problem) at district or city level. (...) (Historical) buildings can be put in a grid of energy distribution
at district level (and receive) the energy surplus” (Academic)

“The concept of trade-off. (...) New design with thermal inefficiency in some parts but with improved efficiency in
others.” (Academic)

Table 3. Barriers in mitigating climate change in the cultural built heritage sector.

Theme Quote

Economic
factors

“There is very little incentive for certain building owners.” (Academic)

“Sometimes we are asking people to do things in a more expensive way.” (Architect)

“Many times, (...) economic aspect prevail over social, historical and cultural value.” (Academic)

Lack of
regulation

“Guidelines were created but (...) they will remain only suggestions if there is no political will to be stricter.”
(Head of heritage site association)

“Provide regulation to force (energy efficiency upgrade) of properties." (Academic)

“The regulation plan says that existing buildings can be refurbished (...) but the character, materials and colour
should be kept. ( . . . ) People should keep the material, (...) (make) repairs, (...) (but people) change them ( . . . )
interpreting the unclear text in regulation.” (Academic)

“Governments ( . . . ) are interested in devolution of regulation to local level ( . . . ) (including) cultural heritage
protection or listed buildings consent ( . . . ). But, do the (local authorities) have the capacity, (interest, and) (...)
knowledge? And, when ( . . . ) you ask who is looking at cultural heritage, (...) they would say, “oh, we could not
afford it”. ( . . . ) There is the need to have more written advice. (Member of governmental institution)

Value

“The older the building is and the more value the heritage has the harder it is. ( . . . ) If the building is mid-20th

century (...) (you can) get it in a high standard. But (...) (with) a castle there is a limit on how far you can go.”
(Academic)

“Insulating the outside of historical buildings in terms of authenticity and integrity (...) it is unthinkable. There is
a balance with the cultural significance of the elements.” (Academic)

“I wouldn’t like to (...) see solar panels all over beautiful old buildings. (They can) (...) be sited somewhere (else).”
(Heritage site manager)

“You never want to lose the original fabric, like crown glass or (...) timber sashes to put double glazing. ( . . . ) You
never get character back again because you can’t make crown glass anymore. (...) With traditional stone buildings
(...) you don’t want to alter the external fabric (...) (and) lose the (internal) original cornices and plaster work.”
(Heritage site manager)

“They prefer to build new low emission buildings and demolish existing historical buildings. (...) If you look only
at the environmental issues and not at the cultural (value) you are making wrong choices.” (Academic)

“Lack of information and education of the community on (...) heritage (value)” (Academic)

“(When) refurbishing without taking into consideration the authenticity of the materials (...) (historic elements)
are replaced (...) with totally different detailing.” (Academic)

Material
procurement
and
sustainability
certification

“Local materials should be more sustainable than (foreign), (...) (but) emission from shipping are not accounted in
any assessment (and) it (results) more (sustainable) to buy from foreign countries.” (Sustainability officer)

"Modern materials can travel all the world (...) (before to) come back to you.” (Academic)

“Little stock is produced. (...) (few) quarries (still) exist ( . . . ). You have to replace with stone (that) very often
(...) comes from (abroad)."(Academic)

“Resources from abroad ( . . . ) means that you are getting alien materials, there isn’t a correct geological match.”
(Heritage site manager)

“Local material (...) correspond better to (building) typologies and expression. ( . . . ) You (should) pay more for
(...) (transportation) emissions.”(Academic)

“If you are replacing (elements) (...) are you calculating those carbon costs? (...) What about the destruction of
what (...) has last seven hundred years? (...) It is a waste of money (...) (and) energy.” (Heritage site manager)

"This country calculates CO2 only within the borders (...). So, (foreign) stone ( . . . ) has much smaller carbon
footprint legally compared from (local) stone." (Academic)

“(Sustainability assessments) are very good for new construction, ( . . . ) (but tricky with) refurbishment. (...)
EPC (and) (....) building standards are really good for (new) or just refurbished buildings, but (there is) nothing
on historic values. (Sustainability officer)

“There are problems on how the (EPC) rating presumes the performance ( . . . ) we do not have data on the actual
performance of the buildings."(Academic)
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Table 3. Cont.

Theme Quote

User behaviour

“You make (a building) more energy efficient and theoretically you reduce the carbon emissions, then you find that
they are using it in a way that it is not proper. Carbon emissions are made also from the users.” (Academic)

“There is a cultural resistance to lighting from windows. ( . . . ) Electric artificial systems used when not
necessary it is a big issue. People still think that lighting is low in consumption, but it is not.” (Academic)

“Everybody wears t-shirts (in offices). ( . . . ) We do not try to save the energy as hard as we could.” (Heritage
site manager)

“The use-phase is important. (...) (heat pumps) were introduced to use less electricity, but now people have 25
degrees (indoor) (...). I do not know if they actually decreased the energy at the end. It is a rebound effect. You can
have zones in your house (...), night and day regulation, (...) educate people (to) (...) put on a jumper in winter (
. . . ). (But) they just want to stay with their t-shirt. ( . . . ) People do not know why they should (do) it.”
(Academic)

Lack of
knowledge

“If we (use) (...) a modern material, it can cause increase of decay with formation of mould, for example. We need
tests to know the consequences of their application.” (Academic)

“We need to understand which are the characteristics and the behaviours (of ancient buildings) and work with
them.” (Academic)

“We need skills of preservation of (old) materials. (...) (and) use the same methods ( . . . ) used when they were
built, not look only at today’s methods ( . . . ) and guidelines for energy efficiency.” (Heritage site coordinator)

"The sash and case windows were designed for having air conditioning. (...) A lot of historical buildings have this
inherent ability. (...) There is the need to understand the capacity of these buildings to cope with the external
environment and to maintain (comfort)." (Member of governmental institution)

“If people’s opinion is that new is always better, they are going to replace (elements). (...) If you promote to keep
them (...) that would help. But the (market is) (...) advertising for new windows. Heritage managers are not
considered experts in energy efficiency.” (Academic)

“People do what they want (...) entrepreneurs put new insulation (...) (which cause) problems with air tightness
compromising your building.” (Academic)

Loss of
traditional skills

“Traditional skills are going to be lost. If I have a technician that just mount PVC windows instead of a craftsman
(...) able to build a wooden window or to fix an ancient door, we are losing something.” (Academic)

“Other important resources are the technicians. We do not have enough people who know traditional skills”
(Academic)

“Some craftsman know about (historical buildings behaviour) but a lot (...) use the same techniques for new
buildings in the old ones; ( . . . ) the building industry does not take this into consideration.” (Academic)

Incompatible
solutions

“Changing the behaviour of the building will cause inside a series of problems.” (Academic)

“We need to be careful in adding insulation (...) (in) buildings. You can upset their balance, (...) blocking natural
ventilation and causing cold bridges.” (Heritage site manager)

“You want to (...) increase energy efficiency, but people are not worried about humidity and condensation causing
deterioration in the fabric."(Member of governmental institution)

“(In) wooden buildings (...) there would be vapour condensation somewhere, it is very important to (...) ventilate
(...). Damp barriers (...) prevent the house to breathe (....) (and) cause decay. People do not understand (or know
about building physics).” (Academic)

“Some levels of comfort are not sustainable for some heritage buildings. (...) Heating and cooling inside churches
can increase decay.” (Academic)

“The energy strategy (in refurbishments can be) contradictory. (...) (A refurbished building) had an overheating
problem (...) because of the (...) IT equipment. (...) They (internally) insulated a wall with a huge thermal mass,
(that) now cannot absorb the heat from computers, and they have to activate air conditioning.” (Member of
governmental institution)

Diversity

“You have to take each building or set of buildings. When were they built? How? (...)For what? What use can be
made of it now?" (Academic)

“That would be a question to raise in each building and the answer would be different from building to building. It
is hard to generalize.” (Academic)
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Table 4. Best-practice examples of cultural heritage refurbishment measures to mitigate climate change,
as proposed by the interviewees.

Theme Quote

Insulation

“Internal insulation, heat pump, soil insulation and roof insulation, improving the windows...”

“Maintain the wooden windows. (...) Putting insulation in the roofs, putting double glazing in the windows,
using heat pumps...”

“Insulation of floors, ceilings and roofs...”

"Put secondary glazing on historic windows ( . . . ) removable secondary glazing with magnets ( . . . ) double
glazing in winter and in summer you can take it off.”

“Put insulation under the floor, in the ground floor, towards the basement, in the roof. ( . . . ) Make the building
more airtight. Put secondary glazing or double glazing in historic windows without replacing them. ( . . . ) Make
zones. Halls in the entrance. ( . . . ) Insulation in certain walls (...) that are re-built.

Insulation and
ventilation

“Installing secondary glazing in windows to reduce the heat loss, improving the insulation in walls, floors and
ceilings. Reducing drafts. ( . . . ) Maintain the ventilation in historical buildings ( . . . ) in roofs. (...) Closing
curtains and having shutters.”

“Have shutters, heavy curtains, and secondary glazing. (...) Make sure that there is good ventilation. Add
insulation where appropriate.”

“Insulate in the inside (only if adequate) ( . . . ) provide the right ventilation ( . . . ) make sure that you have got no
condensation (...) new curtains or tapestry on the walls. (...) Using the blinds, using curtains ( . . . ). Insulate
under floor.”

Ventilation

“Mixed mode or hybrid ventilation system, in some cases natural ventilation supported by mechanical ventilation.
( . . . ) Mechanical devices to improve the natural ventilation of buildings in a controlled way.”

“Passive ventilation. (Avoid) air conditioning. ( . . . ) A lot of buildings ( . . . ) had passive ventilation, ( . . . ) like
chimneys and louvers ( . . . ) (that) provide thermal comfort with less energy.”

Lighting “Good light management process.”

Lighting and
insulation

“Changing light bulbs, repairing windows, secondary glazing, new lamping, loft insulation, cavity wall
insulation.”

Heating “Do not heat the building but heat the people.”

Heating,
lighting,
monitoring.

“Install LED bulbs. (...) Change the windows putting up films for the summer shading, upgrade the roof. Improve
the cooling and lighting systems. (...) Monitoring the environmental conditions all year.”

The interviews transcripts were coded using the categories: “enablers”, “barriers” and “best
practice”. Subsequent to coding, the transcripts were used to search for patterns in the data. This
search for patterns in the coded interview transcript led to the identification of themes representing the
factors enabling and those impeding climate change mitigation in the built heritage sector was then
determined by analysing the coded interview transcripts and are displayed in Figure 1.

Examples of quotes from the interviewees in relation to each of the identified themes are shown
in Tables 2–4 to explain the selection of specific themes and the categorisation of the information
provided by the interviewees. These representative quotes were carefully selected and shortened to
reduce the word count without compromising their meaning. The use of direct quotations allows the
reader to have a better understanding of the respondents’ perceptions about climate change mitigation.
The results do not present commonalities or differences amongst the interviewees, as the purpose
of this paper is to highlight the factors enabling or constraining climate change mitigation in the
cultural heritage sector, including examples of best practice for its implementation, as well as to
inform decision-makers and to identify research needs. Figure 2 summarises the steps involved in this
qualitative methodology:
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Primary coding Secondary coding

 

Figure 1. List of primary and secondary coding.

 

Figure 2. The qualitative methodology used in the current research.

4. Results and Discussion

The investigation first examined the interviewees’ perceptions to identify the factors that enable
and those that act as barriers to climate change mitigation in the cultural built heritage sector. During the
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interviews, the participants addressed issues such as reducing carbon emissions and the transition to a
low carbon economy, improvements in the energy performance of historical buildings, the preservation
of heritage values, the sustainability of materials and methods used for refurbishing and restoring
heritage assets.

4.1. Enablers of Climate Change Mitigation in the Cultural Built Heritage Sector

The interviewees were positive about adapting the cultural built heritage to mitigate climate
change and identified a number of factors that enable this. These factors were grouped into six themes:
‘economic factors’, ‘legislation and regulations’, ‘sustainable refurbishment strategies’, ‘sustainable
transport strategies’, ‘user behaviour’, ‘knowledge’ and ‘energy compensation strategies’ (see Table 2).
Figure 3 shows the number of interviewees mentioning each of the identified enablers. For example,
13 interviewees, i.e., the 29% of the total number of interviewees, mentioned ‘economic factors’ as an
enabling factor to climate change mitigation in the cultural heritage sector.

 

 

7%

20%

18%

11%

31%

20%

29%

0% 5% 10% 15% 20% 25% 30% 35%

Energy compensation strategies (n=3)

Knowledge (n=9)

Change in user behaviour (n=8)

Sustainable transportation strategies (n=5)

Sustainable refurbishment strategies (n=14)

Legislation and regulation (n=9)

Economic factors (n=13)

Figure 3. Percentage (and number) of interviewees mentioning each of the different enablers of climate
change mitigation. (n is the number of interviewees mentioning the enabler).

4.1.1. Economic Factors

The interviewees perceived as important the economic factors that enable the implementation of
strategies to mitigate climate change. Government incentives was the most mentioned measure by the
interviewees. Such incentives are used to encourage people to make interventions compatible with
the heritage assets instead of choosing market-forced solutions that are often not compatible with the
heritage values. The interviewees found that the wider (non-expert) public can be reluctant to restore
traditional windows due to the high costs involved and the belief that the restored windows will be
less energy efficient than alternative new double-glazed windows. However, as mentioned above, the
results of previous research concluded that window replacement is not necessarily a better energy
saving measure. Considering the energy used in the life cycle of the windows, restoring, instead of
replacing the windows, can be a better choice [34]; in addition, the energy cost related to the transport
of the new elements is avoided. The interviewees also emphasised that restoration efforts compatible
with the heritage building should be encouraged with the help of incentives so that people are willing
to pay more for them. This is particularly the case when the money invested in the refurbishment
efforts can be recovered in the long-term from the energy saved subsequent to the refurbishment
efforts. The interviewees suggested restoring and maintaining the original historical materials as an
opportunity for improving local economic sustainability against the importation of foreign materials
and for maintaining as well as increasing traditional expertise locally.
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4.1.2. Legislation and Regulations

According to the interviewees, having more legislation, regulations and guidelines would facilitate
climate change mitigation in the cultural heritage sector. New regulations were requested not only
at the international, national and regional level, but also in municipalities and at cultural heritage
sites. In fact, it was even suggested to include climate change mitigation in site management plans,
but also to increase policy requirements for mitigation actions in public buildings. A specific request
by the interviewees was the need to improve the regulatory structure behind carbon usage reports
and post-performance evaluations in order to better monitor the energy consumed in refurbished
buildings during the use-phase and to compare it with the energy usage that was predicted prior the
refurbishment. Consistent with this information gathered from the interviewees, there is agreement in
the literature that ambitious policies can significantly reduce the energy use in buildings [58], and that
for successful mitigation in the cultural heritage sector, policy actions at both the regional and local
levels are needed [7,59]. In addition, Yarrow [48] highlighted a potential conflict between legislation
promoting preservation of cultural heritage and that requiring a reduction of energy consumption in
buildings, hence the difficulty of applying general policies to historical buildings.

4.1.3. Sustainable Refurbishment Strategies

The interviewees suggested a number of actions aimed at improving sustainability and thus at
reducing the GHGs emitted by the cultural built heritage sector. Examples of sustainable actions
in relation to the refurbishment of historical buildings include the selection of environmentally
friendly and natural materials, especially if originating from local sources, recycling and reusing
materials, avoiding the use of harmful chemical substances and minimising the generation of building
waste. However, sometimes it is difficult to understand whether one way to refurbish a historical
building is more sustainable than another is. For this reason, the sustainability of the materials and
refurbishment actions should be assessed using the LCA methodology prior to the implementation
of the refurbishment efforts. This would provide a better understanding of the energy and CO2

emissions associated with a specific intervention. Such an approach, however, should also consider the
embodied energy in the historical materials that are proposed to be replaced. The latter is consistent
with Webb [43] who mentioned the lack of consideration of the embodied energy of historical buildings
during retrofitting. Hence, further work is required on the evaluation of the sustainability of the
materials and methods used during refurbishment in the built heritage sector, as the LCA approach has
been applied mostly on new construction rather than on historical buildings [48], a gap in knowledge
which Bertolin and Loli [37] also had previously highlighted. In addition, when applying the LCA
approach to the heritage sector, the historical and cultural values need to be considered and added as
a parameter in the evaluation of the solutions to be adopted. These values are often neglected and
priority is often given to new technologies and to materials targeted at energy reduction [37], without
considering the sustainability of the cultural built heritage sector in a holistic way as mentioned by
an interview in the following quote: “We need to evaluate (...) sustainability through 360 degrees.”
(Table 1).

4.1.4. Sustainable Transportation Strategies

The interviewees also emphasised the need to improve environmental sustainability at cultural
heritage sites by reducing CO2 emissions through the promotion of sustainable transport to and from
the sites as well as within the sites. This can be accomplished, for example, by promoting cycling and
public transportation, as well as by closing historic town and city centres to domestic vehicles. The
latter can also contribute to decreasing air pollution and thus improving air quality, as well as reducing
the associated decay on monuments and the facades of historical buildings [60].

12



Climate 2019, 7, 90

4.1.5. Change in User Behaviour

User behaviour has a significant impact on the effectiveness of mitigation measures adopted on
historical buildings. The interviewees recommended to encourage users, e.g., occupants and visitors,
to behave in a more sustainable way and mentioned the need to raise awareness through engagement
to ensure that mitigation is effective. Users should be educated in energy and water saving measures,
reusing and recycling materials, and decreasing their waste and emissions. This can start through
simple things such as wearing a jumper inside the building in the winter and thus reducing the use of
heating, instead of wearing only a t-shirt, for instance. Berg et al. [38] emphasised the importance and
potential of user-driven energy efficiency measures in historical buildings and that user behaviour
should always be taken into account, as the occupants play a central role in the day-to-day management
of the building. The Intergovernmental Panel on Climate Change (IPCC) [58] further highlighted that
in developed countries, behavioural change could decrease energy use by up to 20% in the short-term
and by up to 50% by the middle of the 21st century.

4.1.6. Knowledge

Some interviewees suggested more knowledge through research and dissemination as a factor
enabling mitigation in the cultural heritage sector. This is consistent with the literature, which
emphasises the role of new knowledge and skills to develop new sustainable strategies for heritage
conservation to face climate change uncertainty [51].

4.1.7. Energy Compensation Strategies

Some interviewees suggested the application of energy compensation schemes. This is where
parts of a system that are inefficient in their use of energy can benefit from the energy surplus produced
by the efficient parts. In relation to cultural heritage, this can be done at different scales: city district
and building. In the first case, different buildings in the same district can share energy. For instance,
the energy needed for historical buildings can be supplied by the surplus energy produced by new
energy efficient buildings or from off-site renewable sources of energy. GHG emission reductions
through such a trading allowance is a cost-saving measure that was proposed by Cassar [51]. In the
second case, one interviewee mentioned the possibility to meet the energy requirements for parts of a
historical building where no refurbishment is allowed with the energy saved by improving the thermal
performance of other parts of the buildings where modifications are permitted.

4.2. Barriers to Climate Change Mitigation In The Cultural Built Heritage Sector

In addition to the factors found to enable climate change mitigation in the cultural built heritage
sector, the interviewees also identified a number of barriers. These barriers were grouped into nine
themes: ‘economic factors’, ‘lack of regulation’, ‘value’, ‘material procurement and sustainability
certification’, ‘user behaviour’, ‘loss of traditional skills’, ‘lack of knowledge’, ‘incompatible solutions’
and ‘diversity’. Figure 4 shows the number of interviewees mentioning each of the identified enablers
as well as their percentages. Eleven interviewees, i.e., the 24% of the total number of interviewees,
mentioned ‘economic factors’ as a barrier to climate change mitigation in cultural heritage sector.
Table 3 provides examples of quotes from the interviewees in relation to each enabling factor.
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Diversity (n=6)

Incompatible solutions (n=12)

Loss of traditional skills (n=6)

Lack of knowledge (n=8)

User behaviour (n=5)

Material procurement and sustainability
certifications (n=9)

Value (n=16)

Lack of regulation (n=6)

Economic factors (n=11)

Figure 4. Percentage of interviewees mentioning each barrier (n is the number of interviewees
mentioning the barrier).

4.2.1. Economic Factors

The interviewees perceived economic factors as an important barrier to climate change mitigation
in the cultural built heritage sector as restoring historical buildings is expensive. Thus, financial
resources can help with conservation efforts when they are limited or not available. The lack of money
to restore cultural heritage can also have negative consequences on the inherent historical, cultural and
social values embedded in heritage sites. For example, an interviewee stated: “There is an economic
aspect that prevails over the social, historical and cultural value.” (Table 2). The adoption of cheaper
solutions and in particular the loss of original material can influence the historical and cultural values
of the site, as well as weaken the identity of a place. The economics of conservation is therefore an
important criterion to consider when retrofitting historical buildings [43].

4.2.2. Lack of Regulation

A significant barrier perceived by the interviewees is the lack of regulation when adapting cultural
heritage to mitigate climate change. The interviewees highlighted that stronger regulations are required
to force the owners of heritage assets to adapt properly. An interviewee mentioned the example
of a UNESCO WHS, where detailed guidelines were carefully designed and provided to the local
community, but people did not follow them due to lack of enforcement. An interviewee from another
WHS mentioned misinterpretation of the regulations as an issue, where the components of historical
buildings were replaced with similar substitutes, albeit made of different materials characteristics,
varying in shape and colour from the original components. Such substitution can decrease the
authenticity of a heritage site. There are parallel examples between the information provided by the
interviewees and case study examples reported in the literature. Yarrow [48], for instance, reported the
concern of a conservation officer regarding a retrofitting where the building owners substituted the
historical components for new ones claiming that they ‘looked the same’. Devolution of the regulations
to the local level was also mentioned as a problem by one interviewee, because, in some cases, a lack of
financial and human resources put cultural heritage preservation in second place. The lack of protocols
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and guidelines to help heritage managers adapt cultural heritage assets to climate change was also
highlighted by Sabbioni et al. [8].

4.2.3. Value

Some interviewees perceived preserving the values of cultural heritage as a barrier to climate
change mitigation, because it limits the refurbishment options to make historical buildings more
energy efficient. This is because the measures adopted when retrofitting heritage assets can affect the
heritage value, notably when historical elements are removed and replaced. Preserving the values of
cultural heritage on the one hand and the implementation of measures to reduce the carbon footprint
of heritage assets on the other hand should always be carefully balanced in any refurbishment project
and, in this respect, buildings of diverse ages and listing category should be considered differently.
The interviewees highlighted that preserving heritage value, authenticity and integrity should be
prioritized when considering adaptation measures and strategies, as once the historical materials
are removed and destroyed they will be lost forever. For this reason, the interviewees suggested
alternatives to refurbishing buildings of high heritage value, such as integrating them as part of
district energy networks, as described in Section 4.1.6, with the curbed CO2 emissions from retrofitted
buildings used to offset the higher energy used in historical buildings.

One interviewee further added that it would be beneficial to have examples of public building
refurbishment that preserve the value, integrity and authenticity of the heritage as models for others
to follow: “Long-term adaptation planning has to be done first in public buildings to be an example for
the private." (Table 3). Another interviewee representing a government organisation recommended
selecting adaptation measures that would not conflict with the heritage value: "Where we had (...) a
potential for losing the values, we just do not go there. We would rather do something else." An example
of the latter is restoring historical wooden windows by inserting a secondary glazing with magnets,
which can be removed during the warmer season, rather than replacing the windows with new
ones. When refurbishing historical buildings, evidence is needed to justify retrofitting changes that
influence the value, integrity and authenticity of the building. If restoration impacts on the value of
those building, their historical meaning could be lost [51]. Historic Environment Scotland (HES), a
governmental institution in charge of preserving cultural heritage in Scotland advises on the unrealistic
expectation that historical buildings can reach energy efficiency levels similar to new constructions but
also advises for adaptive solutions that preserve the value, identity and significance of those assets
to the community [61]. Furthermore, it should be emphasized that if the refurbishment of historical
buildings can be seen as a threat to the heritage values, retrofitting can also constitute an opportunity
to protect buildings, for example to heritage buildings in disuse or to those with minimal maintenance
carried out [43].

4.2.4. Material Procurement and Sustainability Certification

The interviewees identified material procurement used during refurbishment of cultural heritage
buildings as a barrier to climate change mitigation, as well as weaknesses in building sustainability
certifications. With globalization, building materials are increasingly imported from other countries
and, during the production process, they often travel from various locations around the world before
reaching the construction site. The more a material travels, the more GHG emissions are derived
from its transportation. However, the interviewees highlighted that in some cases, energy calculations
and sustainability certifications do not consider the energy associated with transportation out of the
country where the building is located. This can put foreign building materials at an advantage with
regard to costs and certification, and this can influence the lack of locally sourced material during the
refurbishment of historical buildings. The interviewees emphasized that the use of foreign materials
not only increases GHG emissions, but may also not have the same characteristics as the original
materials. There is also a lack of consideration of the energy embodied in the historical materials in
energy evaluations. In fact, it was stated that historical buildings are not considered in performance
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qualification and building standards and that energy evaluation software are not accurate in calculating
the energy used by historical buildings.

The interviewees also reported a lack of consideration of the physical behaviour of heritage
buildings and of the vapour permeability of historical material and an inaccuracy of Energy Performance
Certificates (EPC) that make assumptions about energy use but do not reflect the actual performance of
historical buildings. Incomplete Environmental Product Declarations (EPD) can also contribute to this
issue [62], and, consistent with this, Cassar [51] stressed that some sustainability certification tools do not
use a holistic approach; they are based on relative energy targets and they exclude social and economic
sustainability aspects. In addition, Webb [43] emphasised the lack of consideration of embodied energy
during the retrofitting of historical buildings, stressing the need for improved simulation tools and
software to reduce the gap between simulations data and real building performance.

4.2.5. User Behaviour

User behaviour is considered a barrier to climate change mitigation because certain attitudes can
minimise or even nullify the refurbishment efforts aimed at decreasing the use of energy by the building.
The interviewees identified resistance to change and to the adoption of sustainable behaviours, for
example, leaving the lights on during the day when there is high luminosity from the window, wearing
light clothes in the winter and turning the thermostat up to a level beyond comfort level, to name a few.
An interviewee also mentioned the rebound effect, which is a decrease in the expected energy savings
from a specific building alteration because of behavioural change leading to an increase in energy
consumption. For instance, in buildings were measures were introduced to use less electricity by
installing heat pumps, people further increased their energy consumption by setting room temperature
to a higher level on their thermostat. Sabbioni et al. [8] even proposed a change on a regulatory level to
induce a modification in user behaviour.

4.2.6. Lack of Knowledge

The interviewees identified a lack in knowledge as a barrier to mitigate climate change in the
built heritage sector. More research testing the use of modern materials during the refurbishment
of historical buildings and on the traditional behaviours and characteristics of historical building is
needed. Some interviewees also identified the need for more knowledge transfer to users on the topic
of climate change mitigation in the field of cultural heritage in a way to make them more aware and
capable of making choices compatible with the traditional behaviours and values of historical buildings.

4.2.7. Loss of Traditional Skills

Another significant barrier identified by the interviewees is the progressive loss of traditional
skills and techniques. Given the common incompatibility of modern solutions with historical buildings
and materials, this loss can threaten heritage preservation. The need to pass on knowledge and skills
to the next generation of heritage professionals, and the importance of teaching traditional skills and
techniques, and to understand how they relate to modern construction materials is emphasised in the
literature, as well as methods on how to develop suitable conservation techniques appropriate with
the nature of older buildings [51,63].

4.2.8. Incompatible Solutions

When refurbishing historical buildings, the adoption of solutions that are not compatible with
the behaviour of historical materials can accelerate their degradation. For instance, the interstitial
condensation between layers made of different materials. The traditional behaviour of the historical
buildings, their thermal-balance, the natural ventilation of their indoor environments, and the
ability of some historical materials to allow vapour movement are characteristics that must be taken
in consideration during a refurbishment project. More research is needed on the evaluation of
market-based solutions, which are usually designed for new structures but that are also applied to
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historical buildings. Historical buildings have more sophisticated bioclimatic properties than modern
constructions, and new materials that are incompatible with the physical behaviour of the historical
ones can lead to an increase in decay. Retrofitting measures can alter the moisture balance of historical
buildings, affecting, for example, their breathability, leading to an increase in the deterioration of
historic materials [43,48]. Those buildings are designed to have controlled thermal comfort based on
the natural unconditioned climate, environmental and site conditions rather than using machine-driven
systems. The development of adaptation strategies should therefore consider the balance between
decay reduction and energy consumption improvement of historical buildings [64,65].

4.2.9. Diversity

Some interviewees mentioned that historical buildings are too diversified for adaptation solutions
to be generalised and that adaptation has to be considered on a case-by-case basis. The question remains
as to whether it is possible to generalize adaptation options to decrease the energy consumption of
historical buildings or if each individual cultural heritage asset is too specific. More research is needed
on specific classifications, or typologies, of heritage buildings to understand which possible adaptation
solution can be proposed by comparing adaptation measures used in similar situations.

4.3. Best Practice Examples

The last part of the investigation focused on the identification of best-practice examples in
mitigating climate change, as expressed by the interviewees. Examples of best practices include
refurbishment measures to increase the energy efficiency of historical buildings in relation to upgrading
the insulation, ventilation, lighting and heating, as well as the monitoring of climatic conditions
(Table 4). The majority of these measures are consistent with the solutions proposed in the literature
and raised in Section 2 of this paper.

4.3.1. Insulation

The interviewees suggested insulating floors, ceilings, roofs and walls, and to reduce the loss of
heat through windows by adding secondary glazing and using curtains, shutters and blinds. Examples
of insulation systems used in literature are shown in Section 2 of the current paper e.g., [14–16].

4.3.2. Ventilation

The interviewees emphasised the need for ventilation in historical buildings to avoid condensation,
which can be done by using mixed mode or hybrid ventilation systems, with mechanical devices
improving natural ventilation of buildings in a controlled way, or by passive ventilation using traditional
systems such as wind chimneys and louvers. Consistent with this, the literature stresses the importance
of systems to control the relative humidity and the ventilation of the indoor environment of cultural
heritage buildings to decrease energy consumption while also reducing the risk of degradation [17],
and on the potential of chimneys for providing ventilation in traditional buildings [53].

4.3.3. Lighting, Heating and Monitoring

The interviewees also suggested improving lighting and heating systems while monitoring climatic
conditions throughout the year. The literature presented in Section 2 backs these recommendations.

5. Conclusions

Mitigating climate change by reducing GHG emissions is now urgent to prevent future—and
reduce current—danger to cultural heritage resources. This needs to be accomplished, in part, by
reducing the energy used by cultural built heritage assets, notably through improvements in their
energy efficiency. Organizations such as UNESCO, ICOMOS, ICCROM, IPCC and the European
Commission promote actions to cut GHG emissions in the cultural built heritage sector. This paper
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analysed the perceptions of cultural heritage experts on the issue of adapting the cultural built heritage
to mitigate climate change. Specifically, it reports on the factors enabling and those acting as barriers to
mitigate climate change, as perceived by the managers of heritage sites and experts working on the
preservation of cultural heritage in universities, research centres and governmental institutions.

