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ABSTRACT KEYWORDS

Research focusing on climate change and cultural heritage informs Cultural resources; historic
heritage management and policy. Fatori¢ and Seekamp assessed environment; cultural
this field up to 2015, highlighting the need for periodic reassess- landscapes; heritage sites;
ment of the field given the observed growth and research that ~ climatic change; research
documents how cultural heritage contributes to climate change meta-characteristics
mitigation and adaptation. Five years on, this systematic review

reflects on the state of the art by evaluating 165 publications

(2016-2020) about cultural heritage and climate change. We find

the field continues to grow, and remains rich in disciplinary and

methodological diversity, but predominantly represents research in

and about Europe. The number of publications about integrating

cultural heritage into adaptation and mitigation are increasing but

remain relatively few compared to those about physical impacts on

individual buildings or sites. The impact of climate change on

intangible heritage has rarely been the sole focus of recent

research. Although researchers are increasingly situating their

research in a wider context of opportunities and barriers, vague

timescales, and unspecific references to changes in the natural

environment are additional limitations. This review also identified

a lack of international collaboration, highlighting the urgent need

for global cooperation and knowledge exchange on climate change

and cultural heritage.

Introduction

Cultural heritage is an umbrella term for tangible and intangible aspects of society and
culture that are valued. This includes monuments,' groups of buildings and archaeologi-
cal sites,? as well as objects (and collections) and intangible cultural practices such as
dance and storytelling.? These forms of heritage shape individual and community identity,
provide evidence for past events and contribute to wellbeing through engaging with
them. Understanding the current challenges facing cultural heritage is important if it is to
be conserved and passed onto future generations.

Natural environments are inherently dynamic and undergo constant change due to
interactions and feedback between different parts of the Earth’s system. However, anthro-
pogenic climate change, driven by the increase in CO, to more than 410 ppm in 2020, has
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resulted in unprecedented rates of environmental change.* As such, changes to the
environment and environmental systems influence and impact heritage and its associated
value(s).> While some changes to environmental processes may contribute to or foster
values ascribed to cultural heritage, others may induce, accelerate, or amplify loss.

Explicit discourse on cultural heritage and climate change first appeared in the litera-
ture in the 1990s® and have since increasingly been a focus within these and related
fields.” In 2017, Fatori¢ and Seekamp conducted a systematic literature review of research
published up to 2015 inclusive on climate change and cultural heritage.® They showed
that:

e scholarly interest in the topic had increased over time but that the scope of research
was predominantly European focused,

e research was being undertaken in a diverse range of disciplines including physical
science, social science and humanities and published in a wide range of journals but,

e research needed to document the implementation of cultural heritage and resources
adaptation to help inform and influence policy.

More recently, the literature has been reviewed by Sesana et al.” for impacts of climate
change on heritage value embedded in tangible aspects of heritage, focusing on hazards
that will induce changes in material properties and understanding of the state of the art.
This review represents an important synthesis of a wide range of research in several
disciplines, but it does not include broader challenges and opportunities at the intersec-
tion of cultural heritage and climate change, including adaptation (and the relevant
barriers), and the role of cultural heritage in enabling climate action.

These topics are increasingly gaining traction in the heritage sector: for example, the
Climate Heritage Network (launched in 2018) brings together over 200 sector actors in
a ‘voluntary, mutual support network of arts, culture and heritage organisations com-
mitted to aiding their communities in tackling climate change and achieving the ambi-
tions of the Paris Agreement’.'® Similarly, the Emerging Conservation Professionals
Network within the American Institute for Conservation has launched a podcast entitled
Conservators Combating Climate Change,"' and the Scientific Symposium organised
this year by the ICOMOS Advisory Committee will be on the theme Living Heritage and
Climate Change. To support and inform these initiatives focused on policy and practice, an
up-to-date understanding of the focus and characteristics of the body of relevant research
within the field is needed.

These developments are set against the backdrop of increasing awareness of and
emphasis on understanding bias and promoting diversity in an increasingly global
society. In this context, the review published by Fatori¢ and Seekamp in 2017 is notable
in that it included ‘meta’-characteristics of the literature, such as the geographic distribu-
tion of publications and the types of heritage they studied.'? Understanding these meta-
characteristics of the literature, as a proxy for the community of researchers studying
climate change and cultural heritage, provides evidence that informs efforts to diversify
the field and promote equality and inclusion. A more recent review took a similar
‘scientometric’ approach to characterising this body of literature,'® covering up to 2020
in their selection criteria. However, as the authors only included literature meeting their
keyword criteria in the titles, their review covers a smaller volume of literature than that of
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Fatori¢ and Seekamp, despite covering a longer time period, including publications
focusing on both natural and cultural heritage and searching an additional database.
Crucially, this title-limited search limits the inclusion of literature that does not include
certain keywords in the title but does refer to the relevant themes (e.g. cultural heritage
and climate change) in the body text. As a combination of these factors, it is difficult to
draw conclusions from a comparison of these two reviews on the trajectory of the field.

