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Abstract: The variety of risks due to climate change with a potential impact on Cultural Heritage 

CH requires a multidisciplinary approach and a preliminary overview of the existing methods for 

risk analysis and assessment in different fields. Thus, the starting point of the research conducted 

by the Sapienza PNRR working group consists in a systematic literature review of risk assessment 

approaches, methods and indicators. As a first outcome, the research has designed a 

multidisciplinary comprehensive framework consisting of the definition of risk categorization, the 

framework represented by a measurable index and the main target, according to the classification 

of Cultural Heritage based on the harmonization of European vocabularies definitions and 

protocols. The risk assessment framework sets the methodological core of a future multi criteria 

matrix and digital platform for decision focused on the historic built environment and it is functional 

to the definition of specific operational guidelines connected to each risk for elaborating 

descriptive/predictive Architectural Heritage’s transformation scenarios to support the 
development of mitigation and adaptation strategies.  

Keywords: cultural heritage; historic built environment; risk analysis; data-driven processes; multi-

risk assessment 

 

1. Introduction 

Cultural Heritage (CH) is a vector of social and economic improvement. The composite 

ecosystem of their tangible and intangible components, made up of rituals and practices along with 

hand-craft products, buildings and natural elements, offers the opportunity to develop innovative 

forms of rural, creative and slow tourism experiences, pushing toward a positive job creation trend. 

However, the current Climate Change (CC) process puts at risk the fragile equilibrium that interlinks 

natural and human environments in CH. Long-term changes in weather patterns and temperatures, 

known as CC, are considered one of the most serious threats of the twenty-first century [1]. This 

natural process, which has been occurring for millions of years due to variations in the solar cycle, 

has been accelerated in the last two centuries as a result of excessive anthropization and greenhouse 

gas concentration, upsetting the natural balance and increasing global surface temperature [2]. Every 

decade since the 1980s has experienced rising temperatures, with the 2011-2020 period being the 

hottest on record, reaching in 2019 a global average temperature 1.1°C higher than pre-industrial 

levels [3]. These phenomena emerge as an increase in the frequency and intensity of extreme weather 

events such as heat waves, droughts, and heavy rains, increasing the risks for ecosystems (1). To 

mitigate the severe impacts of CC, all sectors of society must collaborate, mobilizing all fields, 

including education, research, and innovation, and openly encouraging shared responsibility for 

action [4]. According to the UNESCO Climate Action Policy Paper, CC has become one of the most 
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significant threats to natural and cultural World Heritage sites, with the potential impact on their 

Outstanding Universal Value (OUV), including their authenticity, integrity, and capacity for 

economic and social development at the local level, as well as the quality of life of communities linked 

to World Heritage sites [5]. If sites are not adequately prepared or radical climate actions are not 

taken at the international, national, and local level, World Heritage sites may be irremediably 

damaged by extreme weather events [6]. As a result, ICOMOS, a UNESCO advisory body, 

emphasizes the importance of adequately responding to, and preparing for, CC risks for Cultural 

Heritage (CH). It highlights the need for effective conservation, use, and management of tangible and 

intangible cultural resources, considering heritage as a source of resilience and climate mitigation [7]. 

Not only climate change, the OUV of CH is put at risk by anthropic action which manifests itself in a 

series of direct and indirect actions capable of altering the ecosystem in which the protected asset is 

located. Anthropic risks represent a further level of complexity in the evaluation of prevention and 

mitigation strategies as the evaluation of specific risks is in most cases qualitative and not 

quantitative. The variety of risks with a potential impact on CH and in particular on Architectural 

Heritage requires a multidisciplinary approach and a preliminary overview of the existing methods 

for risk analysis and assessment in different fields. CH is permanently exposed to natural and 

anthropic hazards due to the impact of climate change, which accelerates the effects of natural 

hazards as well as those caused by human actions [8]. The traditional distinction between natural and 

anthropic hazards is challenged by the combination and interaction of different hazards and causes, 

as natural disasters also cause migration and social conflicts, and human behavior accelerates natural 

processes. Phenomena related to climate change and natural/anthropic risks raise new research 

questions and open new challenges for modern societies, requiring a broad multidisciplinary 

approach towards problem solving. A multi-scale approach should be applied to encompass different 

scenarios and to address both general and specific issues. Overall objective of the PNRR Research 

Project (2) is delivering innovative solutions to mitigate the effects of climate change, natural and 

anthropic risks on cultural heritage, based on the following methodological steps:  

• identification of knowledge gaps and development of an appropriate shared paradigm (new 

concepts) and coordination of data acquisition and integration;  

• evaluation of resilience and adaptation models of the past, re-appropriation of historical 

memory;  

• comprehensive risk analysis on the multivariate effect of climate change and the interaction of 

different risks;  

• development of a shared framework for modeling, simulation, and computerized data drive 

monitoring;  

• integration of knowledge fields to support the Multi-Criteria Decision Method (MCDM);  

• development of an interdisciplinary framework for a Decision Support System (DSS) aimed at 

the redevelopment and design of architectural heritage and historical landscape. 

2. Materials and methods 

2.1. Risk assessment process 

In the process of risk assessment it is crucial to explore the interconnected dimensions of risk, 

focusing on the interplay between hazard, vulnerability, and exposure [9]. Hazards, as defined by 

the Intergovernmental Panel of Climate Change (IPCC), are potential sources of harm, encompassing 

both natural phenomena and anthropogenic events “that may cause loss of life, injury, or other health 
impacts, as well as damage and loss to property, infrastructure, livelihoods, service provision, and 

environmental resources” [10]. The dynamic interaction among hazards, vulnerability, and exposure 
underscores the complexity of risk, necessitating a holistic approach to mitigate its impacts. Hazards 

are inherently diverse and dynamic, spanning geological, meteorological, and anthropogenic 

domains. Natural hazards, driven by Earth's processes, include earthquakes, floods, and wildfires 

[11], anthropogenic hazards, stemming from human activities, encompass industrial accidents, 

chemical spills, and pollution [12]. Understanding the frequency, intensity, and spatial distribution 

of hazards is crucial for effective risk assessment [13]. Vulnerability, as defined by Adger [14], is the 
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susceptibility of a system to harm, influenced by physical, social, economic, and environmental 

factors. Social vulnerability often arises from disparities in wealth, education, and healthcare access 

as stated by IPCC while physical vulnerability may result from inadequate infrastructure or 

inappropriate land use planning. A comprehensive vulnerability assessment is pivotal for identifying 

risk-prone areas and populations. Exposure refers to the degree to which elements at risk, such as 

populations, assets, or ecosystems, are subject to a hazard [15] and spatial and temporal dimensions 

of exposure play a crucial role in determining risk levels. Mapping exposure helps identify high-risk 

areas, enabling targeted interventions and resource allocation. Thus, risk assessment integrates 

hazard analysis, vulnerability assessment, and exposure mapping to quantify the likelihood and 

consequences of adverse events [16]. Effective risk management strategies involve interdisciplinary 

collaboration, community engagement, and policy interventions that are fundamental to activate 

early warning systems, build resilient infrastructure and adaptive strategies to reduce overall risk 

[17]. A nuanced understanding of the interconnected dimensions of risk is imperative for sustainable 

development and resilience. The United Nations Office for Disaster Risk Reduction (UNDRR) define 

resilience as: “the ability of a system, community or society exposed to hazards to resist, absorb, 
accommodate to and recover from the effects of a hazard in a timely and efficient manner, including 

through the preservation and restoration of its essential basic structures and functions.” [18]. Various 
methodologies and strategies are employed in the risk assessment processes [19]: 

• Quantitative Risk Assessment: this method takes a numerical approach, utilizing hazard 

scenarios and the valuation of at-risk elements; 

• Event Tree Analysis: employing a quantitative perspective, this method involves defining trees 

to establish relationships between diverse hazards and events; 

• Risk Matrix Approach: this approach tackles risk qualitatively, allowing for the categorization 

of risks based on expert knowledge, particularly in situations where quantitative data is either 

lacking or limited; 

• Indicator-Based Approach: this semi-quantitative method involves the use of indicators 

associated with each risk determinant or component (such as hazard, exposure, and 

vulnerability). These indicators are then normalized, weighted, and aggregated to derive a 

comprehensive risk score. 

Most of the methodologies introduced above takes a quantitative approach that requires a clear 

overview of hazard taxonomy such as indicators, indexes and thresholds. 

2.2. Methodological framework for hazards taxonomy identification 

Thus, the starting point of the research consists in a systematic literature review of risk 

assessment approaches, methods and indicators. This process represents the base of a 

multidisciplinary framework consisting of the definition of risk, its categorization, its metrics 

represented by a measurable index and its main target, according to the classification of CH based on 

the harmonization of European vocabularies definitions and protocols. The framework will be also 

developed as a result of a co-creation process based on the collaboration between professionals and 

academics. This process, integrating different indicators in a synthetic evaluation model, emphasizes 

the multidisciplinary and multi-objective nature of the preservation of CH. Overcoming this diversity 

and thus barriers between disciplines has been a research priority, for which the sharing of expertise 

and data has been necessary. The methodological framework is defined as follow: 

• Analysis of the main International and National risk assessment protocols; 

• Definition of the first risk classification based on the two main classes such as natural and 

anthropic risks; 

• Identification of the main hazard components for quantitative or semi-quantitative risks 

assessment. 

The second stage of the research is devoted to risk's taxonomy development through a series of 

strategies: 

• Analysis of EU Research Project completed or underdevelopment; 

• Use of AI chatbot; 
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• Systematic Literature review and co-creation process. 

As final outcome a multidisciplinary framework will be developed. The database will allow the 

quantitative or semi-quantitative assessment of natural and anthropic hazards that will be described 

taking in consideration indicators, indexes and threshold. 

2.3. Hazard analysis and taxonomy   

To establish a comprehensive understanding of research on hazards, the research gathered data 

from European and national Agencies, identified the most pertinent and comprehensive reports 

related to the analyzed topic, and assessed relevant online platforms for task development. 

Nevertheless, the in-depth overview of risk analysis at both national and European levels relies also 

on the findings from ongoing and completed EU projects as well as scientific publications. Presented 

below are the primary selections that contribute to the Task's perspective. 

• 3 International references with specific focus on CH and risk assessment: 

Table 1. International references with specific focus on CH and risk assessment. 

UNESCO World Heritage 

Convention 

https://whc.unesco.org/en/factors/ 

International Centre for the 

Study of the Preservation 

and Restoration of Cultural 

Property ICCROM 

https://www.iccrom.org/publication/guide-

risk-management 

ICOMOS – ICORP 

International Scientific 

Committee on Risk 

Preparedness 

https://icorp.icomos.org/ 

• 2 International references on risk assessment: 

Table 2. International references on risk assessment. 

DRMKC - Disaster Risk Management 

Knowledge Centre 

https://drmkc.jrc.ec.europa.eu/risk-data-

hub/#/ 

UN Office for Disaster Risk 

Reduction 

https://www.undrr.org/implementing-

sendai-framework 

• 3 National references on risk assessment: 

Table 3. National references on risk assessment. 