A common view amongst the interviewees was that climate change mitigation in the heritage
sector is necessary but challenging. Most research accomplished to date investigated measures to
mitigate climate change by reducing the energy consumption of cultural heritage buildings, but there is
limited research on the identification of the challenges to overcome in this regard. This paper provides
a better understanding of what needs to be provided and prioritized for the mitigation of climate
change in the cultural built heritage sector to take place. In summary, this study identified the following
barriers constraining climate change mitigation in the field of cultural heritage: economic factors, lack of
regulation, heritage values as it can limit the type and scope of refurbishment, inadequacies in material
procurement and sustainability certifications, inefficient use of energy due to building occupants’
behaviour, lack of knowledge, loss of traditional skills, the adoption of solutions incompatible with the
assets and hence causing further damage, diversity of heritage resources and hence the difficulty to
identify solutions that are fit for all. The factors enabling climate change mitigation that could help to
overcome some of those identified barriers include economic resources and incentives, legislation and
regulations, sustainable refurbishment strategies, sustainable transportation strategies, change in user
behaviour, knowledge, and energy compensation strategies. Figure 5 provides a graphical summary of
the factors enabling and constraining climate change mitigation in the field of cultural heritage.

This research emphasised that mitigating climate change in the cultural built heritage sector is a
complex issue and requires a holistic approach for the identification of sustainable strategies to reduce
GHG emissions. In this regard, ambiguities still remain on the consideration of heritage values and
the energy embodied in historical materials, as well as the potential of traditional passive measures
when adapting heritage buildings to mitigate climate change. This study improves our qualitative
understanding of the key themes raised by stakeholders and can be used as a basis for further research
seeking to quantify the effectiveness of best practice in climate change mitigation in the cultural heritage
sector. Specifically, further research should be developed on adaptation strategies that consider the
balance between reduction of decay and improving the energy consumption of historical buildings [64].
More research should also be conducted on the use of traditional solutions for improving energy
efficiency, and on the compatibility (or lack) of new technologies and materials with the historical ones.
Historical buildings work differently from modern buildings. Further research is required on the re-use
of traditional passive measures such as wind chimneys, greenhouses, passive ventilation and heating,
to name a few, and thus avoiding carbon intensive energy consumption, as well as on the promotion
of sustainable natural resources, e.g., wind and sunlight. This could be done by understanding the
level of energy efficiency achievable by different types of heritage (e.g. ancient castles and monuments
versus non-ancient historical assets) in relation to their values, integrity and authenticity.

Monitoring before and after retrofitting and/or refurbishment works should be encouraged to
estimate properly the energy consumption and the energy payback period from the use of renewable
sources post intervention. This includes the need to rectify the current energy certification process,
which does not consider the energy used to transport materials when historical materials are replaced
by new ones in their calculations; the need for LCA evaluations before refurbishing historical buildings
to understand the impact of the proposed solutions on the environment; and the need to promote the
use of natural materials to avoid toxic chemicals.

A decrease in energy consumption also needs to be promoted through changes in user behaviour
(e.g. wearing appropriate clothes and heating less, reducing the heating of rooms when not used, use
more natural illumination and less electricity), which can be implemented with the use of information
and communication technology (ICT). More knowledge needs to be disseminated and collaboration
between different countries and at different levels should be encouraged, from the governmental
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to the end user. Including increasing awareness and cooperation between heritage organizations,
governmental institutions, research centres and academia.
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Figure 5. Summary of the research findings.
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Abstract: Climate change imposes great challenges on the built heritage sector by increasing the risks
of energy inefficiency, indoor overheating, and moisture-related damage to the envelope. Therefore,
it is urgent to assess these risks and plan adaptation strategies for historic buildings. These activities
must be based on a strong knowledge of the main building categories. Moreover, before adapting
a historic building to future climate, it is necessary to understand how the past climate influenced
its design, construction, and eventual categories. This knowledge will help when estimating the
implication of climate change on historic buildings. This study aims at identifying building categories,
which will be the basis for further risk assessment and adaptation plans, while at the same time
analyzing the historical interaction between climate and human dwelling. The results show some
correlations between building categories and climate. Therefore, it is necessary to use different
archetypes to represent the typical buildings in different climate zones. Moreover, these correlations
imply a need to investigate the capability of the climate-responsive features in future climate scenarios
and to explore possible further risks and adaptation strategies.

Keywords: built heritage; categorization; climate change adaptation

1. Introduction

Building categorization allows dividing the building stock into several homogeneous building
groups according to certain key features such as construction period, building volume, material,
etc. Archetypes or reference buildings could be selected from each building group to represent the
most significant categories/typologies of the building stock. Obviously, this is only possible within
certain assumptions and limits. Yet, these simplifications of the building stock are necessary for policy
development and any other activity that aims at addressing the whole built heritage stock. By offering
such archetypes, building categorization supports a bottom-up analysis of the building stock that
allows an assessment of the energy consumption and potential conservation threats to a large building
stock [1–3].

In the case of historic buildings, however, local influences on building typology due to factors like
the evolution of the economic structure, population concentration, and diffusion will challenge the
generalizing approach of categorization [4]. The combination of all these factors results in an intricate
history of design, construction, and renovation process of the buildings, which makes each historic
building unique and hard to be grouped. However, climate change mitigation and adaptation activities
require a certain generalization of the built stock.

The severity and impact of climate change were rigorously assessed in scientific literature.
According to IPCC’s (Intergovernmental Panel on Climate Change) Fifth Assessment report [5],
the increase in global surface temperature by the end of the 21st century is expected to exceed 2.6–4.8 ◦C
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compared to 1986–2005 in the most pessimistic scenario. Together with this temperature increase,
extreme climate events are expected to occur more frequently [5,6]. In South Tyrol, climate change
is clearly apparent in the increasing temperature and changed precipitation pattern. For instance,
there would be more tropical nights (Nights during which the temperature remains above 20◦C) in
summer and more precipitation in winter. Moreover, heat waves and extreme rain events would
be more frequent [7]. It is also urgent to decrease the greenhouse gas emission in the built heritage
sector to mitigate climate change. One of the barriers to climate change mitigation is the incompatible
retrofit solutions [8]. Climate change and incompatible solutions impose great challenges on the built
heritage sector by increasing the risks of energy inefficiency, indoor overheating, and moisture-related
damage to the envelope [9]. To precisely identify the effect of climate change on the performance
of retrofitted historic building, a three-year research project is being conducted, which includes four
steps: (1) the identification of building categories and reference buildings (partly presented here),
(2) the identification and assessment of present retrofit solutions, (3) the assessment of the combined
impact of climate change and retrofit solutions, and (4) based on the results of the previous steps,
suggestions for adaptation measures that are compatible with present and future weather. In this
paper, the methodology to categorize historic buildings is presented. This will be the basis for further
climate mitigation and adaptation studies.

Among the influencing factors, culture background, social customs, and most importantly
the climate should be emphasized. Climate variability can impact culture, landscape, and human
settlement [10–12]. Moreover, many studies confirmed the relationship between building characteristics
and the local climate. In fact, the morphology, the position and size of windows, the wall material, etc.
of historic buildings present climate-responsive features [13–16]. In Alpine regions, a wide range of
landscapes and buildings evolved in the process of inhabitants’ adaptation to local climate. They are
a constitutive and essential part of the Alpine identity, sharing similarity in reflecting Alpine living.
Building settlement form, construction technique, and other morphological or technical characteristics
display the logic of climate adaptation [4,17]. For instance, the masonry is constructed with two
external stone layer fillings with aggregates bonded with earth mortar and lime mortar to resist harsh
external conditions; the compact volumes limit the thermal dispersion; the size and position of the
windows are designed to minimize heat losses; the unoccupied attics reduce the heat loss through the
roof thanks to the storage of hay or other fodder [18,19].

South Tyrol is a typical Alpine region in the north of Italy. It is characterized by its mountainous
topography and diverse climatic conditions. Consequently, it offers a good scenario for the analysis of
the relationship between climate and building typology evolution.

In summary, climate may have formed the typology of historic buildings in South Tyrol to
some extent. Considering severe climate change in the future, historic buildings that were designed,
constructed, and renovated according to climatic conditions in the past may be vulnerable to new threats,
which will affect their conservation or performance in terms of indoor comfort and energy consumption.
Conducting a categorization with a special focus on climate allows analyzing the historical interaction
between climate and human dwelling activities and, accordingly, verifying the possible effects of
future climate on historic buildings. Furthermore, archetypes representing the main categories could
facilitate assessing the performance of the built heritage stock and planning the adaptation strategies
in changing climate context. This study focuses on listed historic buildings [20], since they have the
priority to be conserved and retrofitted, and specifically on residential buildings, as they represent the
largest portion of the listed stock in South Tyrol and most parts of Europe [21,22].

2. Building Categorization: A Critical Review of Existing Methodologies

Building categories enable grouping different buildings that have similar or comparable features
with the scope of being representative. The number of descriptive features depends on the number
of target buildings, available building inventory, etc. There are no standardized characteristics;
requirements and characteristics are selected for the purpose of the categorization.
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In recent studies, one of the most common categorization targets was to support the assessment
of the energy consumption or emission of the building stock (Table 1), i.e., to establish a stock
energy/emission model. In that case, archetypes are created representing each category before scaling
their energy use according to individual impacts to model the energy use of the entire stock. [23].
In the literature, energy use-related factors such as geometrical and thermal–physical properties
of the building, the heating and cooling system, the climate zone of the building, etc. are used in
categorization [2,24,25]. However, selecting all the variables that are significant for building energy
performance is not feasible due to the data availability and the complexity of the energy model.
Famuyibo et al. [2] attempted to define the key variables of buildings based on their impact on energy
use (Table 1). Through multiple linear regression analysis, typical weekly occupancy pattern (heating
season) (low/medium/high), internal temperature (◦C), immersion heater weekly frequency, and air
change rate (ac/h) were selected from existing inventories because they are significant variables that
influence the total energy use. However, it was found that, due to the limitations of the dataset (lack of
data such as occupancy behavior), more than 60% of the energy use variation could not be explained by
the model. Moreover, the first three of the significant variables were excluded since occupant-related
variables were standardized in the operation of a reference building.

In the case of historic buildings, categorization aims to support not only energy performance
assessment but also risk mitigation and the identification of retrofit solutions (Table 1). In some cases,
it is used as a process to analyze historic buildings through identifying the vernacular characteristics,
cataloging the materials in the different construction periods, etc. [1,26]. Similar to non-historic building
categorization, geometrical characteristics such as floor area and number of stories are adopted due
to the general availability and their close relation to building energy performance. Thermal and
hygrometric features such as construction materials are important for the preservation of heritage and
the selection of retrofit solutions; therefore, they are generally used in categorization. In addition to that,
the protection degree or other legislative requirements are included in some cases to present the historic
significance or renovation limits of the buildings [27,28]. Construction period is selected because
it reveals further information about building typology, construction materials, building equipment,
etc. [3,25,27], thereby implying an analysis of the social, legislative, and technical impacts on building
typology. Moreover, features on the settlement level could present the rooting of building stock.
Montalbán Pozas and Neila González [1] suggested that categories of historic buildings should consider
the sociocultural, economic, and historical contexts. They identified the building categories in a historic
stock according to key features on four levels: territory, urban planning, architecture, and construction
process, where features like the width and orientation of the streets, typical parceling of the blocks, etc.
help interpreting the development and habitability problems of the stock.

There remains the problem of lacking data [23]. Since historic buildings have a complex history of
construction and repairs, survey work covering the whole building stock is still infrequent. To avoid
using deficient data, qualitative approaches are conducted in studies, such as expert evaluations,
literature reviews, and on-site surveys [1,3,25,29]. For instance, due to the lack of adequate statistical
data, the categorization of Hungarian stock was based on expert judgements [3]. A qualitative study
could help understanding the building typology from a genealogy point of view, focusing on how the
typologies evolved [30]. It helps linking the typology with its historic context.

Once the key features are selected, the category structure could be defined. There are two main
category structures: flow structure and matrix structure, as shown in Figure 1. The category process of a
flow structure successively divides the whole building stock according to selected features. The matrix
structure is formed with two main key features. For instance, in the TABULA (Typology Approach for
Building Stock Energy Assessment) project [31], building types (single-family houses, terraced houses,
and blocks) and construction periods were selected as the two main features. Both structures have
strengths and weaknesses. For the flow structure, it could include enough key features to establish
detailed building categories, but the key features and intervals should be carefully determined since
too many categories could be generated and some categories may not be representative. For the matrix
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structure, only two key features are involved in categorization; therefore, other features should be
carefully added into the description of archetypes, without influencing the category results.

Table 1. Variables found in literature for building categorization.

Study Country
Specific to

Historic
Buildings

Aim of the Categorization
Key Features Used to Describe the

Building Categorization

[2] Ireland No To support evidence-based
energy and emissions policy

Air change rate, wall, roof, floor, and
window U-values, dwelling type
(number/area of external walls),
heating and domestic hot water

system, floor area

[24] Italy No
To assess the energy
requirements of the

residential stock

Construction period, geometrical
properties, thermo-physical
properties, heating system

[32] Italy No
To understand the energy

performance of the building
stock

Construction period

[33] Greece Partly To plan and promote new
energy renovation scenarios

Construction period, building use,
number of floors, material

[3] Hungary Partly
To assess the vulnerability of
building stock to increasing

wind

Construction period, construction
type, roof configuration, number of

stories, building surroundings,
materials of the building envelope

[28] Italy Yes
To develop energy analyses
for regulation and financial

strategies

Level of protection, building volume,
organization of indoor spaces and

adjacent constructions, thermal and
hygrometric properties of envelope

components

[27] Spain Yes To support energy retrofit of
the building stock

Main use, number of facades, year of
construction, protection degree,

volume

[34,35] Sweden Yes To assess and select energy
efficiency interventions

Climate zone, type of building, use,
size, age of construction, aggregation
with adjacent constructions, heating

system

[26] Malaysia Yes
To improve knowledge and

preservation of the built
heritage

Demography, ownership, type of
settlement, historical background,

geographic location, landscape
features, communication, accessibility,

and surroundings

[25] Eastern
Europe Yes

To assess the energy
requirements and saving

potential of the residential
stock

Country, construction year, building
size

[29] Portugal Yes To support risk mitigation at
urban scale

Building size, configuration, and
volume, number of floors,

distribution systems, building
materials, construction period

[1] Spain Yes To provide guidelines for the
analysis of historic buildings

Features on four scales: territory,
urban planning, architecture, and

construction

28



Climate 2019, 7, 139

 
(a) 

 
(b) 

Figure 1. Category structure: (a) flow structure; (b) matrix structure.

3. Proposed Methodology

The methodology proposed in this paper was developed to prepare building categories for further
risk assessment and adaptation planning, while permitting the possibility to analyze the relationship
between climate and building categories which would provide knowledge support for further studies.

In order to identify the relationship between building categories and climate, the climate of South
Tyrol was firstly analyzed and subdivided into homogeneous zones (Figure 2, step 1). In each climate
zone, building samples were randomly extracted from the building stock (Figure 2, step 2a). Probability
sampling was adopted in this study to ensure the representativeness of the sample despite the limited
research resources.

At the same time, key features were defined according to the aim of the categorization (Figure 2,
step 2b) through a literature review including categorization studies and studies on South Tyrolean
residential buildings. Experts were consulted on whether the key features were representative and
feasible to be used in this study. The criteria to select the expert panel were as follows: people who
share an interest in the research project, and who have the knowledge of South Tyrolean historic
buildings or have the experience of building categorization. In this study, the expert panel included
three researchers based in South Tyrol with an expertise on energy renovation of historic buildings,
as well as a local architect specialized in the conservation and adaptation of South Tyrolean heritage.
Then, the defined representative features were collected for the building samples (Figure 2, step 3a),
from available building inventories and the literature (step 3b).

After the dataset of key features was established, it was used in a flow structure to categorize the
building samples (Figure 2, step 4). Eventually, the key features of the categories were statistically
analyzed and compared among different climate zones (step 5a, Figure 2).

The results were interpreted with a qualitative study of South Tyrolean historic buildings, climate
conditions, historic and social–economic events which influenced building customs, etc. (step 5b).
By tracing the development of historic buildings, the relationship between climate and building
categories was analyzed (step 6, Figure 2).

29



Climate 2019, 7, 139

 
Figure 2. The methodology for categorization.

4. Categorization of the Historic Building Stock in South Tyrol

4.1. Climate Zone of South Tyrol

The whole region of South Tyrol covers 7400 km2 with altitudes ranging from 190 m to more than
3000 m (Figure 3). The surface area below 1000 m above sea level (a.s.l.) is 14.1% of the total area, while
the surface area over 1500 m a.s.l. represents 64.4% of the total area [36]. Due to the mountainous
topography, diverse climate conditions exist. To analyze and subdivide the climate, climate data of
different locations in South Tyrol are required. In this paper, climate data used were from (1) Provincia
Autonoma di Bolzano Alto Adige (including data of 30 representative weather stations), and (2) results
of the 3PClim project [37].

  

Figure 3. Elevation of South Tyrol (extracted from digital terrain model, http://geokatalog.buergernetz.
bz.it/geokatalog/#!).

In this study, sub-climate types were defined according to criteria introduced below, which
describe the similarities and distinctions in climate patterns. The climate zones were generated based
on the results of the 3PClim project, where geostatistical interpolation methods were applied with the
aid of programming software and geographical information system software [37].

The descriptive criteria were defined with the consideration of Köppen climate classification [38],
which is a widely used climate classification system. The main parameters used in Köppen climate
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classification are annual and monthly sums of precipitation, and annual and monthly mean temperature.
The fundamental scheme of climate classification includes five major climate types (tropical, dry,
temperate, continental and polar) covering the whole global climate. According to Köppen climate
classification, the weather stations found in South Tyrol would fall into four different climate zones:
Cfa, Cfb, Dfb, and Dfc. The differences between the four climate zones are shown in Table 2, and they
are all temperature factors. However, the precipitation varies largely in South Tyrol from a regional
point of view (Figure 4). Since precipitation has a significant impact on a building’s hygrothermal
performance, it is necessary to include precipitation in the climate zone definition in this study.

Table 2. Climate differences among four climate zones defined by Köppen climate
classification. T—temperature.

Cfa Cfb Dfb Dfc

Average T of the coldest month 0 ◦C–18 ◦C 0 ◦C–18 ◦C ≤0 ◦C ≤0 ◦C
Average T of the warmest month ≥22 ◦C <22 ◦C - -

No. of months with average month T ≥10 ◦C - ≥4 ≥4 <4

  

Figure 4. Mean annual total precipitation of South Tyrol (reference period: 1981–2010, http://www.
3pclim.eu/).

In this study, the average temperature of the coldest month was used to divide the relatively warm
zones from the relatively cold zones. To emphasize the impact of precipitation on climate classification,
the median amount of precipitation of 30 representative weather stations was introduced as a criterion
to differentiate between relatively dry and relatively wet zones. According to these two criteria, four
sub-climate zones were defined (Table 3).

As shown in Figure 5, Zone I lays at the southern part of South Tyrol, covering regions with an
altitude below 800 m. Zone I covers Val d’Adige that stretches from Salorno northward to Merano,
and runs westward along Val Venosta to Naturno. In the east, it covers a narrow strip of low land
along Valle Isarco. Zone I also includes the southern part of Val Sarentino that has relatively low
altitude. The climate of Zone I is characterized by relatively warm temperatures and less precipitation.
Compared to Zone I, Zones II and III have lower temperatures generally. Zone II distributes mainly in
two parts: (a) the western part of South Tyrol, which includes Val Venosta and its side valleys such
as Val Senales, Val di Trafoi, Val Martello, and Val d’Ultimo below 1300 m in elevation, and (b) the
eastern part comprising the districts of Val d’Adige and Valle Isarco, where the altitude is around
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600 m–1300 m, as well as Val Pusteria and its side valleys. The climate of Zones II and III differs in
precipitation (Zone II has less precipitation). Zone III includes the vast highland in central and eastern
South Tyrol. A fourth climate zone exists but is not included in this study due to its limited presence in
the region.

Table 3. Climate differences among climate zones in this study.

Zone I Zone IV Zone II Zone III

Average T of
coldest month 0 ◦C–18 ◦C 0 ◦C–18 ◦C ≤0 ◦C ≤0 ◦C

Average annual
precipitation ≤825.2 mm >825.2 mm ≤825.2 mm >825.2 mm

Feature Relatively
warm and dry

Relatively
warm and wet

Relatively cold
and dry

Relatively cold
and wet

  
(a) (b) 

Figure 5. (a) Climate zones in South Tyrol; (b) main valleys in South Tyrol.

4.2. Historic Residential Buildings in South Tyrol

According to the 2017 population census of South Tyrol [39], the residential stock is composed of
225,483 buildings in total [39], 34,160 of which were built before 1919 and 14,840 of which were built
during 1919–1945. These two parts comprise 22% of the total stock (Figure 6). Only 10.4% of this stock
was retrofitted in the past 10 years (Figure 6). While energy retrofit represents an opportunity to reduce
a building’s operational energy and CO2 emissions, forecasted climate change might impose great
risks on the hygrothermal performance of building constructions after retrofitting. For this reason,
there is an urgent need to analyze the relationship between building categories and climate, and to
prepare archetypes for further performance assessment.

  
(a) (b) 

Figure 6. (a) Residential buildings by construction period; (b) residential buildings retrofitted during
last 10 years by construction period [39].
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Among the large residential stock, 4537 residential buildings in three categories (rural buildings,
urban buildings, and nobility buildings, Figure 7) are listed as historic buildings under protection.
Since rural farmhouses form the outstanding landscape of the Alpine space, they were selected to be
studied under the category of rural buildings (Figure 7). In urban buildings, the trade–residential
nucleus, the Portici house (Figure 7), was studied because it is the most important urban residence in
the culture, social, and economic centers of the cities in South Tyrol. It appears in Merano, Bolzano,
Egna, Bressanone, Vipiteno, and Glorenza. For rural farmhouses and Portici houses in each climate
zone, building samples were randomly extracted ensuring a confidence interval lower than 15% and a
confidence level of 95%, as shown in Table 4.

Even though the application of the proposed methodology is on listed historic buildings, it could
be used for any historic building stock.

 
(a) (b) 

Figure 7. (a) Listed residential buildings in South Tyrol, and the building stock for categorization (data
source: http://www.provinz.bz.it/kunst-kultur/denkmalpflege/monumentbrowser-suche.asp); (b) scheme
of a Portici house (©Antonio Monteverdi, http://www.antoniomonteverdi.com/sito/?page_id=1228).

Table 4. Information about building samples.

Climate
Zone

Residence
Type

No. of
Buildings

Sample
Size

Sample Size
(%)

Confidence
Level

Confidence
Interval

I

Rural
farmhouses 628 90 14.3% 95% 10%

Portici
houses 148 35 23.6% 95% 15%

II

Rural
farmhouses 748 90 12.0% 95% 10%

Portici
houses 119 35 29.4% 95% 15%

III Rural
farmhouses 580 85 14.7% 95% 10%
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4.3. Key Feature Selection

Our literature review showed that the key features used for any categorization should be selected
according to the targets of the categorization. Therefore, features that are performance-related and
potentially climate-responsive were selected to construct the flow structure for categorization. To better
reflect the influence of climate, geographic condition, and historical context, key features were selected
in three scale levels: settlement scale, building scale, and element scale.

On the settlement scale, key features included the compactness of the settlement and the number of
the adjacent walls of buildings. Here, “compactness” describes the concentration level of the buildings;
a “compact” type means that most of the buildings in this settlement are surrounded by close obstacles,
while a “sparse” type means that most of the buildings are exposed to wind and rain without close
obstacles. Close obstacles are defined as obstacles with a maximum distance of 25 m, which refers to
the obstruction factor of 0.4 in EN 15927-3 [40]. The number of adjacent walls expresses the density of
the settlement layout. The compactness of the settlement influences a building’s resilience to extreme
climates, while the number of the adjacent walls influences the energy use of the building and the
indoor thermal comfort.

On the building scale, the typical Alpine building forms were considered. Geometrical and
thermophysical-related features including roof projection area, floor number, window-to-wall ratio,
and construction material were collected. Data were taken from existing GIS (Geographic information
system) maps from GeoKatalog of Province Bolzano [41], external inspections, and photo evaluations.
Geometrical features may result in different energy performance and thermal comfort according to
the literature review, and construction materials present different behaviors in terms of moisture
dynamics. The building layout, which indicates the distribution of functional space, was studied
from the literature as supplementary information. The layout of residence space, farm space, and
commercial space influences the heating setpoint, i.e., the heating schedule of the building spaces;
therefore, it affects energy consumption.

Valuable building elements, which have historic, cultural, natural, morphological, and aesthetic
value, were summarized from the literature because they are the essence of historic buildings and a
crucial factor in retrofit decision-making. Any retrofit solution should be compatible with the heritage
elements. Therefore, they influence the performance of retrofitted buildings indirectly.

4.4. Building Categories

To define a reasonable number of building categories, settlement compactness, construction
material, and the number of floors were used to construct the flow structure of the categorization,
while other features were used as supplementary information. Therefore, 12 building categories,
representing 81.6% of the building samples, are defined for further study (Table 5). All the key features
are compared among different climate zones in the subsequent sections.
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5. Results and Discussion: The Impact of Climate on the Development of Dwelling in the Alps

In this section, the differences in the key features of historic buildings in three climate zones are
presented, as a result of the quantitative study. To interpret and discuss these differences, we made
use of the qualitative information resulting from the study of building history. Discussions focus on
the differences that were historically influenced by climate to explore the possible role of climate in
shaping the building categories.

5.1. Settlement Level

5.1.1. Rural Farmhouse

• Description of quantitative results

According to the sampling survey (Table 6), in climate Zone I, 75.3% of the buildings are in
compact settlements, while 44.9% of the buildings are semi-detached (one adjacent wall) and 42.7% are
detached. In climate Zone II, the settlements are less concentrated, whereby 55.1% of the buildings are
in compact settlements while the others are in sparse settlements. More than 66% of the farmhouses
are detached. Climate Zone III has 67.7% of farmhouses in sparse settlements, whereas more than 90%
of the farmhouses are detached buildings.

Table 6. Rural settlement comparison in three climate zones.

Climate
Zone

Zone I Zone II Zone III

Settlement
type

Compact settlements
(75.3%)

Compact + sparse settlements
(55.1% + 44.9%)

Sparse settlements
(66.7%)

Typical
Diagram

  
Termeno Chienes Val di Vizze Selva dei molini

Adjacent
walls

0
(42.7%)

1
(44.9%)

0
(66.3%)

1
(28.1%)

0
(91%)

1
(9%)

Picture

 
Merano 1

 
Silandro 2 Silandro 3

 
Ortisei 4

1 https://pxhere.com/de/photo/1095092; 2 https://www.iha.com.de/ferienwohnungen-schlanders-silandro/ig!/;
3 Office of Architectural and Artistic Heritage, Autonomous Province of Bolzano - Alto Adige, http://www.provinz.
bz.it/kunst-kultur/denkmalpflege/monumentbrowser-suche.asp?status=detail&id=17282; 4 Wolfgang Moroder,
“Der Bauernhof Peza in St. Ulrich in Gröden”, https://commons.wikimedia.org/wiki/File:Peza_Sacun_Urtijei_dinsta.
jpg, 2016.

• Discussion with consideration of qualitative results

The concentration of the buildings and the density of the settlements decrease from climate Zone
I to Zone III. This could be due to the interaction within social development, environment availability,
and climate diversity. Climate and nature resources are important driving factors for settlement
development, especially before modern history, when humans had less resilience against environmental
changes. In the north and south of the Alps, periods of warm climate were observed to coincide with
land-use expansion and increases in population, while the deteriorated climate was accompanied
by land abandonment and reforestation [42]. Through influencing the land use, productivity in
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agriculture and pasture and the climate variety shape the socio-economic structure, which leads to
the concentration of settlement in the long term. The climate in Zone I is more suitable for economic
activities compared to that in Zones II and III, which explains the compactness of settlement to some
extent. Socio-economic activities and other anthropogenic processes that influence settlements could
be seen as reactions to the climate variety [43].

However, climate is not the only factor that determined the form of settlements. Driving factors
from the human culture system brought profound changes to settlements of South Tyrol. Most current
settlements emerged or consolidated during the Roman dominion, before which Alpine regions
were controlled by self-sufficient tribes [44,45]. The stage stations, garrisons, and markets arranged
along the Roman road became the first nuclei in Alpine cities [45]. Furthermore, the distribution of
different people may have initiated the differences in settlement form and function. Two distinctive
administrative structures, the Romanzo or Rhaetian-Romanzo system and Germanic system [45],
resulted in two settlement forms. In the Romanzo system, new settlements emerge in a concentrated
style to save space and maintain sufficient land for the whole community. In the Germanic system,
the landlords manage the settlement forms and entrust the farms to the peasantry in sparsely populated
areas. The settlements are scattered away from each other. In summary, the development of South
Tyrolean settlements and the compactness of the settlements are the results of a mutual adaptation
between the climate and culture system.

5.1.2. Portici House

• Description of quantitative results

According to the sample survey (Table 7), all the settlements of the Portici house are in compact
form, and most of the buildings have two adjacent walls. When comparing the size of the settlements
in climate Zones I and II, the dimension of settlements is generally larger in Zone I (notice the length of
the Portici district in Table 7). Furthermore, although all settlements have a high density, there is a
difference in the aspect ratio (distance to height ratio, D/H) of the main street in different climate zones
(Figure 8).

• Discussion with consideration of qualitative results

The compact form of the Portici settlements is mainly attributed to the requirement of trading
activities. In the late Middle ages, a significant climate warming [46] and political consolidation
integrated the Alpine region into the urban expansion progress in Europe. The trading and market
activities on trans-Alpine routes pushed the development of urban residences in South Tyrol. During
the 11th to 13th century, several villages were chartered as cities and granted market rights, which
promoted the prosperity of the city and developed local markets and crafts. In Bolzano, bishops of Trent
expropriated a piece of land and divided it into parcels during 1022–1055; these trading–residential
parcels are called “Laubengasse” or “Via Portici” [47] (Figure 9). These buildings were highly compact
to save public land, and they had a uniform building structure, ordered ridge heights, and a controlled
alignment line. Along the continuous façade, there are arcades covering the walkway on the ground
floor which form an extension space for trade activities. This is a typical Romanesque building model
spreading from the southeast of Bavaria to Tyrol, and westward to eastern Switzerland and southern
France [48]. Around the trading district, walls, moats, and towers were built to protect the city. Two
gates for the trading routes opened at the west and east ends of the “Via Portici”. Outside of the
walls, there are farmlands and some farmhouses. Due to wars or traffic reasons, the walls were
generally demolished later, and, with city expansion, “new” buildings were built surrounding the
Portici settlements (Figure 9).
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The east–west axis of the Portici settlement could help in blocking the wind in winter and creating
a comfortable local microclimate on the street. Furthermore, the low aspect ratio found in climate
Zone I (Figure 9) helps in shading the street in summer, while the higher aspect ratio in climate Zone II
permits more sunshine for the buildings. Further studies should be conducted on the impact of the
aspect ratio on energy use. Differences were found in the length of the Portici settlements, while there
is no clear evidence that climate difference led to this phenomenon. It may be related to the trading
scale and land price of the city.