In response to the need the state of the art of the field of cultural heritage and climate
change, this study systematically evaluates the literature on cultural heritage and climate
change published from 2016 to 2020 (inclusive) for its bibliographic characteristics and
focus. The design of this review specifically attempts to produce findings comparable to
the review undertaken by Fatori¢ and Seekamp covering the period prior to and including
2015, using thematic analysis and analysis of the meta-characteristics of publications to
assess the extent to which research on cultural heritage and climate change has met their
proposed agenda for change.

Material and Methods

A systematic literature review goes beyond a typical literature review: a systematic
literature review’s main aim is not simply to be ‘comprehensive’ but to address
a specific question, reduce bias in the selection and inclusion of studies, to appraise the
quality of the included publications, and to objectively summarise them.'* They are also
an important tool for informing policy,"> of which there are many examples relevant to
climate change and cultural heritage, such as the UNESCO Policy document on the impacts
of climate change on World Heritage properties'® and The Future of Our Pasts."” Most
importantly, they ‘need periodic updating to inform and support practice and policy

and identify ongoing research needs ".'®

Publication Selection

To enable comparison to the previously published review by Fatori¢ and Seekamp
(henceforth referred to as the ‘baseline review’), we have reproduced the process of
publication selection previously used. Acknowledging the wide range of literature that
is relevant to opportunities and challenges within the field of climate change and cultural
heritage, this review thus incorporates papers that explicitly refer to both. We used the
same procedure based on the Web of Science database.'® To capture relevant literature,
we used five sets of English keywords, using the asterisk wildcard to include permutations
of each phrase:

]

(a)
(b) ‘cultural heritag*” AND ‘climat* chang*,
e (c) 'historic* heritag* AND ‘climat* chang*,’
(d) ‘heritag* site*” AND ‘climat* chang*,’ and
(e) ‘historic* environment*’ AND ‘climat* chang*.

cultural resourc*” AND ‘climat* chang*/

This database search yielded 507 publications (including the permutations identified
using wildcard asterisks in the search terms as above):
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(a) Cultural heritage and climate change: 253

(b) Cultural resource and climate change: 45

(c) Heritage site and climate change: 152

(d) Historic environment and climate change: 49
(e) Historic heritage and climate change: 8

While the method of systematic review has many benefits in terms of the democratisa-
tion of identifying publications for potential inclusion, we acknowledge the limitations of

this

method and their implications. The limitations are primarily centred around the

challenges of keyword use and identification in relevant publications.

A focus on a specific type (or types) of heritage. While additional search terms
(e.g. queries specifically representing ‘intangible heritage’ or ‘built heritage’, in
combination with climate change) were considered to include a wider range of
types of heritage, preliminary searches revealed significant overlap in the search
results with the existing search terms, or a very small number of search results.
Additional search terms for specific types of heritage (e.g. earthen heritage®®) were
considered, but omitted to avoid potential inclusion of bias or overemphasis on
particular types of heritage. Thus, the search terms were deemed by the authors to
be widely encompassing and comprehensive, as well as enabling fairer comparison
between this study and the baseline period (pre-2015 and 2016-2020, respectively).
Non-indexed sources. Web of Science indexes scholarly books, peer-reviewed
journals, original research articles, reviews, editorials, chronologies, abstracts across
256 disciplines spanning the natural sciences, social sciences, arts, and humanities.
Despite its scale, there are inevitably publications that have not been indexed by
Web of Science. Several examples of topical and high-quality publications®' were not
included as they were not identified by the systematic review.

Publications within relevant special issues or volumes that did not meet the
keyword search. Although collections of publications are very convenient for
collating current research and perspectives on a topic, individual publications may
not be identified during indexing due to their characteristics when considered as
standalone publications from their context. This was evident in the case of a Special
Issue (discussed in the results) on Assessing the Impact of Climate Change on Urban
Cultural Heritage, in which some articles®? were included but others®* were not, as
they did not match the keywords above.

Policy and other grey literature. As policy literature is not always peer reviewed
through the same processes as academic literature, it is not indexed by Web of
Science. Thus, publications produced by public bodies and other non-academic
organisations about policy and practice related to cultural heritage and climate
change®* are not included in this review. Thus, this review focuses on understanding
state-of-the-art research, as represented by peer-reviewed and indexed publications,
as an important part of developing ‘evidence-based’ policy and practice.

These limitations demonstrate the importance of correctly incorporating relevant key-
words and phrases in publication metadata and full text to facilitate the collation of
knowledge to inform policy and practice.
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Exclusion Criteria

Criteria were defined to limit the publications: (1) non-English documents, (2) duplicate
documents, and (3) documents that do not fully consider the topic of interest (i.e. do not
focus on one of the five keyword combinations) in the text. From the 507 publications, 10
were excluded for being written in languages besides English, a further 61 excluded for
being replicates, and 271 for not fully considering the topic of interest. This produced
a subset of 165 publications, enabling a comprehensive overview of the relevant research
and peer-reviewed literature during this period and a discussion of trends.

