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1. Introduction

In spite of the resources committed up to now 
in Europe, both at research and policy level, to 
strengthen Cultural Heritage protection towards 
environmental impact, the recently published 
document “Getting cultural heritage to work for 
Europe” by the EU clearly states that further 
steps are needed in order to ensure the sustainable 
management and conservation of Cultural 
Heritage sites, structures and artefacts in facing 
climate change, particularly extreme events. 
Disasters and catastrophes pose risks not only to 
the conservation of the Cultural Heritage assets 
with its cultural, historic and artistic values, 
but also to the safety of visitors, staff and local 
communities living on the site or in neighbouring 
areas. Additionally, they cause undoubtedly 
negative consequences for the local economies 
due to the loss of tourism revenues, and for the 
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livelihoods of local people who are dependent on 
it. The risk is amplified in hazard prone areas with 
Cultural Heritage properties, where population 
growth is generally higher than the average. On its 
turn, expansion of cities in coastal areas and/or in 
flood plains, coupled with inappropriate building 
practices and an overburdened infrastructure 
contribute to a further increase of the risk putting 
tremendous pressure on heritage sites, especially 
on those located in urban vulnerable areas. 
Moreover, climate change is contributing towards 
increased intensity and frequency of hydro-
meteorological events, such as heavy rainfall, 
wind-storm, heat waves and droughts. Cultural 
Heritage is put at risk not only by impending 
disasters, but very often also by emergency and 
post disaster recovery actions. Severe damage 
is often inflicted to the cultural property during 
disaster response and also during the restoration 
and remedy phases, due to lack of preparedness 
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in emergency situations and to misdirected 
actions taken during post disaster emergency 
and rehabilitation phases. The reasons might be 
among others the lack of proper attention and 
funds, the bureaucracy barriers and the hazardous 
situations, which make Cultural Heritage assets 
not accessible to rescue teams.

Moreover, it has to be underlined that existing 
measures on climate change adaptation aiming 
at Cultural Heritage safeguarding are still not 
exhaustively integrated in strategies and plans at 
national level. Current policy documents linking 
climate change and Cultural Heritage are almost 
exclusively drafted by heritage organisations 
and institutions (see, for instance, the Policy 
document on the impacts of climate change on 
world heritage properties of the UNESCO World 
Heritage Centre). An indicative example of the 
lack of integration of Cultural Heritage into wider 
policies on climate change is the most recent 
report of the Intergovernmental Panel on Climate 
Change on Impacts, Adaptation and Vulnerability 
(IPCC, 2014). Cultural Heritage is only mentioned 
in footnote 59, which acknowledges the need for 
understanding the direct and indirect economic 
impact of the loss of Cultural Heritage as a result 
of climate change. At national level, sporadic 

1. - List of main climate parameters involved in damage processes occurring on heritage materials grouped in temperature, water, 
wind and pollution derived parameters. 
Liste des principaux paramètres climatiques impliqués dans les processus de dommage existant sur les matériaux du patrimoine 
regroupés en paramètres dérivant de la température, de l’eau, du vent et de la pollution.

recent attempts to integrate Cultural Heritage 
into the wider national and international policies 
have been made. The Italian National Strategy 
for Adaptation to Climate Change represents a 
encouraging example in this direction. 

2. The Italian National Strategy for Adaptation 
to Climate Change

The Italian National Strategy for Adaptation 
to Climate Change consists of three technical-
scientific documents published in 2014 that 
constitute an updated basis on the technical 
knowledge of the impact of climate change and its 
vulnerability and provide a strategic perspective 
on adaptation: 
-	 Strategic document “Elements for a National 

Strategy for Adaptation to Climate Change” 
(Castellari et al., 2014a); 

-	 Technical-scientific Report “State of scientific 
knowledge on impacts, vulnerability and 
adaptation to climate change in Italy” 
(Castellari et al., 2014b);

-	 Technical-legal Report “Analysis the EU 
National legislation relevant to impacts, 
vulnerability and adaptation to climate 
change” (Castellari et al., 2014c). 
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2. - Undesired corrosion on bronze due to the synergic effect 
of temperature, relative humidity and deposition of SO2 and 
particulate matter.
Corrosion indésirable sur le bronze due  aux effets synergiques 
de la température, de l’humidité relative et du dépôt de SO2 et 
de particules.

The strategy has been developed trough a highly 
multidisciplinary approach and a coordinated 
action of different actors, such as scientific national 
experts, operational bodies (Civil Protection, 
rescue services) and policy and decision makers at 
national, regional and local level. 

The process of the strategy development, 
coordinated by the Italian Ministry of the 
Environment and Protection of Land and Sea 
with the technical and scientific support of the 
Euro-Mediterranean Centre on Climate Change 
(CMCC), foresaw a stakeholder involvement 
since the very beginning with ad hoc consultations 
with Ministries and Regions and an on line public 
consultation with citizens from 30 October 
2013 to 20 January 2014. The preparation of the 
structure and contents of the documents started in 
July 2012 with the support of 232 experts. 

The main general objectives of the national 
strategy are the following:
-	 Assessment of the impact of climate change 

on diverse social-economic sectors and natural 
systems.

-	 Reduction of risks induced by climate change.
-	 Identification of a set of actions for adapting to 

and facing the impacts.
-	 Improvement of adaptation capacities of 

natural, social and economic sectors.
-	 Take advantage of the opportunities derived 

by new climatic conditions.
Cultural Heritage is included among 

the different sectors under risk taken into 
consideration. 