 

Figure 8. The aspect ratio of Portici houses, left: Bolzano (climate Zone I), right: Vipiteno (climate Zone II).

  
(a) (b) 

Figure 9. (a) Detailed plan of Bolzano at the end of the 12th century; (b) Bolzano in 1645, copper
engraving by Matthaeus Merian [47].

5.2. Building Level

5.2.1. Rural Farmhouse

• Description of quantitative results

According to the sample survey, there is a significant difference in the material–use ratio. Masonry
buildings are dominant in climate Zone I (Table 8), where about 77.5% of rural farmhouses are
constructed in masonry and the rest of the buildings are constructed with wooden attics. In climate
Zone II, the use of wood increases. About 46.1% of the buildings are built in masonry, and 39.3% are
constructed in masonry with wooden attics. Furthermore, 15.6% of masonry buildings have wooden
floors. In climate Zone III, the wood ratio increases further compared to the other climate zones. Pure
masonry buildings account for 26.7% while 26.7% of the masonry buildings have wooden attics, and
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46.7% of the masonry buildings have wooden floors and attics. The window-to-wall ratio (W-to-W)
decreases from Zone I to III. The dimension of the rural buildings in the three climate zones also
varies (Table 8). The average area of roof projection decreases from climate Zone I to III with average
numbers of 340 m2 to 304 m2 and 270 m2, and the typical number of floors above ground decreases
from three to two.

Table 8. Building features of rural farmhouses in three climate zones.

Climate
Zone

Zone I Zone II Zone III

Material
M MW M MW MWW M MW MWW

77.5% 21.3% 46.1% 39.3% 14.6% 26.7% 26.7% 46.7%

W-to-W
ratio 0.17–0.2 0.12–0.19 0.07–0.14

Roof angle 25◦–35◦ 25◦–35◦ 25◦–35◦

Floors
3 2 2 3 2 Other

53.9% 40.4% 52.8% 37.1% 86.2% 13.8%

Roof area 340 m2 304 m2 270 m2

Main
function

Fruit and crop farming,
viticulture, dairy farming Dairy farming, cereals and potato Dairy farming

Layout

Viticulture function: in the
same building/close to each

other; dairy farming: at
different altitude

In the same building/close to each
other

In the same building/close to each
other

Diagram

General
view

 
Amplatz, Montagna 1

 
Umer, Lasa 2

 
Unterleiten, Valle Aurina 3

1 Office of Architectural and Artistic Heritage, Autonomous Province of Bolzano - Alto Adige, http://www.provincia.
bz.it/arte-cultura/beni-culturali/monumentbrowser-ricerca.asp?status=detail&id=16079; 2 Office of Architectural
and Artistic Heritage, Autonomous Province of Bolzano - Alto Adige, http://www.provincia.bz.it/arte-cultura/
beni-culturali/monumentbrowser-ricerca.asp?status=detail&id=15539; 3 Office of Architectural and Artistic
Heritage, Autonomous Province of Bolzano - Alto Adige, http://www.provincia.bz.it/arte-cultura/beni-culturali/
monumentbrowser-ricerca.asp?status=detail&id=13640.

• Discussion with consideration of qualitative results

Extensive studies showed that the choice of construction materials depends much on their
availability and on cultural reasons [50,51]. Cultural influence was widely discussed for nationalistic
purposes to trace and validate the geographical borders of different cultural regions [45]. The stone
structure is deemed as a typical characteristic of Latin and Rhaetian-Romanzo influence, while wood is
of Alpine Germanic influence. Dating back to the early Roman period, the Mediterranean colonialists,
whose diet was based on bread, wine, and oil, tended to settle in areas suitable for these crops
(low-altitude areas). The Germanic people were more dependent on milk and its derivatives, and they
could, therefore, settle at higher altitudes [45]. This corresponds to what Roberti et al. [51] observed,
whereby a higher elevation denoted a larger proportion of wood in a farmhouse.
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In addition to cultural reasons, the material preference in climate zones shows a correlation with
climate, although the construction custom is not necessarily determined by climate. Different people
divided the land into areas of different agriculture use according to climate conditions, and the function
of the farmhouses followed the agriculture need. The choice of the material relates to the functional
layout of the farmhouses.

The oldest type of building layout is mentioned in “Lex baiuvariorum”, which is called Haufenhof
with multiple buildings [52] (Figure 10). The buildings were limited by construction techniques; thus,
most of them were small with one function: the dwelling, the barn, the stable, the granary, the bath, and
the kitchen. With technical progress, larger buildings became possible. Paarhof and Einhof evolved
from Haufenhof (Figure 11). Paarhof represents the most common type of farm in the Alpine region. In
the survey of South Tyrol, about 65% of rural buildings can be described as Paarhöfe [53]. Paarhof can
adapt well to every terrain, even to steep ground [54]. By the term of Paarhof, a farm layout is described
where the dwelling building and the farm building stand independently. In most Paarhof, the farm
buildings are constructed with wood, while the dwelling buildings are built with masonry. Einhof is
a farm where dwelling function and farm function are located under one roof. It represents 15% of
total rural residences in South Tyrol [53]. Like the Paarhof, the farm space is generally constructed
with wood. Dwelling spaces, especially the kitchen and living room, are constructed with masonry to
prevent fire accidents.

 

Figure 10. Haufenhof in the Alpine village of Fane-Vals. (Whgler, “Fane-Alm Gesamtansicht”,
https://commons.wikimedia.org/wiki/File:Fane-Alm_Gesamtansicht.jpg, 2015)

Figure 11. Farm forms and development.

The function of the farm greatly depends on the climate zone where it is located. In climate Zone
I, grape and other fruits (especially apple) have a long tradition. According to the report of the BLS
(Business Location Südtirol) [55] (Figure 12), they grow in areas from 200 to over 1000 m in altitude,
extending westward from Val d’Adige to central Val Venosta (Malles Venosta), eastward until Valle
Isarco (Natz). In the past, almost every farm worked independently in viticulture. Therefore, each
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farmstead possessed all the facilities required for wine production: a residential building, a stable,
the torggel (room for winepress), and storage [56].

In climate Zone II, the main farm function is dairy farming. Currently, fruit planting dominates
the western part of climate Zone II (Figure 12). However, it is only in the last 30 years that the domain
changed from dairy farming to fruit planting in Val Venosta [56]. The same change also happened in
the eastern part of climate Zone II (Valle Isarco). In climate Zone III, dairy farming is predominant due
to the harsh climate for other agriculture. On dairy farms in climate Zones II and III, the attics are used
as drying rooms for hay and agricultural products. Therefore, the construction of the attics uses wood
with unglazed openings to ensure enough air exchange.

Figure 12. Agriculture and primary production in South Tyrol (© BLS/www.farbfabrik.it) [55].

Nature and culture both lead to farm function differentiation. Fruit, viticulture, and crop farming
require the warm climate of the valley or on the south-facing slopes of the mountains, while the high
Alpine pastures are suitable for grazing and dairy farming. Although the climate type determines the
optimum land use, the actual use of the land depends more on the farmer’s responses to economic
opportunities [57]. Notably, people living at different altitudes engaged in both valley cultivation and
mountain grazing, but with a different focus. This combined cultivation has a long history. Dating
back to the Bronze Age, the transhumance system was found in South Tyrol [58]. For the settlements at
low altitude, the function of dairy farming was placed on the mountain far away from the settlements.
The stables and mountain huts were temporarily used in summer as a collective property.

The size of the residences may be influenced by the economic condition of the region. Another
theory for the different sizes of farmhouses is that the depth of the house is commensurate with
the length of the trees trunks available in the area [45]. The decreased window-to-wall ratio from
climate Zone I to Zone III could be a climate-responsive feature that helps to decrease the energy loss
through windows.

5.2.2. Portici House

• Description of quantitative results

According to the sample survey, all Portici houses have a similar layout: arcades facing the street,
with shops occupying the ground floor and apartments located on the upper floors (Table 9). In Zone I,
the shop and apartments extend toward the back, with an inner courtyard. In Zone II, on the other
hand, a small yard is located behind the shop, leading to stables for livestock, with access from the back
for staff and animals. The construction material is masonry in both climate zones. The dimension of the
residence is larger in Climate Zone I than in Zone II, with average areas of roof projection of 447.6 m2
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and 360.1 m2, respectively. The window-to-wall ratio is 0.21–0.4 in Zone I compared to 0.15–0.35 in
Zone II.

Table 9. Construction of “Portici” buildings in different climate zones.

Climate Zone Zone I Zone II

Material Masonry Masonry

W-to-W ratio 0.21–0.4 0.15–0.35

Main facade Eaves side Gable side

Floors See Table 7 See Table 7

Roof area 447.6 m2 360.1 m2

Average
Width × depth 8.7 × 51.5 m 9.5 × 26.2 m

Layout type

Typical diagram &
Picture

 
Portici 45, Bolzano

1

  
Via Portici 10,

Glorenza 2

1 Office of Architectural and Artistic Heritage, Autonomous Province of Bolzano - Alto Adige, http://www.provincia.
bz.it/arte-cultura/beni-culturali/monumentbrowser-ricerca.asp?status=detail&id=13862; 2 Office of Architectural
and Artistic Heritage, Autonomous Province of Bolzano - Alto Adige, http://www.provincia.bz.it/arte-cultura/beni-
culturali/monumentbrowser-ricerca.asp?status=detail&id=13862.

• Discussion with consideration of qualitative results

The differences in building layout and roof projection area are due to the development of trading
activities. When they were initially constructed, Portici houses had a fixed layout in climate Zones I
and II, with the shop facing the street and the stable at the back [48]. Portici houses developed due to
the prosperity of the trading and craft. The stable was abandoned since the farm is no longer a main
economic income, and the building extended backward. The depth of the extension could reach up to
60 m. To ensure enough light in the residence, two or three atria were inserted in between. Compared
to the depth, the width of the building structure did not change much over time. In Bolzano, each
parcel had a narrow, uniformed façade of about 6 m (about three windows wide), and 12 m for the
duplex façade opening to the main street. This building structure had a very low surface-to-volume
ratio (S/V) ratio. This compact structure ensured equal trading opportunities to as many shops as
possible, saved public farmland and investments on original walls, and decreased the heat losses
through the building envelope.

Building materials changed over time to increase fire safety. Every Portici district was seriously
threatened by fire accidents. It is documented that the Portici houses in Bolzano were initially built
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in wood on upper floors [47]. Due to devastating fires, there was a large loss of property and lives.
Masonry, therefore, became the preferred construction method for the following rebuild. In building
samples, all the Portici buildings are in masonry.

6. Conclusions

The present paper proposes a methodology to categorize the historic building stock using a
combination of quantitative and qualitative data. For the categorization, building features were
analyzed on the settlement and building level. The analysis conducted allows highlighting building
features that are influenced by climate and local culture, which contributes to the state of knowledge of
the historic building stock. This methodology could be applied to different scales of historic building
stock with the aim of understanding the correlation between building categories and climate.

The application of this methodology in South Tyrol shows the process in which a complex historic
building stock is systematized. In addition to that, some correlations between building categories
and local climate were discovered. From climate Zone I to III, the temperature decreases, and the
precipitation increases as the altitude increases; the settlements of historic buildings tend to be sparser,
with lower density; historic buildings tend to have smaller volumes, a lower window-to-wall ratio,
less thermal mass, and different agriculture functions. These results not only show that settlements are
more concentrated in regions with a climate that is ideal for agriculture, but also that they adapt to the
climate in some ways. According to the analysis of the development of building features, climate is an
important factor but not the only decisive one.

Considering future climate change, which could cause severe, pervasive, and irreversible impacts
on historic buildings, it is necessary to study the performance of historic buildings to ensure their
energy efficiency and conservation. According to the analysis of building features in three climate
zones, it is necessary to use different archetypes to represent the typical buildings. Moreover, there is a
need to carry out research to understand the capability of the climate-responsive features in future
climate scenarios, as well as exploring the possible further risks and adaptation strategies.
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Abstract: Climate change has dramatically affected the rainfall patterns and water systems in Central
Italy. The vulnerability of this area to climate change and natural hazards necessitates that appropriate
adaptation policies be put in place to protect heritage sites. This study aims to develop a cultural
and natural heritage conservation framework for Central Italy that enhances the capacity of climate
change adaptation for heritage resources. For this purpose, a comparison was made between the
UNESCO (United National Educational, Scientific and Cultural Organization) Convention of 1972
and the European Landscape Convention of the Council of Europe to achieve a coherent vision for the
protection of heritage resources in Europe. After describing the impacts of climate change on heritage
resources in Central Italy, we analyze and suggest improvements to the conservation framework for
wisely protecting heritage resources in a changing climate. The findings reveal that conservation
sectors require assessments of the value of heritage resources at the territorial scale to effectively
define conservation priorities, assess the vulnerabilities, and more precisely direct funding. In this
respect, the integration of the European Landscape Convention with territorial planning may boost
the unity of a conservation framework in terms of climate change while providing new opportunities
for conservation authorities to develop adaptation policies.

Keywords: climate change; heritage resources; conservation; adaptation capacity; territorial planning

1. Introduction

Heritage resources include all cultural and natural sites, and in particular, World Heritage Sites.
As designated by UNESCO (United National Educational, Scientific and Cultural Organization), World
Heritage Sites are a type of “cultural landscape” that conserve cultural and natural heritage sites
around the world [1]. Each World Heritage site is designated on the basis of one or more Outstanding
Universal Values [2], which are assessed through a rigorous evaluation process by the Advisory Bodies
of the World Heritage Convention [3]. According to article 49 of the convention, Outstanding Universal
Value is defined as "cultural and/or natural significance which is so exceptional as to transcend national
boundaries and to be of common importance for present and future generations of all humanity" [4].
As a type of cultural landscape, World Heritage Sites prominently boost the economy of countries
by attracting numerous domestic or international visitors [5]. From a broader perspective, Plachter
and Rossler (1995) define cultural landscapes as the result of “the interactions between people and
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their natural environment over space and time” [1]. In cultural landscapes, heritage resources recall
historical identities and enhance social cohesion [6].

From a territorial planning point of view, there is a strong tie between the proper conservation of
heritage resources and the sustainability of cultural landscapes [7–9]. Heritage resources were often
created based on a stable climatic condition [10]. However, global climate change—which is causing
increases in extreme weather events—has emerged as a significant threat to the sustainability of many
heritage resources all over the world [11,12].

Climate change inflicts direct damage on the materials and structure of historical monuments [13]
and threatens the status of Outstanding Universal Value at many World Heritage Sites [14]. For instance,
the United Kingdom Climate Impacts Programme (UKCIP) has suggested that the sea level rise in
the Thames Estuary will reach between 0.26 and 0.86m by the year 2080, compared to its average
level between 1961 and 1990 [15]. Such a rise in sea level and projected changes in storm patterns will
pose a significant threat to the Outstanding Universal Value of three World Heritage sites in London,
including the Tower of London, the Palace of Westminster, and Maritime Greenwich [10]. Furthermore,
climate change has indirect impacts, such as severe weather events that diminish the number of
visitors [16] and disrupt socio-economic activities at cultural landscape areas [17]. For example, climate
change is projected to decrease the annual visitations numbers of the Mesa Verde National Park in the
USA, which attracts about 500,000 tourists yearly and contributes about US$ 47 million to the local
economy [18].

According to Intergovernmental Panel on Climate Change (2014), adaptation is the process of
adjustment to actual or expected climate and its effects. In human systems, adaptation seeks to moderate
or avoid harm while harnessing beneficial opportunities [19]. Thus, climate adaptation involves the
actions taken to address the impacts of climate change by reducing vulnerability and taking advantage
of opportunities. Climate adaptation actions have the potential to reduce governmental barriers and
create an environment in which private sector actors can invest in adaptation strategies fit for a future
without carbon [20]. Many cities and mega-cities have improved their climate adaptation capacity
through policymaking and have developed adaptation measures for reducing vulnerability to the effects
of climate change [21]. In this respect, Dilling (2017) explains how cities in the USA have successfully
used policymaking to cope with climate and water variability and increasing population [22].

Building adaptation capacity may be defined at various levels (i.e., international, national, or local),
and subnational jurisdictions are essential sectors for improving measures to reduce the risks of climate
change [23]. The adaptation capacity at each level plays a vital role in the effectiveness of adaptation
policies in the long-term [24].

Heritage resources are easily vulnerable to climate-related risks, such as heavy rainfall events, or
landslides (UNESCO, 2008). A proper understanding of climate impacts on heritage resources not only
provides a reliable base for formulating and developing adaptation policies, but it can also help to reduce
the costs of climate change impacts, by building adaptive capacity to conserve those resources (Galeotti
and Roson, 2012). Therefore, an inter-disciplinary framework is needed to effectively addresses the
complex interactions between climate, physical, social, and ecological systems [25]. Delayed action in the
present may diminish opportunities for adaptation pathways in the future [26]. Many cultural heritage
experts and researchers in Europe believe that the adaptation of heritage resources to climate change is
possible [27].

Local case studies that analyzed the adaptive capacity of a particular region or a community argue
for the need to assess and measure adaptive capacity at the regional or local level because the decisions
to adapt are often made at that level [28,29]. Building on the IPCC’s definition of adaptive capacity, Smit
and Pilifosova classify the determinants of adaptive capacity in six categories, consisting of Economic
Resources, Technology, Infrastructure, Information and Skills, Institutions, and Equity [30]. It is widely
accepted that economic assets, capital resources, financial means and wealth all play an important role
in adaptive capacity. Wealthy nations are more likely to be in a better position to adapt to changes in
the climate and can bring more resources to bear on the costs of adaptation. Technological resources

50



Climate 2020, 8, 26

enable adaptation options, and consequently the lack of access and development of technology can
lead to lower adaptive capacity. Existence and development of infrastructure can form the basis for the
development of adaptation options and measures. Skilled, informed, and trained personnel enhance
adaptive capacity and access to information is likely to lead to development of adaptation options
that are timely and appropriate. Well-developed institutions and governance structures not only
have the capacity to address present day challenges but also provide a decision-making infrastructure
that enables communities to effectively plan for future. Finally, equity is a measurement tool for
social sensitivity to climate change and pays needed attention to populations most vulnerable to
climate change impacts [31]. Some studies also highlight the necessity of developing communication
mechanisms among heritage institutions, academic researchers, and the local community to build
adaptation capacity at heritage sites [13,32]. Communication is essential for adapting to climate change
because it facilitates the engagement of the public in climate change science and solutions in partnership
with governments, media organizations, companies, and civil society [33].

In Italy, heritage resources play a significant role in social cohesion as markers of historical identity
and are also a driving factor in the national economy. In this respect, The Italian National Institute of
Statistics affirms that in 2017 visitors spent about 421 million nights at tourist accommodations, which
represents an increase of 4.4% in comparison with the past year. However, few studies warn about the
adverse economic impacts of climate change on Central Italy’s heritage tourism. Yet the climate is
changing; for example, climatic data shows that 2008 was recorded as the third wettest year in Italy
since 1961 [34]. Thus, urgent attention is needed to develop mitigation and adaptation policies that
take heritage resources into account.

Tourism and agricultural production are the most vulnerable economic sectors in Central Italy to
climate change [35]. A recent World Bank report also highlights Italy’s considerable vulnerability to
climate change in the coming decades [36]. Heritage resource conservation remains a concern due to
extreme events (droughts, flooding, and landslides), which are increasing in Central Italy as they are in
many other regions of the world [37]. Therefore, the long-term sustainability of heritage resources
in Central Italy requires a robust conservation framework that enhances the adaptation capacity in
this region. This study aims to develop a resilient framework that can be used to assess the adverse
climate impacts on cultural and natural heritage sites in Central Italy, and bring new opportunities for
adaptation of heritage resources to climate change.

2. Research Design

2.1. Materials and Methods

This study adopts a descriptive qualitative comparative approach for boosting the current cultural
and natural heritage conservation framework in Central Italy. For this purpose, we first compare
two heritage conservation frameworks in Italy—the UNESCO Convention of 1972 and the European
Landscape Convention of the Council of Europe—to achieve a coherent vision for the protection of
heritage resources in Europe, and in particular, Italy. In the results, the impacts of climate change on
various heritage resources are discussed to provide an understanding of the conservation challenges
in Central Italy. Finally, we propose a roadmap for promoting the cultural and natural heritage
conservation framework and building capacity for adaptation of heritage resources to climate change
in this area.

2.2. Study Area

Italy is characterized by a very complex climatic formation due to the presence of high mountain
ranges, such as the Alps and Apennines, and the vicinity of the Mediterranean Sea. Regarding the
atmospheric circulation, the Mediterranean Sea and land area of Italy are generally influenced by
tropical air masses in the summer and by western air masses in winter. The variability of these
circulation patterns and the interactions with such a complex system make the Mediterranean region
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especially vulnerable to climate change and sensitive both to the global phenomena and to events at
the local scale [38].

This study focuses on Central Italy, which is one of the five macro regions of the country, with
a total area of 58,085 km2. Central Italy is composed of the four regions of Tuscany, Lazio, Umbria, and
Marche [39]. Central Italy is dominated by the hills and mountains of the Apennines, from which a few
major rivers flow. There are few natural plains of any size in this region, but those that do exist are
famously fertile. They have been supplemented over the years by a process of land reclamation that
has turned the coastal swamps and marshes into highly productive agricultural land, and provided
space for the expansion of cities and towns [40]. With 55 World Heritage Sites, Italy is a leader under
the UNESCO World Heritage List, and Central Italy hosts 13 World Heritage Sites (Figure 1 and
Table 1) [41].

 
Figure 1. World heritage sites in Central Italy [42].

Table 1. World Heritage Sites in Central Italy [43].

Pr. World Heritage Site Year of Inscription Category of Inscription

Tuscany

1. Piazza del Duomo, Pisa 1987 (i)(ii)(iv)(vi)

2. Medici Villas and Gardens 2013 (ii)(iv)(vi)

3. Historic Centre of Florence 1982 (i)(ii)(iii)(iv)(vi)

4. Historic Centre of San Gimignano 1990 (i)(iii)(iv)

5. Historic Centre of Siena 1995 (i)(ii)(iv)

6. Historic Centre of Pienza 1996 (i)(ii)(iv)

7. Val d’Orcia 2004 (iv)(vi)

Marche 8. Historic Centre of Urbino 1998 (ii), (iv)

Umbria 9. Assisi, the Basilica of San Francesco and Other Franciscan Sites 2000 (i), (ii), (iii), (iv), (vi)

Lazio

10. Etruscan Necropolises of Cerveteri and Tarquinia 2004 (i)(iii)(iv)

11. Villa d’Este 2001 (i)(ii)(iii)(iv)(vi)

12. Villa Adriana 1999 (i)(ii)(iii)

13. Historic Centre of Rome 1980 (i)(ii)(iii)(iv)(vi)

Many of these sites are valuable treasures of the medieval and Renaissance era (Table 1), which
meet different criteria of Outstanding Universal Value (Table 2).
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Table 2. The Criteria for Outstanding Universal Value Based on the Operational Guidelines for the
Implementation of the World Heritage Convention [4].

Type Criteria Definition

Cultural

(i) to represent a masterpiece of human creative genius

(ii)
to exhibit an important interchange of human values, over a span of time or
within a cultural area of the world, on developments in architecture or
technology, monumental arts, town-planning or landscape design

(iii) to bear a unique or at least exceptional testimony to a cultural tradition or to a
civilization which is living or which has disappeared

(iv)
to be an outstanding example of a type of building, architectural or
technological ensemble or landscape which illustrates (a) significant stage(s) in
human history

(v)

to be an outstanding example of a traditional human settlement, land-use, or
sea-use which is representative of a culture (or cultures), or human interaction
with the environment especially when it has become vulnerable under the
impact of irreversible change

Natural

(vi)
To be directly or tangibly associated with events or living traditions, with ideas,
or with beliefs, with artistic and literary works of outstanding universal
significance.

(vii) to contain superlative natural phenomena or areas of exceptional natural
beauty and aesthetic importance

(viii)
to be outstanding examples representing major stages of earth’s history,
including the record of life, significant on-going geological processes in the
development of landforms, or significant geomorphic or physiographic features

(ix)
to be outstanding examples representing significant on-going ecological and
biological processes in the evolution and development of terrestrial, fresh
water, coastal and marine ecosystems and communities of plants and animals

(x)

to contain the most important and significant natural habitats for in situ
conservation of biological diversity, including those containing threatened
species of Outstanding Universal Value from the point of view of science or
conservation

3. Analysis and Results

3.1. Landscape as a Cultural Heritage

The strong tie between cultural and natural heritage sites is evident in many “cultural landscapes”
in Italy, and in particular, in Central Italy where there is a harmonious combination between many
small historic centers and their natural heritage and natural resources. For instance, the landscape of
Val d’Orcia in the province of Siena in Tuscany is part of the agricultural hinterland of Siena, redrawn
and developed when it was integrated into the territory of the city-state in the 14th and 15th centuries
to reflect an idealized model of good governance. The landscape of the Val d’Orcia was celebrated by
painters from the Siennese School, which flourished during the Renaissance. Images of the Val d’Orcia,
and particularly depictions of landscapes where people are drawn as living in harmony with nature,
have come to be seen as icons of the Renaissance and have profoundly influenced the development of
landscape thinking [44].

The palace and the gardens of Villa d’Este in Tivoli, in the center of Italy, is another example of this
harmonious combination. The Villa d’Este had a profound influence on the development of garden
design throughout Europe. The gardens with the fountains are a masterpiece of hydraulic engineering,
both for the general layout of the plan and the complex system of distribution of water. A broad area
around the Villa is protected as landscape by a law decree (Decreto n.42/04) to be of interest for the
landscape resources [45].
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To promote the meaning of cultural heritage, the Italian Ministry of Cultural Heritage and
Activities adopts a “landscape vision” as a mixture of cultural goods and landscape resources [46].
As climate change impacts the features of the landscape, the cultural and natural heritage conservation
framework should be able to assess the importance and vulnerability of heritage resources at the
early stages of communication and policy making [25]. Despite having a mutual goal of heritage
conservation, the approaches of the two conventions (UNESCO Convention of 1972 and Europe
Landscape Convention) are distinct, which leads to different definitions of cultural and natural
landscapes, and consequently, different heritage policies.

3.2. Approaches for Cultural Landscape

In the UNESCO 1972 Convention, the heritage concept is divided into two independent and
separate notions of cultural and natural heritage. According to Articles one and two of the UNESCO
Convention, cultural heritage is defined as monuments and groups of buildings and sites that have
historical, aesthetic, archaeological, scientific, ethnological, or anthropological value. Natural heritage
is defined as exceptional physical, biological, and geological formations, habitats of threatened animal
and plant species, and areas that have scientific or aesthetic value [47]. The cultural criteria were
slightly revised to the "cultural landscape" in the Operational Guidelines for the Implementation of
the World Heritage Convention in 1992, albeit the origin of the concept harkens back to Carl O. Sauer
in 1925 [48]. As shown in Table 3, UNESCO categorizes cultural landscapes into three types [49].
In the vision of UNESCO, historical features are a vital factor for the maintenance and inscription of
a cultural landscape on the World Heritage list. For instance, the presence of traditional crops and
local products, as well as the presence of architecture related to agricultural activities, are considered
by UNESCO to be the significant factors of integrity in a cultural landscape. However, problems arise
in determining how best to quantify the threshold of traditional features or historical durability in
a changing climate. Furthermore, maintaining the integrity of the heritage sites is strongly influenced
by social and economic factors.

Table 3. UNESCO Categories for Cultural Landscape.

Cat. Type of Cultural Landscape Definition

(i) Clearly defined

Designed and created intentionally by man. This embraces
garden and parkland landscapes characteristically constructed
for aesthetic, social and recreational reasons which are often
associated with religious or other monumental buildings and
ensembles

(ii) Organically evolved

Fall into two sub-categories. First, a relict landscape is one in
which an evolutionary process came to an end at some time in
the past. Second, is one which retains an active social role in
contemporary society closely associated with a traditional way
of life.

(iii) Associative cultural
Landscapes with definable powerful, religious, artistic, or
cultural associations with the natural element rather than
material cultural evidence.

The European Landscape Convention—which was adopted in Florence in 2000—is the first
international agreement exclusively dedicated to the cultural landscape. It describes the cultural landscape as
any part of the territory “as perceived by people, whose character is the result of the action and interaction of
natural and human factors” [50]. The convention emphasizes that landscape is derived from the interaction
of a community and its environment over time. The vision of the European Landscape Convention is
different from the UNESCO Convention, because its approach to cultural landscape is a quality of each
territory, not only of those with exceptional landscape values. While the European Landscape Convention
is more regionally focused and takes into consideration a holistic and social landscape, the UNESCO
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Convention seeks to protect only those landscapes which are recognized worldwide as an exceptional
heritage [51].

Before developing disconnected climate adaptation policies, there is value in determining what
distinguishes buildings, landscapes, and other aspects of community into a unique culture. Furthermore,
the cultural landscape is not so much something that is particularly beautiful or exceptional, but rather
different and unique. Thus, it is necessary to sensitize and sufficiently educate both governments
and communities about the value of cultural landscapes and involve them in heritage planning [52].
This approach gathers assets of agricultural and forestry interests, architectural assets, and cultural
traditions in a distinctive or characteristic set. The cultural landscape approach meets both natural
heritage and cultural heritage, within which we must consider not only the agricultural or forest
heritage, but also the architectural aspects, including archaeological sites [53]. Therefore, adopting the
approach of the European Landscape Convention is more fitting for defining a more grounded concept
of cultural heritage in Central Italy and thus building climate adaptation capacity in this area [54].

3.3. Climate Change Impacts in Central Italy

Climate change and its related natural risks can disrupt the socio-economic dynamics in cultural
landscapes. According to the Italian National Institute of Statistics [55], the average annual temperature
of the country over the time period from 2002–2016 was 15.5 ◦C, an increase of 1.0 ◦C when compared
to the years 1971-2000. In the period from 2002-2016, there were, on average, 110 summer days and
45 tropical nights; this is, respectively, 17 and 14 more than the climatological average for Italy. Climate
observations confirm an increase in the average monthly temperature as well as an upward trend
in extreme temperatures (Figure 2). In Tuscany, for instance, the maximum temperature increase
(+0.44 ◦C/decade) was slightly higher than minimum temperature (+0.38 ◦C/decade) and, consequently,
an increase in summer daily temperature range was noted (+0.06 ◦C/decade) [56].

Figure 2. Average monthly temperature and precipitation in Italy from 1901-2016 [57].

