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Abstract
The increase of frequency and severity of extreme weather events due to climate change 
gives evidence of severe challenges faced by infrastructure systems. Among them, the avia‑
tion sector is particularly at risk from the potential consequences of climate change. Air‑
ports are classified as critical infrastructures because they provide fundamental functions 
to sustain societies and economic activities. More specifically, Mediterranean airports face 
risks associated with sea level rise, higher occurrence of extreme temperature and precipi‑
tation events. These aspects require the implementation of appropriate risk assessments 
and definition of targeted adaptation strategies, which are still limited in the Mediterranean 
region. The aim of the present paper is to provide theoretical frameworks in order to assess 
risks of climate change on Mediterranean airports, related to extreme temperature, extreme 
precipitation and sea level rise. Starting from a review of the literature, we first identify the 
sources of climate risk that may induce potential impacts on airports, here divided in air 
side and land side components. In order to do so, we select a series of indicators used as 
proxies for identifying hazard, exposure and vulnerability. The application of these theo‑
retical frameworks allows defining the level of risk associated to each hazard, with the goal 
to support the identification of specific adaptation measures for the Mediterranean airports.
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1 Introduction

Climate change may have negative impacts not only on natural systems but also on anthro‑
pogenic ones (IPCC 2014). More recently, the scientific community has focused on ana‑
lysing the impacts of extreme events on critical infrastructures including transportation 
systems such as bridges, roads, airports and motorways (EU‑CIRCLE 2016; Forzieri et al. 
2018; Marios et al. 2019).

In fact, the intensification of extreme events due to climate change poses a high risk to 
infrastructures. Therefore, their adaptation to the climate of the future is necessary. The 
scientific community has made available numerous services to support adaptation and miti‑
gation policies. One example is the Copernicus Climate Change Services (C3S), which 
provide society with authoritative information on past and future climate in Europe and 
in the rest of the world, with the aim of supporting adaptation policies in several sectors, 
including critical infrastructures. On the other hand, European policy has also focused on 
these issues. Indeed, one of the objectives of the European Green Deal is the moderniza‑
tion of European critical infrastructures to make them more resilient to climate risk as well. 
Critical infrastructures are essential for the proper functioning of a State’s economic and 
social system and an interruption of services could cause serious damage. In this context, 
airports play a unique and significant role in the world transportation system through the 
facilitation of mobility and the promotion of economic growth (Burbidge 2016). However, 
due to their vulnerability to severe weather conditions, airports are particularly exposed to 
the potential consequences of climate change (Burbidge 2016; Lopez 2016; Christodoulou 
and Demirel 2018). In fact, extreme weather phenomena can lead to an interruption of air‑
port services, determining significant economic impacts. For example, for some major air‑
ports, a closure may cost more than 1 million dollars per hour (Christodoulou and Demirel 
2018). According to the “Challenges of Growth 2013” report, published by the European 
Organization for the Safety of Air Navigation (called Eurocontrol), the key risks of climate 
change for the European aviation sector are due to temperature increases, extreme precipi‑
tations, changes to storm and wind patterns, sea level rise and storm surges (Eurocontrol 
2013). In addition, although the impacts on European airports differ according to the geo‑
graphical area, climate zones and local circumstances (EEA 2017a), the greatest risks are 
expected in central and southern Europe. Airports located in the Mediterranean area are 
more likely to face risks related to extreme temperatures, extreme rainfall events and sea 
level rise (if located on the coasts and no more than 3 m above sea level), compromising 
their correct functioning (Eurocontrol 2013). More specifically, extreme summer tempera‑
tures lead to heat damages on runway and apron surfaces (Burbidge 2016) and, in addi‑
tion, they may have negative effects on the maximum take‑off weight by affecting aircraft 
performance, resulting in cargo restrictions (Burbidge 2018; Gratton et al. 2019). Limiting 
cargo implies serious economic losses for airlines: restrictions of 4% are equivalent to giv‑
ing up 12–13 passengers (Coffel et al. 2018). Moreover, heavy precipitation events and sea 
level rise compromise airports’ drainage capacity. Runways, taxiways and electrical infra‑
structure could suffer from severe flooding with consequent disruption of services and con‑
siderable economic damage (Burbidge 2016 2018; ICAO 2019). To date, in the European 
context, several projects have been launched to encourage airports conducting risk assess‑
ments and in order to cope with consequences of climate change (PESETA III project, 
2018 (Christodoulou and Demirel 2018); VULCLIM project, 2016 (Lopez 2016); Colin 
et al. 2016). However, these risk assessments do not consider indicators related to sensitiv‑
ity and adaptive capacity, key factors for risk analysis introduced in the Fifth Assessment 
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Report of IPCC 2014 (Oppenheimer et al. 2014). In addition, the aviation sector has long 
been criticized for contributing to the causes of climate change through greenhouse gas 
emissions, but the need for aviation to adapt to the consequences of climate change has not 
been well researched or considered (Burbidge 2018; Ryley et  al. 2020) and the method‑
ologies for risk assessment are still limited, especially in the Mediterranean area (Gratton 
et  al. 2020; Ryley et  al. 2020). The present work proposes a methodology to define the 
level of climate risk on airport infrastructures in the Mediterranean regions. According to 
the framework proposed by IPCC 2014 (Oppenheimer et  al. 2014), and other studies in 
the field (Forzieri et al.2016, 2018; Allen et al. 2018; Das et al. 2020; Ellena et al. 2020; 
Shah et al. 2020), risk is here defined as a function of hazard, exposure and vulnerability, 
which is in turn divided in sensitivity and in adaptive capacity. Based on updated informa‑
tion from the literature, we first identified the sources of climate risk that induce potential 
impacts on airports. Subsequently, for each hazard we selected a series of indicators used 
as proxies for identifying exposure to climate risk and vulnerability characteristics.

