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ABSTRACT 

This special issue addresses the urgent threat of climate change to cultural heritage and presents a range of 
strategies for mitigation and adaptation. The research highlights the diverse impacts of rising temperatures, 
increased humidity, and extreme weather events on archaeological sites, historic buildings, museums and 
galleries. The papers provide evidence for a much-needed paradigm shift in the management of heritage con-
servation signifying a move away from habitual practices with narrowly focussed conceptions of risk towards 
sustainable and context-specific approaches. Case studies from Greece, the UK, the Philippines, and Egypt 
demonstrate the importance of localized solutions, the development of data-driven risk assessments, includ-
ing environmental monitoring systems and the adaptive reuse of heritage structures. The studies also empha-
size the critical need for carefully targeted climate control measures and a rejection of a default energy-intense 
climate management model based on outdated approaches and badly adapted control measures. The collec-
tion of papers in this volume, advocates for community engagement and collaboration among stakeholders to 
promote shared responsibility for heritage preservation. The findings reveal that conventionally used nominal 
standards are not universally applicable and call for more evidence-based approaches to collection care. By 
embracing these contextual strategies, the heritage sector can enhance its resilience, move away from tradi-
tional conventions and ensure the considered preservation of cultural heritage for current and future genera-
tions. 
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1. INTRODUCTION 

The escalating climate crisis poses an unprece-
dented threat to cultural heritage sites and collections 
worldwide. As evidenced by the research presented 
in this special issue, the impact of rising temperatures, 
changes in humidity and extreme weather events, de-
mands immediate action. The articles in this volume 
highlight the need for a paradigm shift in heritage 
conservation, moving beyond habitual practices to-
wards sustainable, adaptive, and context-specific 
strategies.  

The volume offers a series of linked research pa-
pers, each offering distinct case studies but unified by 
seeking data and solutions to understand and address 
the challenges of climate change on cultural heritage. 
This edition contains studies spanning diverse geo-
graphic contexts, different operating models, differ-
ent collection types and different institutional frame-
works yet nonetheless they offer a comprehensive 
view of strategies and tools for sustainable conserva-
tion. The papers address the common themes of this 
special issue and do so by describing practical exam-
ples and evidence-based approaches. For too long the 
major sectoral approach to environmental manage-
ment has been governed by an oversimplistic adher-
ence to a set of standards for environmental care de-
veloped primarily in the UK and USA in the 1970s. 
These approaches were explicitly developed in re-
sponse to operating context, often well-resourced in-
stitutions in temperate climates, yet by convention, 
comparison and a misperception of what might be 
considered to be ‘best practice’ became a set of in-
structions to be adhered to regardless of context.  

The advent of more climate conscious approaches, 
the resource challenges from less well funded institu-
tions attempting to match these often Eurocentric ap-
proaches saw increasing dissatisfaction with the ap-
proach. Institutions could ill-afford expensive control 
measures, equipment could not deliver this consist-
ently and systems that had been developed to deliver 
conditions suitable for European collections were im-
posed on materials which had been manufactured, 
used, survived and collected in other climates. The 
calculations of typical moisture content and materials 
dimensions should have been reviewed in the light of 
each climate but instead became a global hegemony 
of a default safe, energy intense solution set for tem-
perate climates and stone buildings.  

In devising appropriate climate strategies conser-
vators, engineers, architects and facilities managers 
can approach risk in one of two ways. Either risk 
could be minimised and climates created which pro-
tect most of the materials of cultural heritage most of 
the time. Such climates default to known safe condi-

tions based on research and observations of condi-
tions in which collections are stable. As a narrowly fo-
cussed approach this worked if resources were plen-
tiful. The impact on buildings, budget and ultimately 
climate, have caused raised many questions as the pa-
pers in the journal elucidate. The default safe position 
can be tested: moving from a focus on a conservative 
approach to what is known to be safe to an approach 
that seeks achievable solutions, setting conditions at 
the boundaries of risk points. Such an approach takes 
a broader view of acceptable practice which includes 
a tolerance of risk which offsets other benefits such as 
energy efficiency, comfort or sustainable practice. To 
take this informed view researchers must consider 
those boundary points, and it is precisely these con-
text-led evidence-rich approaches that are contained 
in this special edition.  

