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Abstract: Climate change poses a severe environmental crisis where many European urban cen-
ters face increased risks, among others, of flooding and/or water scarcity due to intense rainfall
and prolonged droughts. Urgent adaptation measures are required to enhance resilience in urban,
peri-urban, and agricultural areas against extreme weather events. This article describes a method
for categorizing urban areas based on climate-related risks as a targeting and prioritization system
for allocating climate resilience measures in cities. The method allows for calculating a climate
vulnerability index value, considering temperature, precipitation, wind patterns, population den-
sity, altitude, and urban area. Focused on the Mediterranean region, particularly Sicily, the index
application generates quantifiable vulnerability values for urban settlements, enabling comparison
and prioritization. The reproducible and scalable method provides a valuable tool for urban analysis
beyond the Mediterranean and can facilitate decision-making processes to initiate future studies
and projects.
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1. Introduction

The current era is defined by the term Anthropocene, which refers to the impact that
human activities have had and continue to have on the Earth’s balance. It can be argued that
the Anthropocene era began in the late 18th century when measurements on polar glaciers
revealed increasing concentrations of carbon dioxide and methane [1]. Human pressures on
the environment have significantly increased, causing escalating greenhouse gas emissions;
climate change is a global phenomenon that has a profound impact on urban settlements,
territories, and oceans [2-6]. Mediterranean cities are vulnerable urban settlements facing
multiple challenges and risks related to the effects of climate change [7]. Moreover, their
fragility arises from human pressures and additional stresses due to geopolitical and
economic dynamics [8]. We must aim for sustainable and resilient development capable of
reducing vulnerability to various stressors acting on the territory. Climate risk assessment
should be a tool to provide screening and potentially establish priority interests among all
possible criticalities related to ongoing climatic impacts [9].
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Some studies have dealt with climate change and have defined it as “the effects of ex-
treme weather and climate events and climate change on natural and human systems” [10],
generally referring to the effects on people, livelihoods, health, ecosystems, economic,
social and cultural goods and resources, services, and infrastructure due to the interaction
of climate change or hazardous climate events occurring within a specific time period, with
the vulnerability of a society or system exposed to climate change [11]. However, this set of
indicators is very broad, and there is a need to narrow the analysis field to a more limited
system of indicators.

The impacts generated by climate change can have an impact on both natural resources
and buildings and infrastructure, as well as the established population [12]. Climate change
and urbanization are among the most pervasive and rapidly growing threats to biodiversity
worldwide [13]. Climate change (CC) and urban heat island (UHI) are two recognized risk
factors linked to human impacts that can strongly influence the performance of the built
environment by introducing new vulnerability characteristics [14-18]. The publication of
the paper “A method for the definition of local vulnerability domains to climate changed
relate mapping. Two case studies in southern Italy”. Ref. [12] aims at the quantitative
definition of domains of local vulnerability to climate change and their mapping. The
authors’ method is based on the definition of vulnerability as a function of the type,
magnitude, and rate of climate change to which a system is exposed, its sensitivity, and its
ability to adapt.

Some of the various national and international studies and methodologies used to
assess local climate vulnerability [19-21] have been a valuable reference for the method-
ological approach presented in this paper. In particular, we consider Formulas (2) and (3)
and the AHP method used in the research carried out by Francini et al. [12] to draw a
starting point for the formulas used in this article.

A methodology is implemented to create a rule that, through a scale of numerical
values, allows us to classify coastal urban areas according to the risks of climate impact.
Using multi-criteria techniques AHP [22-24] and information from official sources, we
chose climate variables that consider the characteristics of urban settlements to create an
equation that allows us to calculate the climate vulnerability index.