The proposed methodology considers all components involved in airport risk assess‑
ment (i.e. hazard, exposure and vulnerability). This aspect constitutes the main element of 
novelty with respect to previous methodologies proposed by the literature, which offered 
only a partial evaluation of risk that did not include sensitivity and adaptive capacity fac‑
tors. The paper is organized as follows. Section 2 describes the methodology used to struc‑
ture the risk assessment frameworks related to extreme temperatures, extreme precipita‑
tions and sea level rise with each specific component included within the climate hazard, 
the exposure and the vulnerability factor. In Sect. 3, we present and discuss the theoretical 
frameworks proposed, while in Sect.  4 we synthesize the key findings, highlighting the 
main challenges for future research.

2  Material and methods

2.1  A conceptual framework for airports risk assessment over Mediterranean 
regions

The general concepts of risk, risk assessment and risk management are nowadays estab‑
lished in many fields, from technical applications to project management, finance industry 
or civil protection (GIZ 2017). Generally, in the scientific literature, the most accepted and 
the broadest definition of risk is that given by ISO Norm 31,000 (ISO 2009), which defines 
risk as “the potential occurrence of events and consequences (impacts) or a combination of 
these” (GIZ, 2017). However, since this paper is focused on the risk arising from climate 
hazards, we decided to use the definition proposed by IPCC in the Fifth Assessment Report 
(AR5) of 2014, which specifically refers to the risks deriving from climate change (IPCC 
2014). The framework proposed by IPCC (2014) estimates the climate risk as a combi‑
nation of hazard (H), exposure (E), sensitivity and adaptive capacity (Oppenheimer et al. 
2014; Carrão et al. 2016; Ellena et al. 2020; Shah et al. 2020). Unlike the risk assessment 
defined in ISO Norm 31,000, where the results obtained are compared with tolerability/ 
acceptability criteria ("risk evaluation phase"), in the IPCC AR5 they are generally catego‑
rized into five risk classes: very low, low, intermediate, high, very high (IPCC 2014).