2. RESEARCH PAPERS IN THIS VOLUME 

The challenges are immense. Archaeological sites 

are vulnerable to a range of climate-driven hazards, 
including heatwaves, droughts, floods, and wildfires. 
The site of Olympia in Greece, a UNESCO World Her-
itage site, faces increasing risks from extreme temper-
atures, heavy rainfall, and prolonged dry periods, all 
of which threaten its structural integrity and visitor 
safety. Mavrakou et al. (2025) using Olympia as a case 
study, develop a comprehensive methodology for as-
sessing climate change-related risks to archaeological 
sites. Their research uses climate projections from the 
Euro-CORDEX program and applies the IPCC AR6 
risk framework to assess climate-related risks at 
UNESCO World Heritage sites enabling detailed, lo-
calized assessments of climate impacts, which facili-
tates the development of long-term adaptation strate-
gies. The method quantifies hazards, exposure, and 
vulnerability through climatic and non-climatic indi-
cators, enabling comprehensive risk assessment. The 
case study presented highlights threats such as heat-
waves, droughts, and sea-level rise. By identifying 
site-specific risks, this framework facilitates the de-
velopment of tailored adaptation strategies, enhanc-
ing resilience against climate-induced threats. Its uni-
versal applicability makes it a valuable tool for quan-
tifying current vulnerability and projecting future cli-
mate hazards. It also demonstrates the use of local-
ized risk assessments, and the integration of climatic 
and non-climatic indicators, thus ultimately inform-
ing safeguarding of archaeological sites worldwide.  

Similarly, historic buildings in urban environ-
ments are at risk from water damage, temperature 
fluctuations, and air pollution. They are also at risk 
from inappropriate development responding to the 
abstract implementation of generic modules for envi-
ronmental management. The case study of 60 
Goodramgate in York, UK, illustrates the need for 
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proactive management and the use of environmental 
monitoring to understand and mitigate the impact of 
dynamic conditions while still maintaining the rele-
vance and functionality of heritage spaces. Lingle et 
al. (2025) focus on sustainable approaches to preserv-
ing historic buildings in York. York, boasts a rich built 
heritage that necessitates sustainable management 
strategies to ensure longevity. Researchers at the Uni-
versity of York and the York Conservation Trust ex-
plored collaborative methodologies that integrate so-
cial, material, and historical contexts. The research ex-
plores how to embed decision-making processes that 
prioritise sustainability and examines the potential 
for adaptive reuse of heritage buildings, which fits the 
goal of increasing the resilience of the cultural herit-
age conservation sector. The use of environmental 
monitoring to understand the current conditions of a 
historic structure to inform decisions about modifica-
tions, and the use of a minimally interventive ap-
proach to preservation, aligns with the special issue's 
focus on smart systems for monitoring, and the life 
cycle assessment and energy consumption of conser-
vation practice. Data collected for a year after lime 
rendering restoration, correlated with structural as-
sessments and historical insights informed adaptive 
reuse and maintenance. This minimally interventive 
approach showcases the potential for balancing herit-
age preservation with climate resilience, setting a 
precedent for urban historic environments amid 
global climate uncertainty. 

At Ranger’s House, an English Heritage historic 
building in the UK, the vulnerability of Limoges 
enamel to high and fluctuating temperature was ad-
dressed through localized cooling. Luxford et al. 
(2025) investigated the effectiveness of cooling sys-
tems for controlling object temperature, using the Li-
moges enamel collection at Ranger's House as a case 
study. Environmental data indicated that chillers ef-
fectively minimized diurnal temperature spikes and 
maximum temperatures, reducing the risk of physical 
damage of sensitive objects. The data also enabled re-
searchers to pinpoint the extreme weather conditions 
that created a specific vulnerability for the Limoges. 
Instead of working to default safe conditions which 
were increasingly difficult to deliver in extreme 
weather events, the team identified the highest risk 
conditions specific to the collection enabling an in-
formed discussion about mitigation measures. The 
study addresses the practical challenges of using ac-
tive climate control in historic spaces and highlights 
the need for sustainable solutions, thus directly ad-
dressing the theme of life cycle assessment and en-
ergy consumption of conservation practice. It also il-
luminates the importance of understanding material 
response to high temperature. Increased relative hu-
midity posed a secondary risk, necessitating energy-

intensive controls. As global temperatures rise, the 
frequency of hot days is expected to double, compel-
ling researchers to explore more sustainable methods. 
Recommendations include alternative cooling tech-
nologies and targeted environmental controls to en-
sure that energy costs and the consequent carbon 
footprint was directed at known requirements of ob-
ject safety. 

