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Abstract: Floods are the most common natural hazards causing damage to properties and loss of life
worldwide. They are not preventable but vulnerability assessments, hazard mitigation, and effective
emergency management plans can reduce their impacts and facilitate recovery actions. Floods
can have different impacts depending on the local physical conditions and on the social context
represented by the economic and cultural patterns of a specific community. Social vulnerability is the
susceptibility of social groups to the adverse impacts of natural hazards, including disproportionate
death, injury, loss, or disruption of livelihood. Therefore, the social vulnerability analysis becomes
of primary importance in understanding the main factors influencing the capacity of a specific
community to anticipate, cope with, and recover from a flood event. In this context, this paper
investigates the correlation between flood hazard and socio-economic factors across the Basilicata
Region (southern Italy). The aim of this research is to evaluate flood hazard and social vulnerability
index through a Geographic Information System (GIS) approach. Multivariate factor analysis was
applied in this work to construct an overall social vulnerability index which was combined with the
flood hazard distribution. Our results underline the presence of 107,587 people with a high level of
both flood hazard and social vulnerability.

Keywords: flood hazard; social vulnerability; disaster risk reduction

1. Introduction

River floods occur when a river overtops its banks and inundates adjacent areas [1-3].
They are the most common natural hazards causing damage to properties and loss of
life [4-7]. In 2011, floods were reported to be the third most common natural disaster,
after earthquakes and tsunamis, with 5202 deaths and affecting millions of people [8].
According to the most recent model-based scenarios, these natural phenomena will increase
in frequency and magnitude due to ongoing climate changes and global warming [9]. In
addition, human actions such as urbanization, changes in land use, and deforestation could
speed up the process and accentuate the threat. The investigation of flood exposure of
critical /social infrastructure is a necessity for a rational flood risk assessment and targeted
mitigation measure implementation, as well as for the preparedness of local communities.
To that end, large-scale assessments of flood-exposed areas and their spatial inequalities
have drawn the attention of scientific communities in recent years [10,11].

As reported in the international Disaster Database (https:/ /www.emdat.be, accessed
on 15 December 2022), 181 flood events occurred in the last 10 years (2012-2022) in Europe.
Particularly, USD 40,000,000 of damages were registered in Germany during the flood event
of April 2021.

In Italy, 16 significant floods were reported by the Copernicus Emergency Management
Service in the last five years (2017-2022). The most recent one occurred on 15 September 2022
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in the Marche Region (Central Italy), causing the death of 11 people. According to the last
assessment carried out by the Italian Institute for Environmental Research and Protection,
93,9% of Italian municipalities (7423) are prone to flooding and about 6.8 million inhabitants,
nearly 34,000 cultural sites, and 1,549,759 buildings can be considered at risk [12].

The expected impacts of floods result from the complex interaction between the char-
acteristics of the physical process, expressed in terms of frequency and severity, and the
exposed natural and anthropogenic assets and their characteristics [13,14]. In Europe, flood
risk assessment and management have been addressed by the European Union Flood
Directive (2007/60/EC) which requires, for each member state, the redaction of hazard
maps, the detection of risk areas, and the definition of effective monitoring and alerting
systems [15]. Flood risk can be calculated by using the approach proposed by the United
Nations Office for Disaster Risk Reduction [16] and adopted by the climate community
since 2014 [17] where risk is described as the product of hazard, exposure, and vulner-
ability. Hazard is defined as “the potential occurrence of a natural or human-induced
physical event or trend or physical impact that may cause loss of life, injury or other health
impacts, property damage, social and economic disruption or environmental degrada-
tion” [18,19]. Exposure refers to the inventory of elements in an area in which hazardous
events can occur [16,20,21]. Vulnerability refers to the propensity of exposed elements such
as human beings, their livelihoods, and assets to suffer adverse effects when impacted by
hazardous events [18,20-31]. In this regard, the current understanding of vulnerability
to hazards is guided by theories, methodologies, and measurement standards derived
from different schools of thought [32], most including components of exposure [33,34],
susceptibility [35,36], and adaptive capacity [37,38]. The definition of vulnerability affects
the method applied to address it. In particular, the main conceptual frameworks include
the risk-hazard perspective such as the Human Adjustment to Natural Hazard Model [39],
the political ecology/economy point of view (the Causal Structure of Vulnerability con-
ceptual model [33], or the Disaster Pressure and Release Model [38]) and the Hazards of
Place approach [40], which implement a Geographic Information System (GIS) to spatially
integrate biophysical and social vulnerability.

In this context, as mentioned by Cutter et al. [41], the main concept of the present
research is that a natural disaster can have more devastating effects on one place than
another depending on the local vulnerability of each place. Every disaster, including floods,
can have a significant impact depending on the local context represented by social, cultural,
and economic patterns [42—48]. When a flood occurs, the impact spreads in different ways
on the community and the extent of damages depends on the vulnerability of the affected
people and infrastructure [49]. Consequently, one of the main issues connected with the
impact of flood hazard relates to the socio-economic aspects of the communities potentially
affected by a flood event and to the lack of financial resources that decrease the population’s
ability to deal with disasters. For this reason, the need to integrate social science research
concerning social vulnerability into territorial planning and decision-making policies [50,51]
clearly emerges. As identified by the United Nations Expert Working Group on ‘Measuring
Vulnerability’, one of the approaches to identify vulnerable people is the definition of a
tailored vulnerability index [52].

Over the last years, several studies in different countries were proposed to measure
social vulnerability to hazards at national and sub-national scales such as the United States
of America [40,53,54], Australia [55], the United Kingdom [56,57], Latin America and the
Caribbean [58], Spain [59], Israel [60], Germany [61,62], and Indonesia [63]. However, there
are only a few studies assessing social vulnerability in Italy [50,51,64] of which most are
linked to flood risk in Northern Italy [65-67]. Consequently, the investigation of social
vulnerability in southern regions (widely recognized as less developed at the national
scale [68]) is required.