The newly created equation relates several variables essential for describing the climate
vulnerability index. It will provide a numerical value that represents the vulnerability of
an urban settlement on a numerical scale. The numerical quantification of the vulnerability
index will allow the subsequent classification of the areas into three bands with low, high,
and medium vulnerability indexes. This classification can facilitate the decision-making
process for developing management, prevention, defense, adaptation, or mitigation plans
based on the climatic risk of the examined urban area [25]. The climate vulnerability index
is essential for the settlements examined [26-28]. Therefore, factors such as wind, absolute
maximum temperatures, precipitation, and the residential density of the urban area have
been considered. These factors have been adjusted by a percentage based on regional data
concerning tourist flow in Sicily. Finally, the numerical results of the urban vulnerability
index and the subsequent drafting of a ranking determine which urban settlement requires
more urgent intervention. This climate vulnerability index enables territorial planning to
mitigate the risks associated with climate change in the Sicily region.

This extreme climate change could result in decreased tourism in the warmer months.
After calculating the value of the climate vulnerability index, it will be necessary to establish
the mitigation and combating climate change measures in progress, and the interventions
to be adopted will be commensurate with the climate vulnerability index found [29,30].
Therefore, it is necessary for cities to adapt to this new climatic scenario [31]. This adaptation
is significant in settlements whose economic engine is tourism, as in the case of cities that
are considered in the present study and present a high influx of tourists [32]. This work aims
to create a reproducible methodology for calculating a climate vulnerability index related
to urban settlements of a specific region, and this index can be quantified through a number.
Subsequently, using the index results of various urban settlements, a timetable can be drawn
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up to implement projects aimed at combating and mitigating the effects of climate change
referring to the urban settlements along the Mediterranean coasts. Therefore, this will allow
the urban settlements of a given Sicilian region to be able to carry out interventions with
the priorities related to this index and according to the provisions of the classification band
in which the cities fall [33]. In urban settlements with a tourist vocation, such as Sicily, all
comforts must be created for citizens and tourists so that they can enjoy the landscape and
stay in open places, especially during the summer months coinciding with the period of
greatest heat and climatic discomfort [34].

2. Materials and Methods
2.1. Study Area

The study area is the region of Sicily, which, as shown in Figure 1, is located in southern
Italy. Sicily, formerly known as Sicania and Trinacria due to its triangular shape, is the
largest island in the Mediterranean, with an area of 25,460 km?. Connected to Sicily are
the following surrounding islands and archipelagos: the Aeolian Islands, Ustica, the Egadi
Islands, Pantelleria, and the Pelagie Islands [35,36].

2 .
\» @ Trapani

Figure 1. Location of Sicily and of the ten cities analyzed.

The region is predominantly hilly (61.4% of the territory), 24.5% is mountainous,
and the remaining 14.1% is flat. Sicily has a Mediterranean climate characterized by dry
summers with a high risk of drought and rainy winters with mild temperatures. The
sea influences the climate, which is warm temperate, with daily and annual temperature
variations modestly below 21 °C, leading to hot summers and mild winters. The coastal
areas of Sicily experience a subtropical climate, meeting the parameters of this climatic type:
the average annual temperature on the coasts exceeds 32 °C, and the average temperature
of the coldest month is around 10 °C. In contrast, the temperature of the hottest month
exceeds 30 °C. Sicily is called the Island of the Sun because the heliophany recorded in its
coastal areas—the annual or monthly hours of sunshine—is the highest in Europe. The
two meteorological stations that have this data in Sicily, those of Trapani and Gela, record
an average of 7.3 h of sunshine per day annually (equivalent to a total of 2665 h of sunshine
per year).

Sicily is a popular tourist destination for its artistic and cultural heritage, influenced
by the Baroque and its climate; many tourists visit yearly.
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2.2. Methodology

This study used multi-criteria assessment techniques [12]. The report on the state
of scientific knowledge on impacts, vulnerability, and adaptation to climate change in
Italy [18] was also analyzed, which constitutes the knowledge base of the National Strategy
for Adaptation to Climate Change [37,38]. The Analytic Hierarchy Process (AHP) method
was used [39]. Thereby, weights were assigned to each parameter with the participation
of a committee of experts. Two expert groups have been set up [24]. The first group
consisted of 6 professionals in the field of construction (including architects and biologists),
while the second group consisted of 6 experts who specialized in environmental studies
(including graduates in environmental economics and civil engineers). The methodology
for calculating the climate vulnerability index is divided into three steps (Figure 2):

Variables definition Variables Climate
stemperature calculation: Vulnerability Index

srainfall
swind

*two periodos eaplication to 10
variation Sicilian cities

epopulation density AHP weighting

system

’ »2 expert boards (12) >

Figure 2. Phases of the methodology.