Publication Analysis

Following the analysis in the baseline review, two aspects of the publications were
studied: bibliographic details and research focus. These aspects were determined for
each publication in the final subset from bibliographic information as collated or reported
by Web of Science and a detailed full-text reading, as appropriate. The bibliographic
details of these publications were assessed by:

¢ Publication details: title, journal, year of publication, discipline (as categorised in Web
of Science based on the journal), type of publication (e.g. review, research article,
etc.), bibliometrics (citations), open access status;

o Author details: affiliations (type of institution and location, including indices of
diversity and international collaboration), number of authors.

e Discipline of primary author: we used the same set of disciplinary categories as in the
baseline review but added Culture and Economics, while removing any for which we
found no publications (Natural Resources and Health).

¢ Methodological contribution: conceptual, editorial, review paper, case study. For
continuity, the term case study is defined the same as the baseline review, which
takes a broad view of what case study research includes, i.e. they are a particular
instance or scenario used or assessed to illustrate a principle or interrogate
a hypothesis

Two indices of diversity were calculated for authors and collaboration: one for institu-
tional diversity and another for regional diversity. These indices are determined using the
well-established Shannon diversity index**:

R
H=- ZP:"”(PI)
e

The Shannon diversity index captures multiple scenarios of diversity well and allows
them to be compared: for example, a publication with three authors with two affiliations
and another with two authors with three affiliations between them are diverse in different
ways, but a Shannon index allows them to be compared with a one-dimensional value.

In the baseline review, different aspects of each publication were assigned a primary
singular category that was seen as representing the main descriptor (e.g. if a paper’'s meth-
odology was predominantly carried out using remote sensing data, the method was assigned
as 'remote sensing’). However, to recognise the increasing importance of mixed methods and
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collaborative ways of working, we chose to not limit our categorisation of the focus and
topic(s) to one category. Instead, within a category (e.g. methods), for each option (e.g.
remote sensing’, ‘'modelling’, ‘secondary data’) we applied a binary (Yes/No) categorisation
to enable discussion of the co-occurrence of certain aspects (e.g. several research methods).

Publications were categorised by themes that emerged iteratively during preliminary
analysis:

® Region of focus: region(s) and continent(s).

e Environmental drivers/changes in the natural environment: temperature, precipita-
tion patterns (inc. RH and soil moisture), sea-level rise, ice mass change, biodiversity
and ecosystem changes, and droughts and heat waves (inc. wildfires);

e Types of heritage studied/considered: monuments/individual buildings, groups of
buildings (urban/settlement), collections, sites (inc. archaeological sites), intangible;
these additionally included an option for ‘Referred to’ when not a primary focus of
the publication;

¢ Timescales considered: non-specific, past (the twentieth century), near-future (first
half of the twenty-first century), and far-future (up to the end of the twenty-first
century); publications that studied time scales typically associated with anthropo-
genic climate change (e.g. papers focusing on long-term climate change throughout
the Quaternary period) were not considered;

¢ Research methods used: secondary data (including literature, not including remote
sensing), modelling, field and lab studies, GIS/remote sensing, interviews or work-
shops, and questionnaires or surveys.

e Benefits: knowledge, social/cultural, management and policy, resilience, and
sustainability

e Barriers: technical, knowledge and practice, institutional, and economic/financial

Results and Discussion
General Characteristics

We considered a total of 165 publications published between 2016 and 2020 that met the
criteria. We found that more than double the number of publications were published in
2020 compared to 2016 (2020 = 51 publications; 2016 = 23 publications), and there was
also a continual increase in the number of similar publications published pre-2015 as
found in the baseline review. This indicates that research into the impacts of climate
change on cultural heritage continues to be a growing field.

It is also important to note the >60% increase in publications between 2019 and 2020
(Table 1). Itis difficult to assess if this figure is representative of a real growth in the field or
instead caused by given the multiple and diverse impacts COVID-19 — with it being
highlighted that some researchers were able to focus on writing up publications during
lockdown periods, while others were faced with multiple challenges hindering their
ability to progress with research. It will be important to trace the long-term impact of
COVID on publications in this field with site closures and travel restrictions, as well as
personal challenges, altering the amount and type of research that can be done during
this period.
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Table 1. Number of publications
per year in the final analysis focused
on cultural heritage and climate
change from 2016 to 2020.

Year Number of publications
2016 23
2017 22
2018 37
2019 32
2020 51

Publication Type and Field

Publications were predominantly published in formats classified as journal articles
(n = 139, 84%), compared with conference proceedings papers (n = 20, 12%) or book
chapters (n = 6, 3%). This distribution of publication type has shown little change in the
last 5 years indicating that academic journals are still the primary dissemination route for
research focusing on the impact of climate change on cultural heritage. Of the publica-
tions considered within this research over half (n = 90) where available via an open access
format (Green, Bronze, or Gold routes). This notable proportion of open access publica-
tions highlights the increasing move towards open science/research (e.g. Plan $%°) for
funding bodies to require research organisations to publish using open access publication
routes. While publishing via open access routes can be costly for smaller institutions or
organisations without funding for this purpose from research councils or similar bodies it
does enable heritage practitioners and wider publics to access research at the forefront of
the discipline.