Department of Civil Protection 

Presidency of the Council of 

Ministers 

https://www.protezionecivile.gov.it/it/ 

ISPRA - ISTITUTO SUPERIORE per 

LA PROTEZIONE E LA RICERCA 

AMBIENTALE 

https://www.isprambiente.gov.it/it 

INGV - ISTITUTO NAZIONALE  

GEO-VULCANOLOGIA 

https://www.ingv.it/ 
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The analysis of the main national and international protocols on risk identification was carried 

out on both a general and specific level for the cultural heritage in order to identify risk clusters that 

may be considered invariant. During the first phase, the investigation was aimed at defining the risk 

class – natural, anthropic, and anthropic/natural – of the corresponding type and of the specific risk 

in relation to the different identified classes.  

The database’s structure was articulated as follows: 
• Risk class; 

• Risk type; 

• Specific risk; 

• Probability classes (in the event of qualitative assessment); 

• Indicators; 

• Indices; 

• Metrics (in the event of quantitative assessment); 

• Bibliographical references and sources. 

• Glossary. 

The first protocol analyzed, the UNESCO World Heritage Convention, proposes a 

comprehensive classification of primary and secondary risk factors that can have a negative influence 

on the conservation of the “Outstanding Universal Value” (OUV), in terms of the historical, artistic, 
scientific, aesthetic, ethnological, or anthropological level of the world cultural heritage. The primary 

risk factors were defined by establishing a broad spectrum of application in a variety of natural, 

anthropic, and historical/cultural settings. The latter were summarized in thirteen distinct 

classifications within the framework, with the possibility of including others if the supplied risk is 

not comprehensive or if further risk elements yet to be identified should arise.  

The primary factors identified at the present time are the following: Buildings and Development, 

Transportation and Infrastructure, Utilities and Service Infrastructure, Pollution, Biological Resource 

Use/Modification, Physical Resource Extraction, Local conditions affecting physical fabric, 

Social/cultural uses of heritage, Other human activities, Climate change and severe weather events, 

Sudden ecological or geological events, Invasive/alien species or hyper-abundant species, and 

Management and institutional factors. Although the primary factors are not classified as natural, 

anthropic, and anthropic/natural risks, the description of the secondary factors allows the 

classification within the framework to be easily refined. 

Based on the identified primary and secondary factors, UNESCO proposes a list of 56 protected 

assets that are potentially at risk, with the consequent loss of OUV, providing a purely qualitative 

description of the phenomenon. 

As relates to the cultural heritage, an additional classification of potential risk factors is provided 

by the International Centre for the Study of the Preservation and Restoration of Cultural Property, 

ICCROM. The protocol defines a hierarchy of elements that work together to identify the specific 

risks. The analysis starts from the context within which the cultural heritage, be it a building, a 

monument, a project, or a scenic site, is placed, identifying a series of factors that can contribute 

towards determining the risks, identifying them, and managing them. These include environmental, 

political, sociocultural, administrative financial, and legal aspects, as well as potential stakeholders. 

The context analysis phase is preparatory for identifying the risks, which calls for defining: 

• Ten agents of decay; 

• Six layers of “enclosure; 
• Three risk categories in relation to their likelihood of occurrence. 

Agents of decay are factors that can cause damage and therefore result in loss of value of the 

asset being analyzed in a specific place and in a given setting. The ten identified agents are: Physical 

forces, Dissociation, Incorrect RH, Incorrect temperature, Light and UV, Pollutants, Pests, Water, Fire, 

and Criminals. For each of these, the protocol provides specific, multi-scale examples on possible risk 

sources and the potential damage they can cause to the cultural heritage. In this regard, Physical 

Forces include as risk sources extreme events like earthquakes, wind, and erosion, as well as the 

improper handling of artistic assets, while the possible effects include the structures’ collapse, 
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damage, and abrasion of their surfaces. The illustration of the agents of decay is accompanied by 

concrete examples that help clearly identify their cause and their effects upon the cultural heritage. 

To contribute towards identifying the potential hazards, the concept of “Layers of Enclosure” is 
introduced, through which the architectural heritage being studied is placed in relation with the 

corresponding ecosystem that may be considered as a potential source of damage and as an element 

of protection from it. If the object for which a risk analysis is performed is an archaeological find, its 

“Layer of Enclosure” will be the museum display case, or the container in which it is conserved, while 
the ecosystem with which it will relate will be the room in which it is placed. Following a bottom-up 

logic, the layers are defined as follows: Support, Fitting, Room, Building, Site, Region. 

The final component of the analysis is the assessment of the likelihood that the risk will occur. 

The protocol proposes three categories: 

• Rare events that take place once every 100 years (e.g. floods, earthquakes, and destructive fires); 

• Common events that take place several times over the course of 100 years (e.g. earthquakes and 

fires of low/medium intensity); 

• Cumulative processes that can take place continuously or intermittently (e.g. corrosion of metals, 

erosion of stone). 

An additional general and trans-scalar reading on the risks is provided by two international 

agencies: DRMKC - Disaster Risk Management Knowledge Centre and UN – Office for Disaster 

Risk Reduction. The former offers a classification of the risks based on eight classes, each of which 

presenting risk types and specific risks. The identified classes are as follows: Geophysical, 

Hydrological, Meteorological, and Climatological, as natural risks, Technological and Transportation 

for anthropic ones, and Biological as events born from the interaction between natural and anthropic 

phenomena. To support the analysis, the protocol offers a “digital vocabulary” based on ShowVoc 
datasets, aimed at outlining the taxonomy of the risk, while identifying its main components.  

The database is structured as follows: 

• Risk class; 

• Risk type; 

• Specific risk; 

• Description of the risk; 

• Metrics (in the event of quantitative assessment); 

• Bibliographical references and sources. 

The instrument came into being with the intent to organize the base of existing knowledge in a 

complete taxonomy. This taxonomy aims to cover not only the components of the risk (potential 

damage, exposure, and vulnerability/resilience), but also the management processes and phases (for 

example, risk assessment and inventory of data on losses due to catastrophes). An additional tool 

offered to support the analysis of the risk in all its components, damage, exposure, and vulnerability, 

is the RISK DATA HUB through which a WEB GIS application allows the potential damage of a 

particular asset (building, population, economy) for a geographical area to be displayed, taking a 

specific risk into consideration from time to time.  

Lastly, on the international level, consideration was also made of the UN - Office for Disaster 

Risk Reduction classification that is articulated in clusters based on seven risk classes: Meteorological 

and Hydrological, Geohazard, Environmental, Chemical, Biological, Technological, and Societal. 

Each class has different risk types corresponding to the specific risks. Supporting the classification is 

a webpage with a “Knowledge Base” section where the taxonomy of the risks, hazard, exposure, and 
vulnerability may be examined in greater depth, with content updated daily. 

On the national level, as an initial instrument, that of the Department of Civil Protection, 

Presidency of the Council of Ministers was analyzed, which provides a holistic vision of the issue 

of risks, identifying nine types of risk: Seismic, Meteo/Hydrological, Volcanic, Seaquake, Forest fires, 

Health, Environmental, Nuclear, and Industrial. For these, a purely qualitative description of the 

phenomenon is provided with reference to the national risk prevention Plan and the risk prevention 

strategies. No indications are provided as to the risk classes and the specific risks. A broader 

discussion is referred to such national agencies as ISPRA – Istituto Superiore per la Protezione e la 
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Ricerca Ambientale – and INGV – Istituto Nazionale GEO-VULCANOLOGIA – as concerns 

discussion of the specific risks set in relation to hydrogeological and seismic events. In this case, the 

description of the specific risk is broadened with indices, indicators (where present), and metrics. 

Most of the analyzed protocols, except for the DRMKC, provide no classification of the risks 

based on the definition of the class, type, and specific risk. The DRMKC provides a “digital 
vocabulary” for which a clear taxonomy of the risks is outlined that facilitates understanding of these 
risks, also for users with no specialistic know-how. The tool also provides metrics for the quantitative 

assessment of the risks even if, in many cases, the datum is no longer available. In no case is 

information provided for indices and indicators of the specific risks.  

The analysis of the general classification proposed by the main national and international 

protocols was preparatory for the definition of the two main risk classes, natural and anthropic, and 

for the selection of the various types of risk to be associated with the respective classes within the 

comprehensive research framework. 

First, an initial partial clusterization of the risks was performed by analyzing the results in 

progress of the European 4CH Project (2021-2024) (3). 4CH provides a general classification of the 

risks based on the two main macro areas of natural and anthropic risks. As concerns natural 

phenomena, an additional classification was done for risks derived from cumulative processes, which 

is to say all the forms of deterioration that gradually accumulate over time, or any process or 

intermittent and fluctuating event that takes place more than once a year, and risks due to 

catastrophic events that are often beyond human control. The risks belonging to the first sub-category 

(cumulative processes) are classified as natural and biological. The former comprise the following 

types of risk: see level rise, glaciation, erosion, silting, desertification, ground-water, deposition, and 

vibration. The biological ones comprise: animal migration, vegetation, pest, decay and degradation. 

For the second sub-category, the classification proposed in the context of the 4CH Project is as follows: 

invasive species and extreme climate and geological events. The risk types underlying the invasive 

species include fauna and flora, while the extreme climate events are fire, downpours, squalls, floods, 

and hail. To conclude, extreme geological events are tsunami, earthquake, landslide, and volcano. 

For the anthropic class, a subdivision is proposed based on intentionality: intentional and indirect 

risks of causing damage to the cultural heritage. The intentional risks are in turn classified between 

management and crimes against the cultural heritage. As concerns the former, we find the following 

risk types: modern re-use, corruption, quarrying, and political; and, in the latter, vandalism, arson, 

theft, illegal excavations, illicit trafficking, and collectors. The family of indirect anthropic risks 

comprises: building/infrastructure/industry, land conversion, Heritage management, Socio-cultural, 

and other. Building/infrastructure/industry comprises: industrial activity, constructions, 

transportation, pollution, and mining. In land conversion: agriculture and forestation; Heritage 

management: negligence, neglect, restoration, tourism industry, visitors, and handling; Socio-

cultural: change in value, veneration, loss of traditional knowledge, and performance. 

Through the analysis of the deliverables dedicated to the mapping of the risks and to the 

development of the case studies, the types belonging to the natural and anthropic risks could be 

identified, for which to complete the taxonomy by providing the missing information relating to 

indices, indicators, and metrics of use for the purpose of the quantitative assessment of the risks. The 

classification proposed by the 4CH project was implemented with respect to the one proposed by the 

main international protocols that are the object of study, and in relation to the specific research 

purposes. In particular, the final classification is configured as the result of the following operations: 

• homologation to the taxonomy used in the 4CH project with reference to the main international 

classifications; 

• implementation of the natural risk types closely correlated with climate change (e.g. heat wave 

e cold wave); 

• introduction of risk types resulting from interaction between natural and anthropic phenomena 

that can impact the conservation protection of the CH; 

• specific classification of certain risk types that make reference to generic phenomena (e.g. 

Pollution, Flood); 

• selection of anthropic risks in relation to the specific purposes of the research. 
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The following is the classification that was developed (Table 4): 

Table 4. Natural and anthropic risks for which to define the taxonomy. 