In Central Italy, floods and landslides are among the leading risks that may impose irreparable
damage to cultural landscapes (Figure 3). In this sense, the intangible characteristics of the cultural
landscape may be threatened by loss of inhabitants due to damage to infrastructure, the spread
of pollution and water-related diseases, soil erosion, and damage to agricultural lands and crops.
For instance, between 1939 and 2004, Italy was hit by 28 massive floods that affected 2.85 million
people and caused 1.5 million to become homeless. The number of victims over this time period was
694 people, and the cost of these climate impacts was estimated at US$ 32.7 million. After the floods of
Campania in May 1998, climate risks were exacerbated by naturally occurring disasters in the region,
such as the 2016 earthquake in Central Italy that devastated heritage resources and claimed the lives of
nearly 300 people. In response, Italy developed a national plan “Urgent measures for the prevention of
hydrogeological risk and for areas affected by landslides in the Campania region” under the law 267/98
for reducing the risks of floods and landslides [58]. However, this law does not take into account the
higher risks deriving from climate change scenarios, for which no assessment currently exists [59].
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Figure 3. (a) The population at risk of landslides in Central Italy; (b) The population at risk of floods in
Central Italy, derived from [60].

The risks of severe weather patterns caused by climate change may lead to irreversible damages
to the value of many heritage resources in Central Italy. These threats affect not only the identity of the
landscape but also the tourism industry. The tourism activity and economy may be interrupted or
diverted, at least until livable conditions are restored in areas affected by floods or landslides.

Another concern is the loss of biodiversity and natural ecosystems due to the impacts of climate
change. Natural resources are an integral part of the identity of territories in Italy. Moreover, in Central
Italy, cultural landscapes encompass many of Natura 2000 sites, which include the most valuable and
threatened species and habitats in Europe. In the region of Umbria, for instance, Natura 2000 sites
cover about 15% of the entire territory. The sites encompass 41 habitats of European interest, of which
11 are defined as rare species, with 143 animal species (four are defined as primary), and eight species
of plants [61].

The Italian public is mostly aware of the seriousness of climate change, but climate change is
considered less urgent than other matters of concern related to the economic situation [62], specifically in
terms of conservation policies. In developing adaptation capacity in cultural landscapes, Italian citizens
rely mainly on information provided by traditional mass media, while environmental organizations and
public communication by scientists play a marginal role. Some studies developed cyberinfrastructure
models for disaster management [63].

4. Discussion

The current vision in Central Italy for conservation and management of heritage resources is still
very close to the traditional paradigm that affords tangible heritage areas an intrinsic value, worthy
of great efforts for its collection, catalogue and preservation in view of the likely restoration of the
damaged heritage [64]. However, both protection of heritage areas and climate change adaptation are
dynamic fields of investigation [65]. Prior to developing climate adaptation policies, it is necessary to
examine the meaning of cultural heritage in light of climate change. According to the results, viewing
heritage resources with a broader lens of the cultural landscape provides a comprehensive framework
for the wise development of adaptation policies. In the vision of UNESCO, historical features play
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a vital role in the definition of the cultural landscape and can be divided into three different categories,
including (1) clearly defined; (2) organically evolved; and (3) associatively cultural.

In contrast, the European Landscape Convention focuses on the social values of the cultural
landscape that make a community distinct and unique. In this vision, the cultural landscape provides
a holistic perspective—an area, as perceived by people, whose character is the result of the action and
interaction of human factors and natural resources therein. Furthermore, in this vision, the local economy
is linked to landscape resources in several ways: through resources related to the production of food,
energy, raw material, and water (farming, forestry, fishery, water supply) and through the tourism
industry. The European Landscape Convention promotes a valuation system based on community
perception. It also pays particular attention to the strategic role of cultural and natural goods in sustaining
the cultural landscape. From a territorial planning point of view, cultural heritage may be defined as
a system of synergistic relationships between unique qualities of the physical environment, the built
environment, and the anthropic environment [66]. Therefore, adaptation policies should be developed
under a cultural and natural heritage conservation framework that suitably recognizes these three aspects
in an integrated form.

The analysis of climate change impacts on Central Italy (Figure 3) illustrates the varying
vulnerability to natural risks across the landscape. From a territorial planning point of view, developing
climate-adaptive policy and reducing the impacts of natural risks is not only about conservation of the
physical features in a heritage site, but also recognizing and protecting socio-economic activities that
are linked to the cultural, natural, or World Heritage Sites. The socio-economic changes associated
with climate impacts can have a significant influence on the protection of the cultural landscape.
For identification of climate change impacts on socio-economic dynamics, heritage sectors need to
estimate the damage costs of climate change on the cultural landscape and be fully aware of how this
damage can be minimized by adaptation policies that build capacity and resilience. Such a vision
would enhance the concept of cultural heritage from an isolated site into a territorial resource.

To promote the adaptation capacity of cultural landscapes, it is recommended that Central Italy
integrate the European Landscape Convention within territorial planning systems. Such a combination
provides an opportunity to use multidisciplinary and multi-sector perspectives in dealing with protection
challenges, while also considering the unique morphologies of cultural landscapes in this area. For instance,
if agriculture factors centrally in the identity of a cultural landscape, understanding farmers’ views, framing
issues, and necessary actions would be crucial for developing climate adaptation policies [54]. Adopting
a territorial vision in a cultural and natural heritage conservation framework facilitates the inclusion of
new approaches for adaptation of heritage resources in the face of climate change. The proposed approach
supports multi-scale and multi-sector actions rooted in the differing expectations of a wide range of partners
and expands the scope of community participation and engagement.

Consequently, territorial planning facilitates communication between planning institutions,
stakeholders, and researchers in developing adaptation policies and reducing the risks of climate
change. Furthermore, in this vision, cultural and natural heritage goods are dynamically assessed as
useful characteristics for the sustainability of the cultural landscape. Adopting a territorial approach to
heritage resources from conservation to protection, static to dynamic, valued to valuing, and from
isolated to contributor can play a fundamental role in adaptation to climate change in Central Italy.

The proposed cultural and natural heritage conservation framework (Figure 4) not only supports
mitigation and adaptation strategies at the national scale but also boosts communication among
heritage institutions, academic researchers, and the local community. However, developing and
implementing adaptation policies in such a framework highlights the need for further research to
address the potential challenges and risks. Although this model affirms that losing a part of heritage
resources because of climate change impacts is inevitable, inadequate knowledge of how vulnerabilities
and the cost of climate change should be prioritized in the context of a cultural landscape remains
a challenge for developing climate-adaptive policies.
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Figure 4. A framework for building adaptation capacity and sustaining of cultural landscapes in
Central Italy.

Another consideration is that conservation organizations are at a different level of preparedness in
terms of how well they are equipped to respond to climate change, and this condition can considerably
affect the assessment, policymaking, and implementation steps. For instance, while local governments
are the first responders for climate-related natural risks (e.g., flood), many municipalities may not be
adequately prepared for dealing with floods. Most municipal officials have a reasonable understanding
of flood issues and its adverse impact on cultural landscapes. However, they require additional
information, support, and education as they deal with the complexity of decisions surrounding climate
change and its impacts on heritage resources [67].

Considering the complexity of conservation issues in Central Italy in terms of climate change,
the cultural and natural heritage conservation framework requires a model of how the exchanging of
information should be developed among citizens, public administrators, and the scientific community
at the regional scale.

5. Conclusions

The analysis of historical climate data shows that climate change has notably affected temperature
and rainfall patterns in Italy. Many international reports forecast that Italy is going to be more vulnerable
to climate change over the coming decades. In Italy, heritage resources are a driving factor for social
cohesion and the national economy; thus maintenance of these resources necessitates urgent attention
in developing adaptation policies at heritage sites. This study examined methods for strengthening the
adaptation capacity at cultural and natural heritage sites in Central Italy. Our analysis revealed that
floods and landslides are two significant climate-related risks that threaten Central Italy. However,
different municipalities have different vulnerability levels to these risks based on their information and
skills, and their institutional preparedness. This study further develops the concept of cultural heritage
as a system of synergistic relationships between the unique qualities of the physical environment,
the built environment, and the anthropic environment. Therefore, climate adaptation policies must
integrate these three aspects to be effective at conserving and protecting cultural and natural heritage.
In this respect, we propose the European Landscape Convention as a potential conservation framework
for the development of adaptation policies in Central Italy. This convention takes a regional approach to
cultural heritage that makes it distinct from the UNESCO vision. The European Landscape Convention
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takes the holistic and social landscape into consideration, while the approach of UNESCO is less regional
and less place-specific in its focus. Integrating the European Landscape Convention with territorial
planning also promotes communication among different sectors and stakeholders. Such a territorial
vision for the conservation of heritage resources can effectively reduce the cost of climate change in
terms of flood and landslide in Central Italy. Our analysis also shows that different municipalities have
different levels of vulnerability to these risks based on their information and skills and institutional
preparedness. One reason is that environmental organizations and public communication by scientists
play a marginal role in terms of climate adaptation of cultural landscapes in Central Italy. Further
research is required to understand how territorial planning can reduce organizational tensions in
defining protection priorities as well as assessing stakeholder preparedness for necessary actions in
terms of managing climate change and natural risks.
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Abstract: Climate change is a certainty, but the degree and rate of change, as well as impacts of those
changes are highly site-specific. Natural World Heritage sites represent a treasure to be managed and
sustained for all humankind. Each World Heritage site is so designated on the basis of one or more
Outstanding Universal Values. Because climate change impacts are site-specific, adaptation to sustain
Universal Values also must be specific. As such, climate change adaptation is a wicked problem, with
no clear action strategies available. Further, adaptation resources are limited at every site. Each site
management team must decide which adaptations are appropriate investments. A triage approach
guides that evaluation. Some impacts will be so large and/or uncertain that the highest probability of
adaptation success comes from a series of uncertain actions that reduce investment risk. Others will
be small, certain, comfortable and yet have low probable impact on the Universal Value. A triage
approach guides the management team toward highest probable return on investment, involving
stakeholders from the surrounding landscape, advancing engagement and communication, and
increasing transparency and accountability.

Keywords: risk-based decisions; triage; protected areas; scenario planning

1. Introduction

Human society is now living in the Anthropocene [1–5], encountering far-reaching anthropogenic
environmental changes. Climate change has become one of the few most critical challenges we
face [6,7]. Accelerated, anthropogenic climate change threatens the capacity of the Earth’s ecosystem
to sustain human well-being. The global ecosystem has a limited capacity to meet the demands of a
constantly increasing human population [8,9]. As such, climate change has become the quintessential
crisis, attracting public and political attention [9]. Such attention varies among fear, denial, and
mitigation/adaptation.

Although globally, climate change is a certainty [10,11], the rate and magnitude of specific changes
are highly site-specific. Each management entity (i.e., those responsible for management of a given
landscape) must develop and implement adaptation actions specific for the site itself. That specificity
is demanding, expensive and yet critical when the site involved is unique and of global significance.
Natural World Heritage (NWH) sites represent a pool of 252 landscape units, each of which is unique
and of global significance (Figure 1). Sixteen of those 252 sites are classified as “In-Danger” by
UNESCO, and two of the sixteen (i.e., Everglades and East Rennell) are specifically threatened by
climate change. Others such as the Australian Wet Tropics are highly sensitive to small and almost
certain changes in climate [12–14]. Climate change is a potential threat to each NWH [15], but especially
so to ecosystems that are rich in biodiversity and endemism (e.g., the subtropical rainforests of central
eastern Australia) [16]. More than a decade ago, the World Heritage Committee (WHC) instructed
that all World Heritage (WH) site management plans assess the possible impact of climate change and
prepare mitigation strategies [16–18]. That call has been repeated by several global groups, e.g., [19–21].
Meeting that need demands attention and resources that often are in limited supply.
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Figure 1. Location of the 252 UNESCO Natural World Heritage (NWH) sites; the 16 sites in red are on
UNESCO’s “Sites In-Danger” list [22].

Climate change, and climate change adaptation make management of NWH sites and other large
protected areas ever more challenging. Sustaining the attributes that make the site qualify as World
Heritage becomes pursuit of a moving target. Past and current management strategies may not be
adequate for WH sites and other large protected areas in adapting to a changing climate because the
sites originally were developed and managed with the notion of static boundaries and with the aim of
maintaining values present at the time of designation [23]. For example, Zaccarelli et al. [24] comment
that conservation plans assume that biodiversity and human values both are static. Yet, increased
awareness of the value of biodiversity has changed the priorities associated with it [25]. Similarly,
Wu et al. [26] demonstrate the need for forward-looking conservation strategies that can adapt to
the novel communities expected to represent future avifauna, a view clearly applicable to other taxa
as well.

One of the attributes of climate change that is most widely accepted is that the frequency
and magnitude of extreme events will increase before there is a demonstrable change in average
conditions [27]. Geologic history shows that the Earth’s climate has always been characterized by high
variability, underlain by natural cycles. However, as humans increasingly have altered atmospheric
gases, both the frequency and intensity of events have become more pronounced, with extremes of
both temperature and rainfall commonplace [11,28,29]. For example, distinct Australian flood events
with 1 in 100, 1 in 150 and 1 in 300 year return periods all were recorded in 2007 [11]. That change in
climatic conditions necessitates a change in planning and management. But, because futures are so
unpredictable the requirement is for an adaptable strategy, not a series of new practices.
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2. Risks that Climate Change Poses to Natural World Heritage Sites

Each WH site has a series of attributes the cause it to meet the UNESCO criteria for WH. Those
attributes represent the Outstanding Universal Value (OUV) that characterizes the site. Climate change
may pose a wide range of stressors to the variables that constitute the OUV. Examples of such stressors
include sea level rise, changes in temperature and precipitation, and altered hydrologic regimes. Cloud
forests such as those in the mountainous regions of Western Australia and the Andes are especially
sensitive to such changes [12–14,30,31]. Coral reefs such as those in Belize [32], Australia [33] and
Indonesia [34] have been demonstrated to be highly responsive to climate changes. I developed a
World Heritage Vulnerability Index (WHVI) for NWH sites, to identify the sites at greatest risk from
climate change [35]. That index relied on nine variables, ranked all NWH sites (220 at the time), and
could inform debate concerning the future management of key heritage assets [11]. However, that
approach served as a comparison among sites, not as guidance for an individual site. In a second
contribution [36], a colleague and I offered a range of site-specific, climate change adaptation actions
within and around any given NWH site. Decisions and actions within and among NWH sites were
placed in a theoretical context in a later paper [37]. The current contribution takes that work forward
to offer decision-making guidance applicable to all NWH sites.

3. Triage as Guidance for Prioritization

Triage is a term that has been used in the medical community since the early 1900s to sort patients
into categories: (1) deceased or untreatable; (2) critical; (3) stable; and (4) minor. This paper argues that
decisions at the site-scale necessarily follow the logic of triage. That process for prioritizing investment
of scarce resources is implicitly applied on a daily basis by managers and policymakers, but its inherent
logic (i.e., specific triage application) is most often implicit [38]. For example, Reimann et al. [39]
followed a triage approach to offer an index that allows ranking WH at risk from coastal hazards
and found it successful. Krosby et al. [40] used large temperature gradients, high canopy cover, large
relative width, low exposure to solar radiation, and low levels of human modification to calculate a
riparian climate-corridor index that results in triage-based risk evaluations ranging in scale from local
watersheds to the entire Pacific Northwestern US. But, by failing to be explicit and transparent, many
decisions will necessarily be inefficient [41].

Disaster risk reduction (DRR) is a large and critically important field that attempts to guide
society in preparing for and responding to natural disasters. Human society has always been subject
to disaster, a history which logically would lead to advanced states of prediction and planning. In fact,
however, society broadly, and many governments in particular appear to have short memories of past
disasters and very low willingness to invest in disaster avoidance [42]. Science and policy have come
to recognize that integrating disaster response and climate change adaptation is a necessity [43]. A
wide range of frameworks has been developed for framing societal actions [44,45]. In spite of that
breadth, the linkage between DRR and climate change response has yet to emerge. For example, at the
time of this writing (21 August 2019), Web of Science reported 3474 papers that addressed “disaster risk
reduction”, but only six of those addressed climate change. Only one [46] addressed climate change
and triage, and the context was medical response not preparedness or adaptation. In spite of the logical
similarity between DRR preparedness and climate adaptation planning, the frameworks advanced
for the former are not useful for site-specific or landscape-scale climate change adaptation planning
for NWH.

Bottrill et al. [41] suggest that conservation triage can serve effectively for prioritizing actions
as long as alternative actions are assessed relative to at least four parameters: values, biodiversity
benefit, probability of success, and cost, necessarily combining those four in a mathematically rigorous
fashion. Of course, understanding the probability of success requires a clear overview of the actual
situation and clear future risk scenarios. Further, triage and transparency by themselves will not solve
the problem. I have suggested that climate change adaptation at NWH sites is a wicked problem for a
variety of reasons [37], including the fact that there is an ever-changing baseline. Wicked problems
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have a range of characteristics that challenge climate change decision-making: each manager is faced
with limited resources, competing public interests, increasing and novel threats, changing political
environments and demands from a diversity of stakeholders [23]. Many of those novel threats will
be unknown (in frequency and magnitude), making it difficult to judge probable successes. In every
NWH site, some climate change impacts will be unmanageable given available resources, and that will
prevent site managers from meeting the goal of sustaining all values [23].

Philips [16] suggests that one of the principal challenges of adaptation is that there are no limits to
the time and resources that could be absorbed and the absence of a limit makes it difficult to know
how much to spend on adaptation. Further, there are widespread concerns about data reliability and
the contested nature of information about climate change, resulting in a perceived lack of the necessary
information to make fully informed decisions [16].

It is becoming increasingly clear that NWH sites and protected areas (PAs) are social-ecological
systems [47]. As such, these resources are vulnerable to political change [48–50], economic fluctuations,
and ecological variance [47] (Figure 2). Protected areas (including NWH sites) cannot be effectively
managed based solely on ecological principles and the surrounding environment in which they
are embedded [50]. Biophysical processes (e.g., landscape evolution, climate change) as well as
sociopolitical dynamics drive questions like what specifically should be preserved, why and how?
The most specific and practical guidance available for site-specific climate adaptation at individual
NWH sites is the UNESCO Guide [36]. That guide and the paper offered here frame decisions as risk.
Explicit triage logic guides decisions about such risks.

Figure 2. Biophysical and socioeconomic influences on the Outstanding Universal Value (OUV) of a
NWH site, and examples of interventions as part of climate change adaptation. Modified from [47].

Every WH site has one or more OUVs. An OUV implies cultural and/or natural significance which
is so exceptional that it transcends national boundaries and is “ . . . cultural and/or natural significance
which is so exceptional as to transcend national boundaries and to be of common importance for
present and future generations of all humanity.” [22]. The reason for management to consider climate
change adaptation is to ensure that the OUV of the WH site is sustained, which requires resilience
in the face of climate change. That requires that we address at least two key biophysical factors for
assessing the impact of climate change: (1) the character of the site within the natural landscape;
and (2) the sensitivity and vulnerability of that natural landscape to process-driven, geomorphologic
change [9]. But management decisions must consider more than that. Every decision must weigh the
degree to which maintenance and intervention can be deemed cost-effective (based on the state party’s
definition) and the degree to which adaptation actions will be compatible with the aesthetic and other
qualities that are part of the OUV [11].
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It is appropriate that climate change adaptation at NWH sites focuses on the OUV. However, that
focus cannot be blind to the natural processes of landscape change. Kabat et al. [51] offer three broad
challenges that should guide such awareness: (1) conservation in a changing system requires a focus
on the values and not the state of the system; (2) local and regional management should be nested
in more coarse-scale governance structures; and (3) the management approach must be sufficiently
adaptable that it is able to deal with uncertainty and nonlinearities.

4. Guidance for Triage-Based Decisions

A site manager, or the site management team must be prepared to take calculated risks and choose
optimal solutions in the context of what is known and understood. A triage approach supports that.
Triage guides allocation of conservation resources such that scarce resources are allocated to maximize
persistence of features that will disappear without conservation action [37]. That is, based on climate
predictions and scenarios of the future, some attributes of the site (and of the OUV) will be relatively
unaffected, some will almost surely be altered in spite of management action, and some are likely to be
responsive to (protected by) management action. Investing time and resources in the latter of those
three maximizes the probability of a successful outcome (Figure 3). Assessing the vulnerability of a
site’s features against climate scenarios will help the site team assess the degree of risk climate change
poses to the site’s OUV. Scenarios incorporate interacting risks and uncertainties, advancing informed
decisions [52]. This in turn, will enable the management team to prioritize responses against criteria,
providing a basis for action that can be monitored and reviewed. By explicitly acknowledging that
scenarios and decisions are based in triage, the manager will be able to evaluate tradeoffs and provide
transparency of decision-making [39].

Figure 3. A risk triage for managing the OUV of a NWH site. Modified from [38]. For example, a
strategy in the lower right (low risk, high value) might be to expand the boundaries of the site, a low
probability effort that would require significant time and energy. Strategies in the upper right represent
high value attributes that probably cannot be saved (e.g., eroding coastlines). This approach recognizes
that valuable resources (i.e., upper right corner) will be lost without additional resources, but argues
that long term sustainability of the OUV comes from investment in the right center. Examples of such
investments might include wildlife corridors to connect patches, or no-take marine protected zones
for reproduction.

While future climate conditions are very difficult to predict precisely, even rough predictions in
the form of scenarios will help a manager think about the ways in which attributes of the OUV may be
expected to respond to future climate conditions. This allows at least some form of risk analysis as
the basis for designing an adaptation plan. Such a plan should provide a range of prioritized actions,
both within and beyond the site itself. Those actions should include actions to be taken or proposed in
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the broader landscape. The most successful climate change adaptation strategies view the site as an
element of a larger landscape and then address the OUV on-site in the context of off-site practices that
influence the OUV [36].

Examples of such on- and off-site impacts abound. The Sundarbans is a massive wetland complex
in India and Bangladesh. Some off-site impacts (e.g., sea level rise) are beyond the consideration of
the management team. Others (e.g., deforestation in the headwaters, mining in adjacent properties)
can be influenced by but not controlled by the management team. On-site practices such as hunting
and shrimp culture can be directly controlled; others, such as on-site effects of flooding cannot [53].
However, traditional management has viewed the OUV of the site as the operational variable and the
site boundaries as the spatial sphere of interest. A triage approach that considers off-site and on-site
factors, and uses risk analysis logic to guide investments might, for example, guide the team toward
mining and shrimp culture as the two most opportune investments, and expansion of site boundaries
as one viable, long term strategy for moving forward.

The team should recognize that climate (and other anthropogenic) changes in the larger landscape
will make future protected area management even more challenging than traditional management.
Many traditional techniques will not be adequate for future conditions because NWH sites have been
developed and managed in conceptual isolation, with the notion of static boundaries and the aim of
maintaining current values [23,37]. It is common for managers and their teams to focus on lands under
their control (or influence). For example, Fischman et al. [54] found that few protected area managers
prescribed acting outside the refuge to address climate change impacts. They report that their finding is
particularly surprising because protected area managers showed overall high rates of prescriptions for
acting outside of refuge boundaries to address other problems, especially addressing water pollution,
habitat loss, and invasive species. Yet protected areas (including NWH sites) are part of regional zones
of social-ecological interactions. Management actions inside a site (e.g., ecological connectivity, water
flows) impact, and are impacted by responses (e.g., development) outside site boundaries [55]. Actions
outside site boundaries are often controlled by political, bureaucratic, administrative or ownership
variables, but cannot be ignored by site managers. As Kabat et al. [51] and Jones et al. [56] suggest,
global trends in the economy cause an increasing need to evaluate projects on more coarse spatial
scales; I would add the need for expanded temporal scales.

Specifically with regard to temporal influences, the site team must think into the future. Managers
are less able than ever to predict what will happen under future climate conditions, but a diverse
team can frame scenarios and make educated guesses. Climate change adaptation requires analysis
of the current situation in light of historical and projected changes, measuring the results of actions
taken, revising them and trying again. Adaptive management is based on this cycle of analysis,
application, evaluation and revision [41]. That forward looking approach may seem intuitive, but is
not traditional. Many of the recommendations for improving climate change adaptation encourage
managing for change and adopting landscape-scale strategies [23]. Global changes such as increased
mobility of many species, and increases in human alteration of the landscape mean that NWH sites
can no longer be managed as ecological islands, independent of the broader social-ecological system in
which they are located. Resilience of a site requires an ability to adapt to changing social and ecological
conditions over time, supporting persistence of populations, communities, and ecosystems inherent to
the OUV [47].

Adaptation practices at a NWH site are implemented at different levels. Site-specific, lower-level
actions can be implemented by the management team responsible for the site. However, each site is
nested within a larger biophysical and socioeconomic landscape that strongly influences site conditions.
Higher-level actions involving stakeholders such as the surrounding community, policy-makers or
energy and water companies also need to be considered. Practices at the site level are generally
less expensive and provide quicker responses but may have more limited impact on protecting the
OUV [36]. Critically, however, each decision to implement a practice should be framed as a triage,
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recognizing that various actions have different probabilities of impact, and each action represents a
tradeoff, an investment of resources that could be used elsewhere.

5. Sustaining an Evolving Outstanding Universal Value: Manage with Transparency
and Accountability

In initiating a triage approach, the NWH site management team will initially focus on the OUV; if
the protected area is not a WH site, there will be a similar logic involving identified attributes deserving
protection. The OUV and its attributes provide a framework which by itself does not offer enough
detail for guiding adaptive responses. Vulnerability, the probability of climate change damage to the
attributes of the OUV, or to ecosystem resilience provides the risk estimate. Vulnerability assessments
go beyond threat assessments in that they help the management team understand the capacity of the
site to withstand or adapt to climate change (and other anthropogenic) impacts [54]. Climate change
vulnerability specifically identifies the extent to which predicted climatic conditions are likely to cause
a negative impact to the site’s OUV. Expressions of vulnerability necessarily include cultural processes
(e.g., socioeconomic influences, adaptation and mitigation actions, governance). The site team must
consider those variables through engaging stakeholders in the surrounding landscape. As NWH site
managers become more aware of climate impacts, the team must become more tightly connected with
regional and national governance structures [51]. Inherent in that increase in scale and increase in
inter-jurisdictional linkages will be the need to address and function under conditions of increased
uncertainty [51]. The increasingly coarse spatial and temporal scale, the increased institutional
complexity and increased uncertainty support the argument that this is a wicked problem [37] but also
support the argument that a triage approach is necessary. The team should ensure that management
goals are well communicated with all relevant stakeholders including those in the WH system (e.g.,
UNESCO, national government) and principal parties in the regional landscape. That transparency
results in broader buy-in and wider acceptance of and support for decision-making under uncertainty.
Decisions taken and actions performed should be monitored and evaluated such that the broader
community interprets team behavior with a sense of accountability. No management team will be able
to meet all expectations. Encouraging transparency and accountability provides the support necessary
to take risky decisions.

6. Conclusions

A site manager, or the site management team for a NWH site must be prepared to take calculated
risks and choose optimal solutions in the context of what is known and predicted about socioeconomic
and biophysical conditions and future climates. Those decisions will be made under high uncertainty.
Successful and sustainable management of a NWH will include both the site and the surrounding
landscape, including the communities in that landscape. Decision-making under uncertainty will be
most successful if the stakeholders have a strong sense that management is transparent and operates
with a sense of accountability. Triage decision-making helps managers frame decisions in an explicit
context that accepts the uncertainty involved, and advances both transparency and accountability.
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Abstract: Climate change is increasingly being recognized as a threat to natural and cultural World
Heritage (WH) sites worldwide. Through its interaction with other stressors, climate change
accelerates existing risks while also creating new obstacles. A more considerable focus is needed in
both research and practice to explore proactive measures for combatting this issue (e.g., mitigation
and actions prior to impacts occurring). World Heritage values in climate change decision-making
processes is an important factor in this regard. This paper explores a discussion of climate change
within the WH monitoring system. It offers an overview of practice based on the extent to which
WH properties (natural, mixed and cultural) implement landscape-based approaches alongside the
conservation and management of their outstanding universal value within the context of climate
uncertainty and environmental change. Landscape approaches are gaining importance in the WH
conservation system, where they aim to provide concepts and tools for managing heritage toward
sustainable practices. This research analyses the state of conservation reports and provides an
overview of practice across time, categories and geographical regions. Based on a theoretical
approach, empirical analyses identify four landscape principles that are increasingly shaping the
debate around climate change issues in WH properties. Although these are highly relevant to
advancing much-needed collaboration among scientific disciplines and governance sectors, we argue
that further understanding is required on the transformational process of heritage values, as well as
on the nature–culture relationship, in order to underpin heritage as a source for local resilience and
climate mitigation.

Keywords: climate change; world heritage: landscape approach; nature culture divide; integrative
heritage management; monitoring; state of conservation reports

1. Introduction

In the coming decades, climate change risks to various socioeconomic and natural systems are
expected to increase due to projected anthropogenic climate changes, demographic development,
and land-use changes [1]. These changes are increasingly being recognised as threat multipliers for
global natural and cultural heritage via their interaction with other stressors, thereby accelerating
existing risks and creating new ones [1–3]. An initial report on climate change and World Heritage
(WH) properties (The term ‘World Heritage properties’ is used as indicated in the documents of the W
System (Article 3 of the WH Convention). [4] stated that natural heritage may be jeopardised, whereas
cultural properties (in addition to physical threats) will experience social and cultural impacts. In 2008,
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The United Nations Educational, Scientific and Cultural Organisation (UNESCO) released the ‘Policy
Document on the Impacts of Climate Change on World Heritage Properties’. The document highlights
that ‘communities [have changed] the way they live, work, worship and socialize in buildings, sites
and landscapes, [some] migrating and abandoning their built heritage’; the document further suggests
that ‘climate change will be considered in all aspects of nominating, managing, monitoring and
reporting on the status of these properties’ [5]. Accordingly, it follows recognising that in addition to
‘the overarching objective of safeguarding the outstanding universal values of WH properties’, these
properties must ‘serve as laboratories where monitoring, mitigation and adaptation processes can be
applied, tested and improved’ [5]. However, recent studies [3,6,7] found that heritage conservation
practice has primarily focused on reactive measures that are taken after climate change impacts occur;
these impacts include damage or loss to heritage properties [6,8,9].

The primary concern of WH decision makers and policymakers is maintaining the physical
characteristics of heritage assets, through which their outstanding universal value (OUV) is
conveyed [10,11]. This refers to the exceptional cultural or natural significance of WH properties [12].
Two aspects that warrant debate are embedded in the operationalisation of such requirements,
which presents challenges to WH properties in terms of addressing climate change. The first is that
conservation of WH values are often operationalised through static values and physical delimitations
related to developing and managing properties [13–15]. The second consideration is that heritage
values are categorised as natural and cultural, and their definition and monitoring are undertaken
by different disciplinary entities [16,17]. Moreover, the fact that climate action related to WH has
predominantly focused on risk and vulnerability assessments of their OUV [18] is linked to State party
efforts that seek to avoid their properties being included in the list of WH in danger or even lose their
designation as WH by being removed from the WH List [10]. The interest between State Parties to
secure at any cost the positioning of their properties on the WH List, and the WH Centre and advisory
bodies’ efforts to promote transparent and ethical conservation practices, are increasingly clashing,
rendering the WH Committee (WHCOM) a highly politicised arena [19]. This situation has not only
damaged the credibility of the WHCOM but has also undermined the capacity of the WH monitoring
system to provide fully transparent information about conservation processes [20].