Literature on cultural heritage and climate change is published in a remarkably diverse
range of sources: over 100 different publication sources are represented across 165
publications. The sources with the greatest number of publications focusing on the
impact of climate change on cultural heritage were as follows: Geosciences, Journal of
Cultural Heritage, Climate and Sustainability (see Table 2). Special issues were seen to have
a notable impact on these figures. For example, each of these journals (except the Journal
of Cultural Heritage) has published at least one Special Issue on a relevant topic:

e Geosciences: Preservation of Cultural Heritage and Resources Threatened by Climate
Change

e (Climate: World Heritage and Climate Change: Impacts and Adaptation

e Sustainability: Cultural Heritage Conservation and Sustainability, Built Heritage and
Sustainability

The diversity of publication sources coupled with the low density of articles focusing
on the impact of climate change on cultural heritage within these sources results in
information on this topic being widely spread. While this means that individual articles
might reach a broad audience, it also highlights the need to periodically collate this
research to bring knowledge from across all involved disciplines together. Without this,
relevant research might easily be overlooked by researchers who work on a similar topic
but in a different field. The exception to this has been through the publication of special
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Table 2. The publication sources ranked by number of publications on cultural heritage
and climate change. All sources with three or more publications present in the
database are included. Asterisks indicate those known to have published Special
Issues on relevant topics.

Source Number of publications

Geosciences*® 8
Journal of Cultural Heritage

Climate*

Sustainability*

Atmosphere*

Climatic Change

Journal of Heritage Tourism

Proceedings of The National Academy of Sciences of The United
States of America

Conservation And Management of Archaeological Sites
American Antiquity

AR DNUNN®

w b

issues on the topic. These publications have resulted in multiple publications being
published within a single journal. If these special issues can continue to successfully
bring together research from multiple disciplines, they could be used to promote aware-
ness and appreciation of the field.

Research addressing climate change and cultural heritage resources has continued to
engage researchers from a wide range of disciplines and backgrounds, as was identified in
the baseline review (Table 3). The top four disciplines of Climate and natural hazards
(44%), Archaeology (16%), Architecture and built environment (14%), and Biodiversity and
ecosystems (12%) remain the dominate disciplines. However, these categorisations can
oversimplify research areas with, for example the Geosciences journal having highest
number of publications but the discipline of Geology only being assigned one publica-
tion. This highlights the challenge of assigning single categories to research that is multi-
or inter-disciplinary and perhaps indicates some of the challenges faced by researchers in
the area when trying to assign their research to a specific discipline.

The large range of publication sources and research fields indicates that this research
speaks to a diverse audience and has the potential to be a truly interdisciplinary field.
However, this breadth can be a double-edged sword: while this topic might engage
researchers in the humanities, social sciences, and natural sciences, it also means that, as

Table 3. Number of publications classified by their primary
discipline (as derived from the Web of Science categorisations
for each source).

Discipline Number of publications
Climate and natural hazards 73
Archaeology 26
Architecture and built environment 23
Biodiversity and ecosystems 20
Culture 1
Tourism 9
Anthropology 5
Industry 2
Economics 2
Geology 1
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seen with the number of publication sources, findings can be disparate and difficult
to find.

Methodological Contribution

The publications reviewed in this paper were predominantly case study-based (n = 128;
78%) with 19 conceptual papers, 14 reviews and 4 editorials. This prevalence of case study
publications was also observed in the baseline review, in which 69% of publications where
case study based. The case study publications predominantly investigated risks or impli-
cations of changes to climate to a given cultural heritage site. There were also a notable
number of studies that addressed the impact of climate change on intangible forms of
cultural heritage®’). These publications continue to improve and enhance the manage-
ment and conservation practices for cultural heritage - but as inherent with a case study
approach, are limited in focus to one-or a couple-of heritage resources making it difficult
to make broader generalisations.

Both conceptual and review publications tended to collate publications on a specific
topic to make broader statements relating to policy or research. These publications have
been overrepresented within regards to citations. Most publications considered within
this study have low citation rates (Table 4) with more than half (n = 91) having one or
fewer average citations per year. The relatively low citation rate of most papers within the
field could be due to the broad range of academic fields and publication sources, making
it more difficult for researchers to find and cite relevant research. However, it could also be
due to variation in citation cultures from discipline to discipline.?®

Of the four most highly cited papers, three were reviews or conceptual papers:

e ‘Energy retrofits in historic and traditional buildings: A review of problems and
methods’,”® 2017-22 average cites per year

e ‘Are cultural heritage and resources threatened by climate change? A systematic
literature review®° (the baseline review), 2017-14 average cites per year

e ‘Climate Change and Sustaining Heritage Resources: A Framework for Boosting
Cultural and Natural Heritage Conservation in Central Italy’,?' 2020-10 average
cites per year

Table 4. Grouped average number of citations per year for the
set of publications.