NATURAL RISK ANTHROPIC RISK 

Severe Weather Pollution 

Heat wave Air pollution 

Cold wave Water pollution 

Fire Soil pollution 

Downpour / Heavy rainfall events Building/Infrastructure/Industry 

Squall / windstorms Carbonation and CO2 uptake of 

concrete 

Hail Salt Crystallization 

Environmental Corrosion 

See Level rise Mining 

Storm surge Overtourism 

Silting Land Conversion 

Frost ground Agriculture/forestation 

Erosion Heritage crime 

Coastal erosion Vandalism 

Soil erosion Illicit trafficking 

Flood Management 

Flood Corruption 

Coastal flood Modern re-use 

Flash flood Political 

Fluvial-riverine flood Socio-cultural 

Precipitation-related Loss of traditional knowledge 

Desertification Other 

Drought War 

Geological events  

Earthquakes  

Volcano  

Landslide  

Avalanche (indirect)  

Tsunami (indirect)  

Biological  

Decay  

Vegetation  

Plant Pest  

Animal migration  

Invasive species  

Flora / Fauna  

Biodiversity loss  
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Having completed the classification and identified the risk types, the second phase of the 

research related to the definition, if possible, of the associated specific risks, the probability classes, 

the indicators, the indices, and the metrics (Table 5) of use for the purpose of the quantitative or semi-

quantitative assessment of the risk in relation to the cultural heritage. 

Table 5. Construction of the database on natural and anthropic risks with reference to the cultural 

heritage. 

Risk 

class 

Risk 

type 

Specific 

risk 

Probability 

classes 

Indicators Indices Unit of 

measurement 

Reference 

In order to complete the taxonomy and provide a framework that is as comprehensive as 

possible, the work proceeded as follows: 

• Assessment of the Projects financed by the EU framework programmes concluded or in the 

completion phase, considering the timeframe of the past ten 10 years, 2013-2023; 

• Use of Artificial Intelligence AI, chatbot; 

• Literature review and co-creation of the database with the support of specialists in the sector; 

• Analysis of reports of national and international agencies specialized in managing and assessing 

specific risks (e.g. The World Meteorological Organization); 

• Consultation of specific databases on the taxonomy of risks. 

2.4. Selection of European Project on CH multi-risk assessment  

Analysis of some of the main European projects on the topic was done using CORDIS, 

Community Research and Development Information Service, a database that collects the results of 

the Projects financed by the EU framework programmes for research and innovation (from FP1 to H 

2020). A set of keywords was used to scan the database in relation to the specific purpose of the 

research, considering the timeframe of the past ten 10 years (2013 to 2023). The analysis was 

immediately restricted to the projects with multi-risk analysis and assessment processes. An 

additional investigation was done on the INTERREG CENTRAL EUROPE platform which has a 

database of projects financed by the specific EU 2014-2020 fund, subdivided into four categories: 

INNOVATION, LOW-CARBON, ENVIRONMENT/CULTURE, TRANSPORT. The screening 

focused on the ENVIRONMENT/CULTURE category. Within this category, the choice was made to 

more deeply analyze two projects which, by analyzing the Deliverables, made it possible to obtain 

elements of use for further refining the risk taxonomy. 

The first of these projects is ProteCHt2save (2016-2019) (Table 6). In particular, the main focus 

of the research pertaining to the mitigation of the natural risks derived from CC, and in particular the 

floods and fires derived from periods of serious drought, was analyzed with the intent to preserve 

CH through a multi-scale approach, from the artefact to the landscape, using tailor-made solutions 

marked by relative simplicity of application. Analysis of the deliverables made it possible to track a 

partial classification of the natural risks derived from CC with some indices and indicators of use for 

the purpose of a quantitative assessment of the associated risks.  

Table 6. ProteCHt2save summary sheet. 

EU Project 

Start 

date – 

End date 

Project 

partners 
Short project description 

Classification areas, indices 

and indicators 

ProteCHt2

save - Risk 

assessment 

and 

01 July 

2017 - 30 

June 

2020 

Lead partner - 

Institute of 

Atmospheric 

Sciences and 

Climate – 

The Project came into being with the intent 

to provide to public and private 

institutions methods and tools to increase 

protection, to facilitate management, and 

to promote a sustainable use of the 

NATURAL RISK 

CLIMATIC EXTREME 

EVENTS: 

Heavy rainfalls 

Floods 
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sustainabl

e 

protection 

of cultural 

heritage in 

changing 

environme

nt 

Web 

source: 

https://ww

w.protecht

2save-

wgt.eu/ 

National 

Research 

Council of Italy 

(ISAC-CNR); 

Institute of 

Theoretical and 

Applied 

Mechanics of 

the Czech 

Academy of 

Sciences 

(ITAM); 

University for 

Continuing 

Education 

Krems Danube 

University 

Krems (DUK); 

Municipality of 

Ferrara (MUF); 

Municipal 

District Praha – 

Troja; 

Government of 

Baranya 

County (GBC); 

City of Kastela 

(COK); 

Municipality of 

Kocevje 

(MOK); 

Regional 

Development 

Agency 

Bielsko-Biala 

(ARRSA); 

Bielsko – Biala 

District. 

cultural heritage in the era of climate 

change. On the operative level, a GIS tool 

was studied through which to conduct the 

assessment of the risks derived from 

climate change to which Central Europe’s 

cultural heritage is subjected, in order to 

facilitate decisions on mitigation, 

protection, and evacuation strategies. This 

assessment is supplemented by the 

vulnerability percentage characterizing 

the cultural heritage subject to study, in 

order to support the identification of the 

areas at risk exposed to flooding, drought, 

and heatwaves. The web-GIS tool collects 

data and processes climate risk indices for 

two historic periods, from which two risk 

scenarios with 30-year projections were 

projected. Supporting the decision-

making phase, manuals are provided 

illustrating the good practices to be 

adopted in the various situations, 

mitigation, prevention, and evacuation. 

Warm spells, heat waves and 

drought 

Fires 

INDICES AND INDICATORS: 

Warm Days (e.g. TX90pa), 

Cold Days (e.g. TX10pa), 

Warm Nights (e.g. TN90pa, 

TRa), Cold Nights/Frosts (e.g. 

TN10pa, FDa), Extreme 

Precipitation (e.g., RX1daya, 

R95pa, R99pa), Dryness (e.g., 

CDDa)/ Drought 

Other data for the completion of the framework were extrapolated from the Strench (2020-2022) 

project, using the associated digital platform. The portal provides a list of natural risks derived from 

CC, such as: heavy rain, flood, drought, and extreme heat. Moreover, some climate variables are 

defined, like minimum temperature, maximum temperature, and precipitation, which may be 

considered as determinant factors in the definition of the risks. For the specific risks cited above, 

various indices and indicators of use for the quantitative and semi-quantitative assessment are 
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reported, in addition to a description to facilitate understanding of the associated phenomenon (Table 

7). 

Table 7. STRENCH summary sheet. 

EU Project Start 

date – 

End date 

Project 

partners 

Short project 

description 

Classification areas, 

indices and indicators 

STRENCH 

STRENgthening resilience 

of Cultural Heritage at risk in a changing 

environment 

through proactive transnational 

cooperation 

Web source: 

https://programme2014-20.interreg-

central.eu/Content.Node/STRENCH.html 

01 March 

2020 - 28 

February 

2022 

LP - ISAC-

CNR (IT) 

PP2 - ITAM 

CAS (CZ) 

PP3 - DUK 

(AT) 

PP4 - FVG 

(IT) 

PP5 - 

SISTEMA 

(AT) 

PP6 - 

LBDCA 

(HU) 

PP7 - UIRS 

(SI) 

PP8 - LRA 

FO (DE) 

PP9 - MoD 

(HR) 

The Project presents 

a web GIS platform 

for multi-risk 

analysis based on 

the assessment of 

indices in relation to 

phenomena caused 

by CC. Mapping of 

the phenomena on 

the web GIS tool to 

facilitate 

consultation for 

local institutions, in 

order to increase 

their skills in the 

process of setting 

intervention 

priorities and 

defining strategies 

(preparation / 

emergency / 

restoration). An 

additional element 

of innovation 

introduced by the 

Project is the 

possibility of 

analyzing the data 

in relation to 

temporal scenarios 

of the past or future, 

in order to 

understand the 

evolution and 

therefore to prevent 

NATURAL RISK 

Heavy rain - R20mm

  

Heavy rain - R95pTOT

  

Flooding - Rx5day  

Flooding - CWD  

Flooding  1-in-50 

return level 

Drought  - CDD 

Drought - 5 days 

consecutive dry days 

Extreme heating – Tx9

  

Extremely warm days 

Extreme heating -Seasonal 

count when TX (daily 

maximum)>35ºC. 

Extreme heating- Heat 

waves index 

Extreme heating - Tx9

  

Hot days - Seasonal No. 

days above average 99th 

percentile of TX (on basis 

of 1986-2005) 

Extreme heating - TR 

Tropical nights 
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any patterns of 

change and prepare 

suitable strategies. 

In the context of the Projects financed by the EU framework programmes, Prothego - PROTection 

of European Cultural HEritage from GeO-hazards (H2020, 2015-2018) (Table 8) deals with the issue of 

protection from CH with respect to the risks derived from such geomorphological events as 

landslides, earthquakes, and phenomena associated with volcanic activity. Analysis of the project’s 
deliverables allowed partial data on the taxonomy of geomorphological risks, like threshold values 

and indicators for a qualitative or semi-quantitative assessment, to be collected. No indices are 

present. 

Table 8. Prothego summary sheet. 

EU Project – Horizon 2020 Start date 

– End date 

Project partners Short project description Classification areas, 

indices and 

indicators 

Prothego - PROTection of 

European Cultural 

HEritage from GeO-

hazards 

Web source: 

https://www.prothego.eu/ 

H2020, 

2015-2018 

ISPRA — Institute 

for Environmental 

Protection and 

Research, Italy 

NERC — Natural 

Environment 

Research Council, 

UK 

CUT — Cyprus 

University of 

Technology, Cyprus 

UNIMIB — 

University of 

Milano-Bicocca, 

Italy 

IGME — Geological 

Survey of Spain 

The Project proposes a 

methodology for the assessment 

of the risks derived from 

geomorphological events, like 

landslides, earthquakes, and 

phenomena associated with 

volcanic activity, based on the 

combination of data originating 

from remote sensing activities 

and those present in the national 

and international databases, in 

order to identify the European 

cultural heritage potentially at 

risk. This activity is aimed at 

providing a tool for the 

prevention and assessment of 

the risks and to facilitate 

management operations in the 

planning of mitigation 

strategies. The investigation 

activities, suitably completed 

with operations of surveying 

and modelling the sites involved 

in the study, were the basis for 

the development of a digital 

map where a summary can be 

obtained of the potential 

NATURAL RISK 

Probabilistic 

seismic hazard map 

of Europe, 

expressed in terms 

of 10% exceedance 

probability in 50 

years for Peak 

Ground 

Acceleration 

Landslide – N/A 

Volcanic hazard - 

high level (12 Km) - 

proximal area 

potentially reached 

by lava and 

pyroclastic flows 

and fall of bombs, 

tephra and ash; 

low level (35 Km) - 

distal area 

potentially reached 

only by ash fallout. 

Subsidence Hazard 

– Potential 

Subsidence 

Baseline land 
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geomorphological risks for the 

research’s case studies 

(monuments and sites in Europe 

that are included in the 

UNESCO World Heritage List 

(WHL), that are potentially 

unstable due to geological risks). 

elevation (DEM) 

and sea level 

models; Potential 

coastal erodibility; 

Vertical motion 

related to 

neotectonics. 