Museum collections are susceptible to deteriora-
tion due to high temperatures and humidity. The Na-
tional Museum of the Philippines faces challenges 
particularly with mould growth and mechanical fail-
ure in its collections, and the Lopez Museum and Li-
brary also deals with the challenges of managing hy-
groscopic materials in such conditions. These institu-
tions are now actively looking for ways to reduce 
their reliance on energy-intensive climate control sys-
tems and find more sustainable approaches to collec-
tion care. Building an understanding of solutions 
draws on evidence from monitoring, materials re-
sponse as well as historical patterns of behaviours 
and the needs of museum visitors (Villanueva, 2025).  

Calanno and Tse (2025) examine the challenges of 
preserving museum collections in tropical climates, 
using the National Museum of the Philippines as a 
case study. This paper addresses the need for context-
specific approaches to conservation, highlighting 
how traditionally used guidance for environmental 
conditions in museums and galleries may not be suit-
able for all climates. It considers both the material re-
sponses to changing climate, particularly with respect 
to temperature and humidity, and the implications 
for conservation. Environmental monitoring at the 
National Museum of the Philippines revealed that rel-
ative humidity often exceeds 70%, causing biodeteri-
oration and structural damage to organic collections. 
During the pandemic, reduced mechanical climate 
controls led to lower humidity fluctuations, provid-
ing insights into passive climate management's po-
tential. The study emphasizes the need to rethink mu-
seum environments in hot, humid climates and ex-
plores the use of passive climate strategies. The re-
search also touches on energy consumption, high-
lighting the high energy demands of mechanical 
HVAC systems. 

The Lopez Museum and Library in the Philippines 
exemplifies the challenges tropical climates pose to 
hygroscopic materials like paintings and paper. Tra-
ditional air-conditioning incurs high energy costs and 
emissions but cannot be simply dispensed with as this 
would risk both collection care and visitor comfort 
with significant impact on the sustainability of the in-
stitution. Villanueva (2025) describes the develop-
ment of sustainable environmental guidelines for col-
lections in the tropics, using the Lopez Museum and 
Library in the Philippines as a case study. The paper 
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highlights how a one-size-fits-all approach to climate 
control can be both ineffective and unsustainable and 
advocates for a context-focused approach that consid-
ers material properties, historical environmental data, 
and object use. Flexibility in conservation practices is 
prioritised to ensure sustainability without compro-
mising preservation concerns. This approach under-
scores the need to reimagine the strict implementa-
tion of environmental guidelines originally devel-
oped for temperate climates, paving the way for con-
text-sensitive solutions. It also aligns with the goal of 
developing smart systems for the monitoring and 
control of factors influencing preservation and ad-
dresses the need to reduce the conservation sector's 
carbon footprint by providing a case for more appro-
priate, less energy intensive climate control. 

Museums in Egypt face similar challenges of find-
ing suitable and sustainable solutions for collection 
protection and visitor comfort. The Grand Egyptian 
Museum and the Egyptian Museum in Cairo face ris-
ing temperatures, dust storms, and urban pollution. 
Elkhial (2025) explores strategies to mitigate these 
risks, focusing on newly built, historical, and older 
museum infrastructures, for the sustainable protec-
tion of Egypt’s vast cultural heritage. Her study di-
rectly addresses the aim of increasing the resilience of 
the cultural heritage sector, by assessing preventive 
conservation practices in museums facing the impacts 
of climate change such as rising temperatures. She 
proposes an integrated framework that combines pre-
ventive conservation with climate change adaptation 
strategies, including the use of data-driven ap-
proaches to inform decision-making such as risk as-
sessment, environmental monitoring, and commu-
nity engagement. Preventive conservation practices 
implemented over two decades reveal varying levels 
of effectiveness in addressing climate-induced 
threats. Critical gaps include infrastructure limita-
tions and inadequate decision-making processes. Rec-
ommendations include enhancing conservation poli-
cies, improving museum infrastructure, and adopting 
climate-adaptive practices. These findings contribute 
to global discussions on protecting cultural heritage 
amid climate challenges. 