2.2.1. Phase 1—Identification of Parameters

After analyzing climatic data from the Sicily region (sourced from the SIAS REGIONE
SICILIA based in Palermo, Italy) database and based on considerations from local profes-
sionals, four parameters were determined to characterize the climate vulnerability index of
urban settlements in the Sicily region. The considered parameters are as follows:

Temperature max absolute (T) [10];

Rainfall precipitation (P) [10,12];

Wind speed (WI) [12];

Urban settlement density (DENS): it is one of the most influential factors for the climate
vulnerability index [12].

The climate vulnerability Index for settlements in the Sicily region is indicated with
Equation (1):
CVI=axT+p xP+vy x DENS + & x WI 1)

in which o, 3, v, and 0 are coefficients representing the relative importance of each parame-
ter in contributing to the climate vulnerability index [12].

Ten urban settlements representative of the climate in the Sicily region were identified:
Agrigento, Acireale, Catania, Enna, Messina, Palermo, Ragusa, Siracusa, Trapani, and
Zafferana (Figure 1). These ten cities were selected considering their diverse characteristics
of altitude above sea level, exposure, and population density. Furthermore, the chosen
cities are distributed to face each of the seas bathing the island: the Tyrrhenian Sea to the
north, the Sicilian Sea to the west and south, and the Ionian Sea to the east.

Two time frames are considered: the first period from 1965 to 1994, and subsequently
the years 2022 and 2023, in order to give bigger significance to the more recent years. Mete-
orological data are obtained from the SIAS REGIONE SICILIA, while sociodemographic
data are sourced from ISTAT [40]. The parameters under consideration—T, P, Dens, and
Wi—are determined as follows:

T, temperature maximum absolute of city i, is the average of the maximum absolute
temperatures of the two distinct time periods defined above [12], as shown in Equation (2).

T Tmax abs(period 1) + Tmax abs (period 2) o)
i=
2
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Figure 3 shows the values for temperature maximum (Tmax) absolute for the 10 considered
cities in the two different periods.

Temperature (T)

10
5
0

B av TMAX 1965/94 m av TMAX 2022/23 maverage

Figure 3. Values of temperature average of Tmax absolute of period 1 (1965-1994) and period 2
(2022/2023), and finally the ‘average’ between both values per city and period, with value used as
temperature parameter (T).

A similar approach is followed for rainfall (Pi), calculated as the linear average of the
average rainfall of the period 1 and period 2, respectively (Figure 4).

Rainfall (P)

0 ||| ||| III I|| 1 ||| ||| || |II
g ¥ o &

@ & & N S
S ©
& ¥ Qv& & 63' @

B av PMAX1965/94 mav PMAX 2022/23 W average

Figure 4. Rainfall values of period 1 (1965-1994) and period 2 (2022/2023), and average between both
values per city and period, with value used as rainfall parameter (P).

Dens is calculated as the average population density of the 10 cities increased by 25%
to reflect seasonal floating population due to tourism influx, as population data available
refer only to stable resident citizens [12] (Figure 5).
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Figure 5. Population and population density (Dens) values for the ten cities.
Wi indicates the annual average wind speed, calculated as average of the respective
averages of the two time periods examined [12] (Figure 6), as for P.
wind speed (WI)
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Figure 6. Average wind speed values of period 1 (1965-1994) and period 2 (2022/2023), and average
between both values per city and period, with value used as wind parameter (W).