In this context, hazard refers to the potential occurrence of climatic events that could 
damage the airport and compromise its operations. The exposure sample refers to the air‑
port components that may be affected and damaged by major hazard events. Sensitivity is 
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intended as the degree to which the system is (positively or negatively) affected by a cer‑
tain climate exposure (Zebisch et al. 2017), while adaptive capacity refers to the ability to 
adapt to climate change or to cope with the consequences (Oppenheimer et al. 2014; Ellena 
et al. 2020). Generally, to define the components of risk, indicators that describe a specific 
phenomenon and its evolution are commonly used (Master Adapt 2018). These indicators 
may have a direct relationship with the phenomenon to be measured or an indirect relation‑
ship. In fact, in the absence of direct measurements the indicator represents the phenom‑
enon itself (Master Adapt 2018). With regard to climate indices, they describe the climate 
and its changes over time due to anthropogenic factors, whereas impacts and vulnerability 
indicators are useful to assess the consequences of climate change and the capacity of envi‑
ronmental and socio‑economic systems to cope with it. Based on these concepts, the risk 
assessment framework was built as follows. First, we defined the climate hazards affecting 
airports in Mediterranean areas, here divided in extreme temperatures, extreme rainfall and 
sea level rise (Eurocontrol 2013). For each hazard, specific indices were selected to analyse 
the variations in frequency and intensity of high impact events. Then, we identified the 
exposure samples, here defined as two major fields related to air side and land side (Alba 
and Manana 2016). Finally, we selected specific sensitivity and adaptive capacity indica‑
tors based on the exposure sample under analysis. In order to calculate the risk index, it 
was necessary to normalize these indicators. The aim of normalization is to transform the 
values   of the indicators, measured at different scales and in different units, into comparable 
values, disconnected from units of measurement as to be considered on a common scale 
(Master Adapt 2018). This approach simply transformed all values to scores in a range 
from 0 to 1, where the value 0 represents the optimal level, while the value 1 the more criti‑
cal ones.

Figure 1 shows in different colours each risk component with the respective indicators.

2.2  Hazard: extreme temperatures, extreme precipitations and sea level rise

For the construction of the frameworks, we focused on three climate risks: extreme 
temperatures, extreme rainfall and sea level rise. In fact, the Mediterranean region—
defined as a climate hot spot by Giorgi (2006)—will be affected by the intensification 
of these phenomena that will therefore compromise aviation operations and airport 
infrastructures (Eurocontrol 2013; ICAO 2019). For each hazard, as explained in pre‑
vious sections, we selected specific indicators that describe the variability of the cli‑
matic extremes in terms of frequency and intensity (see Table 1). We considered both 
absolute and percentile‑based threshold indices. The indices related to extreme tempera‑
ture events were defined using specific thresholds collected in the literature (Coffel and 
Horton 2015; Coffel et al. 2018; Monioudi et al. 2018; Borsky and Unterberger 2019). 
These thresholds describe the climatic conditions under which physical damages to 
infrastructures might occur and airport operations could be impaired. To define extreme 
precipitation events, we used percentile‑based threshold indices (Borsky and Unter‑
berger 2019) as well as indicators based on return periods (Forzieri et al. 2018). Return 
period indicators are often used in the context of extreme natural events and they are 
commonly used to quantify and communicate the upcoming risks. Forzieri et al. (2018) 
associate a specific intensity class  to the event considered based on return time (TR): 
very high (TR ≥ 100 yr), high (100 yr > TR ≥ 50 yr), moderate (50 yr > TR ≥ 20 yr), low 
(20 yr > TR ≥ 10 yr), very low (10 yr > TR ≥ 2 yr) or no hazard (2 yr > TR). Higher TRs 
(100, 150 years) are used to define intense events that could lead to massive damage and 
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human loss. On the other hand, a low TR (10, 20, 50 years) defines events that cause 
moderate damage. In relation to sea level rise, we selected two different indicators that 
describe coastal flooding: sea level rise (SLR) and storm surge level (SSL) (Oppenhe‑
imer et al. 2014; EEA 2017b; SNPA 2018). SLR is defined as the potential increase of 
mean sea level that may cause permanent or occasional inundation of low‑lying coastal 
areas (Özyurt and Ergin 2009). SSL is defined as the temporary increase (at a particular 
locality) of sea level due to extreme meteorological conditions (Özyurt and Ergin 2009; 
Ragazzo 2017). The storm surge indicator, therefore, corresponds to the height reached 
by sea level during an extreme event of a specific return period (e.g. 5, 10, 20, 50 or 
100 years). Therefore, through the combination of these indices, it is possible to esti‑
mate the increase in the potentially flooded coastal area in relation to storm surges with 
a specific return time and sea level rise based on the analysed climate scenario (Özyurt 
and Ergin 2009). Data about future scenarios of sea level rise and storm surges should 
be integrated with the data concerning the topography of the territory (Digital Land 
Model (DEM)), the distance from the coast and the presence of artificial reefs.