Number of average cites per year (x) Number of publications
x<1 91
1<x<3 43
3<x<6 19
6<x<10 9

x> 10 3
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Authors

Publications included 495 authors with affiliations in 46 countries or political regions
(hereafter referred to as regions).

Most publications, as represented by the affiliations of the first authors, are based in
universities (n = 123, 75%) and other research institutes (n = 24, 15%). In contrast, only
a small number of first authors had industry (n = 6), museum (n = 5), or governmental
(n = 5) affiliations (each of these represents 3%); in some cases, these authors also held
academic affiliations, although it was not their primary affiliation. However, of the pub-
lications with more than one author, 50% included at least one co-author with a non-
university affiliation. This demonstrates that although researchers in academics may be in
positions to lead a large amount of research that results in these publications, a much
broader range of types of organisations are involved in cultural heritage and climate
change research than solely universities.

There is also a notable diversity in the authorship of publications. However, the
authorship of the publications in this study indicates that there is much greater institu-
tional diversity compared to regional diversity: publications were more likely to include
authors affiliated to several institutions but with the institutions based within the same
political region. As can be observed on Figure 1, the indices of institutional diversity
ranged from 0.5 and 2 (median = 0.69), with only 15 publications having an institutional
index equal to their regional diversity (those points on the triangle edge, e.g. having
a similar level of diversity of institution and region). Some notable examples of highly
collaborative publications include Xiao et al.>? Brooks et al.>* and Ravankhah et al.>%
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Figure 1. Shannon diversity indices for institutional diversity and regional diversity. These demon-
strates that collaboration between different institutions within a single region is far more common
than international collaboration.
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similar metrics were found for publications by Hall,*> bolstered by their numerous inter-

national affiliations.

In contrast, 110 publications had a regional diversity index = 0 (representing no
regional diversity, i.e. all authors were affiliated to institutions in the same country or
political region) with a median = 0. The 3rd quartile (the index value for which 75% of the
data are below) is equal to 0.56.

To further understand patterns of international collaboration, a chord diagram was
produced (Figure 2). The number of publications which had at least one co-author from
a region was represented by the fraction of the circumference allocated to each region.
These diagrams should be interpreted as showing instances of collaboration: since they are
two-way relationships between a region, a single publication may result in more than one
instance of collaboration, since more than two regions might be involved. If a publication
only includes an author or author(s) from a single region the solid unlinked portion of

(/\\
s, VN
&
6{9/0 (/‘b\
& ot
’eflo -g.\
S P
)
Toeg,
8, 8(
8, =T)
~q) 4,16 (16:f
Ypry, 1ea\a“ "
S 88, rs
Y
1
a7l 1(1 )
Portugal, 9 (5, r=5) = B 10 =)
s (Jruguay, 1 (1, r=1)
Norway, 11 (7,1=5) South Africa, 12 (12, r=a)
Ken
Va, 3
Sy (2 r=2)
Pl EIZ{ Ang
a2t P 1)
Fne® % )
IS,
)
Q
Q 26
AK 6 -
‘\o‘\'b(\ ) )
R )
W K 5
. >y
% 4 RS
@6\ ‘o, S0 4
< & 5 - 2
& 2 i %
g ] %
$ 8 )
£ 3
2 >
s

Figure 2. Number of instances of authorship for publications on cultural heritage and climate change
from 2016-2020, colour-coded by continent. darker links = intercontinental. Nomenclature: Country
name, Total publications (Number of publications with international collaboration, r = number of

regions).
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each coloured bar for the respective region represents the number of publications (equal
to the number of instances). Of the 165 publications, 110 included an author or authors
from a single region, 39 included authors from two regions, and 15 included authors from
three or more regions. Overall, 223 instances of international collaboration were noted, of
which 62 (27%) were intercontinental collaboration. One hundred and seven (48%) of the
total instances were entirely within European regions (either mono-regional or between
European regions).

The USA was the most frequent region represented by instances of publication (50).
However, in consideration that its population is about half that of the European continent,
it can be observed that European countries have a far greater proportion of publications
per capita than the USA, providing evidence that climate change and cultural heritage is
primarily being dealt with as a question of European interest. Oceania (specifically New
Zealand®® and Australia®’) are represented in 33 instances. Authors based in North
American’® (excluding those in the USA), Asian,*® African,*® and South American*' institu-
tions are relatively rare, primarily being represented on five or fewer instances per region,
except for South Africa and Israel (n = 12 and n = 9, respectively, bolstered by the many
affiliations of Hall,** and Japan (n= 6*).