Flood Hazard – 

N/A 

An additional research of the potential natural risks derived from CC that may affect CH is 

performed in the setting of the Heracles Project (H2020, 2016-2019). Analysis of the deliverables made 

it possible to identify the specific risks selected for the qualitative assessment. It was not possible to 

arrive at the indicators and indices used for the quantitative assessment of the risks (Table 9). 

Table 9. Heracles summary sheet. 

EU Project – Horizon 

2020 

Start 

date – 

End 

date 

Project partners Short project description Classification areas, 

indices and indicators 

Heracles -  Heritage 

resilience against 

climate events on site 

Web source: 

http://www.heracles-

project.eu/ 

H2020, 

1 May 

2016 - 

30 

April 

2019 

CNR - Consiglio 

Nazionale delle Ricerche 

E-GEOS SPA 

LEONARDO - Societa 

per azioni 

THALES Italia SPA 

FRAUNHOFER 

GESELLSCHAFT ZUR 

FORDERUNG DER 

ANGEWANDTEN 

FORSCHUNG EV 

ARIA TECHNOLOGIES 

SAS 

SISTEMA GMBH 

CVR S.R.L. 

CONSORZIO 

INTERUNIVERSITARIO 

NAZIONALE PER LA 

SCIENZA E 

TECNOLOGIA DEI 

MATERIALI 

UNINOVA-INSTITUTO 

DE 

The development of an ICT 

digital platform for the 

management of sites that are 

potentially unstable due to risks 

associated with climate change is 

the focus of the Heracles Project. 

The digital platform collects 

multi-scale data derived from 

various sources: from remote 

sensing to the modelling of the 

sites subject to study, and on-site 

monitoring of the parameters that 

may contribute towards the 

assessment of the potential risks 

derived from climate change. In 

addition to providing threshold 

values that, when exceeded, 

trigger an alert system, the 

database is effective for 

supporting conservation 

decisions and helping the 

interested parties prioritize 

operations and investments to 

  NATURAL 

HAZARDS: 

 floods, storms, 

earthquakes; 

 ANTHROPIC 

HAZARDS: 

   Environmental 

pollution. 
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DESENVOLVIMENTO 

DE NOVAS 

TECNOLOGIAS-

ASSOCIACAO 

 THE 

INTERNATIONAL 

EMERGENCY 

MANAGEMENT 

SOCIETY AISBL 

EUROPEAN 

MATERIALS 

RESEARCH SOCIETY 

IDRYMA 

TECHNOLOGIAS KAI 

EREVNAS 

PANEPISTIMIO KRITIS 

EPHORATE OF 

ANTIQUITIES OF 

HERAKLION 

COMUNE DI GUBBIO 

UNIVERSITA DEGLI 

STUDI DI PERUGIA 

improve the resilience of the 

cultural heritage. The 

methodology relating to the 

assessment of the risks proposed 

by the research differs from the 

others in that it starts from 

identifying the environmental 

and climate parameters, from 

whose variation the potential 

risks for the cultural heritage may 

be derived. These risks are 

explained along with the possible 

effects on the cultural heritage 

with a multi-scale dimension. 

The work undertaken in the STORM project (H2020, 2016-2019) underlies the development of 

decision-making tools aimed at facilitating the preservation of CH in the face of the challenges raised 

by climate change. Analysis of the deliverables made it possible to achieve the taxonomy of the main 

natural risks associated with climate change, with clear indication of indices and indicators (Table 

10). 

Table 10. Storm summary sheet. 

EU Project – 

Horizon 2020 

Start date – 

End date 

Project partners Short project description Classification areas, 

indices and 

indicators 

STORM – Heritage 

resilience against 

climate events on 

site 

Web source: 

http://www.storm-

project.eu/ 

H2020, 1 

June 2016 - 

31 May 

2019 

Engineering 

Ingegneria 

Informatica (ENG). 

Instituto de Novas 

Tecnologias (INOV); 

Foundation for 

Research and 

Technology (FORTH); 

Piraeus University of 

Applied Sciences 

The STORM project focused on the 

implementation of decision-making 

tools for the purpose of facilitating 

the protection of historic centres 

and archaeological sites affected by 

climate change and by natural risks. 

One of the outputs of the research 

was a collaborative platform for 

collecting and capitalizing on skills 

and knowledge on the topic. 

NATURAL RISK 

Table 11 
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(Technological 

Educational Institute 

of Piraeus – TEIP); 

Tuscia University 

(TUSCIA); University 

of Stuttgart 

(USTUTT); University 

of Salford (USAL). 

ResilTech (RESIL); 

KPeople (KP); Sparta 

Digital (SPA); Nova 

Conservação (NCR); 

Soprintendenza 

Speciale per il 

Colosseo, il Museo 

Nazionale Romano e 

l’Area archeologica di 

Roma (SSCOL); 

Mellor Archaeological 

Trust (MAT); Troia 

Resort (TRO); 

Ephorate of 

Antiquities of 

Rethymno 

(EFARETH); Bogazici 

University (BU). 

Direçaõ-Geral do 

Património Cultural 

(DGPC); 

Zentralanstalt für 

Meteorologie und 

Geodynamik 

(ZAMG). 

Corpo Nazionale dei 

Vigili del Fuoco 

(CNVV); Municipio 

de Grãndola (SMPC). 

Underlying the platform is the 

development of a set of new 

forecast models and non-invasive 

onsite investigation methods based 

on the IoT. This permits effective 

forecasts on environmental changes 

and a simpler identification of 

threats and conditions that might 

damage the sites with a multi-scale 

dimension. Moreover, through the 

“Safeguard of Cultural Heritage 

Recommendations in Government 

Politics” document, the project 

collects a set of guidelines and good 

practices originating from 

international protocols starting 

from 2015, with a focus on the 

management of cultural heritage 

and on the strategies for the 

mitigation of climate change. 

Table 11. STORM index of natural risk related to CC. 

Climate Indices 

Index Name Definition 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 January 2024                   doi:10.20944/preprints202401.2180.v1

https://doi.org/10.20944/preprints202401.2180.v1


 16 

 

CFD consecutive 

frost days 

number of consecutive days per time 

period with daily minimum 

temperature below 0°C 

CSU consecutive 

summer days 

number of consecutive days per time 

period with daily maximum 

temperature above 25°C 

ETR intra period 

extreme 

temperature 

intra-period difference of the maximum 

of maximum temperature and the 

minimum of minimum temperature 

FD frost days number of days per time period with 

daily minimum temperature below 0°C 

(yearly mean) 

HD heating degree 

days 

sum of the difference between room 

temperature (17°C) and daily mean 

temperature on days when daily mean 

temperature is below a constant value 

(17°C) 

ID ice days number of days per time period with 

daily maximum temperature below 0°C 

(yearly mean) 

SU summer days number of days where the daily 

maximum temperature is above 25°C 

(yearly mean) 

TR tropical nights number of days where the daily 

minimum temperature is above 20°C 

(yearly mean) 

Tg10p cold days 

percent wrt 

10th percentile 

of reference 

period 

percentage of days per time period 

where daily mean temperature is below 

the 10th percentile of daily mean 

temperatures of a 5-day window 

centred on each calendar day of a given 

30-year climate reference period 

Tg90p warm days 

percent wrt 

90th percentile 

of reference 

period 

percentage of days per time period 

where daily mean temperature is above 

the 90th percentile of daily mean 

temperatures of a 5-day window 

centred on each calendar day of a given 

30-year climate reference period 

Tn10p cold nights 

percent wrt 

10th percentile 

of reference 

period 

percentage of days per time period 

where daily minimum temperature is 

below the 10th percentile of daily 

minimum temperatures of a 5-day 

window centred on each calendar day 
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of a given 30-year climate reference 

period 

Tn90p warm nights 

percent wrt 

90th percentile 

of reference 

period 

percentage of days per time period 

where daily minimum temperature is 

above the 90th percentile of daily 

minimum temperatures of a 5-day 

window centred on each calendar day 

of a given 30-year climate reference 

period 

Tx10p very cold days 

percent wrt 

10th percentile 

of reference 

period 

percentage of days per time period 

where daily maximum temperature is 

below the 10th percentile of daily 

maximum temperatures of a 5-day 

window centred on each calendar day 

of a given 30-year climate reference 

period 

Tx90p very warm 

days percent 

wrt 90th 

percentile of 

reference 

period 

percentage of days per time period 

where daily maximum temperature is 

above the 90th percentile of daily 

maximum temperatures of a 5-day 

window centred on each calendar day 

of a given 30-year climate reference 

period 

CDD consecutive 

dry days 

number of consecutive days per time 

period with daily precipitation amount 

below 1 mm 

CWD consecutive 

wet days 

number of consecutive days per time 

period with daily precipitation amount 

at least 1 mm 

R75p moderate wet 

days wrt 75th 

percentile of 

reference 

period 

percentage of days where precipitation 

is higher than the calendar 75th 

percentile (centred on a 5-day window) 

of the reference period 

R75ptot precipitation 

percent due to 

r75p days 

total precipitation in a given period 

when daily precipitation is larger than 

the 75th percentile of the reference 

period 

R90p wet days wrt 

90th percentile 

of reference 

period 

percentage of days where precipitation 

is higher than the calendar 90th 

percentile (centred on a 5-day window) 

of the reference period 
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R90ptot precipitation 

percentage 

due to r90p 

days 

total precipitation in a given period 

when daily precipitation is larger than 

the 90th percentile of the reference 

period 

R95p very wet days 

wrt 95th 

percentile of 

reference 

period 

percentage of days where precipitation 

is higher than the calendar 95th 

percentile (centred on a 5-day window) 

of the reference period 

R95ptot precipitation 

percentage 

due to r95p 

days 

total precipitation in a given period 

when daily precipitation is larger than 

the 95th percentile of the reference 

period 

R99p extremely wet 

days wrt 99th 

percentile of 

reference 

period 

percentage of days where precipitation 

is higher than the calendar 99th 

percentile (centred on a 5-day window) 

of the reference period 

R99ptot precipitation 

percentage 

due to r99p 

days 

total precipitation in a given period 

when daily precipitation is larger than 

the 99th percentile of the reference 

period 

PD precipitation 

days 

number of days per time period with 

daily precipitation equal or greater than 

1 mm (yearly mean) 

RR1 wet days number of days per time period with 

daily precipitation of at least 1 mm 

(yearly mean) 

R10mm heavy 

precipitation 

days 

number of days per time period with 

daily precipitation equal or greater than 

10 mm (yearly mean) 

R20mm very heavy 

precipitation 

days 

number of days per time period with 

daily precipitation equal or greater than 

20 mm (yearly mean) 

RX1day highest one 

day 

precipitation 

amount 

maximum of one day precipitation 

amount in a given time period 

RX5day highest 5-day 

precipitation 

amount 

highest precipitation amount for 5-day 

interval 
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SDII simple daily 

precipitation 

intensity index 

mean of precipitation amount on wet 

days. A wet day is a day with a 

precipitation sum of at least 1 mm. 

STRWIN strong wind 

days 

number of days where wind speed 

maximum is greater than or equal to 

10.5 m/s (yearly mean) 

STRBRE strong breeze 

days 

number of days where wind speed 

maximum is greater than or equal to 

10.5 m/s (yearly mean) 

STRGAL strong gale 

days 

number of days where wind speed 

maximum is greater than or equal to 

20.5 m/s (yearly mean) 

HURR hurricane days number of days where wind speed 

maximum is greater than or equal to 

32.5 m/s (yearly mean) 

The RESIN project (H2020, 2015-2018) studies standardized procedures to assess the 

vulnerability of CH, evaluating the effectiveness of adaptation and mitigation measures. These 

procedures serve as a guide for decisions and the creation of mitigation strategies. For the purpose 

of the assessment, 31 natural risks were selected, and for 18 of them the indices and indicators for a 

quantitative assessment are reported (Table 12). 