Fig. 1  A risk assessment framework for mediterranean airports: hazard, exposure and vulnerability compo‑
nents
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2.3  Exposure: air side and land side components

When performing a risk assessment, it is necessary to accurately define which assets are 
threatened, i.e. the exposed samples. We considered the various airports components as 
exposed samples. From an operational point of view, the airport is generally divided into 
two main areas of activity: the landside and airside activities (Alba and Manana 2016). In 
general, the air side components include the structures used for the movement of aircraft, 
such as runways, taxiways, tower and aprons. On the other hand, the land side components 
refer to the public access areas such as offices, terminals, airports access systems and park‑
ing areas (see Table 2). The considered climate risks determine direct and indirect impacts 
on the exposed samples. In the present study, direct impacts refer to damages of airports 
elements (runways, taxiways, buildings, etc.), while indirect impacts do not directly refer to 
the exposed samples, but they may cause indirect problems within interdependent resources 
(e.g. delays, cancellation or economic losses) (Ashley et al. 2005; Ellena et al. 2020). The 
various components of the airport may suffer different damages based on the hazard con‑
sidered (Lopez 2016). In fact, the various structures of an airport are interconnected, and 
the interruption of the services offered by a single component can create criticalities in 
other activities within the airport. For example, if the runway is damaged due to high tem‑
peratures, there may be delays or cancellations of flights or in the worst cases the closure of 
the airport. In this context, identifying the elements most exposed to the damage associated 
with climate risk is essential in order to implement targeted adaptation strategies.

2.4  Sensitivity and adaptive capacity factors (vulnerability)

After identifying the climate hazards and the exposure sample, we identified sensitivity 
indicators (see Table 3). Here, “sensitivity” refers to how much the asset or system is sus‑
ceptible when exposed to a specific climate hazard (Forzieri et al. 2018). The sensitivity 
indicators are influenced by natural, physical, socioeconomic and morphological charac‑
teristics of the system and depend on the type of impact to be assessed (Master Adapt 
2018). The physical factors actively influence the sensitivity of the system while the social 
factors can indirectly affect the vulnerability to climate impacts. Among the physical indi‑
cators, those concerning the characteristics of the structures (such as age and condition of 
the asset) were selected. Indeed, older structures may have been built to outdated design 
standards thus making them more vulnerable to extreme events. Furthermore, assets in bad 
condition are more likely to be damaged when subjected to climatic stress (Rowan et al. 
2014). The percentage of impervious surfaces (Master Adapt 2018) may also influence 
the response of the system to heavy precipitations (more likely flooding and runoff) or to 
extreme temperatures (overheating due to the absorption of solar radiation). As far as social 
indicators are concerned, we selected air traffic, the number of passengers passing through 
the airport and the respective accesses to the parking areas. In fact, it will be more difficult 
to manage these impacts due to extreme climate events in a very busy airport. Finally, we 
identified geological and socio‑economic indicators, such as the morphology and the land 
cover of a specific place. These factors influence the airport’s vulnerability to extreme cli‑
matic events, especially with regard to sea level rise (Dismukes and Narra 2016; Hamid 
et al. 2019). These indicators are also used in the calculation of the Coastal Vulnerability 
Index (CVI), which is one of the most common used methods to assess coastal vulnerabil‑
ity to sea level rise, in particular due to erosion and/or inundation (McLaughlin et al. 2010). 
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Table  3 shows details on the indicators used to define sensitivity of airport components 
based on the chosen hazard. In parallel, we selected the adaptive capacity indicators (see 
Table 4) that reflect the characteristics of airport components, which make them more or 
less likely to respond to expected damages. The adaptation strategies implemented to cope 
with climate change can be of a physical, social, institutional, technological and economic 
type (Master Adapt 2018). The adaptive capacity of a specific system, as well as all the pre‑
vious considered factors, is defined in relation to each expected impact based on the haz‑
ards considered. Often, adaptation options can be categorized in grey, green and soft meas‑
ures (Climate‑ADAPT Platform). Grey measures refer to technological and engineering 
solutions aimed at improving the adaptation of territories, infrastructures and population. 
Soft actions include managerial, legal and political measures that change human behav‑
iour and governance styles. Finally, green measures are based on the ecosystem‑based (or 
nature‑based) approach and make use of multiple services provided by natural ecosystems 
to improve resilience and adaptation capacity (Climate‑ADAPT platform). With regard to 
climate adaptation of airports, soft measures refer to the enhancement of alert systems, 
the promotion of awareness campaigns about climate risk for managers, employees and 
passengers, the development and updating of emergency management plans, adherence to 
insurance policies for extreme events as well as initiatives for the optimization of energy 
consumption (Colin et al. 2016; Burbidge 2018; ICAO 2019). Grey measures include the 
construction of improved drainage systems to cope with flooding due to intense rainfall or 
the construction of barriers and runways elevation to cope with storm surges and sea level 
rise (ICAO 2019). On the other hand, green actions refer to development and enhancement 
of green areas around the airport (for example parks) or to installation of roofs and walls 
with vegetation on the existing airport structures to mitigate the effects related to extreme 
temperatures (Shafique and Kim 2017).