It is also interesting to evaluate which regions are collaborating with others (on the
assumption that co-authorship on a publication fairly reflects research collaboration. For
example, despite the largest number of instances of publication, the USA was only
involved in 13 instances (26% of its total instances) of international collaboration, with
only 7 regions, primarily the Netherlands,** Germany,* Italy,*® and the UK.*’

Regions Studied and Research Locality

Most research in studies focused on a specific region (n = 114; 70%) reflecting the current
dominance of case study approaches to this research. Twelve studies (9%) undertook
research in two or more specific regions while eight studies where undertake both at
a continental and global scale.

Of the research that was undertaken in a specific region, regions within Europe were
the most common (n = 82) as shown in Figure 3 and Table 5. However, as a single region,
the USA was the most frequently studied region (n = 26). It is notable that of the 165
studies, only 8 focused on Asia, 5 on Central and South America, three on Africa and four
on the Polar regions. This Western bias in research has previously been noted,*® with
these results indicating this bias has not substantially changed over the past 5 years. It
should be noted that these results are likely to be influenced by the first exclusion criteria
(publications in English — although this would only increase the reviewed publications by
up to 10 additional sources, subject to the other exclusion criteria), and the choice of
database. The inclusion of publications in additional databases, such as China Academic
Journals Full-text Database and Duxiu, could help address this Western focus and could
be a point for further research for researchers with access to such databases.

In addition, there were a notable number of studies that were unsituated (n = 19;
12%). These tended to address high-level policy*® or identify common challenges in
addressing climate change impacts on heritage.’® Oceans was the research area of focus
in four papers®' indicating the current bias towards research on cultural heritage on
land.
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Figure 3. The region of focus of reviewed publications grouped by continent (n > 3). Note, some
publications had multiple regions (n = 12) and publications that were unsituated (n = 19) or had
a global, continental, or oceanic focus (n = 20) were not included.

Table 5. The region of focus for all reviewed publications, grouped by continent. Note, some
publications had multiple regions (n = 12) and publications that were unsituated (n = 19) or had
a global, continental, or oceanic focus (n = 20) were not included.

Central and South North
Europe Asia America America Oceania Africa Polar
UK (15) Thailand (1)  Panama (2) USA (26) Australia (9)  Ethiopia Arctic (3)
)
Italy (13) Laos (1) Chile (1) Greenland (3) Samoa (1) Kenya (1)  Antarctica
(M
Norway (7) Mongolia (1)  Puerto Rico (1) Canada (2) Micronesia  Total (3) Total (4)
(1
Spain (5) Iran (1) Uruguay (1) Total (31) Total (11)
Germany (4) Cambodia (1) Total (5)
Cyprus (4) Philippines
(M
Netherlands (3)  China (1)
France (3) Japan (1)
Portugal (3) Total (8)
Sweden (3)
Ireland (3)
Romania (2)
Poland (2)
Svalbard (2)
Croatia (2)
Finland (2)
Greece (2)
Turkey (2)
Belguim (2)

Czech Republic
(M

Serbia (1)

Switzerland (1)

Total (82)
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The need for more diverse collaborations has also been highlighted by the continued
dominance of European and North American researchers focusing on cultural heritage
within their respective domains. This demonstrates that the call to address gaps in
‘traditional knowledge for preservation and adaptation’>? and the relationship between
diverse knowledge systems and climate change remains open. Without addresses the
Western dominance within this field of research, the field risks informing climate change
policy using evidence that primarily reflects the types of heritage, climate, and values of
European and North American communities.

Types of Heritage Considered or Studied

Sixty-four per cent of the publications considered a single type of heritage. Twenty-one
per cent of publications studied two in combination. As shown in Table 6, most publica-
tions studied heritage sites (n = 85, including cultural landscapes and archaeological sites)
and individual buildings or monuments (n = 69).

Within the 31% of publication that considered two or more types of heritage, it was
most common that individual buildings and monuments were discussed in their contexts
of heritage sites and/or urban settlements/areas. In addition to being referred to by fewer
publications, intangible heritage® and collections,®* were only rarely considered on their
own, instead being considered together one or more other types of heritage.

Drivers/changes in the Natural Environment

Forty-one per cent of publications (n = 67) discuss the relationship of cultural heritage
with climate change without referring to specific drivers or changes in the natural
environment. The common drivers considered are precipitation (n = 44; including humid-
ity and soil moisture) storms and extreme events (n = 40), and temperature (n = 36). Less
frequently, publications considered sea level rise (n = 30), biodiversity and ecological
systems (n = 25), heat and drought (n = 13, including wildfires), and ice mass
change (n =9).

When specific drivers are considered, publications typically explicitly consider between
one or two drivers. 36 publications (22%) consider a single environmental driver, while 39
publications (24%) consider two. Only 23 publications (14%) consider three or more.

When considered together, the most common combination of drivers considered was
sea level rise and temperature, perhaps acknowledging that these two phenomena
strongly influence many other changes in the natural environment. With regard to sea
level rise, this may be prevalent as at least 38 publications (23%) deal directly with coastal

Table 6. The number of publications considering different types of heritage: percentages are shown
relative to the total number of publications (n = 165). The main foci are not mutually exclusive.