Table 12. Resin summary sheet. 

EU Project – 

Horizon 2020 

Start date – End date Project partners Short project 

description 

Classification areas, indices 

and indicators 

RESIN -  Climate 

Resilient Cities and 

Infrastructures 

Web source: 

https://cordis.europ

a.eu/project/id/6535

22 

H2020, 1 May 2015 - 

31 October 2018 

FRAUNHOFER 

GESELLSCHAFT ZUR 

FORDERUNG DER 

ANGEWANDTEN 

FORSCHUNG EV; 

FUNDACION 

TECNALIA 

RESEARCH & 

INNOVATION; 

ICLEI EUROPEAN 

SECRETARIAT 

GMBH (ICLEI 

EUROPASEKRETARI

AT GMBH); 

ECOLE DES 

INGENIEURS DE LA 

VILLE DEPARIS; 

ITTI SP ZOO; 

The project 

provides 

standardized 

methodologies 

for vulnerability 

assessment, 

assessment of 

performance as 

relates to 

adaptation 

measures as a 

tool to support 

the decisions and 

the development 

of solid 

adaptation 

strategies 

tailored to the 

NATURAL RISK 

Wildfire hazard - This 

indicator identifies the 

proportion of the NUTS 3 

region defined as 'burnt 

areas' according to the 2012 

Corine classification.  

Coastal hazard - This 

indicator provides data on 

the % of the total length of 

the NUTS3 unit coastline (in 

km) that is exposed to a 1 in 

100 year coastal storm 

surge, and also the % of the 

total length of the coastline 

that is exposed to 1 meter 

sea level rise. 
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STICHTING 

KONINKLIJK 

NEDERLANDS 

NORMALISATIE 

INSTITUUT; 

ARCADIS 

NEDERLAND BV; 

ASOCIACION BC3 

BASQUE CENTRE 

FOR CLIMATE 

CHANGE - KLIMA 

ALDAKETA 

IKERGAI; 

HLAVNE MESTO 

SLOVENSKEJ 

REPUBLIKY 

BRATISLAVA; 

THE UNIVERSITY OF 

MANCHESTER; 

UNIVERZITA 

KOMENSKEHO V 

BRATISLAVE; 

AYUNTAMIENTO DE 

BILBAO; 

OLDHAM 

METROPOLITAN 

BOROUGH 

COUNCIL; 

SIEMENS 

AKTIENGESELLSCH

AFT OESTERREICH; 

SIEMENS 

AKTIENGESELLSCH

AFT; 

UNIRESEARCH BV 

city. In this 

regard, three 

tools were 

developed, as 

well as a guide to 

support the 

decision-making 

phase: the 

“Adaptation 

eGuide” (tool to 

support the 

development of 

adaptation plans 

and strategies), 

an interactive 

map that allows 

climate risks in 

Europe to be 

displayed, and 

lastly a database 

of solutions for 

adaptation and 

mitigation of the 

risks connected 

to climate 

change. The 

guide developed 

in the 

consortium 

explains the 

IVAVIA (Impact 

and 

Vulnerability 

Analysis of Vital 

Infrastructures 

and built-up 

Areas) 

methodology, a 

risk-based 

vulnerability 

assessment that 

Drought hazard - This 

indicator utilises the 

Standardized Precipitation-

Evapotranspiration Index 

(SPEI) at nine month 

timescales to provide a 

measure of meteorological 

drought.  

Fluvial hazard - This 

indicator uses Joint 

Research Centre (JRC) flood 

mapping data to show the 

percentage of the total area 

of the NUTS3 area that 

would be prone to flooding 

in the event of a 1 in 100 

year fluvial flood. 

Landslide hazard - This 

indicator draws on NASA’s 

Global Landslide 

Susceptibility Map, which 

identifies the potential for 

landslides across the Earth’s 

surface on a scale from 

slight to severe.  

Mean temperature - This 

indicator shows the 

difference in daily mean 

temperature between the 

1981- 2010 period (observed 

baseline) and the 2036-2065 

period (future projection).  

Maximum temperature -

This indicator shows the 

difference in maximum 

temperature between the 

1981- 2010 period (observed 

baseline) and the 2036-2065 

period (future projection).  

Summer days - This 

indicator shows the 
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allows the 

interested 

parties to map, 

analyze, and 

communicate the 

impact of climate 

scenarios and of 

meteorological 

events in an 

urban area. The 

tools and guide 

are available 

online in open 

access, with a 

very simple 

interface. 

difference in the number of 

days with a maximum 

temperature more than 

25°C between the 1981-2010 

period (observed baseline) 

and the 2036-2065 period 

(future projection).  

Tropical nights - This 

indicator shows the 

difference in the number of 

nights where the minimum 

temperature does not drop 

below 20°C between the 

1981-2010 period (observed 

baseline) and the 2036-2065 

period (future projection).  

Heat wave days - This 

indicator shows the 

difference in the number of 

days with a maximum 

temperature of more than 

35°C between the 1981-2010 

period (observed baseline) 

and the 2036-2065 period 

(future projection).  

Minimum temperature -

This indicator shows the 

difference in minimum 

temperature between the 

1981- 2010 period (observed 

baseline) and the 2036-2065 

period (future projection). 

Frost days - This indicator 

shows the difference in the 

number of days with a 

minimum temperature of 

less than 0°C between the 

1981-2010 period (observed 

baseline) and the 2036-2065 

period (future projection).  
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Ice days - This indicator 

shows the difference in the 

number of days with a 

maximum temperature of 

less than 0°C between the 

1981-2010 period (observed 

baseline) and the 2036-2065 

period (future projection).  

Total wet-day precipitation 

- This indicator shows the 

difference between the 

1981-2010 period (observed 

baseline) and the 2036-2065 

period (future projection) in 

the cumulated precipitation 

for days with precipitation 

greater than or equal to 

1mm.  

Consecutive wet days - 

This indicator shows the 

difference between the 

1981-2010 period (observed 

baseline) and the 2036-2065 

period (future projection) in 

the number of consecutive 

wet days with precipitation 

greater than or equal to 

1mm.  

Heavy precipitation days - 

This indicator shows the 

difference between the 

1981-2010 period (observed 

baseline) and the 2036-2065 

period (future projection) in 

the number of days with 

precipitation greater than or 

equal to 10mm.  

Very heavy precipitation 

days - This indicator shows 

the difference between the 

1981-2010 period (observed 
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baseline) and the 2036-2065 

period (future projection) in 

the number of days with 

precipitation greater than or 

equal to 20mm.  

Consecutive dry days - This 

indicator shows the 

difference between the 

1981-2010 period (observed 

baseline) and the 2036-2065 

period (future projection) in 

the number of consecutive 

dry days with precipitation 

less than 1mm. 

A holistic vision based on a data-driven process regarding the impact of the natural risks 

associated with climate change on the cultural heritage is provided by the European SHELTER 

Project (H2020, 2019-2023). Analysis of the deliverables and milestones yields a clear classification of 

the natural risks, developed through dedicated analysis summary sheets where essential information 

can be retrieved for outlining the damage component associated with the following risk types: 

Geophysical, Meteorological, Climatological, and Hydrological. For the following types, the main 

biophysical and climatic factors that may be considered as “determinant,” and the specific, derived 
risks, are identified. Completing the analysis are summary sheets for each risk that cast light on the 

following: risk type and class; possible receivers or exposed asset; analysis scale; timeframe (forecast); 

threshold value with respect to which the potential risk is to be determined (Table 13).  

Table 13. Shelter summary sheet. 

EU Project – 

Horizon 2020 

Start date 

– End 

date 

Project partners Short project 

description 

Classification areas, indices and indicators 

SHELTER -  

Sustainable 

Historic 

Environments 

hoListic 

reconstruction 

through 

Technological 

Enhancement 

and 

community 

based 

Resilience 

Web source: 

H2020, 1 

June 2019 

- 31 May 

2023 

Engineering 

Ingegneria 

Informatica (ENG). 

Instituto de Novas 

Tecnologias 

(INOV); 

Foundation for 

Research and 

Technology 

(FORTH); Piraeus 

University of 

Applied Sciences 

(Technological 

Educational 

Institute of Piraeus 

The Project is founded 

upon the evidence of 

the direct and indirect 

impacts of climate 

change on the tangible 

cultural heritage  and 

the need to supply 

methods and tools of 

use for the 

identification, 

assessment, and 

consequent mitigation 

of risks associated 

with the phenomenon 

introduced above. In-

NATURAL RISK 

Geophysical (Originated from mass 

movement of solid earth)  

Earthquake – PGA (Peak Ground 

Acceleration) = 0.5 

Subsidence -  Threshold 10 mm/year 

Meteorological (Short-term or small-scale 

weather conditions) 

Severe wind/storm – Storm Gale >75 km/h, 

Hurricane >117 km/h 

Heat wave – Heatwave Number HWN, 

Heatwave Frequency HWF, Heatwave 

Amplitude HWA 
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https://shelter-

project.com/ 

– TEIP); Università 

degli Studi della 

Tuscia (TUSCIA); 

University of 

Stuttgart 

(USTUTT); 

University of 

Salford (USAL). 

ResilTech (RESIL); 

KPeople (KP); 

Sparta Digital 

(SPA); Nova 

Conservação 

(NCR); 

Soprintendenza 

Speciale per il 

Colosseo, il Museo 

Nazionale Romano 

e l’Area 

archeologica di 

Roma (SSCOL); 

Mellor 

Archaeological 

Trust (MAT); Troia 

Resort (TRO); 

Ephorate of 

Antiquities of 

Rethymno 

(EFARETH); 

Bogazici University 

(BU). 

Direçaõ-Geral do 

Património 

Cultural (DGPC); 

Zentralanstalt für 

Meteorologie und 

Geodynamik 

(ZAMG). 

Corpo Nazionale 

dei Vigili del Fuoco 

(CNVV); 

Municipio de 

Grãndola (SMPC). 

depth understanding 

of the risk assessment 

is crucial in defining a 

methodology, tools, 

and strategies of use 

for improving 

resilience and 

guaranteeing 

sustainability that 

may be applied in 

different European 

settings and on 

various components 

of the cultural 

heritage. Supporting 

this process, the 

framework was 

implemented with a 

digital platform based 

on multi-scale data 

through which to 

access the information 

necessary for a 

governance of the 

risks that is as holistic 

as possible. 

Climatological (Long-term or large-scale 

atmospheric processes) 

Forest fire and land fire – FIRE WEATHER 

INDEX 

Hydrological (Mass movement of water 

influenced by meteorological) 

Surface flood/runoff  

River flood – Flood Peak flow rate (m3/s), 

Time to flood peak (hours), Flood Peak 

Volume (m3), 

Pluvial flood – Flood Peak height (m), Time 

to flood peak (hours) 
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Analysis of these projects described above and of others among the major financed European 

Projects taken into consideration (15 in all) shows how the setting of the risks associated with natural 

phenomena, for the most part linked to climate change, is the one most investigated, and for which 

there is a solid classification of the risks and a complete description of the associated phenomena, in 

both qualitative and quantitative terms. For the latter, the taxonomy relating to indicators and indices 

described above were employed as a starting point for developing the framework. Lastly, in light of 

the investigation that was performed, there are no financed projects aimed at more deeply analyzing 

the anthropic risks associated with CH, also as pertains to natural risks, in order to asses possible 

interactions between the two components. 