2.5  Standardisation of indicators and calculation of the risk index

Once the indicators for each component of the risk have been identified and calculated, 
the next step involves calculating the climate hazard index (H), the exposure index (E) 
and the vulnerability index (V). These indices are calculated starting from the normali‑
zation of each indicator. Metric indicators (e.g., temperature, precipitation) are gener‑
ally normalized by applying the Min–Max method (Ellena et al. 2020). This approach 
simply transforms all values to scores in a range from 0 to 1, where the highest value 
corresponds to the highest contribution for each factor (and vice versa). The nominal 
or category indicators (non‑numerical) are instead normalized through their attribution 
into five classes, in which the lowest class represents optimal conditions and the highest 
one more critical conditions, according to the scheme present in Master Adapt (2018). 
The values   obtained are then transformed into a range of values     from 0 to 1 to be com‑
parable with the other metric indicators. However, in some cases the range of values   
of the indicators is not the same. For example, for adaptive capacity indicators, lower 
values   should indicate conditions positive for vulnerability while higher values   nega‑
tive conditions (the greater the ability to minor adaptation is vulnerability). In this case, 
the range of values   of the indicator must be inverted in order to have them all in the 
same normalization ranking (Ellena et  al. 2020). The calculation of each index takes 
place through an aggregation, using linear aggregation method. During the aggregation 
phase, it is possible to assign a weight (w) to each indicator that identifies their greater 
(or lesser) influence within the evaluation. In case of lack of information from scientific 
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literature or due to the complexity of the analysed process, the value 1 can be assigned 
as a weight for each indicator. The risk index is given by the multiplication of haz‑
ard, exposure and vulnerability index. The Vulnerability Index formula implies a simple 
average between sensitivity and adaptive capacity indices. In the case of vulnerability 
indicators concerning sea level rise, the information for the calculation of the CVI must 
be integrated (see paper McLaughlin et al. 2010). For more details on the normalization 
of the indicators and the calculation of the risk index, see the paper Ellena et al. (2020) 
and Master Adapt (2018).

Fig. 2  Framework 1‑ Climate risk due to extreme temperatures
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3  Results and discussion

In this section, we present and discuss the risk frameworks obtained (Fig.  2, Fig.  3 and 
Fig. 4). The exposed samples are the same for each analysed hazard. In framework 1 (in 
Fig. 2), the selected climate indices are based on temperature thresholds that may damage 
runway surfaces, aprons, taxiways, parking areas or that may cause an interruption of air‑
port activities (Burbidge 2016, 2018; Lopez 2016; ICAO 2019). For example, in July 2018 
the north runway of Hanover Airport (Germany) was severely damaged due to tempera‑
tures above + 36 °C, resulting in a cancellation of 41 flights. Furthermore, the extreme tem‑
peratures can also interfere with the take‑off capacity of aircraft, which depends on the 
prevailing weather conditions and on the characteristics of the runway (Coffel and Horton 