The WH Centre and advisory bodies have made concrete efforts to advance systemic
conceptualisations of heritage alongside sustainable conservation practices. Examples include
recommendations and guidelines for the implementation of landscape approaches for managing the
evolving character of properties’ OUV [16,21], the integration of sustainable development perspectives
to the processes of the World Heritage Convention (WHC) [22], as well as recent efforts to engage WH
conservation in climate action [3,23]. Yet more consideration is needed in both research and practice to
assess the efficiency of actions taken, and to explore or implement proactive measures that include WH
values and aspects of climate change decision-making processes (e.g., designing and/or implementing
efficient climate adaptation actions for WH properties) before impacts occur.

To address this gap, this paper recognises climate change as an adaptive challenge fundamentally
linked to beliefs, values, and worldviews, as well as to power, politics, identity, and interests [24]. We
consider a landscape-based approach to heritage conservation as a crucial strategy for overcoming the
climate change challenge and biological and cultural diversity losses [16,25,26]. Using these concepts
as a theoretical basis, this research explores how climate change is currently being discussed within the
WH monitoring system. It offers a state of practice in relation to how WH properties (natural, mixed,
and cultural) are implementing landscape-based approaches to the conservation and management
of their OUV within the context of climate uncertainty and environmental change. To do this, we
selected State of Conservation (SOC) reports to provide an overview of practice across time, categories,
and geographical regions. SOC reports have largely been discussed in the literature as proof of the
politicised conformation of the WH List [20,27] and have been criticised for lacking reliable measures
to ensure the effective conservation of WH properties over time [28]. These reports have also proven to
be a key source for providing valuable information on trends of conservation practices and on factors
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affecting the conservation of properties [29]. The empirical analyses presented herein identifies four
landscape principles based on theory that are increasingly shaping the debate around climate change
issues regarding WH properties. Although these are highly relevant for advancing much-needed
collaboration among scientific disciplines and governance sectors, we argue that deeper understanding
is required about the transformational process of heritage values and of the nature–culture relationship.

2. Landscape-Based Conservation and Monitoring Under Climate Change

The theoretical paradigm that leads conservation practice within the WH framework is based on
a dichotomy [30,31], according to the naturalist ontology that influenced Western modern science, as it
draws a distinction between humans and their natural environment [32,33]. This is exemplified by a
distinction between natural and cultural heritage (defined in Articles 1 and 2 of the 1972 WH Convention)
and the establishment of their respective advisory bodies. These include the International Union for
Conservation of Nature (IUCN) for natural properties and the International Council of Monuments
and Sites (ICOMOS) and the International Centre for the Study of the Preservation and Restoration of
Cultural Property (ICCROM) for cultural properties. This division often causes clashes between the
benefits of conserving natural values and those associated with cultural or social values, leading to
competing priorities and conflicting interests in decision-making processes [34]. This is exacerbated
to the extent that the conservation of socially constructed natural and cultural heritage values may
become disassociated from their environmental settings and (climatic) processes [24,25,35,36].

There is growing consensus in the scientific literature [37–39] regarding the value of a
landscape-based approach to conservation, which can help to bridge the conceptual gap between nature
and culture. From this integrative perspective, heritage places include people, their built environments
and practices, local ecosystems and other ecological processes. Although landscape-based approaches
originated in the field of nature conservation [40,41], over the past decade, the cultural sector has also
made efforts for its implementation [42–44]. Furthermore, landscape-based conservation practices are
recognised for their potential to connect policy and practice at multiple interacting spatial levels via
the implementation of adaptive and integrated management systems [38]. Moreover, landscape-based
approaches are being consolidated as integrated solutions for addressing sustainability challenges, and
to contribute to the fulfilment of the Sustainable Development Goals (SGD) of Agenda 2030 [25,45]. In
the following subsections, we present common principles of landscape approaches discussed in the
fields of natural and cultural conservation. These serve as analytical dimensions of the landscape-based
approach and help to organise the primary findings presented in section three.

2.1. Landscape Scale and Governance

Landscape scale is acknowledged as a field in which various entities, including humans, interact
according to physical, biological, and social rules that determine their relationships [46–48]. Here,
the upscaling of conservation actions (generally targeting individual species or monuments) to an
entire landscape helps to understand how objects of conservation relate to one another and how
they are part of economic, environmental, social and cultural change processes [26,49,50]. In this
way, landscape scale represents the wider physical/spatial context in which heritage resources are
located, encompassing all possible interactions within a system [51], including the urban context [29].
Hence, conservation that employs a landscape-based approach requires managing the co-benefits
and trade-offs between a wide range of stakeholders. In this way, conservation becomes a process of
negotiation, decision making and re-evaluation that is expected to be informed by science but shaped
by human values and preferences [46,49].

A shared conservation vision requires a governance structure for the coordination of different
levels of organisation, assessment and implementation of measures. Thus, landscape governance
involves the institutions, organisations, and mechanisms by which communities currently govern their
relationship with the natural environment and global bio-geophysical systems [52]. The processes
of institutionalising climate change approaches that facilitate effective internal networks toward
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collaboration and the resolution of complex objectives are often generally poorly understood in heritage
management that deals with climate change, but also in climate change governance [34,53,54].

2.2. Evidence-Based Decision Making

Evidence-based decision making is a critical aspect for the normative of landscape [46] and
adaptive management [55]. Mapping, assessment, and monitoring tools are expected to facilitate
research activities for the description of socioecological systems. Based on this evidence, stakeholders
can improve their capacity to judge and respond to manage heritage resources in transforming
environments [56–58]. Consequently, monitoring using a landscape-based approach can provide a basis
for revising and improving management and conservation practices by considering the complexity of
human institutions and behaviours in the context of environmentally driven change [46,59]. In practice,
this requires transdisciplinary and collaborative approaches that are able to validate different data levels
and sources [29,60]. To articulate the evidence needed and produced by different stakeholders into
individual value systems, a shared conservation vision must be agreed on alongside the coordination
of activities for implementing relevant measures [61,62]. This requires all stakeholders to consider the
outcomes of a shared conservation vision from a more holistic perspective [63,64].

2.3. Adaptation Measures and the Resilience of Natural and Cultural Heritage

According to the Intergovernmental Panel on Climate Change [1], the climate change adaptation
of WH properties involves a decision-making process that seeks to reduce the vulnerability of WH
areas to climate change and creating WH resilience to current and future climate change impacts [1].
Adaptation processes must consider the design and implementation of measures that can increase
the resilience of landscape values and attributes [46,50] while ensuring that cultural and/or natural
significance is not adversely affected or lost [65]. Plieninger et al. [14] discuss how landscape governance
has been dominated by a conservation approach in which designated areas with special features
should not change. Consequently, some studies have highlighted the importance of developing and
operationalising landscape-based management frameworks to enable the safeguarding of heritage
values and attributes while at the same time allowing for change [49,66]. However, discussion on the
thresholds of ‘acceptable change’ remains at an early stage, particularly on the topics of climate change
mitigation and adaptation fields [65,67–69]; a larger focus has been on socioeconomic development
and its impacts on WH properties [70–72].

To sustain landscape processes and associated heritage values long-term, landscape resilience
(the capacity to absorb and recover from impacts) represents a vital aspect of climate change decision-
making processes [1,3]. The key elements in building heritage resilience include social/adaptive
learning and the monitoring of changes [73,74]. Monitoring is a valuable tool for generating data and
knowledge that can serve as a basis for informed decision making in managing WH properties within
a changing climate environment [68,75].

3. Methodology

3.1. Analysis Sources

This study focused on using SOC reports and their qualitative data on WH management and
conservation-related issues. The SOC reports, elaborated on a yearly basis, provided a brief analysis
of the conservation threats to properties that both the WH Centre and advisory bodies considered
as having high relevance for discussion by the WHCOM. These reports are requested when ‘the
values for which a property was inscribed on the WH List appear to be significantly threatened
by either existing processes, or by potential processes with a high likelihood of taking place’ [28]
(e.g., climate change, development). Despite lacking quantitative information and analysis, SOC
reports are the source of more objective discussions on WH issues such as the range of impacts on
OUVs [12]. In their text format, reports include the viewpoints of the State party, advisory bodies,
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and the WH Centre in the form of concerns and recommendations that may differ from those of
the national authorities or heritage managers [76]. Although SOC reports identify climate change
and severe weather events among a list of 14 factors (https://whc.unesco.org/en/factors/) affecting the
conservation of WH properties, the system does not systematically correlate extreme weather events
(e.g., hurricane, drought) with climate change. Additionally, UNESCO’s SOC database is not designed
to provide systematic insights about the interactions between heritage management and the factors
that both positively and negatively impact the conservation of WH properties. Nonetheless, it has
proved valuable for the collation of information from numerous individual practices. Thus, SOC
reports can be used to systematically assess patterns linked to the identification of threats to WH areas,
management deficiencies, and conservation needs and developments [76]. For example, it has enabled
the monitoring and quantification of the qualitative aspects of factors affecting the conservation of
cultural and mixed heritage properties across time and geographical location [29].

3.2. Data Collection

In this study, we focused on ‘climate change’ as a key term. The SOC reports were downloaded
from the UNESCO website and gathered in PDF format in order to conduct an advanced search in
Acrobat Reader DC v.2020 using ‘climate’ + ‘change’ as keywords. Through directed content analysis,
we sought to explore insights on the situational and management context in which climate change
was noted in SOC monitoring exercises. The aim was to understand commonalities and differences
between the challenges and/or opportunities discussed by conservation practice in all categories of
WH properties when confronted by climate change as a global phenomenon of systemic complexity.
We selected reports online from 2000 up to 2019.

3.3. Data Analysis

A coding system was applied to classify mentions of ‘climate change’ based on two pre-coding
dimensions and two post-coding dimensions (Table 1). First, pre-coding identified mentions using
the set of keywords ‘climate change’ and extracted all mentions found for analysis. The second
pre-coding dimensions were SOC reports’ general information, which was extracted and compiled in
a Microsoft Excel spreadsheet in order to identify mentions according to the year of the SOC report,
WH name, heritage category (i.e., natural, cultural, or mixed) and geographical location (country and
region). The post-coding dimensions served to structure analysis involving advances in theory and
practice. First, post-coding dimension three, context of references, identified the standard situational
context in which mentions could be discussed, based on World Heritage Convention (WHC) protocols
when elaborating on SOC reports. These included three viewpoints according to which debates on
conservation issues revolved: (1) expression of concerns (C) by the WH Centre or advisory bodies on
unresolved issues or possible negative outcomes of past and future measures; (2) recommendations (R)
by both the WH Centre and advisory bodies to State Parties on prioritising actions; (3) implementations
(I), which concerned the WHC’s acknowledgement of efforts made by State Parties for dealing
with a given threat or other conservation issues identified in previous WHC meetings. Viewpoints
varied in order of appearance within reports. The second post-coding dimension, landscape-based
conservation principles, comprised the operational definitions of landscape approaches identified
through a taxonomic analysis of mentions. Four typologies were defined to formulate an initial
framework for identifying landscape approaches related to climate change in WH conservation
practices: (1) landscape scale, which refers to the upscaling of conservation activities in the wider
context in which WH properties are located; (2) evidence of climate change impacts on OUV (lack or
availability) to inform heritage management; (3) landscape governance, which includes the lack or
existence of coherent planning and governance tools in collaboration with other sectors and actors
(policies, management plans, and strategic actions); (4) adaptation measures addressing one of or the
cumulative impacts of other identified factors that are exacerbated by climate change.

77



Climate 2020, 8, 39

Table 1. Coding dimensions and definitions.

Coding Dimension Coding Items and Definitions

Pre-Coding
1. Frequency of mentions
within SOC reports

1. Climate + change (keywords)

2. SOC reports’ general
information

1. Year of SOC report
2. Name of the property/category (natural, cultural, mixed)
3. Geographical location

Post-Coding
3. Context of mentions

1. (C) Expression of concern
2. (R) Recommendation to implement measures
3. (I) Implementations (identification of

implemented measures)

4. Landscape-based
conservation principles

1. Landscape scale (the upscaling of conservation activities)
2. Evidence of climate change impacts on OUV (lack or

availability of monitoring and documentation tools to
inform management actions)

3. Landscape governance (lack or availability of coherent
planning and management tools addressing local climate
change and WH conservation)

4. Adaptation measures (lack or availability of systemic
measures addressing the impacts of climate change factors)

Collected qualitative data (mentions) were entered into an Excel spreadsheet and analysed using
content analysis (Creswell, 2014). We calculated the frequency of each pre-coding and post-coding
item, i.e., the number of times an item was coded across SOC reports. Next, relationships between
pre and post-coding items were analysed based on their occurrence and following the hierarchical
order of coding dimensions. The Excel COUNTIF function was used to count the number of extracted
texts that met the criteria of coding dimensions. This allowed for interpretation of the meaning of
mentions in the theoretical context of landscape conservation and the WH system. The key aspects
of our analysis, which structured our results presented in the next section, were the following: (1)
the complexity of discussion around climate change based on WH categories, regions (pre-coding
dimensions one and two in Table 1) through the period 2000–2019; (2) the discussion of climate change
drivers within the WH system (post-coding dimensions three and four in Table 1); (3) trends related to
how WH conservation practice employed principles of landscape approaches to respond to climate
change (relationships among all coding dimensions).

4. Results

4.1. Pre-Coding Analysis: Frequency of Mentions to ‘Climate Change’ in State of Conservation Reports

This section presents the results of the two pre-coding dimensions, frequency of mentions within
SOC reports and SOC reports’ general information (dimensions one and two in Table 1) and the
correlation between their related items.

Although climate change risks to WH areas are acknowledged in the list of factors threatening
properties (https://whc.unesco.org/en/factors/), our analysis showed that the term ‘climate change’ by
itself was mentioned only 103 times within SOC reports in the period 2000–2019 (Figure 1). Mentions of
climate change began appearing in 2000 and although these were not constant increased over time. The
year 2017 had the highest number of mentions (n = 16), whereas 2002 and 2004 indicated no mentions.
Mentions were observed referring to climate change as a general factor affecting the conservation of
properties and rarely correlated to specific natural phenomena. The slow but increasing number of
mentions across reports suggests that at the local level, climate change is still in an early identification
stage within the WH system.

78



Climate 2020, 8, 39

Figure 1. Timeline of total mentions (n = 103) of ‘climate change’ between 2000 and 2019.

Currently, 1121 properties are included in the WH List. Among these, 77.5% (869) are cultural
properties, 19% (213) are natural properties, and 3.5% (39) are mixed properties. Only 574 of these
properties have been discussed to date by the WHC and reported on in SOC reports. Similar to the
distribution of categories on the WH List, cultural properties led the discussion on SOC reports on
all negative impacts as it concerned the conservation of WH properties (68.5%, n = 393), followed by
natural properties at 27% (n = 153) and 5% (n = 28) for mixed properties. This study found that the 103
mentions to climate change were discussed as having an impact on 64 properties, corresponding to
6% of all WH properties on the list and 11% of properties discussed in SOC reports. However, the
analysis found that natural properties took the lead in the debate on climate change impacts on OUV.
Approximately 80% of the total mentions of climate change were made by natural properties, followed
by cultural properties at 14%. Mixed properties discussed climate change the least (6%) (see Figure 2).

Figure 2. Comparison between total World Heritage (WH) properties and properties in State of
Conservation reports discussing climate change.

Figure 3 shows the distribution of WH properties discussing climate change, as well as the
percentage of mentions of climate change issues per UNESCO geographical region. The analysis of
the geographical distribution of mentions to climate change showed that Asia and the Pacific (APA)
reported on climate change the most, followed by Europe (EUR), Africa (AFR), Latin America, and the
Caribbean (LAC) and Arab States (ARA). However, the number of WH properties being affected by
climate change showed a slight change in regional order, where APA and AFR accounted for a major
number (17 properties), followed by EUR with 16 properties, LAC with 11 and, finally, ARA with only
three properties.
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Figure 3. Distribution of WH properties discussing climate change (in %) and total references to climate
change (cc) per The United Nations Educational, Scientific and Cultural Organisation (UNESCO)
geographical area.

4.2. Post-Coding Analysis: The Context of Mentions and Landscape-Based Conservation Principles

This section discusses the results of summative post-coding dimensions three and four in Table 1.
Relationships between the relevant years of SOC reports (dimension one, item one in Table 1)
were employed to present the evolution of post-coding items over time. Post-coding dimension
three, contexts of mentions, identified expression of concerns as the predominant context in which
climate change was discussed, with 47.6% of all mentions. The second type of mentions identified
the implementation of actions and measures (31%) presented by State Parties to the WH Centre.
Rehabilitation activities and maintenance works, including concrete descriptions of actions such as
the extension of boundaries and other adaptive interventions, were the most frequently mentioned
measures. The final group corresponded to recommendations (21.4%) made by the WH Centre and
advisory bodies to State Parties during the WHCOM; these commonly focused on further steps for
management and conservation improvements. An overview of the evolution of context of mentions
is shown in Figure 4. Specific examples across WH categories are discussed and illustrated in the
following section.

 

Figure 4. Mentions differentiated according to context (coding dimension 3).

Results from the post-coding analysis corresponding to dimension four in Table 1, landscape-based
conservation principles, revealed the most pressing issue as a lack of evidence of climate change
impacts on OUV (37.4% of all mentions) (Figure 5). This principle highlights the role of monitoring
and documentation tools for informing management actions and conservation measures. The second
principle, adaptation measures, was observed in roughly one third of all SOC reports (36.7%). This
principle concerned the availability of systemic measures to address the impacts of climate change.
Mentions discussing issues of landscape governance were in third place (18%). This referred to the
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inclusion of heritage conservation at wider strategic and operational levels as a means for responding
to climate change, particularly acknowledging policies, strategies, and the coordination of different
management sectors. Finally, landscape scale was the least-discussed principle (8%) and focused on the
upscaling of conservation activities beyond WH property boundaries; the principle was also discussed
in relation to socioeconomic context and other environmental or physical aspects pertaining to where
properties were located.

Figure 5. Mentions identified as landscape-based conservation principles (coding dimension 4).

The summative of post-coding dimensions that classify the types of mentions of climate change
proved that these became more elaborated over time in taxonomic terms. This can be seen by the
increase of concurrences of post-coding items over time. During the period 2009 to 2012, a peak in
mentions of natural properties was observed to correlate with more than one item from landscape-based
conservation principles and context of mentions. A second peak in correlations was observed from 2017
to 2019. In both periods, natural properties were found to be predominant; in the most recent period,
however, cultural properties became more visible (see Figures 4 and 5). Latest discussions were more
likely to include several items of post-coding dimensions three and four than earliest mentions. As
such, these included the recognition of measures implemented by State Parties together with expressed
concerns and provided recommendations. Additionally, each context of mentions could be linked
to one or more landscape-based conservation principles. Yet, this does not necessarily mean that
discussions on climate change are becoming more comprehensive regarding management practices.
This is further explained in the next section. A general summary of findings is shown in Appendix A.

4.3. Relationships between Post-Coding Dimensions

In this section, we present the results of the relationship analysis between post-coding dimensions
in hierarchical order. Here, post-coding dimension four, landscape-based principles, as well as related
items aligned under items of post-coding dimension three, contexts of mentions.

Figure 6 indicates that the most frequent correlations between post-coding dimensions linked
concerns (post-coding item 3.1) with adaptation measures (post-coding item 4.4). Examples of these
mentions include common petitioning from the WHCOM to State Parties to reduce the impacts of
previously identified threats (e.g., pollution, natural phenomena, natural resources depletion) that
had been observed as exacerbated by climate change, and that may potentially increase a property’s
vulnerability. This situation suggests a lack of management and conservation strategies for reducing
the vulnerability of WH properties to climate change, particularly to environmental risks. Following
on closely, post-coding item 3.1, expression of concerns, correlated to post-coding item 4.2, evidence
of climate change impacts. Considering that WH properties are requested to implement their own
monitoring and documentation processes, related mentions highlighted a lack of adequate methods
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for documentation, data collection, and for assessing the impacts of climate change on properties’
OUV as a means for informing and supporting the prioritisation of actions. It was observed that
these mentions often lack a definition of the type of threat and how it is related to climate change; for
example, an increase in the frequency and/or intensity of natural phenomena, or the transformation
of environmental settings as stated in projections for particular local contexts, etc. Finally, concerns
(item 3.1) showed the least correlation to post-coding items 4.3 and 4.1, landscape scale and landscape
governance, respectively. These groups of mentions focused on understanding properties’ components
and conservation actions within a larger physical scope and included the involvement of a broader
range of actors; for example, the consideration of WH properties at higher policy and management
levels that targeted climate change. Examples of mentions found correlating dimension three, one, and
dimension four per WH category are shown in the Table 2 item.

Figure 6. Illustrates the summative assessment of post-coding dimensions three and four.

The second group of correlations between post-coding dimensions, as shown in Figure 6, found an
increasing recognition of implementation of measures primarily responding to the need for gathering
evidence of the impacts of climate change on WH properties (post-coding items 3.3 and 4.2). More
comprehensive monitoring programs and assessment studies are mentioned as requirements within the
framework of studies and conservation programs that are primarily undertaken by an entity external to
the national party and local management officials. Following on closely was the frequency of mentions
for subgroups involving correlations between implementations of corrective measures (post-coding
item 4.4) and landscape governance (post-coding item 4.3). These two categories are related because
rehabilitation and maintenance activities are often strengthened at higher strategic and management
levels; for example, for natural properties, such actions aim at maintaining OUV related to biodiversity.
In cultural heritage, actions may include developing new protective infrastructures that can facilitate
WH adaptation to climate change. These include considerations for heritage conservation in the form
of strategic management and development plans applied at a broader territorial level in which heritage
is embedded. The least frequent mention in this group (see Figure 6) correlated implementations
with post-coding item 4.4, landscape scale. Related actions included the extension of WH properties’
boundaries and the implementation of transboundary studies (e.g., the Great Himalayan National Park
Conservation Area and the overall approach to the waterfront in the Historic Inner City of Paramaribo).
Examples of this group are shown in Table 3.

The third group of correlations (Figure 6) corresponded to recommendations (post-coding item 3.2)
made by the WHC to State Parties regarding climate change management and measures (post-coding
item 4.4), followed by regular maintenance and adaptive management measures supported by enhanced
monitoring tools and the involvement of wider governance levels (post-coding items 4.2 and 4.3).
A final correlation represented acting in collaboration with other sectors for reducing threats and
pressures that increased properties’ vulnerability to climate change (post-coding item 4.1). Table 4
shows examples of this group of mentions.
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5. Discussion and Conclusions

This study provided an overview of how climate change is discussed within the WH monitoring
system (SOC reports). The reliability of this monitoring tool is often challenged by politicised
clashes between State Parties, the WH Centre, and advisory bodies. Despite such limitations, this
research revealed that progress has been made in terms of recognising climate change as a threat to
WH properties. However, addressing this issue has not yet been sufficiently integrated within the
monitoring system. Only 64 (6%) of all WH properties mentioned climate change in SOC reports.
Among WH categories, natural heritage leads the discussion on climate change. This is explained by
the fact that their OUV is based on environmental characteristics that are directly affected by climate
change [77,78]. Although cultural heritage properties have gained visibility in recent years, the number
of both cultural and mixed properties are unlikely to reflect the reality of current climate challenges
worldwide. This is particularly true when considering the increasing number of literature on climate
risks and vulnerability assessments [18].

In this study, we identified four principles of landscape-based approaches used as a response to
climate change challenges for the conservation of natural, cultural and mixed properties mentioned in
SOC reports. These principles were observed predominantly as concerns expressed by the WHCOM
regarding the need for adaptive measures and for gathering evidence that is more consistent regarding
the impacts of climatic factors on the OUV of properties. Additionally, monitoring and evidence-based
management are increasingly being requested. This suggests that monitoring tools requested by the
Operational Guidelines for the Implementation of the WHC (and as part of the process for a property
to be nominated with WH status) are likely insufficient for assessing the complexity of climate change
in relation to WH conservation.

Conservation using a landscape approach provides considerable room for action regarding
collaborative strategies among governance and managerial sectors at the local level. Our results
showed that both the upscaling of conservation activities in its wider context, as well as partnerships
among different sectoral and governance sectors, can benefit from additional exploration in the context
of climate change solutions. Our analysis also identified that a clarification is required regarding two
aspects of what is being monitored and reported as ‘climate change’ in SOC reports. The first aspect
refers to the identification of threats resulting from climate change, e.g., the increase in frequency
and/or intensity of given natural phenomena. The second aspect refers to the transformation of
environmental settings as part of the earth’s natural processes related to climate change. Differentiation
in the reporting and monitoring of such situational aspects raises two very different challenges for
the conservation discipline. Increasing natural phenomena and their related risks challenge local
managerial capacities and calls for adaptation strategies and risk preparedness. Furthermore, the
transformation of the planet’s physical environment can (and should) lead to deeper questioning of
the paradigm behind the conservation discipline. According to Solli et al. [79], ‘The more fundamental
(almost existential) question is what will climate change do to the concept of heritage and our way of
expressing scientific narratives about the past?’

We conclude that landscape approaches require additional study not only for the management of
WH properties but also for the expansion of heritage conceptualisations. Climate change makes evident
the need for deeper connections between cultural and natural values. Thus, heritage understandings
should be expanded to include local, regional and/or State significance, and into the relationships
between nature and culture. In this sense, developing a common understanding of what constitutes
anthropogenic climate change and its associated impacts, including how these can be reduced through
feasible climate adaptation actions for both natural and cultural properties, may serve as a crucial first
step in improving the monitoring of WH properties. As highlighted in existing research [49,80], a
new or revised operationalisation of the limits of acceptable change, without losing heritage values, is
crucial for the climate adaptation of WH properties. However, this responsibility should not fall solely
on the UNESCO WH system. Rather, it should be undertaken primarily by State Parties as part of
their own agendas on mitigation and adaptation to climate change. For policymakers, the exploration
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and implementation of landscape-based management approaches can advance the adaptation and
strengthening of WH multi-scale governance systems. This can foster the operationalisation of local
sustainable goals that can integrate heritage values, while also enhancing good governance practices.

Furthermore, adapting comparative methods such as those used by qualitative datasets for policy
analysis [81] can help to uncover useful pathways for UNESCO agendas. For example, using the
concept of saliency can retrospectively reconstruct policy agendas, compare agendas over time, enable
scholars to reconstruct relative attention to all issues on an agenda, and benefit the monitoring system
with a more transparent and systematic analysis for all WH properties. This will allow for embedding
WH contexts within larger environmental and political processes of climate adaptation and mitigation.

In the meantime, UNESCO is presently updating its climate change policy for WH properties
(see https://whc.unesco.org/en/climatechange/). The updated policy is expected to promote preventive
and proactive measures for implementation by State Parties in order to strengthen the resilience of
cultural and natural WH properties. The landscape principles discussed in this paper can serve as a
basis for addressing the gaps in practice and knowledge related to the climate change management of
WH properties and address related impacts through actions for adaptation and mitigation.
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Appendix A

Table A1. Summary of the total number of mentions per WH category (does not include the total
number of WH properties).

Coding Dimension Coding Items Total
Mentions

WH Categories (Dimension Two, Item Three)

Natural Cultural Mixed

1. Freq. of mentions 1. No. of times climate change is
mentioned (mentions) 103 83 14 6

2. SOC reports’ general
information

APA 36 32 3 1
EUR 28 24 3 1
AFR 24 17 4 3
LAC 12 9 4 0
ARA 3 1 1 1

3. Context of mentions
1. Concerns (C) 49 38 8 3
2. Recommendations (R) 22 20 1 1
3. Implementations (I) 32 25 5 2

4. Landscape-based
conservation principles

1. Landscape scale 11 8 2 1
2. Evidence of climate change
impacts on OUV 52 44 5 3

3. Landscape governance 25 16 7 2
4. Adaptation measures 51 37 12 2
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Abstract: This study develops a climate communication recognition scheme (CCRS) for United Nations
Educational, Scientific and Cultural Organization (UNESCO) World Heritage Sites (WHS), in order
to explore the communicative power of heritage to mobilize stakeholders around climate change.
We present this scheme with the aim to influence site management and tourist decision-making by
increasing climate awareness at heritage sites and among visitors and encouraging the incorporation of
carbon management into heritage site management. Given the deficits and dysfunction in international
governance for climate mitigation and inspired by transnational environmental governance tools
such as ecolabels and environmental product information schemes, we offer “climate communication
recognition schemes” as a corollary tool for transnational climate governance and communication.
We assess and develop four dimensions for the CCRS, featuring 50 WHS: carbon footprint analysis,
narrative potential, sustainability practices, and the impacts of climate change on heritage resources.
In our development of a CCRS, this study builds on the “branding” value and recognition of UNESCO
World Heritage, set against the backdrop of increasing tourism—including the projected doubling of
international air travel in the next 15–20 years—and the implications of this growth for climate change.
The CCRS, titled Climate Footprints of Heritage Tourism, is available online as an ArcGIS StoryMap.

Keywords: climate change; climate communication; mitigation; adaptation; World Heritage; heritage
tourism; carbon footprint; carbon management; ecolabel; environmental product information scheme;
transnational governance

1. Introduction

Heritage tourism represents an important nexus in which cultural heritage resources and
anthropogenic climate change intersect. This is especially the case for efforts pursuing climate
mitigation and climate communication. Tourism is a major contributor to greenhouse gas emissions,
and the tourism industry will require broad changes to operations in order to mitigate climate
change [1–4]. In 2005, the tourism industry (including transport, accommodation, and activities)
was estimated to contribute 5% of global anthropogenic carbon dioxide emissions (with aviation
transport accounting for 40% of this amount, car transport for 32%, and accommodation for 21%) [5–7].
By 2013, tourism accounted for 8% of global greenhouse gas emissions, and previous reports may
have underestimated the contribution [8]. Moreover, tourism is only expected to grow, with carbon
dioxide emissions predicted to increase 135% between 2005 and 2035 [5–7] and international air travel
projected to double in the next 15–20 years [9]. Scholars in tourism studies have turned a spotlight
on global climate change [2,3,10,11], including increasingly sophisticated accounts of the carbon
systems in tourism [12,13] and “carbon management” to mitigate the impacts of climate change from

Climate 2020, 8, 38; doi:10.3390/cli8030038 www.mdpi.com/journal/climate93



Climate 2020, 8, 38

tourism [1]. The impetus of our study dovetails with current research in tourism studies on climate
change, but cultural heritage has rarely been the focus of such studies.

Heritage sites and resources feed the trends in the diversification and geographic expansion of
tourism. Indeed, the case of heritage tourism is especially urgent, since according to some estimates
it accounts for approximately half of all tourism [5,14], and it contributes to the destruction of the
resources on which it is based, both presently and, considering projected climate impacts, in the
future. Moreover, taking into account that heritage tourism is one of the principle means for pursuing
economic development through heritage resources, the detrimental impacts of heritage tourism on
heritage resources in light of climate change thus raises the question of whether the use of heritage
tourism for sustainable development is viable.