2.5. Artificial Intelligence as research assistant: using chatbot 

To complete the framework’s taxonomy, use was made of Artificial Intelligence (AI) tools, 
particularly CHATGPT 3.5, OPENAI chatbot, an automatic learning model that uses deep learning 

techniques to generate a text [REFERENCE]. These machines are trained by human beings and by 

other machines using an enormous dataset updated to 2022. In order to determine indicators, indices, 

and metrics of the specific risks belonging to the two risk classes (natural and anthropic), the 

following queries were submitted to the chatbot: 

• “(SPECIFIC RISK) indices and metrics”; 
• “Can you specify the unity of measure of indices?” 

• “(SPECIFIC RISK) indices and metrics scientific references”. 
The following is a research example on a specific risk based on the queries (Table 14): 

Table 14. Hazard taxonomy through AI chatbot. 

HUMAN QUERY CHATBOT ANSWER 

“Coastal flood indices” Coastal flood indices and metrics are used to 

assess the potential risks and impacts of coastal 

flooding events, including storm surges and 

sea level rise. These metrics help researchers, 

coastal planners, and policymakers understand 

the vulnerability of coastal areas and make 

informed decisions for adaptation and 

mitigation strategies. Here are some coastal 

flood indices and metrics, along with potential 

sources for scientific references: 

1. Storm Surge Height: The increase in 

water level caused by a storm over and 

above the predicted astronomical tide. 

2. Flood Depth: The depth of floodwater 

above ground level during a coastal 

flooding event. 

3. Flood Inundation Area: The extent of 

land area affected by coastal flooding. 

4. Wave Runup: The maximum vertical 

distance that a wave moves up the 

beach face during a storm surge. 
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5. Flood Frequency Analysis: The 

statistical analysis of historical flood 

data to estimate the likelihood of 

different flood magnitudes. 

6. Return Period: The average time 

interval over which a particular flood 

magnitude is expected to occur. 

7. Coastal Vulnerability Index: An index 

that assesses the susceptibility of 

coastal areas to flooding based on 

factors like elevation, land use, and 

geomorphology. 

8. Inundation Depth-Damage Curve: A 

curve that relates flood inundation 

depth to the estimated damage caused 

to buildings and infrastructure. 

9. Population Exposure Metrics: Metrics 

that quantify the number of people at 

risk from coastal flooding events. 

10. Economic Impact Assessment: The 

estimation of economic losses caused 

by coastal flooding events, including 

property damage and business 

interruption. 

For each of these coastal flood indices and 

metrics, you can search academic databases, 

government agency websites, and relevant 

scientific journals to find more detailed 

information and references. 

“Coastal flood metrics” Certainly, here are some common coastal flood 

indices and metrics along with their 

corresponding units of measure: 

1. Storm Surge Height: Meters or feet 

2. Flood Depth: Meters or feet 

3. Flood Inundation Area: Square meters 

or square feet 

4. Wave Runup: Meters or feet 

5. Flood Frequency Analysis: Unitless 

(probability) 

6. Return Period: Years 

7. Coastal Vulnerability Index: Unitless 

(index) 
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8. Inundation Depth-Damage Curve: 

Unitless (index) or monetary units (e.g., 

USD) 

9. Population Exposure Metrics: Number 

of people 

10. Economic Impact Assessment: 

Monetary units (e.g., USD, EUR) 

“Scientific references about Coastal flood 
indices and metrics” 

1. Storm Surge Height:  

o Reference: NHC Glossary of 

NHC Terms. 

2. Flood Depth:  

o Reference: FEMA Glossary of 

Terms. 

3. Flood Inundation Area:  

o Reference: NOAA Digital 

Coast. 

4. Wave Runup:  

o Reference: Stockdon, H. F., 

Holman, R. A., Howd, P. A., & 

Sallenger Jr, A. H. (2006). 

Empirical parameterization of 

setup, swash, and runup. 

Coastal Engineering, 53(7), 573-

588. 

5. Flood Frequency Analysis:  

o Reference: Vogel, R. M., & 

Fennessey, N. M. (1994). Flow-

duration curves. I: New 

interpretation and confidence 

intervals. Journal of Hydraulic 

Engineering, 120(2), 238-253. 

6. Return Period:  

o Reference: Olivera, F., and 

Maidment, D. (2008). 

Hydrology: Frequency analysis 

of extreme events. The 

Handbook of Hydrology, 

Second Edition. 

7. Coastal Vulnerability Index:  

o Reference: Thieler, E. R., 

Hapke, C. J., & Williams, S. J. 

(2011). Coastal Vulnerability to 

Sea-Level Rise: A Preliminary 
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Database for the U.S. Atlantic, 

Gulf of Mexico, and Caribbean 

Islands. 

8. Inundation Depth-Damage Curve:  

o Reference: FEMA Coastal 

Floodplain Mapping 

Guidelines and Specifications, 

Appendix C. 

9. Population Exposure Metrics:  

o Reference: World Bank. (2019). 

Lifelines: The Resilient 

Infrastructure Opportunity. 

10. Economic Impact Assessment:  

o Reference: Hallegatte, S., 

Green, C., Nicholls, R. J., & 

Corfee-Morlot, J. (2013). Future 

flood losses in major coastal 

cities. Nature Climate Change, 

3(9), 802-806. 

 

Although the operation is handy in methods and timing, three actions are needed to verify the 

scientific reliability of the results: 

• Analysis of indicators, indices, and metrics provided by the chatbot through a comparison with 

specific scientific publications and with data contained in European Projects that have been 

concluded or are in their performance phase; 

• Verification of the references provided by the chatbot on specific databases (e.g. Scopus); 

• Selection of risk indicators and indices, excluding those that refer to exposure to vulnerability. 

The verification of the references provided by the chatbot that was conducted in the experiment 

confirmed their reliability with respect to the topic discussed, but also highlighted many possibilities 

for use and many problems yet to be resolved. In particular, it is emphasized that this latter phase 

makes the methodology unsuitable for searching the parameters being studied, given the vastness of 

the identified specific risks. Therefore, the use of this tool is still to be confined to the preliminary 

research phase in order to restrict the field of investigation especially as relates to the types of risks 

that refer to the anthropic risks class. An additional innovation and possibility is outlined by 

ChatGPT 4’s version 4 Turbo, in which a specific chatbot can be created, able to develop and analyze 

a set of scientific publications in order to provide specific data required by the user. This operation 

might facilitate the research by considerably reducing the time dedicated to literature review. 

2.6. Report analysis and co-creation through expert-based knowledge 

An additional tool used to compile the database was that of seeking the parameters that describe 

the specific risks in reports of national and international Agencies and through the consultation of 

industry experts able to provide expert-based knowledge on given specific risks. Consulting the 

reports of International Agencies made it possible to complete or implement the taxonomy of the 

following specific risks: 

• Anthropic risk, Air pollution [20]; 

• Anthropic risk, Soil pollution in agriculture [21]; 

• Anthropic risk, Overtourism [22]; 
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• Natural risk, Extreme Weather and Climate Events [23,24]; 

• Natural risk, Fire [25]; 

• Natural risk, Avalanche [26]; 

• Natural risk, Flash Flood [27]; 

• Natural risk, Soil Erosion [28]; 

• Natural risk, Drought [29]. 

A multidisciplinary and opensource framework having been prepared, certain risks were 

defined thanks to a process of co-creation exploiting the expert-based knowledge of the Sapienza 

University of Rome research unit composed of researchers from various disciplinary sectors. 

Through the co-creation process, the taxonomy of the following risks was defined: 

• Anthropic risk, Carbonation and CO2 uptake of concrete [31]; 

• Anthropic risk, Salt Crystallization [32]; 

• Anthropic risk, Corrosion [33,34]; 

• Natural risk, Invasive species e Biodiversity Loss [35]; 

• Natural risk, Plant Pest [36]; 

• Natural risk, Desertification [37]. 

2.7. Systematic literature review (SLR) 

The SLR process was adopted, within the setting of this research, above all to identify the 

components missing within the framework relating to the natural and anthropic risks (Table 15) of 

use for a semi-quantitative and quantitative assessment and, in the absence of these, for identifying 

the methodologies and criteria employed in the assessment processes. In particular, work was done 

with respect to two research queries (RQs): 

- (RQ1) Are there indexes and metrics to be applied to anthropic or natural risks for quantitative 

assessment?  

- (RQ2) What criteria (indicators) these research articles employ for anthropic risks assessment? 

Table 15. Risk to be evaluated with SLR process. 

RISKS NATURALI RISKS ANTHROPIC 

Severe Weather Pollution 

Hail Water pollution 

Environmental Building/Infrastructure/Industry 

See Level rise Mining 

Silting Land Conversion 

Frost ground Agriculture/forestation 

Erosion Heritage crime 

Coastal erosion Vandalism  
Illicit trafficking   

Management 
 

Corruption  
Moder re-use  

Political 

 Socio-cultural 

 Loss of traditional knowledge  

 Other 

 War  

In relation to the research queries, the SLR process followed these steps: 
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- Determining the keywords for building an effective research string in which the first term relates 

to the “Risk assessment” and the second term relates to the specific risk, e.g. “Air Pollution,” or, 
conversely, while a possible third term, as well as synonyms, might be employed to reduce the 

research field by identifying their specific setting, e.g. “Cultural Heritage,” “Indicators and 
indices,” and “Hazard modelling"; 

- Defining the list of inclusion and exclusion criteria. (Table 16); 

- Selecting and analyzing the relevant research. 

Table 16. The inclusion and exclusion criteria for the SLR. 

Factor Inclusion Criteria Exclusion Criteria 

Document Type Peer-reviewed journal articles; 

Peer-reviewed conference 

articles; 

Primary research 

Grey literature (e.g., M.Sc. and 

Ph.D. 

theses); 

Books and book chapters; 

Secondary research. 

Year Range Between 2013–2023 Before 2013 and after  

2023 

Ultimate context 

and intimate 

context 

All kinds of cultural heritage 

(e.g., urban context, historical 

sites, historical buildings, 

landscape); 

Discusses quantitative risk 

assessment for a specific 

hazard 

in generic contexts, including 

cultural heritage ones 

Qualitative risk assessment 

Relevance to the 

objectives 

The articles address “Risk 

Assessment” for a specific 

hazard* and answer one or 

more research query(ies). 

The article discusses a specific 

topic not relevant to the 

research queries. 

Language English  Limited to (English) 

Research topic  Qualitative anthropic’s risks 
assessment 

In order to select the database most efficient for the purposes of the research, three of the leading 

web search engines were compared (Figure 1): 

• Rome Digital Library System of Sapienza University- SBS (Discovery Sapienza) powered by 

EBSCO host (https://web.uniroma1.it/sbs/discoverysapienza); 

• SCOPUS peer review database (https://www.scopus.com); 

• GOOGLE SCHOOLAR free Web search engine that specifically searches scholarly literature and 

academic resources (https://scholar.google.com/). 
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Figure 1. Database selection. 