Fig. 3  Framework 2‑Climate risk due to extreme precipitations
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2015; Coffel et al. 2018). In fact, a research conducted by Gratton et al. (2020) over ten 
Greek airports, showed that the take‑off distance for medium‑sized aircraft increased by 
2.7 m per year (reference period: 1955–2017) while for small‑sized aircraft by 1.4 m per 
year. Additionally, extreme temperatures cause more pressure on local services, e.g., water 
and electricity for building cooling (Lopez 2016), and technical problems with radars for 
air traffic control (such was the case for Gatwick and Heathrow airports, in July 2019). 
Based on these main vulnerabilities for airports reported in the literature, we chose the sen‑
sitivity indicators. We selected physical factors such as the age and condition of the asset, 
since they influence the airports response to specific extreme events; we also considered 
sealed surfaces as they absorb more solar radiation, further increasing the air and surface 
temperatures (EEA 2016). The number of passengers, the number of flights and the 
accesses to car parks is also very useful information, which can be used to determine vul‑
nerability. In fact, in a busy airport it is more difficult to manage impacts due to extreme 
weather events. Moreover, extreme temperatures can bring significant discomfort to out‑
door workers and indoor workers with minimal access to cooling systems (Monioudi et al. 
2018). On the other hand, to cope with thermal damages due to extreme temperature 

Fig. 4  Framework 3‑Climate risk due to sea level rise
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events, runways, taxiways and other structures should be resurfaced with heat resistant 
materials (Burbidge 2018). In areas where higher temperatures can pose a challenge to air‑
craft take‑offs, adaptation measures include building longer runways (Burbidge 2018; Grat‑
ton et  al. 2020) or performing intercontinental flights in the evening when temperatures 
drop, as in the Arizona case study (Coffel et al. 2018). Finally, the installation of roofs and 
walls with vegetation on airport structures are excellent green measures to mitigate the 
effects of extreme temperatures, to save energy and to reduce the flow of rainwater 
(Shafique and Kim 2017). Additional benefits obtained include a reduction in noise, an 
improvement in air quality and in the aesthetics of the building as well as other social, 
environmental and economic benefits (Shafique and Kim 2017). In framework 2 (in Fig. 3), 
as in case 1, the climatic indicators were chosen based on precipitation thresholds that 
determine high impacts on airport components. Extreme rainfall events could compromise 
the drainage capacity of the airport, with an increase in flooding (Eurocontrol 2013). The 
longitudinal profile and the cross section of the runways are generally designed to mini‑
mize the risk of water accumulation (ICAO 2019). However, flooding of runways, taxiways 
and aprons has become more frequent in recent years because current drainage systems 
have often failed to cope with heavy rainfall. Flooding of a taxiway could force pilots to 
take longer taxi routes from terminals to runways, causing delays at one airport that affect 
many others (Borsky and Unterberger 2019). There are several factors that leave an airport 
more vulnerable to extreme rainfall: the presence of underground infrastructures such as 
parking or various access areas, which are more likely to suffer from flooding; the presence 
of impermeable surfaces as they reduce the potential for water infiltration of the soil, thus 
increasing the risk of flooding caused by greater runoff. Furthermore, the availability of 
historical data of the flooded areas could be useful to understand if the airports in question 
have been affected by similar events in the past. To cope with floods, airports need to 
implement adaptation strategies, which mainly concern the construction of efficient drain‑
age systems as well as the development of adequate warning systems (Burbidge 2018; 
ICAO 2019). Many northern European airports have already implemented these strategies. 
For example, Norwegian airports have set new design standards for drainage systems by 
increasing drainage capacity by at least 50% over previous design standards (Eurocontrol 
2018). In framework 3 (in Fig. 4), SLR and SSL indicators were selected to describe the 
coastal flooding. Many airports are built along the coasts or in floodplains to facilitate take‑
off and landing, but these areas are more exposed to sea level rise and storm surges. Coastal 
flooding, as well as flooding from heavy precipitation, can affect runways, parking areas 
and other airport surfaces, damage buildings or other structures. Concerning the sensitivity 
indicators for sea level rise, we considered some of the factors defined for the calculation 
of the Coastal Vulnerability Index (CVI), proposed in the study of McLaughlin et  al. 
(2010). We selected both morphological indices, which define the intrinsic characteristics 
of the coastal area on which the airport is located, and socio‑economic factors (McLaugh‑
lin et al. 2010; Dismukes and Narra 2016; Hamid et al. 2019). The geological indicators 
refer to the resistance of the coasts and the tendency to erosion and their susceptibility to 
flooding. The elevation indicator is defined as the average elevation of a particular area 
above mean sea level and it is an important variable for identifying and estimating the 
extent of the area threatened by sea level rise according to future climate scenarios 
(McLaughlin et al. 2010). Generally, low coasts (with elevation < 5 m) are more vulnerable 
to permanent and occasional flood events caused by more extreme storm surges and mean 
sea level rise. On the other hand, higher shores (elevation > 30 m) are less susceptible to 
possible impacts of climate change (McLaughlin et al. 2010). Coastal geomorphology also 
plays an important role in coast assessment vulnerability because each morphology is 
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characterized by some degree of resistance to erosion (Hereher 2015). For example, rocky 
shores are generally less vulnerable to flooding or erosion, while sedimentary coasts (e.g. 
sandy beach or reefs) are more vulnerable to shoreline changes (Rao et al. 2009; Gaki‑Pap‑
anastassiou et al. 2010). Another key indicator is the coastal slope as it assesses the poten‑
tial retreat speed of the coast: in general, gently sloping coasts can retreat faster than 
steeper regions (Rao et al. 2009). The inland buffer indicator describes the decreasing sus‑
ceptibility of the coastal area to inundation and erosion (with increasing distances from the 
coastline), while indicator shoreline erosion/accretion is defined as the physical removal of 
sediment by wave and current action (Özyurt and Ergin 2009). Finally, as a socio‑economic 
factor we considered the land cover indicator which defines the distribution of human 
activities and critical infrastructures in the coastal area. In fact, the presence of urban set‑
tlements or infrastructural systems (such as airports), makes the coast more vulnerable to 
damages related to erosion or flooding than the presence of natural environments. At the 
North Sea coast, where the impacts of sea level rise are more severe, the number of airports 
prone to flooding will double from 2030 to 2080 (Christodoulou and Demirel 2018). In 
fact, to contain the risk associated with coastal flooding, many airports, especially in north‑
ern Europe, have implemented grey adaptation strategies such as the construction of 
coastal barriers, higher runways and very efficient drainage systems. For example, Avinor 
Airport in Norway has established that future runways must be built at least 7 m above sea 
level. Other adaptation measures common to all three frameworks are the adhesion of air‑
ports to adaptation initiatives aimed at acquiring greater awareness of the risk of climate 
change impacts and adherence to insurance policies for extreme events, introducing tools 
for effective management of damages and losses.