Type of heritage Main focus Single type studied Referred to

Sites (including cultural landscapes and archaeological sites) 85 (51%) 47 (28%) 15

Individual buildings or monuments 69 (42%) 33 (20%) 26

Group of buildings (urban settlements) 40 (24%) 15 (9%) 25

Intangible heritage 20 (15%) 6 (4%) 17
(11%)

Collections 18 (1%, 5 (3%) 3
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heritage and communities in their subject matter. Relative to their overall representation
in the set of publications, storms and other extreme events are least likely to be studied in
conjunction with other natural environmental drivers of change but could pose high
magnitude impacts to cultural heritage. This is likely a result of the nature of extreme
events: although they can be considered as part of the same global environmental system
and change that drives other aspects of climate change, they are distinct in their
frequency of occurrence and potential severity of impact.

Timescales Considered

Echoing the general nature of discussions around drivers of climate change, most pub-
lications (61%, n = 101) do not consider explicit time scales, instead referring to change or
impacts in a non-specific. When time scales are explicitly considered, publications either
consider only the past (12%, n = 20) or the future (21%, n = 34; including near- and far-
future). Publications that consider both past and future time scales (e.g. future change
relative to a baseline) are a minority: 10 in all (17%).

This introduces barriers to translating research into policy emerges from the nonspe-
cificity of timescales considered or studied in the literature. Policy is evaluated against
targets and metrics set in accordance with specific time periods (e.g. UNESCO’s 2030
Agenda); without evidence tied to specific timescales and horizons, the literature on
climate change and cultural heritage cannot fully be integrated.

Research Methods Used

Overall, quantitative research methods and the use of secondary literature and/or data
dominate the literature (Figure 4). 79 publications made use of secondary literature and/
or data (48%>°), while 88 publications made use of at least one quantitative method
(modelling, field and laboratory experiments, and remote sensing/GIS). On their own, the
most common techniques were modelling (29%, n= 48°%) and field or laboratory inves-
tigation (24%, n= 40°’), followed by remote sensing/GIS (15%, n= 25°%). In contrast,
traditionally social science methods were relatively less often employed: 15% of publica-
tions used interviews and/or workshops (n= 25°°) and 8% used questionnaires or surveys
(n=14%).

Most publications used only one research method (65%, n = 107). While this may be
a result of publishing models of index sources (i.e. often subject or method-specific,
limited in length and scope), it points towards discordance in a field that claims to have
interdisciplinarity at its core.’’ When several methods are used in combination (as
shown in the chord diagram in Figure 4), this is rarely a combination of the methods
typically used by physical sciences (modelling, experiments, etc.) and social science
methods (interviews, etc). Studies that have coupled these methods include
Kittipongvises et al.*> who used GIS with household surveys to assess the flooding
risk to UNESCO World heritage sites in Thailand, and Hutton and Allen®® who used
workshops, surveys, and GIS to map the role of traditional ecological knowledge to
minimise the risk of storm surges and tidal flooding on coastal reservations in the USA.
More widely, the field is increasingly being called to provide evidence for the role of
cultural heritage in addressing climate change; in this regard, using mixed methods and
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Figure 4. Chord diagram representing instances of research methods used in 165 publications on
cultural heritage and climate change published from 2016-2020. The thickness of links indicates the
relative proportion of ‘co-instance’ of these methods being used. Note that instances are not mutually
exclusive: thus, publications that employed three or more research methods (n = 9) will produce
several instances.

using qualitative methods should be fostered to incorporate perception and attitudes
towards cultural heritage and climate change, particularly towards managed loss and
resource allocation.

Despite the call for ‘interdisciplinary, multidisciplinary, and transdisciplinary
approaches to cultural heritage management, preservation, and adaptation due to
the inherent complexity of the processes involved’,®* the methodologies in the litera-
ture published in the last 5 years, indicates that from a methodological viewpoint,
these types of collaboration are not happening. If they are, this interdisciplinary work
is not translating into peer-reviewed and indexed literature, resulting in fewer oppor-
tunities for sharing best practice and fostering further collaboration. Such collabora-
tions could provide exciting and innovative developments, exploring the impacts of
climate change on the numerous heritage values associated with cultural heritage
resources.
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Benefits and Barriers Identified

The increasing emphasis on research to have impact beyond furthering academic
discourse is seen in this study. In the baseline study, only 10 papers reported additional
benefits to undertaking their research (Table 7). However, we found that 49 papers
(30%) identified a diverse range of benefits to undertaking research about climate
change and cultural heritage. Across the four themes, the specific benefit most men-
tioned (n = 9) was improvement in integrated understanding of systems,®® enabling
heritage to be placed in its wider social, economic, and environmental context. The
importance of studies in mobilising public interest and social change was also high-
lighted by a few studies,®® with the most recent papers tending to highlight resilience-
focused benefits.®”