At the same time, World Heritage has also been picked up by climate scientists and activists as
a flashpoint for taking action on global climate change, given the impacts that climate change will
have on well-known heritage sites beloved by many [15,16]. The Great Barrier Reef has attracted
particular attention, as its status as a World Heritage Site (subject to international treaty law) has been
leveraged to bring the Australian Government to account for its tepid response to climate change
mitigation [17,18]. An explicit focus on cultural heritage in climate action and climate communication
can raise in sharp relief the anthropogenic and long-term character of global climate change. Yet, as the
link between global climate change and loss of WHS is made stronger in the public imagination, trends
in what is called ‘last chance tourism’ [19–22] suggest that WHS impacted by climate change will attract
increasing numbers of visitors, to witness the WHS ‘before it is gone’ or irreparably changed. ‘Last
chance tourism’ often has the paradoxical effect of hastening the deterioration of the site in question,
for example from increasing pollution and greenhouse gas emissions from Antarctic cruise tourism [23]
or the carbon costs associated with polar bear tourism in Churchill, Canada [24].

National governments and local development initiatives often pursue inscription of sites on the
UNESCO World Heritage List because of its performance in attracting international tourism (the
most “costly” of tourism carbon footprints) [25–29]. Indeed, the UNESCO World Heritage List has
exploded to over 1100 properties and counting, overwhelming the List’s original conservation mandate
as national governments seek to attract foreign tourism revenue and foster economic growth through
the World Heritage “brand.” The branding function of World Heritage is powerful and increasingly
central to motivations for inscription [30–33].

WHS around the globe hold a special resonance for the communities residing within or nearby
the sites, the governments that nominate the sites at much expenditure, and the tourists and other
visitors who choose a World Heritage Site as a destination worth visiting. As the world’s cultural
treasures, WHS elicit concern for conservation and sustainability, coupled with a well-known brand
recognition. These two facets of World Heritage—conservation and branding—provide an excellent
vehicle for drawing public awareness and action to the problem of global climate change. Further,
while previous sustainability-oriented work on WHS has focused on “sustainable tourism” [34–36],
social sustainability [37], or site sustainability [38], scholarship on the sustainability of WHS vis-à-vis
climate change remains incipient, especially with respect to the contributions of World Heritage Site
facilities and tourism to the production of greenhouse gases and to incorporating carbon management
as part of site management and heritage management more broadly.

The growth of the World Heritage List to over 1100 sites also tracks a sea change in heritage
management in global contexts more broadly, from management models built around preservation and
conservation to those built around economic development [39,40]. Conservation and development have
been two sides of the same coin since at least the 1940s, with the rise of international cooperation over
heritage resources. However, development is increasingly the raison d’être of heritage management
globally, as state and community interest in using cultural heritage for economic development has
grown, and international development circles have adopted cultural heritage as a socially-responsive
approach to development attuned to sustainability and human capabilities.
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In the following we detail the development of what we call a “climate communication recognition
scheme” (CCRS) for UNESCO WHS, as a tool for using heritage sites to communicate the drivers and
impacts of anthropogenic climate change. The CCRS, titled Climate Footprints of Heritage Tourism, is
available online as an ArcGIS StoryMap at http://www.heritageofclimate.com [41]. While considerations
of climate change are increasingly being incorporated into heritage management practices, including
within WHS nominations, the focus remains on climate-related threats and impacts to heritage resources,
rather than the contributions of heritage sites as drivers of anthropogenic climate change—for example
from site infrastructure, tourism, and land use. We argue for the value of a more holistic response
in heritage management to the challenges of climate change, one that takes into account impacts
alongside fostering adaptive capacity, integrating carbon management practices for mitigation, and
communicating climate change through the public platforms afforded by heritage resources. Given the
relative lack of attention paid to mitigation and climate communication, we focus our efforts in the
CCRS especially on these two dimensions, but impacts and adaptation are also represented.

This holistic approach that we advocate is further reflected in our decision to conceive of the
category of CCRS. We describe CCRS as an extension or elaboration of ecolabels. “Ecolabels” assign
labels to consumer goods (for example, organic and fair trade certification of foods) for the purpose of
communicating the sustainability of a product, but they tend to be one-dimensional and quantitatively
driven. As discussed below, a CCRS expands on ecolabels to provide a more holistic recognition
scheme, and one that is specifically attuned to communicating climate change.

While a CCRS could be developed for any heritage site, in this study we focus on WHS to leverage
the brand recognition of World Heritage—as global heritage conservator—into a “product” or platform
for developing the CCRS. The value of a CCRS for heritage resources is that it offers another frontline
for climate action, as a tool for transnational climate governance. While national governments and
the international (intergovernmental) system continue to show, on the whole, weak and ineffectual
gains in reducing the drivers of climate change, the possibility of advancing climate action through
transnational governance channels shows increasing promise. Through the development of a CCRS as a
transnational governance tool for heritage management and heritage tourism, we aim to highlight how
heritage resources may be mobilized for responding to the challenges of anthropogenic climate change.

2. Materials and Methods

2.1. Identifying a Subset of WHS for Analysis

Recognizing the scale of the World Heritage List—composed of more than 1100 sites and with
additional sites being inscribed every year—we began this study as a pilot project and needed to
identify a subset of sites for analysis and development into the CCRS. We undertook a broad survey
of WHS, and a subset of sites (n = 50) was chosen based on the following considerations: (1) most
visited and iconic sites; (2) sites impacted heavily by climate change (currently or projected); (3) sites
that tell important stories about anthropogenic climate change; (4) sites that have active sustainability
initiatives or programs in progress; and (5) representativeness, for example in geographic distribution
and site types.

Most visited and iconic sites (e.g., Angkor, the Historic Ensemble of the Potala Palace, Lhasa, and
Machu Picchu) were identified through articles in media outlets such as National Geographic and
through surveys conducted by TripAdvisor, a popular source of advice for travelers. These sites were
included so as to increase interest in and relevance of the results of the analysis, and because as some of
the most visited sites they likely generate a disproportionate share of carbon emissions from heritage
tourism compared to other sites on the World Heritage List. Sites most at risk of being impacted by
climate change were identified by drawing on existing studies by UNESCO World Heritage and its
advisory bodies, as well as heritage experts and non-governmental organizations [18,42–45].

Attention to narrative is recognized as an increasingly vital tool for responding to the challenges
of climate change [46,47]. Narratives provide conceptual scaffolding not only for adapting to climate
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change and mitigating its drivers, but also for mobilizing broader conversations about the moral
and ethical foundations of a changing climate, and for individually processing how we face climate
change in dignity, grief, sorrow, and hope. We identified sites with the narrative potential to tell
stories about climate change through a process of qualitative coding [48] of the site descriptions
and site documentation for the WHS [49], and associated literature, and coded for themes related to
climate change. Coding allowed us to draw out those sites that offered especially holistic (integrating
facets such as impacts, adaptation, mitigation, and communication) and visible cases of the nexus of
heritage and climate change, as well as themes that might not be captured in the other categories under
consideration. For example, sites associated with the use of fossil fuels (e.g., Cornwall and West Devon
Mining Landscape, UK) help illustrate the anthropogenic contributions of carbon-based energy sources
to climate change, and sites endangered by conflict influenced by climate change (e.g., Palmyra, Syria)
highlight that impacts on heritage resources are not only natural or environmental (e.g., sea level rise,
increased pest and mold activity) but social too.

Sites with active sustainability practices were identified through an examination of relevant
documentation from UNESCO, academic literature, and through news media coverage [50,51]. Finally,
sites were added to ensure that the subset was representative of the World Heritage List, with regard
to factors such as type, purpose, and geographical location.

The subset of 50 sites was then organized into four subgroups: (a) sites selected for carbon
footprint analysis; (b) sites with narrative potential; (c) sites with active sustainability practices; and
(d) sites most impacted by climate change (see Appendix A). Some WHS were included in more than
one subgroup.

2.2. Calculating Carbon Footprints of Travel

Ten sites were selected for calculating the carbon footprint of travel, chosen to ensure geographic
and site type diversity. This study took a consumer-based approach, which allocates the emissions
from tourism to the tourist, in recognition of the consumer-tourist as the main driver behind
demand [12,13,52,53]. The consumption-based approach estimates the carbon footprint of at minimum
three typical visits (budget, mid-range, and high-end spending) to each of these sites. For some sites,
the carbon footprints for additional kinds of trips was calculated (e.g., cruise vs. land-based trips to
the Galápagos Islands). For the purposes of this study, a typical trip was considered to be one in which
a tourist traveled to a destination only to visit the WHS in question. Broad expenditure categories
that make up the activities of tourists at these sites include local transport, accommodation, restaurant
services, and recreation and leisure services, including heritage tourism activities. Excluded from
the analysis was money spent on retail, such as gifts and souvenirs, and any expenditure related
to travel to the point of departure in the tourist’s home country. The data collected to build out an
itinerary for the trip and calculate expenditures were collected from publicly-available websites used by
travelers for the purpose of planning trips. These include WorldHeritageSite.org, the official UNESCO
World Heritage website, including the individual webpages associated with each site (for identifying
activities), Bookings.com (for collecting accommodation prices), TripAdvisor.com (for collecting price
information for dining and additional activity costs, Google Flights (for identifying common flight
paths), and the International Civil Aviation Organization (ICAO) Carbon Emissions Calculator (for
calculating the carbon footprint of international flights).

The carbon footprints were then calculated using an input–output life cycle assessment (IO LCA)
model. This model uses monetary transactions to approximate all of the material and energy inputs of
a product, good, or service, and their direct and indirect emissions. A United States economy-based IO
LCA model was used to calculate the carbon footprint of tourism to each site, due to the relative ease
of gathering monetary expenditure data, the expansiveness of the model in terms of industry sectors,
and the model’s comprehensiveness in terms of incorporating upstream and indirect emissions in the
carbon footprint (United States industry-based IO LCA 2002 Purchaser Price model). Expenditure
data were assigned to one of the sectors in the model, and emissions for the total expenditure per
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sector were calculated and summed to get the total carbon footprint for each type of visit, excluding
international air travel (Figure 1).
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Figure 1. The average carbon dioxide equivalent (CO2e) emissions for three types of trips to selected
WHS: High-End, Mid-Range, and Budget. For reference, 100 kilograms of CO2e emissions is equivalent
to the carbon sequestered by growing 1.7 tree seedlings for 10 years [54]. For some sites in the CCRS we
calculated multiple kinds of trips for each type (for example, multiple mid-range options using different
forms of transportation), but in the above graph we have averaged these in the relevant expenditure
category (High-End, Mid-Range, or Budget) to simplify the graphical representation.

To improve accuracy, this model was combined with directly calculated emissions data for
international flights, using the ICAO Carbon Emissions Calculator [55]. This calculator employs
industry averages for the various factors that contribute to the carbon footprint of air travel. It takes
into account passenger load factors, passenger-to-cargo ratios, and fuel consumption and calculates
an average fuel burn per economy class passenger. The IO LCA results were added to the ICAO
international air travel results in order to calculate the total carbon footprint of each type of trip to
the WHS, presented in kilograms of CO2e/trip (for an example of one site, depicting travel to Machu
Picchu, see Figure 2).

It should be noted that the model used in this study is limited in its ability to accurately calculate
emissions based on non-U.S. dollar expenditures, and expenditures were adjusted for inflation from
2002 to 2018. We therefore emphasize that the result is an estimated carbon footprint, used for
educational purposes only. Unlike ecolabels, the recognition scheme developed here does not aim
to provide rewards or certification to particular sites with lower carbon footprints, nor does it aim
to set standards for carbon emissions. The recognition scheme uses carbon footprint information to
provide information to the public about the potential general consequences of their travel, in an effort
to increase consideration of climate effects.
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Figure 2. Carbon dioxide equivalent (CO2e) emissions generated in a round-trip flight from a
representative airport city in each country to Cusco, Peru, for the purpose of visiting Machu Picchu.

2.3. Collecting Additional Climate Information

In order to address the narrative potential presented by sites in this subgroup for climate
change communication, a list of a priori themes were developed that may be applied to coding
site documentation. Documentation such as advisory body evaluations, media articles related to
the site, site management plans, UNESCO mission reports, periodic reporting by the State Party,
and other relevant reports were collected from the UNESCO website and other web sources. These
were analyzed using NVivo 12 through a directed approach to content analysis [56]. As analysis
proceeded, additional themes arose, and some themes were combined to clarify patterns. The final
list of themes addressed topics such as conflict, education, environment, climate change impacts,
biodiversity, industrial heritage, public engagement, sustainable development, and transnationalism.
Patterns amongst the data were then drawn out and used as a framework for a brief narrative about
how best to draw a visitor into a story about climate change at the site.

Identification of sustainability practices took place through reviews of site documentation, work
conducted by UNESCO and other researchers, and news media. Sustainability measures considered
include, for example, aggressive action towards increased use of renewable energy, acknowledgment
of the importance of energy audits and reducing energy use, and embracing renewable energy at the
beginning of electrification projects.

Climate change impacts were identified through reviews of site documentation, UNESCO reports,
news media, and academic work. Vulnerabilities to climate change and previously-recorded impacts
of climate change on sites were documented. These focused on the physical, direct impacts of climate
change on the site. Damage caused by conflict related to climate change was not included in this
section (but was considered for the narrative potential of sites).

3. Results

The data on carbon footprints, climate narratives, sustainability practices, and climate change
impacts were imported into ArcGIS Online, a free, open-source, cloud-based mapping tool. The ArcGIS
StoryMaps platform was then used to combine the text, images of sites, and interactive maps to
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create a publicly-accessible platform to present the results of the analysis, developed as a Climate
Communication Recognition Scheme titled Climate Footprints of Heritage Tourism [41]. The StoryMap
interface allows for the creation of interactive web-based platforms built around the presentation of
spatial information through maps. By linking narrative text with photographs and maps of spatial
relationships, StoryMaps are a rich, visually compelling way to present information that engages the
reader and facilitates dissemination [57,58]. ArcGIS StoryMaps are increasingly being used across
fields to communicate information, including in education, public health, museum studies, and
geology [59–62].

The StoryMap developed in this project presents the data collected for each of the subgroups in
two overarching themes: Understanding Your Impact and Telling the Story:

• Understanding Your Impact provides an opportunity to learn about the effects of travel to WHS
through the carbon footprint analysis. This section includes a description of what carbon footprint
analysis is and the methodology for this part of the project. It then provides the results of the
carbon footprint analysis in narrative form for each of ten WHS (Figure 3). Each site description
concludes with an interactive map that shows the carbon cost of international flights to the WHS
from 1 of at least 20 countries, which represent the 20 countries with the greatest carbon emissions
in 2015 [63] and the countries which send the most tourists to the WHS country.

• Telling the Story provides a hub of information about the ways climate change and World
Heritage are related, through climate narratives, sustainability actions, and climate change impacts
(Figure 4). This section of the platform highlights the WHS for each subgroup on a world map,
including the site’s spatial location, photographs, narrative text, and links to more information.

 

Figure 3. Webpage screenshot of Understanding Your Impact theme, with example of the site of the
Borobudur Temple Compounds, in the StoryMap Climate Footprints of Heritage Tourism [41].
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Figure 4. Webpage screenshot of Telling the Story theme in the StoryMap Climate Footprints of Heritage
Tourism [41].

4. Discussion: Climate Communication Recognition Schemes as a Transnational Governance Tool

This study represents a pilot approach for developing a public-facing instrument that uses heritage
sites to communicate various facets of climate change, including information relevant for mitigation
and adaptation responses. Specifically, we developed the instrument as a CCRS to provide a tool
for transnational governance. CCRS is an elaboration on the concept of ecolabels, but with two
primary distinctions: a CCRS is specifically oriented towards climate concerns and captures a more
holistic portrait, for example of the entanglements between heritage resources and climate change,
than the strictly quantitative measures typically employed and available in ecolabels. We consider
that the development of ecolabels and CCRS will strengthen the knowledge base for sustainable site
management and consumer decision-making in the face of global climate change; most importantly,
such instruments represent mechanisms for transnational governance of climate issues, in the context
of the deficits and dysfunction in the international governance of climate change responses.

Increasingly issues or policy problems—like global climate change—that impact heritage
resources and their management extend beyond state jurisdictions. Furthermore, they are poorly
addressed or captured by the traditional international system of state-to-state treaties and treaty-based
intergovernmental organizations, for example by UNESCO World Heritage and its system of
conventions, recommendations, and associated advising bodies. International organizations like
UNESCO are subject to the grindingly slow machinery of national and international governance,
which have proven inadequate to address the rising environmental and social challenges of climate
change. Additionally, some of the deficits in the ability of UNESCO heritage frameworks to respond in
a meaningful way to climate change are baked into UNESCO’s conventions. International agreements
like the UNESCO conventions related to heritage (e.g., the 1972 Convention Concerning the Protection
of the World Cultural and Natural Heritage and the 2003 Convention for the Safeguarding of the
Intangible Cultural Heritage) make no explicit reference to climate change, though the World Heritage
Convention does address threats to heritage sites presented by extreme weather [64]. Indeed, though
scholars and climate activists have explored the extent to which the World Heritage Convention
might be used to compel States Parties to take action on climate change [65,66], others reiterate that
these conventions assert the rights of states to protect their own heritage sites, and do not enforce
obligations to mitigate climate change [67]. Despite the shortcomings of UNESCO World Heritage as
an international governmental body, we do find value in the branding function—as a brand signifying
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global conservation—that UNESCO World Heritage has come to take on, especially in the shift towards
development models of heritage management. This branding function may be usefully developed as a
transnational governance tool: as an ecolabel or, in this case, the development and refinement of an
ecolabel as a CCRS.

Scholars and actors in climate governance are turning to transnational governance as one of the
most promising arenas for climate action [68–70]. Given the limitations of the international system
for cross-border governance and interstate cooperation, developing transnational governance tools
(like ecolabels) offers the opportunity for institutional innovations that better fit heritage management
practices to the challenges of global climate change. The search for institutional innovations in climate
governance is the rationale for this study to develop a CCRS for WHS. More broadly, heritage resources
and heritage practices increasingly cross national borders, underscoring the need for the further
development of heritage management paradigms within transnational frameworks [39,71].

It is important to understand that, across various sectors and contexts, transnational governance
has assumed similar functions as the state and the international system, such as rule-making,
implementation, monitoring, enforcement, and service provision. However, transnational governance is
different from state governments and international system on account of having shed the administrative
and institutional trappings of these governmental bodies. This move from the state/international
to transnational is perhaps best understood as a shift from “governments” to “governance.” This
shift has been ongoing for some time now, as structural adjustments to government under neoliberal
reforms have encouraged the decentralization of state bureaucracies and withdrawal of the state from
social provisioning.

In general, transnational governance is characterized by several key trends: (1) merging of
domestic and international politics; (2) increasing involvement of non-state actors (e.g., individuals,
firms, corporations, and NGOs) in global politics, in providing technical expertise, monitoring, lobbying,
or enforcement; (3) private governance, e.g., the involvement of private foundations in global standards,
such as the Gates Foundation in global health; and (4) new methods for eliciting compliance with
transborder standards, such as ‘naming and shaming,’ capacity building, persuasion, transparency,
and dissemination of best practices [72] (pp. 6–12). Overall, governance mechanisms for organizing
action and eliciting compliance—e.g., through the private sphere, non-governmental organizations
(NGOs), and corporate social responsibility (CSR)—are being sought beyond the international system.

Ecolabels fit squarely within the above trends, as they are typically developed by non-state actors,
represent a form of private governance, and provide a tool for eliciting compliance. Ecolabeling uses a
certification process to assign labels to consumer goods, e.g., organic and fair trade certification of food,
for communicating the sustainability of a product [73–75]. Ecolabels extend to tourism; for example 30%
(128 of 430) of the ecolabels listed in the 2014 Ecolabel Index apply to the tourism industry [74]. In the
context of the tourism industry, these schemes often carry a strong quantifiable and ecological focus.
However, efforts to incorporate cultural, social, and economic aspects of a tourist destination into these
schemes are underway and are often reflected in a more holistic approach to certification processes
known as an “environmental product information scheme” (EPIS) that aim to provide more holistic
ecological information on products and services [75–78]. The emergence of voluntary transnational
governance tools for encouraging and recognizing environmental sustainability has resulted in a
variety of instruments that can collectively be called EPIS. These schemes include mechanisms such
as ecolabels, stewardship certificates, green trademarks, rankings and ratings, codes of conduct, and
standards for reports and declarations, among others [79,80]. Ecolabels and EPIS are employed to
communicate information to consumers, such as quality and sustainability, and reward and promote
goods and services that are environmentally superior in some respect [75]. They provide consumers
with the opportunity to “vote with their wallet” in a manner of environmental policymaking that
extends beyond national governments and borders.

The current study is situated within this literature and, as described above, aims to develop an
environmental product information scheme for communicating climate change at WHS, which we
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have called a “climate communication recognition scheme” (CCRS). This elaboration from an ecolabel
to a more holistic capturing of the various facets of climate change knowledge and responses immanent
in heritage sites is reflected in our choices in designing the CCRS. In addition to the quantitative
measures that typically characterize ecolabels, given in this case by carbon footprint analysis, we have
also chosen to portray other facets of climate change at heritage sites, such as their narrative potential
for communicating the histories of anthropogenic climate change, the sustainability practices being
undertaken at heritage sites, and the impacts of climate change to heritage resources. We consider this
approach a more accurate capturing of the climate communication potential of heritage sites, not only
pursuing carbon management tools like carbon footprint analysis, but also triangulated with social
justice and sustainability issues attendant with heritage sites and global climate change (for example,
exacerbating existing social and economic inequalities, the fundamental and paradoxical inequalities
of climate change between who contributes and who suffers, and the impacts of climate change
for increasing migration, displacement, conflict, and food insecurity). WHS are iconic institutions
representing the cultural riches and creative solutions that societies around the world have produced
in relationship to their environment, so it is important that an ecolabel for WHS is situated within a
holistic context of social, economic, and environmental sustainability and attentive to the social justice
dimensions of global climate change.

One of the limitations of this study is the time-intensive nature of collecting information for each
of the WHS included in the StoryMap. Given the sheer number of sites on the World Heritage List,
expanding the approach taken here to the entire list would require significant time investment and is
probably unrealistic. Plus, taking into account that new sites are inscribed to the World Heritage List
each year, we suggest that any CCRS for WHS should be considered a “living” and provisional labeling
tool rather than an exhaustive one. Therefore, future development of the CCRS beyond our pilot-study
will need to set evaluative rubrics for which WHS should be prioritized over others for inclusion in the
CCRS. The calculation of carbon footprints of travel to the sites is also particularly time-intensive, as it
requires collecting considerable amounts of data from various online sources. A further limitation of
the carbon footprint calculations, in addition to those discussed in the methods section above, is that
these footprints were calculated under the assumption that the tourist was traveling only to the site in
question. Generally, heritage tourism is part of a tourism circuit, in which visitors to a country travel to
several locations on one trip [81].

Following this pilot-study, we plan to continue developing and refining the CCRS for eventual
dissemination amongst heritage managers and specialists as well as the general public. In addition
to increasing the number of sites represented in the CCRS, we also intend to continue building out
the narrative descriptions for each site, especially to underscore the holistic nexus of climate impacts,
adaptive capacity, carbon management and other mitigatory actions, and climate communication
opportunities that exist, or have the potential to exist, at every site. A holistic approach to climate
change in site management, heritage management, and public engagement with heritage sites will
offer better opportunities and strengthen resilience for responding to the challenges of climate change.
Furthermore, our work with the CCRS mirrors broader developments in formalizing the inclusion of
climate considerations in heritage management, and though these trends are still primarily focused
on impacts and adaptation, such analyses and instruments as provided here may be of interest in
strengthening and institutionalizing climate change responses within heritage site management and
heritage management more broadly.

Overall, we offer this study as an example of the development of transnational governance
tools in heritage management for addressing climate change, and we recommend further research
and initiatives in this direction. As we develop in this study, an ecolabeling scheme for WHS that
communicates the holistic facets of climate change could influence consumer/tourist choices and site
management for a well-known “brand” of tourism sites that trades on global awareness and global
conservation. We urge further development of transnational tools for heritage management in order to
meet the climate crisis. The ineffectiveness of climate action within the international system behooves
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stakeholders of heritage resources to pursue sustainable development and sustainable tourism via
low-carbon economic growth and to innovate and incorporate transnational tools for responding to
climate change, which will serve to “fill in the gaps” or provide supportive scaffolding to international
and national heritage policies and practices.
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Appendix A

Subgroups of WHS chosen for climate communication recognition scheme Climate Footprints of
Heritage Tourism (some sites are included in more than one subgroup):

(a) Carbon Footprint Analysis

1. Borobudur Temple Compounds
2. Galapágos Islands
3. Hanseatic Town of Visby
4. Historic Bridgetown and Garrison
5. Historic Sanctuary of Machu Picchu
6. Kakadu National Park
7. Masada
8. Nubian Monuments from Abu Simbel to Philae
9. Robben Island
10. Statue of Liberty

(b) Sites with Narrative Potential

11. Angkor
12. Cornwall and West Devon Mining Landscape
13. Golden Mountains of Altai
14. Great Barrier Reef
15. Ironbridge Gorge
16. Kuk Early Agricultural Site
17. Land of Olives and Vines
18. Mapungubwe Cultural Landscape
19. Mesa Verde National Park
20. Palmyra
21. Petra
22. Royal Hill of Ambohimanga
23. Tassili n’Ajjer
24. Timbuktu
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(c) Sites Pursuing Sustainability Practices

25. Costiera Amalfitana
26. Ferrara, City of the Renaissance, and its Po Delta
27. Galapágos Islands
28. Golden Mountains of Altai
29. Great Barrier Reef
30. Hanseatic Town of Visby
31. Historic Centre of Oaxaca and Archaeological Site of Monte Albán
32. Loire Valley between Sully-sur-Loire and Chalonnes
33. Old and New Towns of Edinburgh
34. Petra
35. Rice Terraces of the Philippine Cordilleras
36. Robben Island
37. Routes of Santiago de Compostela (Camino de Santiago)
38. Taj Mahal

(d) Sites Most Impacted by Climate Change (Current and Projected)

39. Agave Landscape and Ancient Industrial Facilities of Tequila
40. Ancient Ksour of Ouadane, Chinguetti, Tichitt and Oualata
41. Borobudur Temple Compounds
42. Cilento and Vallo di Diano National Park with the Archaeological Sites of Paestum and Velia, and

the Certosa di Padula
43. Coffee Cultural Landscape
44. Cornwall and West Devon Mining Landscape
45. Costiera Amalfitana
46. Ferrara, City of the Renaissance, and its Po Delta
47. Galapágos Islands
48. Golden Mountains of Altai
49. Great Barrier Reef
50. Historic Bridgetown and Garrison
51. Historic Sanctuary of Machu Picchu
52. Historical Complex of Split with the Palace of Diocletian
53. Hoi, An Ancient Town
54. Ibiza, Biodiversity and Culture
55. Kakadu National Park
56. Landscape of the Pico Island Vineyard Culture
57. Lavaux, Vineyard Terraces
58. Medina of Essaouria (Mogador)
59. Mesa Verde National Park
60. Ouadi Qadisha (the Holy Valley) and the Forest of the Cedars of God
61. Port, Fortresses and Group of Monuments, Cartagena
62. Rice Terraces of the Philippine Cordilleras
63. Robben Island
64. Ruins of Kilwa Kisiwani and Ruins of Songo Mnara
65. Saloum Delta
66. SGang Gwaay
67. Statue of Liberty
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68. Timbuktu
69. Venice and its Lagoon
70. Viñales Valley
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Abstract: During the Medieval period, over 1000 stave churches were thought to have been constructed
in Norway. However, currently, only 28 of these churches remain and only 19 still have distemper
wall paintings. The cultural significance of these structures, and more specifically their elaborate
distemper wall paintings, has changed over time, as have the means and methods for preserving these
monuments. Deeper knowledge of the current state of these structures, along with environmental
monitoring and modeling will open the way to a better understanding of preservation. This paper
presents a case study for unheated Norwegian wooden churches based on data collected from Kvernes
stave church. There are three aims for this paper: (i) to describe the typical indoor conditions similar
to the historic climate of stave churches; (ii) determine the common characteristics of distemper paint
found within stave churches; (iii) and develop a risk assessment tool to evaluate the climate-induced
risk factors in stave churches. The outcome of this work will contribute to research performed
within the Sustainable Management of Heritage Buildings in a Long-term Perspective (SyMBoL)
project which aims to develop a better understanding of climate induced risks for stave churches, and
ultimately to better manage environmental risk.

Keywords: indoor climate; climate-induced risk; distempered paint; decision making; consolidation;
monitoring; stave church

1. Introduction

The indoor microclimate of cultural heritage sites, especially churches which have forgone any
type of comfort heating system, are directly governed by the external climate. The climate affects the
structure based on the structure’s dimension, internal partition, and building materials [1]. In historic
churches, high relative humidity (RH) and low temperature (T) values are often found [2,3], making
the indoor environment uncomfortable for visitors and patrons. To improve comfort for users, many
sites installed heating systems in the 20th century [4]. However, this was not the case for Norwegian
churches which started to install heating systems in the 19th century; some even well before 1897 when
a law imposed the mandatory heating of churches. Newer heating systems were installed in most
churches during the 20th century [5].

Many Norwegian churches are currently heated using two different practices: the churches are
either heated only during the winter months, and left unheated during the summer, or they are only
heated during services. The main consequence of these two practices is induced variations in the
church’s indoor climate (i.e., relative humidity as well as temperature) [4]. However, this is not the
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case for Kvernes stave church which has been maintained in its original condition since its construction
and is still without a heating system. A possible reason why a heating system was never installed in
Kvernes is because a new church was erected in 1893, replacing the original stave church which was
no longer in ordinary use.

In the last decade or so, the effects of climate-induced change have become more and more evident
in many scientific fields, including the cultural heritage field. Quick and erratic climatic variations
are creating new conservation challenges. Challenges related to effective risk assessment of sites may
include long-term monitoring plans coupled with analytical campaigns that are able to concurrently
detect the conservation state of all the materials existing in a historic building. These risk assessments,
recently in association with tools allowing the simulation of current or future scenarios, permit the
creation of the most appropriate strategies for the management of monuments [6]. Conventional
museums and archives’ environmental set points are hard to follow when approaching the management
of temperature and relative humidity conditions of historic churches [4], including unique wooden
structures such as stave churches. There are key parameters which need to be taken into consideration
when proposing a strategy to control indoor microclimate and its risk assessment. For stave churches
these parameters include the construction methods and material, the decorative parts of the interior,
the protocol for use of a heating system in churches as well possible conflicts when installing heating,
ventilation and conditioning (HVAC) systems to control the indoor climate. These parameters are the
foundation for conservation and adaptation strategies, with regards to predicting the effects of indoor
climate change.