2.2.2. Phase 2—Calculation of Parameter Values

Once values of the temperature, precipitation, wind, and population density are
calculated (Table A1), using the Analytic Hierarchy Process (AHP) method, weights based
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on an expert committee were assigned to each parameter [41-44]. Two groups of experts
were selected: the first comprised six professionals in the construction field (architects and
biologists), and the second comprised six experts who specialized in environmental studies
(graduates in environmental economics and civil engineers). These experts were surveyed
to evaluate each criterion characterizing the suitability, impact, and risk models pairwise.

The Table A2 Comparison SAAT Matrix obtained is not perfectly consistent. In order
to estimate the vector W, those values are normalized regarding the totals, as shown in
Table A3, with the last column showing the value of the vector W.

The resulting weights are W1 (o) = 0.427, W2 (3) = 0.042, W3 (y) = 0.358, W4 (5) = 0.175
(see Table 1), resulting in Equation (3):

CVI=oaxT+pB xP+vy x DENS+ 5 x WI 3)

Table 1. Climate vulnerability index calculation for Acireale. The tables for the other 9 cities can be
consulted at Appendix A (Tables A6-A14).

Vulnerability Index Calculation Acireale
W vector
oo=043 T=0.88 o x T=0.38
p=0.04 P=0.86 B x P=0.04
x =0.36 DENS = 0.3 v x DENS =0.11
5=0.18 WI =0.56 5 x WI=0.10
CVI 0.62

The values of the considered variables T, P, DENS, and W1 are reported in Tables A4 and A5
as standardized values.

3. Results

With the equation established, the vulnerability index is calculated for the examined
urban settlements of ten selected cities, as shown in Table 2. Different climate vulnerability
index (CVI) values are yielded. The results are also shown in Figure 7. Values vary between
0.42 and 0.98. Subsequently, the cities are classified as low, medium, or high vulnerability,
as follows: 0.42-0.60 low; 0.61-0.65 medium; 0.66-0.98 high.

Climate Vulnerability Index values

ACl. I (.62
AGR. I 0.56
CAT. I —— 0.68
EN. I 0.59
MES. I 0.66
PAL. I 0.83
SIR. I 0.57
RA. I  0.59
TRA. | m— 0.61
ZAFF. I 0.59

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Figure 7. Climatic vulnerability index values along the 10 selected cities for the case study.
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Table 2. Results of calculation of the CVI. Values of the variables for each city show the value before
the application of the weight.

Vble. W Acir. Agri. Cata. Enna Mess. Pal. Sira. Ragu. Trap. Zaff.
T 0.427 0.88 0.92 0.95 0.84 0.91 0.95 0.83 0.93 1.00 0.94
P 0.042 0.86 043 0.53 0.34 0.34 0.40 0.95 0.41 0.24 0.95
DENS 0.358 0.30 0.06 0.41 0.26 0.26 0.98 0.14 0.04 0.08 0.03
WI 0.175 0.56 0.75 0.59 0.71 0.91 0.34 0.72 0.91 0.79 0.70
CVI 0.62 0.56 0.68 0.59 0.66 0.83 0.57 0.59 0.61 0.59

Band M L H L H H L L M L

4. Discussion

The cities that, according to the calculations of the climate vulnerability index, have
a vulnerability index above 0.60 are cities with severe climate-related issues, identified
as having extremely high temperatures. For these cities with a climatic index above 0.60,
urgent interventions must be planned to mitigate the effects of the climate during the
summer months, with priority given to those with a CVI above 0.65; these are typically
among the most critical, as we can see with the Palermo city’s higher population densities,
magnifying the impact and then the needs for adaptation.

The analysis reflects that there is a progressive increase in temperatures in Sicilian
cities, most probably due to climate change. This phenomenon is also associated with a
reduction in average rainfall (with an increase in intense rainfall of modest duration, which
manifests itself as water bombs) and an increase in extreme wind episodes. Precipitation
has recently decreased considerably, and Sicily is increasingly becoming a tropical island.

Sicilian cities are, therefore, facing a climate emergency due to these extreme weather
conditions. High temperatures mainly affect the well-being and health of the popula-
tion; the high maximum temperatures in cities determine the phenomenon known as
heat islands.