A significant increase was also seen in the number of papers identifying barriers to
reducing climate change impacts on cultural heritage and incorporating it into adapta-
tion and mitigation (Table 8). In the baseline study, few publications reported such
barriers (10 papers). In comparison, we found 88 papers identified a range of barriers.
Technical barriers were most cited as providing a barrier (n = 40). For example, Hall and
Ram®® highlight that how climate change can impact heritage can seem like a black box
and Guzman et al.?? state that the monitoring tools associated with the implementation
of World Heritage Sites lack the ability to fully assess the complexity of climate change.
The most cited specific challenge was related to regulatory and policy challenges
(n = 23), with Bertolin”® highlighting issues in the flow of information and knowledge
between international and local management levels; Chim et al.”' calling for the need
for policy to be more flexible and Hassan et al.”? indicating the need for stronger
enforcement systems. The range of barriers identified suggests that practitioners and

Table 7. Benefits of research on cultural heritage and climate change identified in the review.

Resilience and Management
Knowledge sustainability Social/Cultural and Policy
Integrated understanding of systems (9) Economic (5) Public interest and community Political

engagement (5) cooperation
(5)
Co-production of knowledge (4) Cultural/Social (5) Improve cultural experiences (3)  Total (5)
Heritage improving understanding of Environment (4) Respect for Indigenous
climate change (3) communities (3)

Scientific developments (2) General (2) Health and wellbeing (2)
Total (18) Total (16) Total (13)

Table 8. Barriers and challenges to research on cultural heritage and climate change identified in the
review.

Economic/
Technical Knowledge and practice Institutional Financial
Methodological barriers (18) Lack of cooperation and Regulatory and policy Financial
collaboration (10) challenges (23) constraints

(10)
Lack of understanding of climate change  Loss of traditional practices Academic credibility of  Total (10)
impacts/complexity (15) (4) disciplines (3)
Conservation challenges (7) Total (14) Total (26)
Total (40)
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policy makers, as well as researchers from complementary disciplines, should be
involved throughout all stages of research.

Conclusions

Our systematic review of literature on climate change and cultural heritage revealed
a field that has produced a rich and complex range of research from 2016 to 2020 that
has continued to grow in scale since 2015. It is our ambition that it can set a framework for
enabling reflection in the field of cultural heritage and climate change, inspiring similar
reviews in future. This review has shown that several aspects of the field have not changed
significantly from the period preceding and inclusive of 2015: the field continues to grow,
the literature predominantly represents research by those in the USA and Europe studying
their respective heritage and is undertaken and published by a very broad range of
disciplines across the physical sciences, social sciences, and humanities and their respec-
tive journals. However, this diversity may also be seen as a double-edged sword: the
literature is disparate and may be difficult to find, let alone synthesise. Perhaps in
response to the call made by Fatori¢ and Seekamp in 2017,”3 research on the implemen-
tation of cultural heritage into adaptation and mitigation strategies is growing. However,
this body of research is still relatively small compared to extent of research focusing on
the physical impacts of climate change on individual buildings, monuments, or sites. The
review has also shown that the impact of climate change on intangible heritage has rarely
been the sole focus of recent research (Table 6). Enabling and encouraging research to be
driven by individuals in a wider range of organisations, such as NGOs, communities, and
governmental organisations and private corporations, could be a way to strengthen the
presence of this topics of intangible heritage and adaptation and mitigation in the
literature.

As with most cultural heritage research, the study of the intersection between cultural
heritage and climate change is collaborative: however, this review has identified that this
is typically limited to institutions within the same geopolitical region. Among these
collaborations, the use of a single method was very common. These siloed approaches
do not lend themselves to truly transformational and interdisciplinary advances in the
field, nor produce opportunities for global knowledge exchange and synergy. The sig-
nificance of several publications having emphasised a lack of coordination and collabora-
tion as a barrier to improving the response to climate change (Section 3.9) in the context
of cultural heritage suggests a willingness and real desire to improve this within the
research community. This could be achieved by collating understanding, sharing best
practice, scaling up research, and participating in knowledge exchange facilitated by
frameworks, agreements, and research networks.

To encourage and facilitate the translation of research into evidence-based and con-
crete strategies, this review has attempted to collate an up-to-date understanding of the
focus and characteristics of the field of cultural heritage and climate change. The chal-
lenges facing cultural heritage in the face of climate change are real and complex,
requiring research to produce knowledge and insight that can be transformed into
practical management strategies and tangible recommendations for policy and practice.
And yet, a significant amount of literature on cultural heritage and climate change
approaches the latter in a vague and nebulous manner, with neglecting to discuss specific
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drivers of change in the natural environment and considering change generally, without
reference to specific timescales. This vagueness in approach have been found to limit the
translational potential of research in an archaeological context.”* Further work is needed
to understand the impact of this on implementing effective policy practices, especially in
the context of climate change policy, driven by time-based agendas and targets. In
contrast, a much larger proportion of publications in this review (as compared to those
pre-2015) identify the benefits of their research to knowledge, society, heritage manage-
ment, and resilience more broadly: this embedded and strategic approach suggests the
field is ready to take on the urgent challenges ahead.
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