For the research in question, the decision was made to exclude the use of Google Scholar, as it 

has no peer review filters in the initial phases of the search, and Discovery Sapienza for problems 

relating to the host and the accesses, privileging the use of SCOPUS (SC). The initial results of the test 

were obtained by applying the TITLE-ABS-KEY codes to all the “query string” fields. The SC 
database does not automatically detect the duplicated elements. Starting from the initial query, the 

research was conducted for each specific risk indicated in the table (Table 12). Due to the specific 

nature of each of the risks and in order to achieve the best results, the initial query was modified 

(again within the search field) by changing the order of its terms or eliminating some of them until 

obtaining the query suitable to yield the results (Figures 2 and 3).  
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Figure 2. Adding and modifying Boolean expressions. 
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Figure 3. List of RQs used in SLR. 

The selection was further restricted by applying the “Study Area” filter on SC in order to refine 
the research by excluding those disciplinary areas that lie outside the research setting. The selected 

studies, divided into folders for each specific risk, were exported into the format (RIS) using the 

Rayyan online platform (htps://www.rayyan.ai) for the screening. The software in question allows 

users to analyze each article by displaying the title, abstract, keywords, publisher, and authors to 

determine the product’s inclusion, exclusion, or uncertainty in order to respond to the research 
queries.  
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2.7.1. Water pollution 

The SLR process for the anthropic risk relating to Water Pollution employed the following 

research query (RQ): "Risk assessment" AND “Water pollution” AND “Water Quality Index.” The 
RQ yielded 88 results as research products within the previously defined inclusion and exclusion 

criteria (Table 17). 

Table 17. SLR on water pollution. 

Name Query Documents 

Water Pollution  (Risk assessment) AND (Water pollution) 

AND (Water Quality Index) 

88 (Appendix 1) 

An initial analysis of the articles was carried out using the pertinent abstracts in order to identify 

the presence of indicators and indices of use for a quantitative or semi-quantitative assessment of the 

specific risk. As a result of this second phase, 28 papers were selected, with respect to which 6 

scientific articles were analyzed in the portion relating to the description and assessment of the risk. 

The SLR made it possible to define indicators and indices of use for a quantitative assessment of the 

specific risk Water Pollution [38,43] to be implemented in the prepared framework. 

2.7.2. Hail 

The SLR process for the natural risk, Severe Weather, relating to Hail, employed the following RQ: 

"Risk assessment" AND “Hail”. This research yielded 22 results as research products within the 

previously defined inclusion and exclusion criteria (Table 18). 

Table 18. SLR on hail. 

Name Query Documents 

Hail  (Risk assessment) AND (Hail)  22 (Appendix 2) 

An initial analysis of the articles was carried out using the pertinent abstracts in order to identify 

the presence of indicators and indices of use for a quantitative or semi-quantitative assessment of the 

specific risk. As a result of this second phase, 2 papers were selected, for which an analytic study was 

done of the part relating to the definition and assessment of the risk. The SLR made it possible to 

define indicators and indices of use for a quantitative assessment of the specific risk Hail [44,45] to be 

implemented in the prepared framework. 

2.7.3. Coastal erosion 

The SLR process for the natural risk, Severe Weather, relating to Coastal Erosion employed the 

following RQ: "Risk assessment" AND “Coastal erosion”. The RQ yielded 120 results as research 

products within the previously defined inclusion and exclusion criteria (Table 19). 

Table 19. SLR on coastal erosion. 

Name Query Documents 

Coastal Erosion (Risk assessment) AND (Coastal erosion )  120 (Appendix 3) 

An initial analysis of the articles was carried out using the pertinent abstracts in order to identify 

the presence of indicators and indices of use for a quantitative or semi-quantitative assessment of the 

specific risk. Given the vastness of the results, the keyword “coastal erosion” was employed to carry 
out a focus on the specific risk. As a result of this additional screening, 7 papers were selected, for 

which an analytic study was done of the part relating to the definition of the risk. The SLR made it 
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possible to define indicators and indices of use for a quantitative assessment of the specific risk Coastal 

erosion [46,52] to be implemented in the prepared framework. 

2.7.4. Siltation 

The SLR process for the natural risk relating to Siltation employed the following RQ: "Risk 

assessment" AND “Siltation”. The RQ yielded 12 results as research products within the previously 
defined inclusion and exclusion criteria (Table 20) 

Table 20. SLR on siltation. 

Name Query Documents 

Siltation (Risk Assessment) AND (Siltation)  12 (Appendix 4) 

An initial analysis of the articles was carried out using the pertinent abstracts in order to identify 

the presence of indicators and indices of use for a quantitative or semi-quantitative assessment of the 

specific risk. As a result of this additional screening, 4 papers were selected, for which an analytic 

study was done of the part relating to the definition of the risk. The SLR made it possible to define 

indicators and indices of use for a quantitative assessment of the specific risk Siltation [53,56] to be 

implemented in the prepared framework. 

2.7.5. Frost ground 

The SLR process for the natural risk relating to the Frost phenomenon employed the following 

RQ "Risk assessment" AND “Frost,” which yielded 74 results as research products within the 

previously defined inclusion and exclusion criteria (Table 21). 

Table 21. SLR on frost. 

Name Query Documents 

Frost   (Risk Assessment) AND (Frost)  74 (Appendix 5) 

An initial analysis of the articles was carried out using the pertinent abstracts in order to identify 

the presence of indicators and indices of use for a quantitative or semi-quantitative assessment of the 

specific risk. As a result of this additional screening, 14 papers were selected, for which an analytic 

study was done of the part relating to the definition of the risk. The SLR made it possible to define 

indicators and indices of use for a quantitative assessment of the specific risk Frost [57,69] to be 

implemented in the prepared framework. 

2.7.6. Sea level rise 

The SLR process for the natural risk relating to the phenomenon Sea level rise employed the 

following RQ: "Risk assessment" AND “Sea level rise”. This research yielded 449 results as research 

products within the previously defined inclusion and exclusion criteria. To perform an additional 

screening of the results, an additional keyword, “Index”, was used, for which 48 scientific products 
were obtained (Table 22). 

Table 22. SLR on sea-level rise. 

Name Query Documents 

Sea Level Rise (Risk assessment) AND (Sea Level Rise) AND 

(indexes)  

48 (Appendix 6) 

An initial analysis was performed using the pertinent abstracts in order to identify the presence 

of indicators and indices of use for a quantitative or semi-quantitative assessment of the specific risk. 
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As a result of this additional screening, 7 papers were selected, for which an analytic study was done 

of the part relating to the definition of the risk. The SLR made it possible to define indicators and 

indices of use for a quantitative assessment of the specific risk Sea level rise [70,77] to be implemented 

in the prepared framework. 

2.7.7. Mining 

The SLR process for the natural risk relating to the phenomenon del Mining employed the 

following RQ: "Risk assessment" AND “Mining hazard”. The RQ yielded 11 results as research 

products within the previously defined inclusion and exclusion criteria (Table 23). 

Table 23. SLR on mining. 

Name Query Documents 

Mining (Risk assessment) AND (Mining hazard)  11 (Appendix 7) 

An initial analysis was performed using the pertinent abstracts in order to identify the presence 

of indicators and indices of use for a quantitative or semi-quantitative assessment of the specific risk. 

As a result of this additional screening, 2 papers were selected, for which an analytic study was done 

of the part relating to the definition of the risk. The SLR made it possible to define indicators and 

indices of use for a quantitative assessment of the specific risk Mining [78,79] to be implemented in 

the prepared framework. 

2.7.8. Deforestation/land conversion 

The SLR process for the natural risk relating to the phenomenon del Deforestation/land conversion 

employed the following RQ: “land OR agricultural” AND “expansion” OR “land” AND “cover” OR 
“use” AND “changes” OR “deforestation” AND “quantitative” AND "risk assessment.” The RQ 

yielded 56 results as research products within the previously defined inclusion and exclusion criteria 

(Table 24). 

Table 24. SLR on deforestation/land conversion. 

Name Query Documents 

Deforestation/Land 

conversion 

(land OR agricultural) AND expansion) OR 

(land AND (cover OR use) AND changes) OR 

deforestation) AND (quantitative) AND ("risk 

assessment")  

56 (Appendix 8) 

An initial analysis was performed using the following search filters: quantitative, risk, risk 

assessment, index, indicators, and cultural heritage. As a result of this screening, 27 papers were 

discarded while for the remaining 19 an analytic study of the portion relating to the definition of the 

risk was performed an analytic study of the portion relating to the definition of the risk was 

performed. The SLR made it possible to define indicators and indices of use for a quantitative 

assessment of the specific risk Deforestation/land conversion [80,98] to be implemented in the prepared 

framework. Although climate change is indicated as the main cause, the scientific community is 

increasingly aware of the role played by anthropic pressures on the natural ecosystems. The 

indicators and indices identified to measure the deforestation risk are linked mainly to the 

characteristics of the soil and vegetation. 

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 January 2024                   doi:10.20944/preprints202401.2180.v1

https://doi.org/10.20944/preprints202401.2180.v1


 37 

 

2.7.9. Vandalism 

The SLR process for the natural risk relating to the Vandalism phenomenon employed the 

following RQ: “vandalism” AND “cultural heritage,” which yielded 21 results as research products 

within the previously defined inclusion and exclusion criteria (Table 25). 

Table 25. SLR on vandalism. 

Name Query Documents 

Vandalism (vandalism) AND ("cultural heritage")  21 (Appendix 9) 

An initial screening was performed using the following search filters: quantitative, risk, risk 

assessment, index, indicators, and cultural heritage. As a result of this screening, 9 papers were 

discarded while for the remaining 6 an analytic study of the portion relating to the definition of the 

risk was performed. The SLR made it possible to define indicators and indices of use for a quantitative 

assessment of the specific risk Vandalism [99,105] to be implemented in the prepared framework. 

Evidence of the classification of various types of vandalism that can strike the cultural heritage (e.g. 

graffiti, ideological vandalism) was found. The only code found in the SLR relates to the Security Rating Index 

(SRI) while many of the indicators can be used to comprehend the level of vulnerability of the cultural heritage 

in the event of hazard. 

2.7.10. Illicit trafficking 

The SLR process for the natural risk relating to the Illicit trafficking phenomenon employed the 

following RQ: "illicit trafficking” AND "cultural heritage". The RQ yielded 23 results as research 

products within the previously defined inclusion and exclusion criteria (Table 26).  

Table 26. SLR on illicit trafficking. 

Name Query Documents 

Illicit trafficking ("illicit trafficking") AND ("cultural heritage") 23 (Appendix 10) 

An initial screening was performed using the following search filters: quantitative, risk, risk 

assessment, index, indicators, and cultural heritage. As a result of this screening, 8 papers were 

selected, for which an analytic study was done of the part relating to the definition of the risk 

[106,119]. The SLR made it possible to define indicators to be implemented in the framework of use 

for measuring the probability that this risk might take place, most of which linked to policies for 

managing the cultural heritage and to natural and anthropic events (e.g. wars) that influence the 

management of CH. Analysis of the articles shows a growing sensitivity to the illegal traffic, as 

demonstrated by recent initiatives by UNESCO or ICOMOS to increase the level of protection against 

illegal trafficking also through international cooperation policies in order to make the specific 

legislation uniform. No evidence was found on the use of indices for the purposes of the quantitative 

assessment of the specific risk. 