The data from calculating the climate vulnerability index can serve as the basis for
future designs for infrastructure and planning of urban settlements, potentially supporting
regulations accounting for this vulnerability index [26,45,46]. Currently, in Italy, there
is no legislation on adaptation to climate change [47,48], and, therefore, there are no
specific objectives set or obligations for regions to adopt a planning tool to address this
issue [49,50]. Although the National Strategy for Adaptation to Climate Change was
approved in 2015, the National Plan for Adaptation to Climate Change (PNACC) was
definitively approved in December 2023 to implement the National Strategy for Adaptation
to Climate Change (SNAC).

If the pace of increasing greenhouse emissions is not significantly reduced, and know-
ing that the effects of many of those current emissions would last hundreds and even
thousands of years, we can inevitably expect an increase in the climate vulnerability index,
and it will be increasingly challenging to create climate adaptation plans for Mediterranean
cities. At the Cityfutures 2009 Conference, organized in Milan (Italy) by the Italian Society
of Architectural Technology (SITdA) and MADE Expo, topics related to the planning of
urban spaces and their ability to adapt were discussed. One of the key takeaways is the
role of cities as catalysts for the transformation taking place and that “the priority of cities
that are adapting to change has become that of attention to the global climate condition in
favor of reducing carbon emissions” [51-54]. Contextually, this can lead to increased poten-
tial climate impacts, resulting in increased vulnerability of people and cities [55-57]. For
example, we will see diseases due to the increase in bacteria resulting from adapting these
bacteria to climate change in urban settlements. This study provides critical information on
how to influence other urban planning processes. The climate vulnerability index can be
used, among other things, for infrastructure planning and territorial guidance [58,59].

In light of the climate data in the ten cities analyzed, since they all have a climate vul-
nerability index greater than 0.5, interventions must be carried out to counteract the effects
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of high temperatures. Therefore, numerous green areas of considerable extension should be
provided within Sicilian cities and around their perimeter. Strategies are needed to increase
the current green space in cities, as the cities examined have a high index of construction
density (available data) and little index of green areas [60,61]. Existing buildings should be
transformed into elements that integrate with the natural context [62,63].

Based on many interventions carried out in other European cities to counteract the
extreme effects of high temperatures, it would be necessary to provide for the flat roofs of
buildings to be covered with plants that can absorb carbon dioxide emissions and reduce
the temperature of urban centers [16,64-67]. The interventions carried out in the cities of
Milan, ABBPR, and the multifunctional complex of Corso Buenos Ares [57,68] can be one
good example. So-called “green roofs” should be designed and implemented, contributing
to better rainwater management and reducing the effect of urban heat islands, as plants
play a cooling role during the hot summer months due to evapotranspiration and light
shadowing [69]. Green roofs are also effective against pollution [16,70-72]. Due to their
insulating effect that provides additional protection against solar radiation, green roofs can
also reduce the energy needed to regulate building temperatures.

In contrast, conventional roofs lose heat in winter but heat up in summer [73,74]. Emilio
Ambaz, the father of green architecture, has experimented with the technical limits of
combining architecture and vegetation in many projects. In the case of the Prefectural
International Hall, Fukuoka, Japan, 1990, the architect dedicated the entire stepped roof
entirely open to the public to the vegetal surface [75-77]. Therefore, it will be necessary to
plan adequately for choosing plantings that adapt to the Mediterranean climate and have a
greater capacity to absorb carbon dioxide. Vertical gardens can be envisaged to be inserted
into the balconies of existing buildings [78-80]. So, to implement disaster mitigation or
prevention measures, prevention plans against possible extreme temperatures must be
developed in cities with a high climate vulnerability index.

5. Conclusions

Through this study, we can calculate a numerical value for the climate vulnerability
index, which provides inputs for more specific assessments. Therefore, this allows us to
objectively determine the climate vulnerability of cities within a given region and establish
a ranking (value scale). Therefore, knowledge of the climate vulnerability index gives
managers and politicians a solid basis for making decisions that balance economic and
environmental objectives [81-83].