3. State of scientific knowledge on impacts, 
vulnerability and adaptation to climate 
change - Cultural Heritage

The Technical-scientific Report “State of 
scientific knowledge on impacts, vulnerability and 
adaptation to climate change in Italy” highlights 
first of all that the assessment of the impact of 
climate change on Cultural Heritage is based 
on the identification of climate parameters with 
priority in causing damage on Cultural Heritage 
located outdoors (built heritage, monumental 
complexes, archaeological sites, etc.) and indoors 
(museums, churches, hypogea, etc.) (fig.1). 

This identification derives mainly from the 
results achieved within EU FP6 Project “Global 
climate change impact on built heritage and 
cultural landscapes - Noah’s Ark” (2004-2007) 
(Brimblecombe et al., 2006, Sabbioni et al., 
2010). This project coordinated by CNR-ISAC 
had for the first time produced a Vulnerability 
Atlas and Guidelines for Cultural Heritage 
protection towards climate change. The Noah’s 
Ark coupled climatology with conservation 
science expertise, acquired a unique know-how 
in delivering future forecast of Cultural Heritage 
vulnerabilities induced by outdoor-indoor climate 
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It should be underlined that vulnerability and risk 
assessment is given based on the approach adopted 
within the Noah’s Ark project, that considered a 
synergic action of different climate and pollution 
parameters occurring over time on architectural 
surfaces and provided a quantitative evaluation of 
the effects of “slow” climate changes through the 
use of damage functions. 

A major concern on the effects of disasters 
and natural hazards (such as floods, landslides 
and heavy rain) is evidenced for the built 
heritage in general and cultural landscape, while 
the conscious adoption of an environmental 
monitoring is proposed as a fundamental tool 
for preventive conservation of collections in 
museums. 

Concerning the still existing gaps within the 
current state of knowledge in relation to the 
impact of climate change on Cultural Heritage, a 
major concern is the lack of an exhaustive set of 
observation data from environmental monitoring, 
that is necessary for a proper correlation of the 
damage with changes in climate. Additionally, the 
need of the implementation of damage modelling 
aiming at the production of future scenarios at 
local scale based on quantitative evaluation and 
vulnerability indicators is evidenced. Finally, the 
development of multi-risk scenarios for complex 
systems (i.e. urban historic centres, archaeological 
sites, cultural landscape) is recognized as a 
priority.

4. Elements for a National Strategy for Adaptation 
to Climate Change - Cultural Heritage

The strategic document “Elements for a 
National Strategy for Adaptation to Climate 
Change” proposes, as main action to be undertaken 
for facing the impact of climate change on cultural 
heritage, the integration of the management 
plans (existing ones or under definition) with 
measures of preparedness, recovery and response 
to emergency specifically dedicated to Cultural 
Heritage safeguard. This can be achieved either by 
adding specific sections concerning adaptation to 
climate change or inserting appropriate measures 
in existing sections through a review of directives 
and management plans already adopted.

3. - Black, grey and white areas on carbonate stone due to 
the combined impact of precipitation, gaseous pollutants and 
carbonaceous particles. 
Zones noires, grises et blanches sur une pierre calcaire dues 
aux impacts combinés des précipitations, des polluants gazeux 
et des particules carbonées. 

changes, including extreme weather related 
events (Sabbioni et al., 2010). 

In addition, the report contains an identification 
of the main damage processes, occurring on 
heritage materials mainly outdoors located, that 
are expected to undergo modifications in the future 
due to climate change: i) corrosion on metals (fig. 
2); ii) mechanical damage and fungal growth on 
wood; iii) surface recession, blackening, thermal 
stress, frost weathering, salt crystallization, 
biodegradation on stone, brick and mortars (figs. 
3 and 4). 

The expected changes for each deterioration 
process are clearly described on the basis of the 
available scientific literature on the topic (Bonazza 
et al., 2007; Bonazza et al., 2009a; Bonazza et 
al., 2009b; Bonazza & Brimblecombe, 2016; 
Brimblecombe & Grossi, 2009; Grossi et al., 2011; 
Gomez-Bolea et al., 2012; Sabbioni et al., 2010). 
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4. - Effect of rising damp and salt crystallization on brick masonry. 
Effet des remontées capillaires et des cristallisations salines sur une maçonnerie en briques.

General short (by 2020) and long (over 2020) 
term “soft” recommendations are also given 
aiming at increasing the awareness on impacts, 
vulnerability and adaptation measures:
-	 Dissemination of existing knowledge (by 2020).
-	 Adoption of continuous environmental 

monitoring (by 2020).
-	 Collection of data to support decision making 

process both at national and regional level (by 
2020).

-	 Execution of routine maintenance in order 
to decrease as much as possible invasive 
interventions of restoration (by 2020).

-	 Assessment of priorities in relation to the state 
of conservation of artefacts and in response to 
climate/pollution changes (by 2020).

-	 Assessment of the conservation of the artefacts 
in relation to the detected environmental 
conditions (by 2020).

-	 Understanding the environmental, economic 
and social context of the heritage assets under 
risk (by 2020).

- 	 Promotion of different strategies for long-term 
financing of maintenance actions (over 2020).
Finally, specific short and long term “grey” 

adaptation actions for heritage materials (stone/
wood/metals), built heritage, objects in museums 
and landscape are proposed. 

5. Conclusion

On the basis of the developed National Strategy 
of Adaptation to Climate Change, a National Plan 
for Adaptation is currently under implementation. 
The Plan foresees the determination of macro-
regions with diverse degree of vulnerability and 
the identification of measures to be adopted for 
facing the risks imposed by climate change on 
different sectors (including Cultural Heritage). A 
cost/benefit assessment concerning the adoption 
of each proposed measure is provided, alongside 
a plan of monitoring and evaluation of the process 
by the use of performance indicators. 
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