4  Conclusion

This paper presents the theoretical frameworks for risk assessment related to extreme tem‑
peratures, extreme precipitations and sea level rise with a focus on Mediterranean airports. 
Airports located in the Mediterranean regions, in fact, will mainly have to face the risks 
associated with these climatic hazards. However, it is possible to replicate the application 
of the frameworks in other geographical contexts affected by the same risks. The impacts 
of climate change on the aviation sector are well known, but in Europe and especially in 
the Mediterranean basin, there is no clear methodology to assess climate risks for airports 
(Gratton et al. 2020). The method proposed here therefore aims to support stakeholders in 
conducting risk analyses in order to identify suitable adaptation strategies. Based on the 
state‑of‑the‑art literature, the theoretical frameworks were constructed through the identifi‑
cation of specific indicators of hazard, exposure and vulnerability.

The next step of this work is the application of the proposed methodology to specific 
case studies. More specifically, our future plans include the application of these frame‑
works to the Italian airports most exposed to the climatic hazards examined, almost com‑
pletely devoid of suitable adaptation strategies to climate risk (PNACC 2018). However, 
these studies require very specific data, which is often difficult to find, especially for 
aspects related to vulnerability, leading to inaccuracies in the methodology. In fact, the reli‑
ability of the results depends on the availability and quality of the input data. In the analy‑
sis of climatic hazards, for example, it is important to use robust time series or in the case 
of future analyzes, high‑resolution climate models. Vulnerability indicators should be clear 
and well defined in order to describe the criticalities of the system considered.
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The illustrated methodology represents one of the first attempts to quantify risks in the 
airport environment and proposes an approach with the goal to define a specific risk for 
each hazard considered. Further research and applications in this area therefore need to be 
promoted, providing additional elements and cases studies.
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