In fact, they could create a timetable using the data obtained from calculating the
climate vulnerability index of Sicilian cities [61,84], thus establishing which cities” interven-
tions need to be carried out more urgently and, therefore, with greater priority [85,86].

Improving the perception of the risk associated with overheating allows us to plan
all the measures necessary to stop climate change, halt the loss of natural ecosystems,
and protect cities. It also contains the spread of emerging diseases due to new distribu-
tions of parasites due to the complex ecological relationships that link pathologies with
climate change.

Therefore, if we were to make a timetable of interventions in Sicily to mitigate and
counteract the risks deriving from climate change, the following sequence should be
envisaged [26,82].

The city of Palermo was first, followed by Catania, Messina, Acireale, and Trapani.
The climate vulnerability index can be used for emergency planning and as additional
information for governments to manage [87,88].

6. Study Limitations and Prospective Research Lines

Among the limitations of this research was the difficulty of finding data for further
climate-related quantities for periods longer than ten years.

Another limitation is the lack of urban planning regulations in Sicily that consider the
vulnerability indices of urban settlements in cities.
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Studying additional data that may influence the climate vulnerability index could
provide a more comprehensive understanding of the situation in the Sicilian region. Other
variables could be considered, such as the interaction between the vulnerability index
and environmental pollution in urban areas. However, obtaining the necessary data and
information is currently a challenge. Therefore, this study aims to serve as a starting point
for further research on the climate vulnerability index and to offer a more complete picture.
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Appendix A

This appendix includes the main tables of data used for this study.

Table Al. Climatic data used for the study.

ACIL AGR. CAT. ENN. MES. PAL. RAG. SIR. TRA. ZAFF.
T1 TMAX 1965/94 28.00 30.00 27.30 27.90 28.00 30.80 30.40 28.10 30.10 29.60
T2 TMAX 2022/23 32.00 35.00 39.00 31.00 34.00 36.00 35.00 30.00 40.00 36.00
AVERAGE (T1,T2) 31.00 32.50 33.15 29.45 32.00 33.4 32.72 29.05 35.05 32.80
P1 MAX 1965/94 813.00 352.00 458.00 289.00 323.00 361.00 312.00 1001.00 195.00 1001.00
P2 MAX 2022/23 900.00  500.00 600.00 400.00 350.00 450.00  500.00 900.00 290.00 900.00
P (P1,P2) 856.50  426.00 529.00 34450 33650 40550  406.00 950.50 242.50 950.50
WI 1965/94 1.62 2.61 2 2.8 427 1.19 3.1 2.51 3 3.11
WI12022/23 2.86 3.38 2.74 29 3 1.58 421 3.29 3.31 3.05
WI 224 2.995 2.37 2.85 3.635 1.385 3.655 29 3.155 3.08
Table A2. Comparison Saaty matrix. Phase 2 experts.
Temperatures Rainfall Population Dens Inc. Wind Total
Temperatures 1.00 7.00 5.00 1.00
Rainfall 0.14 1.00 0.14 0.33
Population Dens Inc. 0.20 7.00 1.00 9.00
Wind 1.00 3.00 0.11 1.00
Total 2.34 18.00 6.25 11.33 37.93

Table A3. Table in which the value of the vector W is determined.

T P DENS WI Total W Vector
Temperatures 0.43 0.39 0.80 0.09 1.70 0.427
Rainfall 0.06 0.06 0.02 0.03 0.17 0.042
Population Dens Inc. 0.09 0.39 0.16 0.79 143 0.358
Wind 0.43 0.17 0.02 0.09 0.70 0.175