3. DISCUSSION: COMMON THEMES AND 

FUTURE DIRECTIONS 

Across these studies, several recurring themes and 
strategies emerge for heritage preservation in the face 
of climate challenges. Museums and Galleries world-
wide operate guidelines which are described as inter-
national standards or ‘best practice’ but which were 
derived from circumstances in temperate climates 
and well-resourced institutions. Attempting to copy 
practice devoid of context is not universally applica-
ble. Instead, a comprehensive understanding of each 

site considering its social value, specific environmen-
tal context, and the material properties of the objects 
within its care is essential. The case studies presented 
demonstrate a move towards context-specific strate-
gies that consider each material’s environmental his-
tory, condition, and institutional programming. 

Several key themes emerge offering a pathway for 
future action: 

Localized Risk Assessments: The importance of 
site-specific risk assessments that consider the unique 
environmental, historical, and cultural contexts of 
each site cannot be overstated. This requires a com-
prehensive understanding of both climatic and non-
climatic factors. 

Localised Environmental Management: Adapting 
global guidelines to specific climates, particularly in 
tropical and arid regions, ensures relevance and sus-
tainability. 

Integrated Approaches: Combining material data, 
historical insights, and modern technologies supports 
informed decision-making and adaptive reuse. 

Adaptive Reuse and Resilience Building: Herit-
age buildings should be adapted for contemporary 
use, prioritising minimal intervention to preserve 
their original fabric and character whilst enabling suf-
ficient evolution to ensure relevance. Environmental 
monitoring helps to inform decisions regarding any 
necessary modifications. Tailored adaptation strate-
gies, supported by robust environmental data, en-
hance heritage sites' resilience to climate and eco-
nomic uncertainties. 

Environmental Monitoring and Smart Systems: 
The use of reliable sensors and data analysis is critical 
for understanding the impacts of climate change and 
developing effective mitigation strategies. This in-
cludes the use of data loggers, and other technologies 
to monitor temperature, humidity, and other environ-
mental factors. 

Sustainable Energy Solutions: The heritage sector 
must prioritize energy efficiency, explore renewable 
energy options and actively seek to reduce its carbon 
footprint. The reliance on energy-intensive climate 
control systems should be reduced through the adop-
tion of passive climate strategies and consideration of 
the life cycle of conservation practices. Minimizing 
energy-intensive controls through passive methods 
and strategic building designs reduces carbon foot-
prints without compromising conservation. 

Collaboration and Knowledge Sharing: The inte-
gration of conservation expertise, scientific research, 
and stakeholder input is critical for making informed 
decisions. Sharing knowledge and best practices 
across institutions and regions enhances the sector’s 
capacity to respond to climate risks. Interdisciplinary 
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collaboration among conservation scientists, policy-
makers, and local communities fosters innovative so-
lutions and shared responsibility. 

Community Engagement: Involving local commu-
nities, policy makers, and the public in conservation 
efforts is vital for raising awareness and fostering a 
sense of shared responsibility. 

Evolution of standards: Moving from the concep-
tion of standards as a set of fixed values that govern 
practice, to standards which guide approaches to de-
cision making will ensure that practices are adapted 
and adopted in sympathetic ways worldwide. This 
can help to diminish colonial practices of insisting on 
European or north American models which are 
masked in the language of standardisation. 