2.7.11. Corruption 

The SLR process for the natural risk relating to the Corruption phenomenon employed the 

following RQs: “corruption” AND “quantitative” AND “risk assessment,” “corruption” AND "risk 
assessment," “corruption” AND “quantitative” AND “risk assessment.” The RQs respectively 
yielded 5, 56, and 14 results as research products within the previously defined inclusion and 

exclusion criteria (Table 27).  
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Table 27. SLR on corruption. 

Name Query Documents 

Corruption (corruption) AND (quantitative) AND (“risk 
assessment”) 

5 (Appendix 11) 

Corruption (corruption) AND ("risk assessment")  56 (Appendix 12) 

Corruption (corruption) AND (quantitative) AND (“risk 
assessment”) 

14 (Appendix 13) 

An initial screening was performed using the following search filters: quantitative, risk, risk 

assessment, index, indicators, and cultural heritage. As a result of this screening, 42 articles relating 

to the used RQs were excluded while 32 were subject to analysis. The SLR made it possible to define 

indicators and indices to be implemented in the proposed framework [120,134]. The corruption risk 

is distinguished into various settings all directly correlated to political instability and to the 

ideological differences that create religious and political tensions, generating a high degree of 

instability. The main consequence of corruption in CH is illegal trafficking.  

2.7.12. Adaptive reuse 

The SLR process for the natural risk relating to the Adaptive reuse phenomenon employed the 

following RQ: “adaptive reuse” AND “cultural heritage”. The RQ yielded 112 results as research 
products within the previously defined inclusion and exclusion criteria (Table 28).  

Table 28. SLR on adaptive reuse. 

Name Query Documents 

Adaptive reuse (“adaptive reuse”) AND (“cultural heritage”) 112 (Appendix 

14) 

An initial screening was performed using the following search filters: quantitative, risk, risk 

assessment, index, indicators, and cultural heritage, through which 90 articles were excluded. For the 

22 selected papers, an analytic study of the portion relating to the definition of the risk was 

performed. The SLR made it possible to define indicators to be implemented in the framework of use 

for measuring the probability that this risk might take place, most of which linked to policies for 

managing the cultural heritage [135,149]. During this period of growing urbanization, CH can play a 

key role in achieving the goals for sustainable development, as widely recognized by such 

international institutions as the United Nations (UN), the United Nations Educational, Scientific and 

Cultural Organization (UNESCO), and the International Council on Monuments and Sites 

(ICOMOS). On the other hand, the impact of the conservation projects and the reuse of CH can cause 

it damage and loss of identity. The assessment of the risks related to the reuse projects are 

indispensable for assessing the projects’ feasibility. No evidence was found on the use of indices for 
the purposes of the quantitative assessment of the specific risk. 

2.7.13. Traditional Knowledge losses 

The SLR process for the natural risk relating to the Traditional Knowledge losses phenomenon 

employed the following RQ: “losses” OR “losing” AND “traditional knowledge” AND “cultural 
heritage.” The research yielded 15 results as research products within the previously defined 

inclusion and exclusion criteria (Table 29).  
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Table 29. SLR on traditional knowledge losses. 

Name Query Documents 

Traditional 

knowledge losses 

(losses OR losing) AND (“traditional 
knowledge”) AND (“cultural heritage”) 

15 (Appendix 15) 

An initial screening was performed using the following search filters: quantitative, risk, risk 

assessment, index, indicators, and cultural heritage through which 9 articles were excluded. For the 

6 selected papers, an analytic study of the portion relating to the definition of the risk was performed. 

The SLR made it possible to define indicators to be implemented in the framework of use for 

measuring the probability that this risk might take place [150,155]. Traditional culture is linked to the 

nature and customs of small communities that have maintained an intimate bond with CH over the 

years. One of the main risk factors is globalization, which comprises a series of transformations in the 

economy, in society, and in the use of the territory, and that today, along with the effects of climate 

change, has led to the loss of a large amount of knowledge connected to the tangible (including 

buildings and landscapes) and intangible cultural heritage. Indices have been identified to measure 

the risks of loss of ethnobotanical knowledge in areas of high naturalistic interest. 

2.7.14. Political instability 

The SLR process for the natural risk relating to the Political instability phenomenon employed the 

following RQs: “political instability” AND “risk assessment” and “political instability” AND 
“cultural heritage.” The RQs respectively yielded 31 and 9 research products within the previously 

defined inclusion and exclusion criteria (Table 30). 

Table 30. SLR on political instability. 

Name Query Documents 

Political instability (“political instability”) AND (“risk 
assessment”)  

31 (Appendix 16) 

Political instability (“political instability”) AND (“cultural 
heritage”) 

9 (Appendix 17) 

An initial screening was performed using the following search filters: quantitative, risk, risk 

assessment, index, indicators, and cultural heritage through which 24 articles were excluded for the 

first RQ and 5 for the second. For the selected papers, an analytic study of the portion relating to the 

definition of the risk was performed. The SLR made it possible to define indicators to be implemented 

in the framework of use for measuring the probability that this risk might take place [156,163]. 

Political instability is the origin of such other possible risks as wars, corruption, and vandalism that 

that can directly strike CH in the form of illegal traffic of assets or destruction in the most extreme 

cases. Political instability is listed in many articles as one of the main risks for the conservation of CH. 

No specific indicators to quantitatively measure the specific risk were identified, except for the 

Energy Security Index (ESI) that is placed in direct correlation with political stability. 

2.7.15. War 

The SLR process for the natural risk relating to the War phenomenon employed the following 

RQs: “war” AND “risk assessment” AND “cultural heritage” and “war” AND “quantitative” AND 
“risk assessment.” The first RQ yielded 6 results within the previously defined inclusion and 

exclusion criteria while the second one yielded 16 (Table 31). 

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 January 2024                   doi:10.20944/preprints202401.2180.v1

https://doi.org/10.20944/preprints202401.2180.v1


 40 

 

Table 31. SLR on War. 

Name Query Documents 

War (war) AND (“risk assessment”) AND 

(“cultural heritage”) 
6 (Appendix 18) 

War (war) AND (quantitative) AND (“risk 
assessment”) 

16 (Appendix 19) 

An initial screening was performed using the following search filters: quantitative, risk, risk 

assessment, index, indicators, and cultural heritage. The screening process excluded 3 articles from 

the first query and 9 articles from the second, that could not be correlated with the queries to be 

searched. For the selected papers, an analytic study of the portion relating to the definition of the risk 

was performed. The SLR made it possible to define indicators to be implemented in the framework 

of use for measuring the probability that this risk might take place, while there is no evidence of the 

use of quantitative indices [164,170]. The analysis shows that war has a devastating impact: on CH, 

becoming a triggering factor for such other risks as soil and water pollution, on natural ecosystems, 

on the economy, and on a country’s political stability.  

3. Results and discussion 

3.1. Opensource framework for driven reasoning in risk assessment 

Using the methodology described above made it possible to develop an opensource framework 

based on a reasoned classification of risks, that presents data relating to indicators, indices, and 

metrics whose consultation facilitates the quantitative or semi-quantitative assessment of the natural 

and anthropic risks that may have repercussions on CH, from the architectural heritage to the natural 

landscape, in a multi-scale dimension. Publicly available datasets were created in this study. This 

data can be found here: 

[https://docs.google.com/spreadsheets/d/1bg9UyY8tctCj3eFlao3GGAzHk31tiLhTpfVFSl_3EFs/edit?

usp=sharing]. The framework collects, in a single repository, the main natural and anthropic risks, 

with the related taxonomy, representing right from the beginning an open document implemented 

over the course of time through knowledge-based expertise that can be consulted by researchers, 

professionals, and public administrations readying assessments of risks in the CH sector. The 

proposed model will be implemented with the Exposure and Vulnerability risk components, which 

characterize the various risks in relation to the applicative context (site-based evaluation process) in 

order to provide a complete assessment framework. The framework’s structure permits additional 
specializations in greater thematic depth should it be necessary to update the list of specific risks. 

4. Conclusion  

The research output is configured as an essential tool for completing the first task of the National 

Recovery and Resilience Plan (PNRR) research Project that calls for a complete quantitative analysis 

of the risks on the multivariate effects of climate change and on the interaction of the various risks. 

The adoption of specific selection and data collection methods, the definition of semantic models 

(ontologies and vocabularies), and the design of a scalable and interoperable logical infrastructure, 

are key strategies for the development of an information system that supports the entire knowledge 

process related to the cultural heritage. These models consider and represent, in a format that can be 

shared and computed, the distinctive traits, the visible and invisible uses of the past and present, and 

the risks that the cultural heritage is subject to, with the related impact assessments and forecast 

scenarios, and material and immaterial values, caused for the territory by their presence. In this 

direction, the definition and the monitoring and control tests that will be done on the two selected 

case studies will make it possible to validate the new methods for aggregating and organizing the 

data and metadata derived from different possible disciplinary paths converging upon the reading 
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of the natural and building historical heritage, holding together the complexity of the processes and 

visions connected to knowledge of them. The overcoming of the barriers between the disciplines is 

in fact a priority of the project, which makes it necessary to share knowledge and data in order to 

achieve processes of sustainable transformation of the heritage, to be implemented through Decision 

Making (MCDM) opening towards new design scenarios. These planning systems use an evidence-

based approach that allows data originating from the various scientific and humanistic sectors 

involved to be integrated. 

Note 

(1) The Intergovernmental Panel on Climate Change Sixth Assessment Report (AR6) provides a 

detailed assessment of the impacts of CC on cities, settlements, and infrastructure, and clearly states 

that without urgent, effective, and equitable mitigation actions, this phenomenon will increasingly 

threaten people's well-being and health on a global and regional scale. 

(2) Research Project PE05-CHANGES-SPOKE Protection and Conservation of Cultural Heritage 

against Climate Changes, Natural and Anthropic Risks, Thematic line: n. 3 “Multi-source digital data 

and metadata related to environment and historic landscape”, P.I. Prof. Alessandra Battisti. 
(3) The 4CH project deals with the study of methods, procedures, and tools of use for creating a 

centre of expertise capable of dialoguing with national cultural institutions, providing support and 

consulting as concerns the protection of the cultural heritage in relation to natural and anthropic risks. 

Supplementary Materials: Appendix 1: Results of SLR on water pollution risk, Appendix 2: Results of SLR on 

hail risk, Appendix 3: Results of SLR on coastal erosion risk, Appendix 4: Results of SLR on siltation risk, 

Appendix 5: Results of SLR on frost ground risk, Appendix 6: Results of SLR on sea-level rise risk, Appendix 7: 

Results of SLR on mining risk, Appendix 8: Results of SLR on deforestation/land conversion risk, Appendix 9: 

Results of SLR on vandalism risk RQ1, Appendix 10: Results of SLR on vandalism risk RQ2, Appendix 11: Results 

of SLR on Illicit trafficking risk, Appendix 12: Results of SLR on corruption risk RQ1, Appendix 13: Results of 

SLR on corruption risk RQ2, Appendix 14: Results of SLR on corruption risk RQ3, Appendix 15: Results of SLR 

on adaptive reuse risk, Appendix 16: Results of SLR on Traditional Knowledge losses risk, Appendix 17: Results 

of SLR on political instability risk RQ1, Appendix 18: Results of SLR on political instability risk RQ2, Appendix 

18: Results of SLR on war risk. 
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