Total 4.00
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Table A4. The values of the considered variables T absolute, P, Dens, WI.
ACL AGR. CAT. EN. MES. PAL. SR. RAG. TRA. ZAF
T 31.00 32.50 33.15 29.45 32.00 33.40 29.05 32.72 35.05 32.80
P 856.50 426.00 529.00 344.50 336.50 405.50 950.50 406.00 242.50 950.50
DENS 1564.0 285.00 2049.00 1282.0 1287.00 4923.00 701.00 206.00 386.00 152.00
WI 2.24 2.99 2.37 2.85 3.63 1.38 2.90 3.65 3.15 3.08
Table A5. Calculation table of standardized quantities referring to the 10 cities.
ACL AGR. CAT. EN. MES. PAL. SR. RAG. TRA. ZAFE
T 0.88 0.92 0.95 0.84 0.91 0.95 0.83 0.93 1.00 0.94
P 0.86 0.43 0.53 0.34 0.34 0.40 0.95 0.41 0.24 0.95
DENS 0.3 0.06 0.41 0.26 0.26 0.98 0.14 0.04 0.08 0.03
WI 0.56 0.75 0.59 0.71 0.91 0.34 0.72 0.91 0.79 0.77
Table A6. Vulnerability index calculation tables. Agrigento.
Vulnerability Index Calculation Agrigento
W vector
=043 T=0.92 axT=0.39
B =0.04 P=043 B x P=0.02
v =0.36 DEN = 0.06 v x DEN =0.02
56=0.18 WI=0.75 5 x WI=0.13
CVI 0.56
Table A7. Vulnerability index calculation tables. Catania.
Vulnerability Index Calculation Catania
W vector
=043 T=0.95 ax T=041
B =0.04 P=0.53 B x P=0.02
v =0.36 DENS = 0.41 v x DEN =0.15
5=0.18 WI =0.59 5 x WI=0.10
CVI 0.68
Table A8. Vulnerability index calculation tables. Enna.
Vulnerability Index Calculation Enna
W vector
T o =0.427 T=0.84 axT=0.36
P B =0.042 P=0.34 B x P=0.01
DENS v =0.358 DENS = 0.26 v x DEN = 0.09
WI 5=0.175 WI=0.71 5 x WI=0.12
CVI 0.59
Table A9. Vulnerability index calculation tables. Messina.
Vulnerability Index Calculation Messina
W vector
o =0.427 T=091 ax T=0.39
B =0.042 P=0.34 B x P=0.01
v =0.358 DENS =0.26 v x DEN = 0.09
5=0.175 WI=091 5 x W1=0.16

CVI

0.66
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Table A10. Vulnerability index calculation tables. Palermo.

Vulnerability Index Calculation Palermo
W vector
o =0.427 T=0.95 ax T=041
B =0.042 P = 0.40 B x P=0.02
v =0.358 DENS = 0.98 v x DENS =0.35
5=0.175 WI=0.34 5 x WI=0.06
CVI 0.83

Table A11. Vulnerability index calculation tables. Siracusa.

Vulnerability Index Calculation Siracusa
W vector
o =0.427 T=0.83 a x T=0.35
B =0.042 P=0.95 B x P=0.04
v =0.358 DENS =0.14 v x DENS =0.05
5=0.175 WI=0.72 5 x WI=0.13
CVI 0.57

Table A12. Vulnerability index calculation tables. Ragusa.

Vulnerability Index Calculation Ragusa
W vector
o =0.427 T=0.93 o x T=0.40
B =0.042 P =041 B x P=0.02
v =0.358 DENS = 0.04 v x DENS =0.01
5=0.175 WI =091 5 x WI=0.16
CVI 0.59

Table A13. Vulnerability index calculation tables. Trapani.

Vulnerability Index Calculation Trapani
W vector
o =0.427 T=1.00 ax T=043
B =0.042 P=024 B x P=0.01
v =0.358 DENS = 0.08 v x DENS = 0.03
5=0.175 WI=0.79 5 x WI=0.14
CVI 0.61

Table A14. Vulnerability index calculation tables. Zafferana.

Vulnerability Index Calculation Zafferana
W vector
o =0.427 T=0.94 a x T=0.40
B =0.042 P=0.95 By x P=0.04
v =0.358 DENS = 0.03 v x DENS =0.01
5=0.175 WI=0.77 5 x WI=0.13
CVI 0.59
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