The primary aim of this paper is to present the typical indoor conditions resembling historic
climate information for stave churches. In particular, this paper will use Kvernes stave church as a case
study for unheated Norwegian wooden churches, since it is preserved in its natural microclimate and
not perturbed by a heating system. Secondly, this paper intends to present the characteristics of one of
the most climate-sensitive materials preserved within a stave church—distemper paint—and more
precisely distemper paint in Kvernes stave church which is not changed or “distorted” by overpainting,
removal of overpaint or unsuitable consolidation treatments. In general, it is assessed to have been
left untouched until certain painted areas on the walls were consolidated with sturgeon glue in 2013.
Finally, this paper aims to introduce an effective standardized risk assessment tool [7] to the cultural
heritage field to better manage the climate-induced decay of this sensitive object.

The research presented in this paper is a preliminary outcome of the International Research Project
SyMBoL or Sustainable Management of Heritage Building in a Long-term Perspective (2018–2021)
coordinated by the Norwegian University of Science and Technology (NTNU) and funded by the
Research Council of Norway. The SyMBoL project aims to contribute to the debate on appropriate
environmental conditions for preserving the 28 remaining Norwegian stave churches and their
distemper decorative paint in a time of climate change and mass tourism.

1.1. Stave Churches and Distemper Decorative Paint

Distemper paintings are found in 19 of the 28 preserved stave churches in Norway. Most of the
paintings are from the 17th and 18th centuries and are typically dominated by tendrils and vines, which
often cover the entirety of the churches’ interior. Seven of these 19 churches have distemper paintings,
or fragments of paintings, from the 1200s (Torpo, Rollag, Nore, Hopperstad, Hedalen, Heddal, and the
Høyjord; only the paintings in the Torpo stave churches are visible to the visitors) [8] (p. 69). Over the
centuries, the artistic and cultural importance of these paintings have varied. Specifically, at the end
of the 19th century, some of these decorative paint layers were deliberately washed off the church
walls [8] (p. 71). However today these paintings are given high cultural and historic value, and the
conservation of these paintings are now an integral part of conserving stave churches.
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1.2. Kvernes Stave Church

Kvernes stave church is located on the west coast of Norway, in a coastal climate characterized by
high relative humidity throughout the year and mild winters. The church is in Møre and Romsdal
county, which happens to be one of Norway’s top two counties most often impacted by extreme stormy
weather [9]. The church is situated in a clearing, about 200 m from the fjords, completely exposed to
the elements (Figure 1). After a hurricane in 1992, structural work was needed to prevent horizontal
movement. In addition, the church has had continuous problems with water and moisture, both due
to a leaky roof and moisture in the ground. As a result of these moisture issues, wood rot is a concern.
In the hopes mitigating wood rot, the terrain around the church was lowered in the 1930s, reducing the
amount of groundwater which could damage the wooden structure [10]. Even with these preventative
measures, when examining the predicted climate towards the year 2100, there is an expected increase
in average temperature of 2.0–2.5 ◦C, and the amount of rain is expected to increase by 25%–30%.
In addition, more wind is also anticipated [10] (p. 13).

 

Figure 1. The exterior of Kvernes stave church during one of the rare days with snow (date: 3 March
2011). Photo© Norwegian Institute for Cultural Heritage Research (NIKU) 2011.

Kvernes is a single-nave church owned by the Society for the Preservation of Ancient Norwegian
Monuments. It is nominally 16 m long and 7.5 m wide and seats up to 200 people (Figure 2).
New research, carried out in 2019, might even date the structure of the church to as early as the
1600s [11] (p. 22). The entire exterior, except for the eastern wall, was cladded most likely during the
mid-17th century. The interior, to date, is dominated by decorative paintings from the 1630s (Figure 3).
These decorative distemper paintings completely cover the walls and ceiling in both the chancel and
nave (Figure 3b,c), as well as the baptistery (Figure 3a) in the western end of the nave. Between the
nave and the chancel is a screen composed of a dado (i.e., chair rail) under a row of turned balusters
carrying horizontal moldings in two layers. King Christian VI’s carved and painted monogram is
centrally placed over the opening of the chancel. On each side of King Christian VI’s monogram, one
will find carved and painted coats of arms and a polychrome crucifix (ca. 1630s) hanging above the
monogram. Connected with the screen, on the south wall, there is a carved and painted pulpit (ca.
1630s). In the chancel, a large, carved and painted polychrome epitaph (1671) dominates the northern
wall. Resting on top of the wooden painted altar, is an altarpiece with a late Medieval triptych built
into a carved and painted 17th century altarpiece (1695). On the nave’s southwest wall, there is a small
decorated gallery for the priest’s family.
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Figure 2. Kvernes stave church. (a) Planimetry; (b) vertical section. The south wall. Source: Illustrated
guide to the stave church by the architect Heinrich Joachim Sebastian Karsten (1873–1947) in 1900.
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Figure 3. Overview of Kvernes stave church. Photos © NIKU 2011. (a) Baptistery, towards west;
(b) nave looking west; (c) nave looking east; (d) north wall of nave (western part); (e) south wall of
nave (eastern part); (f) south wall of nave (central part). Date: 3 March 2011.

1.3. Distemper Paintings: Its Characteristics and Treatment

Distemper paint is a water-based material made from pigments mixed with animal glue as the
main binder. However, analyses of 17th century paintings revealed that casein, egg, and oil are
sometimes added to the glue binder [12]. Analyses carried out at the end of the 1990s identified casein
or egg, however, this has yet to be confirmed by later studies. Furthermore, analyses performed as
part of the Stave church preservation program, detected oil in some decorations dating back to the
1600s. It is uncertain whether this is due to a later treatment, or if oil was added to the glue as a binder.
Analyzing glue as a protein-containing binder is complicated. The protein composition is specific for
each type of glue and the proteins are defined by the combination of amino acids for each individual
protein. In spite of several analysis methods used, in parallel, the chances of incorrect interpretation
are high, and the amount of glue may be too small for the analysis instruments to detect.

The portions of binder to pigment in the distemper paint must be prepared in such a way that the
paint neither runs down the wall whilst still wet, nor rubs off after drying. Distemper paintings are
characterized by a porous, usually matte, surface.
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Artists’ exact process for painting decorative wall paintings in stave churches is unknown,
however, through observation, analysis, and literature review, key concepts of artists’ technique are
elucidated. The painters did not put much effort into having the woodworkers prepare a smooth
wooden surface to paint upon, as tool marks are often seen through the paint layers. However, the
surface may have been primed with glue before the base paint was applied. A sketch on the base layer
of paint, and the use of a compass and etched lines were observed in several distemper paintings from
the 1600s. In post-Reformation distemper decorative paintings, the distinct local colors of the elements
are painted on the surface of the dry background color, which was usually white; then any shadowing
or colors that add shape, and finally the contours were painted. Color details could be added after
the contouring. The paintings in the nave and baptistery in Kvernes stave church follow this general
painting method (Figure 4).

 

Figure 4. (a) Close up of the distemper decorative paint in the nave in Kvernes stave church (date:
9 April 2013) Photo©NIKU 2013; (b) detail from the decorative pattern of the Urnes stave church (date:
30 April 2011) Photo© NIKU 2011; (c) details of the locations of Kvernes and Urnes stave churches
with values of latitude and longitude.

Due to the matte and porous surface of distemper paint, very few methods and materials are
suitable for conserving these paintings, if the main goal is to keep the appearance of the surface
unchanged [13]. In 1984 the Directorate for Cultural Heritage (DCH) initiated a registration of distemper
decorative paints in stave churches [14]. Subsequently, in 1989, the testing of different consolidation
methods for distemper decorative paints was undertaken during the conservation treatment of the
décor in Uvdal stave church (latitude: 60.26◦ N; longitude: 8.83◦ E) [15]. This test favored sturgeon
glue, over many others, including, Klucel (hydroxypropylcellulose) and gelatin [16]. The conservators
at the DCH, and later conservators at the Norwegian Institute for Cultural Heritage Research (NIKU),
have since used sturgeon glue as the main consolidant for distemper paint [17]. The last consolidation
treatment executed with sturgeon glue, in a Norwegian stave church, was in 2013 at Kvernes stave
church. The preservation of distemper paint in churches is a constant area of interest for NIKU, and
projects have concentrated on 16th and 18th century distemper decorative paintings [18]. Additional
information was gained when the Stave Church Preservation Programme (2001–2015) provided an
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opportunity to work with several distemper decorative wall paintings that needed treatment: three
Medieval distemper decorative paintings and 12 post-Reformation distemper decorative paintings in
14 stave churches were examined and treated [8].

An assessment of these treated paintings was made in 2013-2014. In several cases, the paint was
found to lack proper adhesion to the underlying support; this was also found for those which were
treated just a few years earlier. The examination was a follow-up of the assessment of consolidation
methods for distemper decorative paints, as an answer to the constant need for greater knowledge on
sturgeon glue as a consolidation material, and more specifically, for understanding which parameters
are essential for successful results in consolidation treatments. In addition, the survey of conservative
conditions of decorative distemper painted surfaces was also implemented in another recent project:
“Environmental monitoring of the impact of climate change on protected buildings” started in 2017
and coordinated by NIKU [6]. An example of the mapping of conservation treatments obtained by the
survey inside Kvernes stave church is depicted in Figure 5.

 

Figure 5. Example of mapping of conservation treatment in Kvernes stave church. The image shows
the eastern part of the north wall in the nave of Kvernes stave church. Areas marked with green were
consolidated with sturgeon glue (date: 5 April 2013). Photo© NIKU 2013.

2. Materials and Methods

2.1. Conservation Investigation of Distemper Paintings

In Section 2, the preservation state of the distemper paintings in the nave and baptistery of
Kvernes is related to research and practical experience from the conservation of distemper paintings
in a number of other stave churches. However, because the paintings in the chancel of Kvernes are
so heavily altered by overpainting and conservation treatments, these paintings are not discussed in
this paper. As for the nave, there are no indications of earlier treatment carried out on the distemper
paintings. In general, signs of damage are related to wear and tear and long-term water leakages.
The paintings are worn and unbound, and flaking paint was registered in 2012; however, the condition
of the walls varies from area to area. This paper will only focus on distemper paint which was not
heavily altered by previous conservation treatments.

In the case of Kvernes today, there are between 12,400 and 15,300 visitors a year, with an increasing
number in the last four years. Usually two tourist buses arrive daily in the period April–September,
in addition to tourists who travel by cruise in the period June–August. During these mass visits, the
church administration only allows a maximum group of 90 visitors inside the church at a time (amount
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of visitor in the years 2016–2019, internal communication with Sørvik, A.K. Head of management
Kvernes stave church. Email correspondence, 2 December 2019).

When assessing the current condition of the decorative paintings in the nave, during the last
survey, the north wall was identified as being in the least ideal condition, with the paintings displaying
different conservation conditions in different areas of the wall surface. At bench height, in the area
were a staircase once existed and under the priest family’s chair in the south-west corner, the paint
has worn off with little paint left. In general, these areas reflect the degradation of distemper paint
resulting from people rubbing the painted surface with their hands and coats [19] (pp. 42, 48). Further,
the black color in the distemper paintings on the north wall was identified as having moisture and
water damage [19] (p. 45). In the nave’s northern part of the western wall, it can rain or snow through
the wall if precipitation comes together with wind. In general, the building is not tight, so birds can
sometimes find their way inside [19] (p. 48). In the ceiling of the nave, there are secondary beams,
probably due to long-term water leakages [19] (p. 44). On the southern wall, most of the distemper
decorative paint is damaged by water leakage, both from the ceiling and windows. Only remnants of
paint are left on the northern and western wall of the baptistery. This condition is thought to be due to
earlier water leakage and direct light exposure.

Despite the description above of damages in the painted surfaces, the paintings in the nave and
baptistery of Kvernes are in remarkably good condition. One exception is a small area on the central
part of the north wall in the nave where the décor was repainted. In this same area, where the paint
layer is thicker, the paint was flaking before treatment by NIKU in 2013. Disintegration of the binding
media was the main reason for carrying out the 2013 conservation treatments at Kvernes. Selected
areas of the walls in the nave and baptistery were consolidated with 3% sturgeon glue in water applied
through Japanese tissue paper. The aim of the treatment was to add an additional binder to the paint
structure. In areas with two paint layers, it was also necessary to bind the layers to each other and to
the wall. Unlike treatments in several other stave churches, the distemper decorative paintings in the
nave and baptistery were not consolidated during an earlier conservation campaign. The consolidation
of the distemper paintings in Kvernes stave church seems to be successful, except for minor areas
where the paint layer is thick. Based on experience, this is not unexpected. In general, thick distemper
paint layers are more prone to flaking.

Distemper paintings in unheated stave churches, like Kvernes, are generally in better condition
than those in heated stave churches. NIKU’s records show that the distemper painting (ca. 1601)
found in the chancel of the unheated Urnes stave church (see Figure 4c for the Urnes site location)
was consolidated in 2012, four centuries after it was painted. Then the painted ceiling in the chancel
needed a general consolidation, while only minor areas of the painted chancel wall were treated in
2012. The unheated Rødven stave church (latitude: 62.62◦ N; longitude: 7.49◦ E) is in the same area of
Norway as Kvernes. The interior is covered with distemper paintings from the first half of the 18th
century which are worn, but in a rather good state, and have never undergone consolidation treatment.

2.2. Effects of Climate-Induced Decay on Distemper Paints

In general, the current conservation state of distempered 17th century paintings in unheated
churches is better than those found in heated churches. When comparing the conservation state of
Medieval art in heated and unheated churches this also holds true [20]. This demonstrates the effect of
a ‘Proofed fluctuation’ that, over the centuries, is caused by natural slow climate change and normal
building use with passive systems [21]. However, the findings in this paper also demonstrate that
the risk of physical damage, beyond that already accumulated from T and RH fluctuations, may be
caused by the introduction of new variables such as heating systems and increase in visitors. The use
of heating systems or high numbers of visitors may exceed the already experienced climate pattern,
thus introducing new risks.

Today, the number of visitors to the remote Kvernes stave church is high. One might expect both
for Kvernes and the other stave churches that the number of visitors and arrangements will continue to
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rise, causing a continuous change in the use of these outstanding and vulnerable buildings. Several of
the stave churches are museum churches, housing special events and open for tourists in the summer
season. In the case of Kvernes, today, there are around 13,000 visitors per season. Groups of up to
90 people that visit Kvernes are placed in the pews by guides; they may lean towards the distemper
painted walls and contribute to the degradation of the paint by intentionally or unintentionally
touching and rubbing the painted surfaces. Visitors are also contributing to modifying water vapor
concentration and particle matter concentration inside the church. These factors must be taken into
consideration when dealing with hygroscopic materials, such as animal glue. These are ongoing
factors that demand for new research. However, visitors are wanted, for what is a cultural heritage site
without the connection to people, past and present? In addition, the revenue from these visitors is an
essential part in maintaining and conserving these sites. It is the correct balance between a church left
alone, and a visited church that adds both to conservation of the church and to a meaningful experience
for visitors.

Looking at the causes of good conservation conditions in Kvernes, low temperature (i.e., ranging
between 5 ◦C and 10 ◦C) may be one of these as it slows water vapor diffusion and hence increases the
time of the wood response to RH variations [22]. This effect could account for the frequent observation
that low-temperature storage of wooden works of art, for example, in unheated historic buildings,
favors their good preservation [22]. On the other hand, the impact of heating on distemper decorative
paintings is particularly evident in heated churches as is the case of the Ringebu stave church (latitude:
61.5◦ N; longitude: 10.17◦ E), a parish church in ordinary use, situated in a dry inland climate, with
sporadic heating when in use. When a conservation treatment was undertaken in 2010, monitoring
of the internal RH of the church showed extraordinarily low values during heating episodes in the
winter. Unlike Kvernes, the distemper decorative paintings in Ringebu are 1921 replicas of 18th century
distemper decorative paintings. Specifically, these 1920s replicas are painted on top of a whitewash
which covers the remnants of the original 18th century paint. In 2010, a rather thick layer of paint was
consolidated with sturgeon glue, however, a few years later flaking paint was observed and continues
to flake to this day. The paint layer is influenced by the fluctuating RH and T and the assumed different
dimensional changes of the individual layers in the structure induce stresses, which cause cracking
and flaking of the ground and paint layers [22]. In Ringebu the paint flakes between the various layers
of paint.

Effects of Climate-Induced Decay on Distemper Paints. Is the Consolidation Changing the Paints
Response to Fluctuations in Relative Humidity and Temperature?

Sturgeon glue, as a proteinaceous material, will most probably react to variations in RH and
T in the same way as the original glue in distemper paint. Animal glue experiences a considerable
dimensional change with a change in moisture content. Some animal glues can swell as much as 6%
over the 0%–90% RH range [22]. Analysis of the properties of sound rabbit-skin glue films showed
that they can withstand fluctuations of ±15% RH at 50% RH, but only ±8% at 35% RH. Like many
organic materials, the moisture response of glue is relatively flat at moderate RH values (40%–60%),
reducing both its response to RH fluctuations and the resulting stresses [23] (p. 34).

The added glue, from consolidation, will change the ratio of pigment to glue expressed as the
pigment-volume concentration (PVC). PVC is defined as the ratio of pigment volume and total paint
volume. Higher PVC means less glue, which means lower dimensional response to RH variations. PVC
values of distemper paint found in Norwegian stave churches are unknown, but a matte paint generally
implies a high PVC. A 75% pigment-volume concentration gives a matte paint [13]. The consolidated
paint is still as matte as it was before treatment; however, it is assumed that the PVC of consolidated
paint is lower since additional glue is added. The added sturgeon glue might lead to larger dimensional
change, as it is hygroscopic and reacts like animal glue to climatic fluctuations. That said, NIKU
has not reported that consolidation with sturgeon glue of a thin, matte distemper paint accelerated
its degradation.
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2.3. Standardized Risk Assessment Method Applied to Climate-Induced Risk on Distemper Paints

When evaluating a management plan for an indoor climate, in general, it is difficult to decide
when to adopt a change and how to identify which modification must be implemented for improving
the conservation conditions of a cultural heritage site or object. For stave churches, these types of
discussions are left in the hands of heritage managers and stave churches managers. These stakeholders
might be highly attracted to finding a balance between the optimum conditions for conservation, the
available budget, and the requests of acceptable comfort by churchgoers or visitors, as well as what
measures are technically and aesthetically possible when it comes to the church and interior. However,
it could be beneficial for these stakeholders to visually understand how the risk of decay (single and/or
synergistic) appears and evolves over the years. This could be helpful in taking action, for example,
asking for the support of experts in proposing a modification in the environmental management of
the church. Yet risk indices may be difficult to track without tools, techniques, documentation, and
information systems. A risk assessment tool (RAT) helps to bridge this gap. RAT is a general term
which includes tools for risk management which allow uncertainty to be addressed by identifying
and generating qualitative or semi-quantitative metrics, prioritizing, and developing practices to track
risks with greater probability. The modified RAT of Anaf et al. [7] was applied in this study and
emphasizes the influence of temperature and relative humidity. This RAT is beneficial for conservators,
allowing them to monitor ongoing decay processes of distemper decorative paints under different
scenarios (e.g., passive and active climate control strategy, high and low visitor impact). Measures of
risk management are more easily taken in an already heated church.

The correlations between degradation and extreme RH and T values (as in our proposed case
study for Kvernes), and large RH fluctuations are described in literature for specific types of materials
and heritage objects [22,24,25]. Specifically, for heritage objects, the proposed RAT uses a best-fit
dose-response, or mathematical functions, to prioritize the agent of deterioration (e.g., through the
weighted average approach; Figure 6) and define the damage thresholds which allow the assessment
of risk. In the presented study, only T- and RH-induced risks on heritage objects resembling distemper
decorative paint on wooden substrates were considered.

Figure 6 displays in the ordinate the weight per risk caused by risk agents (i.e., relative humidity
(%) and temperature (◦C)), which cannot be too low, too high, or with excessive fluctuations without
increasing the risk of damage. In this study, Figure 6 represents the RAT to estimate three different
categories of risk: biological decay (top plots), mechanical and chemical decay (bottom, left plot),
and mechanical decay only (bottom, right plot). These risks are estimated following the approach
introduced in a study by Anaf and co-workers [7] by comparing the data logger measurements recorded
in Kvernes, with the corresponding risky target values/thresholds available in the literature [22,24,25].
Risk thresholds of unsafe RH fluctuations (bottom-right plot, external areas to the safe band) are
obtained by the standard EN15757:2010 [26]. The SyMBoL project, with the implementation of two
long-term monitoring campaigns in Heddal (latitude: 59.57◦ N; longitude: 9.17◦ E) and Ringebu stave
churches (i.e., longer than two years), will soon provide data to better describe the “historic climate” of
other stave churches under different protocols for heating use [26].

The RAT works as follows: in Figure 6, the climate-induced risk is quantified by converting the
corresponding measured values of T and RH into a level of risk that is evaluated in a predefined scale
of 0 to 1. That is to say that this model displays the correlation between X and Y, where Y = f(X). When
T or RH x-axis values (input) enter the plots in a white area over the abscissa, the level of (risk*weight)
is zero (output, y-axis); while, when T and RH x-axis values enter the plots within a grey area over the
abscissa, the level of (risk*weight) is different from zero. The (risk*weight) value, read over the y-axis,
is obtained moving vertically from the input T or RH value over the abscissa up to the parallel grey
horizontal line limited by two grey dots in Figure 6.
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Figure 6. Conversion dose-response and/or threshold functions to prioritize the agent of decay and
calculate the level of risk. (top-left) relative humidity (RH)-induced biological decay in the case of
both RH-sensitive insects as woodworm and mold infestation with their link with temperature (T)
conditions (top-right). Bottom-left: T-induced mechanical (too low T) and chemical risk of decay (too
high T). Bottom-right: RH-induced mechanical decay caused by wider RH fluctuation than the historic
climate as stated in the EN15757:2010 standard [26].

In Kvernes church, the T and RH values were recorded using four Tinytag data loggers (Gemini
Data Loggers Ltd., Chichester, UK) deployed on the east side of the church (Figure 7). The positioning
of these four loggers was slightly different; data loggers 1 and 2 were placed nominally 2 m above
the floor, while data loggers 4 and 5 were placed about 3 m above the floor. Temperature and relative
humidity data were recorded for a little over one year (20/06/2011–13/06/2012), after which, the data
collected during this monitoring campaign were analyzed using the RAT.

The abscissa of the grey dots are T and RH target/threshold values which define unsafe conditions
within which the (risk*weight) is different from zero.
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Figure 7. Images showing the location of the four data loggers in Kvernes stave church. (a) loggers 1
and 2; (b) loggers 4 and 5 (date: 3 March 2011) Photo: NIKU© 2011.

3. Results and Discussion

Temperature and relative humidity data collected during 20/6/2011–13/6/2012, from the interior of
Kvernes church, are shown in Figures 8 and 9, respectively. The right y-axis reports the risk assessment
results of T-induced risk (Figure 8) and RH-induced risk (Figure 9). For this study, the maximum
risk value was pre-set to 1 for T-induced risk (right y-axis of Figure 8) and a value of 1.5 (over a
scale of 2.0) for RH-induced risk as we counted both biological (max value = 1) and mechanical risk
(max value = 1) (right y-axis of Figure 9). The grey lines in Figures 8 and 9 denote the level of risk,
and Figure 8 clearly indicates that the riskiest period for temperature-driven decay is during the
winter/spring period. Additionally, data acquired by Log5 indicate greater variations, especially in the
spring/summer seasons in term of maxima registered temperatures, since this logger was exposed to
direct sunlight. The positioning of Log5 was deliberate, in order to assess the effect of solar radiation on
the sensors. Consequently, the relative humidity data recorded by Log5 showed the highest variations,
and constantly registered lower values with respect to the three other devices. On the contrary, data
collected from Log1 often indicated oversaturation of RH values (>100% RH) (Figure 9). The risk
analysis carried out on the RH data (Figure 9) is more complex, as it displays intermitted climatic
conditions during autumn, between mid-September and the beginning of December. However, most
of this time period could be considered quite safe (risk = 0).

Unfortunately, very few studies are currently available in international peer-reviewed literature
to correlate the effect of microclimate variations to the occurrence of decay on distemper paints.
The very few existing data on indoor microclimatic conditions of wooden Medieval churches seem to
differ [27,28]. One possible answer to the variation in the indoor climate is the outdoor climate where
the various stave churches are located (see the Supplementary Materials for our analysis of the outdoor
climate in Kvernes). One example is the average environmental conditions published very recently
on the Hopperstad stave church [29], where RH ranged between 27%–28% and 92%–98%, depending
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on the placement of the data logger. Hopperstad is an unheated church situated on a fjord in the
west of Norway (latitude: 61.01◦ N; longitude: 6.95◦ E) and in a similar climatic zone as Kvernes [30].
Maximum and minimum temperature values for Hopperstad, indicated by Lehne et al. in 2019 [29],
seem closer to those collected for Kvernes stave church in this study. The influence of solar radiation
on the response of the data logger, in our study, is not too extreme as Figure 8 clearly demonstrates
because the internal temperature never exceeds 22 ◦C and never falls below −2.5 ◦C. On the other hand,
RH reading reached saturation values (>100% RH) several times between mid-December 2011 and the
end of March 2012 (Figure 9). While at the opposite, the minimum RH values never fell below 42.5%.
Hopperstad has remnants of distemper decorative paint which was consolidated by NIKU in 2010.

 

Figure 8. Indoor temperature data from the four data loggers collected between 20/6/2011 and 13/6/2012
every 2 h. Dotted lines indicate T = 0 ◦C. Grey vertical lines indicate the level of risk (right y-axis).

 

Figure 9. Indoor relative humidity (RH, %) data from the four data loggers collected between 20/6/2011
and 13/6/2012 every 2 h. Dotted lines indicate RH = 100%. Grey vertical lines indicate the level of risk
(right y-axis).

When examining data collected from Log1, Log2, and Log4, we decided to use the data from
Log4 as the representative of this group, as the data collected from these three loggers are directly
comparable (Figures 8 and 9); consequently, as Log5 was constantly hit by sun radiation, it was
considered separately. Data from Log4 and Log5 were elaborated using a RAT (Figures 10 and 11).
Figure 10 highlights the combined effect (Figure 10d) of the indoor environmental conditions and the
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risk threshold of the three most important agents of deterioration for distempered paint: biological
decay (Figure 10a), mechanical decay due to the RH fluctuation (Figure 10b), and mechanical decay
induced by low T values (Figure 10c). One might argue that the impact of RH fluctuations outside the
frame of the historic climate should be placed as the primary deterioration agent. However, in cases
like Kvernes, it is difficult to decide which agent of deterioration is the most important. During the
monitored calendar year, starting in June of 2011, risk of biological decay was recorded in the summer
months, with a maximum at the end of July (Figure 10a). Risk of mechanical decay caused by a RH
variation, larger than that established by the historic climate, was recorded from January to March
(Figure 10b). In addition, risk of mechanical decay caused by too low T (<2 ◦C), was slightly higher
from December to February (Figure 10c). Overall, the synergistic risk recorded in Kvernes highlights
three periods of risk (Figure 10d). The first risk period occurs during July and August showing the
optimum condition for biological decay due to high T and RH values; whereas, the second risk period
starts at the beginning of January and for almost a whole month shows the optimum conditions for
mechanical decay on the distemper paint due to a combination of large RH fluctuations and very
low temperature (i.e., lower than 2 ◦C). The third and final risk period occurs in May, and this period
highlights a risk of mechanical decay caused by RH fluctuations only. At the opposite, the period
with natural environmental conditions most appropriate for the conservation of the distempered paint
happens in the autumn, from September to November, and spring in mid-April. Other aspects, like the
actual T of the wall surface, needs to be considered before deciding upon a conservation campaign
in November.

Figure 10. (a) RH-induced risk of biological decay on wood (i.e., woodworm and fungi infestation).
(b) RH-induced risk of mechanical decay caused by wider RH fluctuation than the historic climate
as stated in the EN15757:2010 standard; (c) T-induced risk of mechanical decay on wood (i.e.,
freezing–thawing cycles; (d) total risk (i.e., sum of the previous three types of calculated risk to
show the synergetic effect. Colors associated to the maps are related to the index value reported on the
scale: green from 0 to 0.5 indicates low risk conditions; yellow to orange, from 0.5 to 0.75 indicates
moderate risk; red, approaching 1.5 indicates high risk.
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Figure 11. Risk difference caused by radiation disturbance as detected by the difference between Log5
and Log4. Red color, environmental conditions which trigger higher total risk; blue color, environmental
conditions which trigger lower total risk.

The elaboration shown in Figure 11 was obtained by comparing the evaluated risks for Log5 and
Log4, as discussed above. In this figure, the red areas denote an increase in risk, whereas the blue areas
signify a decrease in risk. When examining only the red areas, it is possible to observe how the most
sensitive periods occur during the summer months (mid-June to the beginning of September) and spring
months (mid-March to mid-May). Additionally, Figure 11 also displays how the risky daily interval
partially overlaps for both periods. During the summer the daily risk intervals are concentrated between
9:00 and 11:00 a.m., while in spring longer intervals are observed (from 2:00 to 11:00 a.m.). For just a
short number of spring days (ca. 15) the whole morning period is considered risky. This risk assessment
once stopped dangerous wavelength radiation, as UV and IR also provide interesting information on
the beneficial effect of a daylight increase in temperature (risk decrease in blue areas).

The previous figures demonstrate that such a tool becomes a semi-quantitative method to
recognize the effect of climate change (e.g., through the evaluation over time of changes in risk intensity,
in frequency of less favorable conservative conditions, or in increasing synergistic effects). The future
research conducted within the SyMBoL project will contribute to developing a more comprehensive
RAT for conservation and preservation purposes. The SyMBoL project intends to integrate the impact of
visitors, in terms of modification of the indoor microclimate, into the tool. In fact, RAT has the potential
to highlight the effect of visitors’ presence (or the effect of heating systems. These are important aspects,
which although not considered in the present study, must be considered in the perspective of long-term
research of stave church conservation.

Finally, in order to develop a broader understanding of the internal microclimate of Kvernes,
a detailed analysis was performed for Log4 and Log5 on the weeks of Christmas and Easter when the
Church hosts churchgoers. Elaborations proposed in Figures 12 and 13 show windows segmenting the
daily light durations as indicated by data available at eKlima website of the Norwegian Meteorological
Institute [31], superimposed to T, RH, and mixing ration (MR) trends (i.e., the trend of water vapor (gr)
mixed into 1 kg of dry air which is a useful microclimate parameter used in historic structures to study
the effects of infiltration).
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Figure 12. Indoor RH (%)-green line, T (◦C)-red line, mixing ration (MR) (g/Kg)-black line values for
Christmas week representative of microclimate conditions and churchgoers’ presence in winter as
measured by Log4 (top plot) and Log5 (bottom plot). The grey line refers to outdoor RH values collected
by the Kristiansund lufthavn weather station. Daylight duration is highlighted by rectangular areas.