4. CONCLUSIONS 

The papers together demonstrate the importance of 
sustainable, adaptable, and context-specific ap-
proaches to cultural heritage conservation in the face 
of climate change. These studies underscore the ur-
gency of adopting proactive strategies to protect 

global cultural heritage in an era of accelerating cli-
mate crisis. By embracing these informed approaches, 
the heritage sector can move towards a future - where 
cultural heritage is preserved and enjoyed for current 
and future - with clear reference to the impact of this 
work on the possibilities and opportunities for future 
generations. These papers do not offer a simplistic call 
to remove climate control, the papers demonstrate 
that this would impact both on preservation and the 
quality of user experiences but instead demonstrate 
that evidenced and informed strategies can serve the 
needs of collections, communities and climate. This 
special issue serves as a call to action, urging research-
ers, policymakers, and practitioners to work together 
in the face of this global challenge. The research pre-
sented here offers a valuable foundation for address-
ing pragmatic challenges in cultural heritage conser-
vation due to climate crisis, for the selective and con-
sidered use of resource for benefits that have clear so-
cial and scientific benefits. The complexity and inter-
linked nature of climatic and non-climatic factors 
means that adaptive management strategies that pri-
oritize resilience, collaboration and continuous moni-
toring, are essential.  

Author Contributions: Conceptualization, PM and JH; methodology, PM and JH; writing—original draft 
preparation, PM; writing—review and editing, JH. All authors have read and agreed to the published version 
of the manuscript. 

ACKNOWLEDGEMENTS 

We thank the contributors for their positive response and engagement to this volume. This work would not 
be possible without the support of the chief editor of the journal Prof. Ioannis Liritzis. The authors would 
especially like to thank Eleni Karkani and Pantelis Volonakis for their support and technical cooperation. 

REFERENCES 

Calanno, Mariah Camille and Nicole Tse (2025). ‘Strategies and climate hopes for collection care and environ-
ments at the National Museum of the Philippines.’ Scientific Culture Vol. 1 No. 1, Special Issue edited 
by Panagiota Manti and Jane Henderson. Evidence based strategies for Heritage Conservation re-
sponses to the climate crisis: Sustainability, resilience and protection 

Elkhial, Manar M. (2025). ‘Integrating Preventive Conservation and Climate Change Adaptation: Strategies 
for Sustainable Protection of Cultural Heritage in Egyptian Museums.’ Scientific Culture Vol. 1 No. 1, 
Special Issue edited by Panagiota Manti and Jane Henderson. Evidence based strategies for Heritage 
Conservation responses to the climate crisis: Sustainability, resilience and protection 

Lingle, Ashley, Louise Cooke, Lara Daniali, Michael Dobbs, and Dav Smith (2025). ‘Unlocking the Future of 
York's Historic Buildings: Sustainable Strategies and Innovative Conservation Decision Making.’ 
Scientific Culture Vol. 1 No. 1, Special Issue edited by Panagiota Manti and Jane Henderson. Evidence 
based strategies for Heritage Conservation responses to the climate crisis: Sustainability, resilience 
and protection 

Luxford, Naomi, Tayba Batool, David Thickett and Paul Lankester (2025). ‘Using environmental monitoring 
data to assess the effectiveness of cooling for object temperature control.’ Scientific Culture Vol. 1 No. 
1, Special Issue edited by Panagiota Manti and Jane Henderson. Evidence based strategies for Her-
itage Conservation responses to the climate crisis: Sustainability, resilience and protection 

Mavrakou, Thalia, Anastasios Polydoros, Constantinos Cartalis and Kostas Philippopoulos (2025). ‘Assessing 
the Climate Change Related Risk of Cultural Heritage Sites.’ Scientific Culture Vol. 1 No. 1, Special 
Issue edited by Panagiota Manti and Jane Henderson. Evidence based strategies for Heritage Con-
servation responses to the climate crisis: Sustainability, resilience and protection  



vi P. MANTI & J. HENDERSON 

 

SCIENTIFIC CULTURE, Vol. 11, No 1, (2025), pp. i-vi 

Villanueva, Margarita (2025). ‘Developing Sustainable Environmental Guidelines for Collections in the Trop-
ics: A Philippine Case Study.’ Scientific Culture Vol. 1 No. 1, Special Issue edited by Panagiota Manti 
and Jane Henderson. Evidence based strategies for Heritage Conservation responses to the climate 
crisis: Sustainability, resilience and protection 

 