 

Figure 13. Indoor RH (%)-green line, T (◦C)-red line, MR (g/Kg)-black line values for Easter week
representative of microclimate conditions and churchgoers’ presence in spring as measured by Log4 (top
plot) and Log5 (bottom plot). The grey line refers to outdoor RH values collected by the Kristiansund
lufthavn weather station. Daylight duration is highlighted by rectangular areas.
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4. Conclusions

NIKU has treated distemper decorative paintings in 14 of the 28 stave churches, as well as
in several other churches. The challenge of consolidating matte, water-soluble paint is finding a
consolidation substance that binds loose paint and strengthens the paint layer without saturating
the structure in such a way that it changes the look of the artwork. The consolidation agent must be
compatible with the binder in the paint; an ideal consolidant should have known ageing characteristics
and preferably decompose naturally, thus making reconsolidation possible. First and foremost, an
appropriate consolidant must conserve the paint layer. Since the early 1990s sturgeon glue has been the
dominant consolidation medium because it changes the visual appearance of the distemper paintings
the least; it is a natural adhesive substance which decomposes in the same way as the original binder
and has strong penetrative powers and a high degree of adhesion at low concentrations.

The applied consolidation method with sturgeon glue works well for thin paint layers which need
additional binding medium. The conservation of thicker distemper paint, for example where there are
two layers of decorative paint on top of one another, is still a challenge and NIKU is still searching for
a method that gives a good visual result, whilst adhering the paint to the substrate. The consolidation
of thick paint layers is a problem in both unheated and heated churches, but experience shows that
the thick paint flakes faster after treatment in heated churches. Recent surveys of the paintings in
the nave and baptistery show that on the north wall there might be some locations with paint lose in
areas with two paint layers, while the condition for the rest of the paintings in the nave and baptistery
appears unchanged.

The RAT proposed by Anaf et al. in 2019, which was modified for distempered paints, demonstrated
that the indoor climate of Kvernes—unperturbed by any heating system and still remaining in its
so-called natural state-although not completely ideal, contributes to the preservation of distemper
paints. Unsurprisingly, the indoor climate follows the outdoor climate without any control on keeping
microclimate targets and/or reducing fluctuations and showed a limited number of risk periods
for Kvernes over 2011–2012. This assessment, although not exhaustive of the impact of visitors
or particle matter deposition phenomena, provides the potentiality to highlight at once the most
and least favorable conservation conditions for distemper decorative paint over a typical calendar
year. This type of understanding supports heritage managers and church owners in identifying risks
situations and discriminating among the possible typologies of decay. In addition, the output of this
analysis provides reliable information for supporting a risk management plan for the preservation of
distemper decorative paint. The SyMBoL project coordinated by NTNU is working for both the sake of
cultural heritage and for those who want to experience the wooden construction and vivid colors.
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Abstract: Passive microclimate frames are exhibition enclosures able to modify their internal
climate in order to comply with paintings’ conservation needs. Due to a growing concern about
the effects of climate change, future policies in conservation must move towards affordable and
sustainable preservation strategies. This study investigated the hygrothermal conditions monitored
within a microclimate frame hosting a portrait on cardboard with the aim of discussing its use
in view of the climate expected indoors in the period 2041–2070. Its effectiveness in terms of
the ASHRAE classification and of the Lifetime Multiplier for chemical deterioration of paper was
assessed comparing temperature and relative humidity values simultaneously measured inside the
microclimate frame and in its surrounding environment, first in the Pio V Museum and later in a
residential building, both located in the area of Valencia (Spain). Moreover, heat and moisture transfer
functions were used to derive projections over the future indoor hygrothermal conditions in response
to the ENSEMBLES-A1B outdoor scenario. The adoption of microclimate frames proved to be an
effective preventive conservation action in current and future conditions but it may not be sufficient
to fully avoid the chemical degradation risk without an additional control over temperature.

Keywords: microclimate frame; preventive conservation; risk assessment; Sorolla painting;
climate change

1. Introduction

The environment surrounding the objects is one the main driver of their deterioration.
Long-term microclimate monitorings, through the identification of risk factors, play a key role
in the implementation of preventive conservation actions [1]. Temperature and relative humidity
are fundamental physical parameters, as materials adapt themselves to the continually changing
hygrothermal conditions to reach a thermodynamic equilibrium. Strict microclimate targets for
preservation [2,3] have fostered the use of expensive HVAC (Heating, Ventilation and Air-Conditioning)
systems. However, these highly sophisticated systems may be risky in the case of a potential failure
and hardly possible for all museums, which, with the increase of cultural tourism, might incur
raised costs for the maintenance of adequate conditions for conservation [4]. Furthermore, due to a
growing concern about the effects of the expected climate change, future policies in conservation must
move towards affordable and sustainable preservation strategies [5]. Passive methods, based on the
understanding of the material properties and of its interaction with the environment, might provide a
reliable support in this direction.

Among preventive conservation tools, showcases aim at creating an internal micro-environment
different from the external macro-environment [6]: this “box-in-box” configuration allows locally
fine-tuning the control over various environmental parameters (temperature, relative humidity,
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pollutants and light), thus reducing the risk of physical and chemical damage to cultural heritage
objects [7]. The employment and optimization of passive low-cost devices can be highly effective to
provide relative humidity control in less than ideal environments, particularly in the case of mixed
collections with different conservation needs. Since their response to temperature fluctuations is
usually poor [6,8], panels of materials containing PCMs (Phase Change Materials) have been proposed
to be placed inside showcases to keep the internal temperature stable [9].

Microclimate frames are showcases specifically designed for paintings and able to modify their
internal conditions in order to comply with tolerability targets for specific typologies of materials.
This kind of exhibition enclosures is considered among the safest systems for keeping relative
humidity stable and is increasingly being used to protect paintings against indoor hazards [10].
Passive microclimate frames usually take advantage of the inclusion of a buffering agent in combination
with the reduction of the air exchange rate [11–13]. A buffering agent is generally an extremely
absorbent material which is able to smooth out abrupt changes by releasing moisture when
relative humidity decreases and absorbing moisture if it increases. An economical microclimate
frame can be produced in-house using the picture’s frame as the primary case [14]. As in
showcases, every microclimate frame is characterized by a peculiar response to the environmental
forcing [8]. Their effectiveness depends on the specific features and can be assessed as a function
of the improvement of the surrounding microclimate in terms of the fulfilment of the artwork
conservation needs.

The most recent standards in conservation avoid recommending ideal temperature and relative
humidity intervals and have evolved towards the concepts of proofed fluctuations [15], i.e.,
the largest hygrothermal levels experienced by the objects in the past, and historic fluctuations [16],
i.e., the environmental conditions to which artworks have acclimatized and adapted during their
conservation history. Both these concepts imply methodological indications rather than prescriptive
ones [3] and thus a more flexible approach, allowing for the short-term fluctuations and seasonal
changes that can be considered safe for the collections. The ASHRAE (American Society of Heating,
Air-Conditioning and Refrigerating Engineers) guidelines [17] suggest five classes of quality control,
defined on the basis of seasonal and daily hygrothermal fluctuations. The possible risks for collections
gradually increase from Class AA, associated with no risk to most objects, to Class D, that protects
only from dampness. These guidelines have been effectively applied to quantify the damage potential
of environments already actively controlled [18] and those of future climate scenarios [19]. Thanks to
the enhanced knowledge of the properties of the materials and of the mechanisms of interaction
with the surrounding environment, damage functions can be used to assess the possible risks for
various typologies of materials [18]. For paper, one of the most alarming degradation processes is
the chemical decay (e.g., yellowing of paper and fading of colors) [20]. The Lifetime Multiplier is an
index extensively used to assess the time span in which varnishes and paper objects remain usable if
compared to standard reference conditions [21,22].

To extend the microclimate assessment over the effects of the expected climate change,
simplified heat and moisture transfer equations through the building envelope can be derived from
monitored outdoor and indoor data and employed to simulate the future conditions indoors [23,24].
This methodology was developed within the European project Climate for Culture (2009–2014) [25,26],
which focused its attention to the future conservation risks with the aim to suggest possible mitigation
actions and inform stakeholders and policy makers.

Simultaneous measurements of temperature and relative humidity collected inside and outside
a microclimate frame were used in this study to investigate the quality of its internal environment,
making it possible to evaluate the buffering properties over time. The hygrothermal observations were
recorded from May 2014 to February 2017, first in the Sorolla room of the Pio V Museum of Fine Art in
Valencia (Spain) [27] and, later on, in a residential building in the same area. The effectiveness of the
passive microclimate frame was expressed in terms of the ASHRAE classification and the Lifetime
Multiplier index for chemical deterioration. Moreover, a methodology based on heat and moisture
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transfer functions through the building envelope was applied to derive projections over the future
indoor hygrothermal conditions as a function of the ENSEMBLES-A1B outdoor scenario in the area
of Valencia [28]. An increased awareness of the potential conservation risks in view of the expected
climate change has given the possibility to suggest appropriate preventive conservation strategies.

2. Materials and Methods

2.1. The Microclimate Frame

A long-term hygrothermal monitoring was conducted inside a microclimate frame housing a
portrait of the Valencian painter Joaquín Sorolla (1863–1924). The painting, titled “Portrait of a lady
with a red flower in her hair” (Figure 1a), measures 64 cm × 49 cm and is enclosed in a hand-crafted
microclimate frame (69 cm × 54 cm ×8 cm) made of an external aluminium case and a frontal glass.
The specific layout of the components of the microclimate frame under study is shown in Figure 1b.
A sheet of cardboard (i.e., the same material supporting the portrait) of the same size of the paintings
was used as back plate for the frame and put in direct contact with the painting support in order to offset
changes in external relative humidity acting as a buffer [14]. The cardboard was preconditioned to the
relative humidity level of 40% according to an extensive literature review on paper degradation [20]
with the aim of reducing the impact of deterioration risk factors acting on the painting.

(a) (b)

Figure 1. Portrait on cardboard titled “Portrait of a lady with a red flower in her hair” by J. Sorolla (a);
and schematic cross section of the microclimate frame used and layout of its components (b).

The painting by Sorolla was realized on cardboard in 1916 with the gouache technique and
donated as a gift to the Traver family. Since then, it used to be conserved in the house of the owners
being enclosed within an unbuffered frame. Conservation surveys performed by the Valencian Institute
of Conservation and Restoration (IVACOR) detected the presence of dust deposits both on the front
and on the back, craquelures and loss of material on the painting layer together with a massive fungal
attack visible in the form of dark circular stains. The gum arabic, frequently used as binding media [29],
is responsible for its sensitivity to hygrothermal variations as it is particularly vulnerable to mold
growth and chemical degradation. In the final report of the surveys, the Institute warned that the
deterioration could have been caused by adverse environmental conditions in conjunction with the
vulnerability of the materials used [30]. The artwork underwent restoration from 2012 to 2014 in the
IVACOR laboratories and at the end of the intervention was enclosed in a passive microclimate frame
ad hoc designed and provided with internal temperature and relative humidity sensors.
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2.2. The Monitoring Campaign

Temperature (T) and relative humidity (RH) data were monitored from May 2014 to February
2017. Over this period, the painting was exposed to different environments: first, the Sorolla room in
the Pio V Museum of Fine Art in Valencia from May 2014 to February 2016 and, later on, a residential
building located in a city near Valencia. Since the private owners do not want to reveal the new
location of the painting for safety reasons, in this investigation were used the climate data of the area
of Valencia. The Pio V Museum is housed in a historical building of the XVII century where an active
HVAC system of temperature control was in operation, with a variable T set-point ranging from 20 ◦C
to 24 ◦C and RH left uncontrolled [27]. In the residential building, where the painting continued to be
monitored with the same T and RH probes, an intermittent heating system was active only in winter
and temperatures exceeded 30 ◦C during summer.

The microclimate monitoring system was developed by the Department of Applied Physics
of the Polytechnic University of Valencia [31]. Two probes, each with coupled T and RH sensors,
were assembled and installed within and outside the microclimate frame. Some of the technical
features of the sensors are reported in Table 1: the temperature sensors (Maxim Integrated DS18B2) are
in accordance with the instrumental metrological characteristics recommended in EN 15758:2010 [32],
while the uncertainty of the RH sensors (Honeywell HIH 4030) is slightly higher than that
recommended by EN 16242:2012 (3%) [33]. When using multiple sensors for RH, they must be carefully
calibrated in advance in order to have no significant difference in their accuracy. For this reason, the RH
sensors were calibrated with aqueous solutions of two salts (lithium chloride and sodium chloride) in
accordance with the ASTME 104-02 standard [34]. The time interval between consecutive observations
was set to 1 h, following the results of a previous study [27] where the sampling frequency was found
to be reliable in the application of recent standards and therefore can be considered a good compromise
between the priority of disposing of detailed series of observations and the necessity of avoiding
redundancy in museum surveys.

The mixing ratio (MR) was derived from simultaneous T and RH data using the formula in [33].

Table 1. Technical features of the T and RH sensors used in the monitoring.

T RH

Response time 750 ms 5 s
Uncertainty ±0.5 ◦C ±3.5%

The outdoor hygrothermal data were obtained from the meteorological hourly dataset of the
area of Valencia [35] distributed by the National Agency of Meteorology of the Spanish Government
(AEMET) and available on the UPV website.

2.3. The Environmental Risk Assessment

The environmental risk assessment was based on the application of the ASHRAE guidelines
and on the computation of the Lifetime Multiplier, an index used to quantify the risk of chemical
degradation for paper.

In the ASHRAE guidelines [17], the classification in classes of quality of environmental control is
based on the combination of the T and RH seasonal cycles and short-term fluctuations. The maximum
and minimum seasonal shift is calculated by adding and subtracting to the annual mean the seasonal
changes allowed for each class. The width of the final bands is finally determined shifting the curve
of a 91-day central moving average by the short-term fluctuations indicated for the same class [18].
The ASHRAE classes of quality for conservation range from Class D, which prevents only from
dampness, to Class AA, which is associated to no risk of mechanical damage to most artifacts and
paintings. Class B is considered the reference for most of museums [2], since mechanical damage is
proved to be avoided for RH values not exceeding the range of 50 ± 15%.
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The Lifetime Multiplier (LM) considers the risk of chemical degradation taking into account the
activation energy of the degradation processes involved in the deterioration of the organic materials
(i.e., 70 kJ/mol for yellowing of varnishes and 100 kJ/mol for degradation of cellulose). This index is
a multiplier of the time left to an object to remain usable when compared to standard conditions of
T = 20 ◦C and RH = 50%. Since the instantaneous values of LM exponentially depend on temperature
(Equation (1)), the influence on chemical degradation of T variations is greater than that exerted by RH
variations of the same magnitude [36]:

LMi =

(
50%
RH i

)1.3
· e

(
Ea
R

(
1
Ti
− 1

293.15

))
(1)

where RHi is the instantaneous measured value of relative humidity at time i, Ti is the instantaneous
measured value of temperature (expressed in K) at time i, Ea is the activation energy for the degradation
of paper (100 kJ · mol−1) and R is the perfect gas constant (8.314 J · mol−1 · K−1). The level of risk
associated to the Lifetime Multiplier values can be defined as follows [18]: safe when LM > 1, medium
risk when 0.75 < LM ≤ 1 and high risk if LM ≤ 0.75.

2.4. The Hygrothermal Conditions Expected Indoors in the Period 2041–2070

As a consequence of the climate change scenario, the southern European regions will probably
increase their need for summer cooling (while decreasing winter heating) in order to keep the
environmental conditions suitable for artwork conservation [26]. To evaluate the effects of the climate
change scenario in the residential building near Valencia and on the effectiveness of the microclimate
frame, we followed the approach applied in [23,24] to forecast the expected indoor T and RH levels.

The principal steps of the methodology can be summarized as follows:

1. monitoring of the simultaneous indoor (a) and outdoor (b) climate over at least one year;
2. derivation of the outdoor/indoor heat and moisture transfer functions (TFs) through the building;
3. extraction of the outdoor climate in the interested area from a simulated scenario;
4. inverse modeling of the future indoor climate based on the derived TFs; and
5. evaluation of the expected changes for artwork conservation by means of damage functions.

The annual hygrothermal data monitored in the residential building (Step 1a) and outdoor
(Step 1b) were used to derive the seasonal cycles of temperature and mixing ratio of moist air.
The observations collected in 2016 during the heating period were discarded in the analysis in order to
consider only the environmental conditions not affected by the HVAC systems.

The annual cycles of temperature and mixing ratio were fitted as generic time-dependent
sinusoidal equations as follows:

x(t) = x̄ + Δx · sin(ωt − Φ) (2)

where x is the variable considered (i.e., T or MR), t is time (in days), x̄ is the annual average of x, ω is
the angular frequency (i.e., ω = 2π/P where P is the period, equal to 365 days) and Δx and Φ are the
amplitude and the phase shift of the best-fit sine function, respectively.

The measured indoor and outdoor data were used to fit the annual cycles (Equation (2)) that
regulate heat and moisture exchanges across the building envelope on a seasonal basis, obtaining
the indoor coefficients, Δxin and Φin, and the outdoor ones, Δxout and Φout. The combination of the
two sinusoids, i.e., the outdoor T or MR cycles in abscissa and the indoor T or MR cycles in ordinate,
gives the annual hysteresis cycle in the building [23]. During the annual cycle, the capability of the
building to accumulate or release heat and moisture is an important factor that influences the transfer
functions (TFs) and can be expressed in terms of the gain of the building (AB), defined as the ratio
between Δxin and Δxout, and the phase shift (ΦB), defined as the difference between Φin and Φout

(Step 2).
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Temperature and relative humidity daily data in the area of Valencia for the 30-year time window
from 2041 to 2070 (Step 3) were extracted from the ENSEMBLES dataset [28]. The ENSEMBLES
simulation model was developed within the ENSEMBLES European project (2004–2009) [37] to produce
regional dynamic projections. The high-resolution projections used in this study were generated by
the Max Plank Institute for Meteorology using the IPCC emission Scenario A1B [35]. Scenario A1B
was developed by the Intergovernmental Panel on Climate Change (IPCC) and was chosen as it is
a moderate scenario that assumes higher CO2 emissions until 2050 and their decrease afterwards.
The ENSEMBLES data were used to obtain the fitting coefficients ΔxE and ΦE from the annual cycles
(Equation (2)). To evaluate the effects of the outdoor climate scenario inside the residential building,
the future hygrothermal conditions indoors were inversely simulated using derived T and MR transfer
functions (Step 4) based on the same sinusoidal equations in Equation (2) with Δx and the Φ calculated
using the gain AB and the phase shift ΦB of the residential building computed as described in
Equations (3) and (4) and with indoor annual mean x̄ estimated as described in Equation (5):

Δx = AB · ΔxE (3)

Φ = ΦB + ΦE (4)

x̄ =
x̄in
x̄out

· x̄E = x̄B · x̄E (5)

where AB and ΦB are the gain and the phase shift of the building, respectively; x̄E, ΔxE and ΦE are the
mean, the amplitude and the phase shift of the best-fit sine function calculated from the ENSEMBLES
dataset (2041–2070), respectively.

The indoor RH values were computed after the simulated indoor T and MR data by applying
the formula in [33]. The T and RH conditions expected in the residential building were finally used to
determine the possible changes in the future risk of chemical deterioration for paper in terms of the
Lifetime Multiplier index (Step 5).

3. Results and Discussion

The internal response of the microclimate frame to the external forcing of the room was explored
by taking into account annual time series of observations of T and RH values collected in two different
sites: the first series was registered in the Pio V Museum from 1 June 2014 to 31 May 2015 (hereafter
called Museum) and the second from 15 February 2016 to 14 February 2017 in a residential building
near Valencia (hereafter called Private).

The box-and-whiskers plots of the T observations (Figure 2a) show that the values inside the
microclimate frame fully overlap the room ones in both the sites. The Wilcoxon–Mann–Whitney
test was performed for each pair of microclimate frame (MF) and room (R) temperature and relative
humidity series, both in Museum and in Private. The test assumes the samples are not normally
distributed and the significance level was set to 5%. No significant difference was found between R
and MF temperature series collected in the same site (p > 0.05); conversely, at both sites, the RH medians
inside the microclimate frame significantly diverge from the room ones (p < 0.0001). The medians
of the rooms are consistent and equal to 22.7 ◦C in Museum and 22.8 ◦C in Private; on the contrary,
the variability associated to each dataset is significantly different, i.e less than ±2 ◦C from the median
in Museum and ranging from 16.5 ◦C to 31.0 ◦C in Private. While internal MF temperatures have the
same variability as the external room, the internal RH levels are kept extremely stable throughout
the year thanks to the buffering agent preconditioned to RH = 40% before being enclosed within the
microclimate frame. The box-and-whiskers plots of RH values (Figure 2b) show a significant difference
between the external (R) and internal (MF) distributions of data: in the rooms the range of the RH
values registered is roughly between 20% and 60% with RH medians equals to 47%, while in both the
sites the internal RH values are tightly kept around 40 ± 3% throughout the year. The few outliers
found in the datasets (less than 1% of the total) were not discarded in the following analysis.
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(a) Temperature (b) Relative humidity

Figure 2. Box-and-whisker plot of temperature (a) and relative humidity (b) inside the microclimate
frame (MF) and in the surrounding room (R) throughout a solar year. Outliers are indicated as points.

The hygrothermal response of the microclimate frame was further explored by comparing
their internal conditions to the simultaneous room ones, as shown in the scatterplots in Figure 3.
The two indoor environments are thermally controlled by active systems: in Museum, a HVAC system
continuously controls temperature maintaining thermal stability with a minimal setpoint adjustment
from winter to summer; in Private, an intermittent heating system is active only during the cold
season, without any cooling in summer. Both in Museum and in Private, the internal MF temperatures
closely follow the surrounding room conditions with a minor delay. In Private, when the heating
system is switched off, the internal MF temperatures perfectly match those external, meaning that the
thermal cycle is transferred unchanged inside the microclimate frame. The performance of the buffer
is examined by relating the internal RH values to the external R temperatures: in Museum, where T
is kept almost stable, the considerable RH variability of the room is tightly controlled inside the MF;
in Private, as a consequence of the variability of the R temperatures, the internal RH values show a
minor drift despite being below significance (Figure 3, lower panels).

Table 2 shows the results of the ASHRAE classification. Both Museum and Private rooms
are associated to ASHRAE Class D, which protects only from mold growth with RH < 75% [17].
The employment of microclimate frame in Museum made it possible to reach Class AA, providing the
best possible microclimate for the preventive conservation of the paintings (Table 2); in Private only
Class B could be achieved, which however is considered the reference to prevent from mechanical
damage [2] as it provides no risk for many artifacts and most books even if a moderate risk for high
vulnerability artifacts and paintings remains. Analyzing the T and RH data collected in the Private,
the amount of observations overcoming the tolerance bands of Class AA is significantly reduced,
passing from 55% of the R values fitting into the required specifications to 90% of the MF ones.

Table 2. Attribution of the ASHRAE class of climate control in the four locations.

ASHRAE Class

Position Museum Private

Room D D
Microclimate frame AA B

In Figure 4, the bands of tolerance for ASHRAE Class AA are plotted together with the measured
hourly data, better explaining the conditions established inside the microclimate frame in comparison
to the surrounding room. Class AA considers a seasonal adjustment of ±2 ◦C respect to the annual
mean with short-term fluctuations from the seasonal 91-day central moving average smaller than
±5 ◦C for temperature and no seasonal adjustment respect to the annual mean of relative humidity
with short-term fluctuations below ±5%. Both in Museum and in Private, in the room environments,
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the observed RH fluctuations reach up to ±20%; however, simultaneous RH values inside the MF
are kept reliably around 40%. In Private (Figure 4b), temperatures exceed 30 ◦C in summer and are
occasionally below the lower tolerance band in winter. These values, being transferred inside the
microclimate frame, are responsible for the impossibility to achieve ASHRAE Class AA as they are not
compatible with conservation.

Figure 3. Scatter diagram of simultaneous temperature (TR) and relative humidity values (RHR) in the
rooms versus values inside the microclimate frame (TMF and RHMF) during a solar year. In Private,
the data points are grouped based on whether the intermittent heating system is active (on) or not (off).

The risk of chemical deterioration in the two sites was assessed through the Lifetime Multiplier,
as shown in Figure 5. During winter, the LM values associated to both the rooms are higher as
a consequence of the considerable drop in RH. However, it has to be highlighted that RH values
below 30% may be dangerous for paper conservation (particularly when handling is foreseen) because
at low moisture content the flexibility decreases while the brittleness increases [20]. In Museum,
where temperature is controlled, an improvement in the duration expectancy of paper objects was
observed inside the MF thanks to the buffering in RH values. In Private, the hot summer temperatures
account for the almost unchanged average LM values obtained inside the devices. This result is
justified by the the greater effect exerted by a drop in temperature on the increase in the life expectancy
of an object with respect to the beneficial effect due to an equal drop in relative humidity [36].

The heat and moisture sinusoidal transfer functions in Private were determined as described
in Section 2.4. The T and RH data monitored in the residential building were chosen as it is
unconditioned for most of the year as well as being the conservation site when the study was
conducted. The observations collected during the heating period were discarded in the following
analysis. Two sinusoidal equations were fitted to the outdoor data in the area of Valencia [35] and the
indoor values monitored in the room. Figure 6 shows the combination of the outdoor T and MR data
(i.e., Tout and MRout) in abscissa, with the indoor ones (i.e., Tin and MRin) in ordinate. The coupled
indoor and outdoor sinusoidal fits form the hysteresis cycle during the year. For temperature, it has
the shape of an ellipse due to the thermal inertia of the building envelope and the building use and
the T phase shift (ΦB,T) is 0.27. For mixing ratio, the yearly cycle is a straight line, meaning that the
indoor MR conditions reach a rapid equilibrium with the outdoor ones; indeed, the MR phase shift is
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ΦB,MR = 0.01, equal to a delay of about half a day for moisture transfer. It is worth noticing that the
results could have been partially affected by the derivation of the transfer functions from the reduced
dataset (i.e., including only the period not affected by the heating).

(a) Museum

(b) Private

Figure 4. Temperature and relative humidity the bands of tolerance for ASHRAE Class AA (thick lines)
together with the values measured in Museum (a) and Private (b) during a year (grey points). The thin
lines indicate the seasonal moving average, the dashed lines the annual mean of the measured values.

The ENSEMBLES scenario for the period 2041–2070 in the area of Valencia forecasts an increase
in the outdoor temperature of about +3.5 ◦C and an increase in the outdoor mixing ratio of about
+0.7 g/kg, resulting in an average decrease of 7% in the outdoor RH. The heat and moisture transfer
functions allowed simulating the indoor T and MR conditions inside the residential building: in the
same 30-year window, the annual average levels are expected to be 27.5 ◦C for temperature and 37.5%
for relative humidity. The potential chemical risk associated to these hygrothermal conditions was
assessed through the Lifetime Multiplier values. As shown in Figure 7, the expected change in the
indoor climate would lead to augmented chemical risk for cellulose during spring and to improved
environmental quality of conservation in autumn. In the hypothesis of the maintenance of the use
of the passive microclimate frame with a stable internal RH around 40%, the expected thermal level
within the MF would keep the risk of chemical deterioration constant at LM = 1.3, meaning an extended
lifetime expectancy for the painting if compared to the standard conditions (T = 20 ◦C, RH = 50%).
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(a) Museum

(b) Private

Figure 5. Lifetime Multiplier values (LM) associated to the hygrothermal conditions over a solar year
in Museum (a) and Private (b), in the room (R, blue) and inside the microclimate frame (MF, orange).

Figure 6. Indoor versus outdoor temperature (left) and mixing ratio (right) daily data over the solar
year monitored (grey dots). The best fit lines (in blue) describe the yearly cycle inside the building.

Figure 7. Lifetime Multiplier (LM) associated to the expected climate in Private in 2041 (orange) and
2070 (blue) in the room (R, solid lines) and inside the microclimate frame (MF, dotted/dashed lines).
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4. Conclusions

The hygrothermal response of a passive microclimate frame hosting a portrait on cardboard by
Sorolla was investigated by analyzing its internal T and RH conditions in response to the surrounding
room environment. Its behavior was monitored in two different sites, i.e., the Pio V Museum of Valencia
(Museum), with temperatures kept almost stable during the year, and a residential building (Private)
in the same area, with a heating system active only in winter. The microclimate frame (MF) proved to
be highly effective in controlling the internal RH levels but to be strongly influenced by the boundary
thermal variability of the room. The ASHRAE classification of climate quality for conservation pointed
out that the hygrothermal conditions in both Museum and Private would have prevented the painting
only from the risk of dampness (Class D). On the contrary, within the microclimate frame, since the
most dangerous seasonal RH cycles and short-term RH fluctuations were filtered out, the internal MF
conditions were found to be compatible with ASHRAE Class B in Private and with ASHRAE Class AA
in Museum, ensuring the best possible protection for the artifact. Moreover, the risk of chemical
degradation for cellulose was assessed through the Lifetime Multiplier index, which confirmed that
the microclimate frame is capable of better mitigating the risks in environments where temperature
levels are adequate for conservation (Museum).

To extend our analysis to the application of the microclimate frame in the future, this study
showed an example of how the indoor climate can be simulated in unconditioned buildings. In view of
the climate ENSEMBLES-A1B scenario for the period 2041–2070 in the area of Valencia, this approach
provided insight of the future hygrothermal conditions in Private. Even if the outdoor climate scenario
is likely to be beneficial to the conservation of paper indoors in autumn, an increased risk of cellulose
degradation would probably be observed during spring. The adoption of passive microclimate
frames in the future expected conditions indoors would thus be an effective preventive conservation
measure but it is yet important to be aware that these passive enclosures may not be sufficient to fully
avoid the chemical degradation risk if an additional mitigation of the unsuitable temperatures is not
provided. Considerable improvements on the current and future indoor climate might be provided
by implementing some beneficial practices in the management of the environment. For example,
the windows’ opening might be rescheduled in order to enhance natural ventilation and a cooling
device might be helpful to reduce the summer temperature peaks. In addition, passive retrofit
intervention on the building envelope may be considered in order to relieve the expected effects of the
climate change scenario in a sustainable manner. Notwithstanding the fact that the microclimate
frames do not affect the user experience in terms of their overall dimensions and appearance,
the adoption of these devices should imply that the ordinary management is adjusted according
to their specific features. Indeed, large temperature fluctuations in the surrounding space may cause
the absorption/release of considerable amounts of moisture by the buffering agent, determining the
possibility of moisture exchanges with the painting itself. This means that it is fundamental to be
aware of the effect over moisture exchanges exerted by temperature, which is not controlled within
these passive enclosures. Moreover, since buffers are susceptible to ageing and loss of their buffering
properties, it is fundamental to recondition and/or replace them on a regular basis in order to preserve
their effectiveness.
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The following abbreviations are used in this manuscript:

AEMET National Agency of Meteorology of the Spanish Government
ASHRAE American Society of Heating, Air-Conditioning and Refrigerating Engineers
CO2 Carbon dioxide
HVAC Heating, Ventilation and Air-Conditioning
IPCC Intergovernmental Panel on Climate Change
IVACOR Valencian Institute of Conservation and Restoration
LM Lifetime Multiplier
MF Microclimate Frame
MR Mixing ratio of humid air (g/kg)
RH Relative humidity (%)
T Temperature (◦C)
TF Transfer Function
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