Starting from the general definition of risk, this study aims to explore two of the main
components influencing flood risk by constructing a Social Vulnerability Index (SVI) and
relating it with flood hazard in the Basilicata Region (southern Italy). The present research
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follows the hazard of places approach proposed by Cutter et al. [41] by applying the
inductive method where measurements of social vulnerability are based on the underlying
factors that influence a community’s ability to prepare for, deal with, and recover from
an impact [59,69]. In this respect, a social vulnerability index is defined as an aggregated
or composite measurement of selected vulnerability indicators that results in a numerical
value of the social vulnerability of a given geographical unit [29]. Quantifying and mapping
social vulnerability can support the identification of groups of people considered the most
vulnerable. Such kind of analysis allows to identify the key driving factors influencing
social vulnerability [70] and to promote disaster reduction [71]. Since the quality of the
data used to represent these indicators directly affects the outcomes of the overall risk
assessment [72], its improvement is relevant to risk management and spatial planning [65].

Being based on available data at the national level, the proposed investigation can be
applied for the social vulnerability evaluation of all the municipalities potentially affected
by flood hazard.

2. Study Area

The Basilicata Region is located in southern Italy and covers a total area of 10,073 km?
(https:/ /www.istat.it/it/archivio/222527, accessed on 18 December 2022). The Region
includes 131 municipalities and hosts 541,168 inhabitants (http://dati.istat.it/Index.aspx?
Queryld=18564, accessed on 18 December 2022).

From a geomorphological perspective, the region is characterized by marked dif-
ferences between the western and the eastern sectors, highlighting the division between
Potenza (6594.28 km?) and Matera province (3478.84 km?) (Figure 1) which is also reflected
in the waterway’s development [73]. The rivers on the Tyrrhenian side have limited lengths
and are characterized by a rather steep longitudinal profile, at least in the upper and middle
reaches. On the other hand, the Ionian side is crossed by five main rivers (Bradano, Basento,
Cavone, Agri, and Sinni) which reach the Gulf of Taranto with a cross-shore pattern. The
longitudinal profile of these rivers shows a first short regular steep section and a medium-
low to a very low gradient in the remaining part, resulting in braided (braided-channel)
beds in the middle course and meanders in the final section.

Ionian Sea

0 10 20 km
—
Legend

Basilicata Provinces —
Digital Terrain Model (m)
2164

—
0

Tyrrhenian Sea ] Pl e Google Satellite "l

Figure 1. (a) Subdivision of Basilicata territory in the two provinces; (b) Geographical location of
Basilicata Region within the Italian context.


https://www.istat.it/it/archivio/222527
http://dati.istat.it/Index.aspx?QueryId=18564
http://dati.istat.it/Index.aspx?QueryId=18564

Water 2023, 15, 1175

4 0f 20

The Basilicata Region is one of the most hazard-prone areas of the Italian territory
with a strong hydrogeological instability. Nearly 50% of the towns are exposed to a high
risk of landslides or floods [74,75]. The area affected by flood risk is 260 km? wide (2.6%
of the whole territory) and mainly includes the hilly areas and the coastal belt, which are
exploited in agriculture, the main regional economic source [76].

The territory of the Basin Authority of Basilicata falls within the Hydrographic District of
the southern Apennines which provides flood hazard (http:/ /www.adb.basilicata.it/adb/
pStralcio/pericol_alluv.asp, accessed on 8 January 2023) risk maps (http:/ /www.adb.basilicata.
it/adb/pStralcio/rischio_alluv.asp, accessed on 8 January 2023) as well as the Flood Risk
Management Plan (https:/ /www.distrettoappenninomeridionale.it/index.php/definizione-e-
competenze-menu-pgra, accessed on 8 January 2023). Moreover, data about coastal flooding
are provided for the lonian and Tyrrhenian coastal zones (http:/ /www.adb.basilicata.it/adb/
pStralcio/maregg_alluv.asp, accessed on 16 January 2023.

The Flood Risk Plan is the regulative framework aiming to identify the riverbeds,
floodplains, and next areas that can be flooded in case of flow discharges with return period
until 30 years, 200 years, and 500 years [15]. It also provides management, mitigation
strategies, and restraints to land use in flood risk areas, in order to reduce damages
produced by human activities and natural phenomena and to preserve natural hydraulic
dynamics of water surface bodies [77].

In this respect, the flood hazard maps identify the geographical areas that could
be affected by floods according to the three main flood scenarios. For each scenario,
the extent of the flood, water height, velocity, and flow rate are indicated for the ma-
jor watercourses and some of their tributaries [78]. These maps also contain indica-
tions of alluvial phenomena with a high volume of transported sediments and debris
flows. The floodable areas at different return periods were mapped using digital topo-
graphic cartography (1:5000 scale), topographic surveys of river sections, orthophotos in
1:5000 scale, and photographic DTM (precision of 1.5 m x 0.8 m).

The flood risk maps indicate the potential negative consequences deriving from floods
in the context of the scenarios listed above, expressed in terms of indicative number of
potentially affected inhabitants, infrastructure, environmental, historical and cultural assets
of significant interest, distribution and typology of economic activities, and potentially
polluting plants and industries. The risk classes are those defined by the Italian Ministerial
Decree 189/1998 where R1 = moderate risk (social, economic and environmental damage is
marginal), R2 = medium risk (minor damage to buildings, infrastructure, and the environ-
mental heritage is possible but it does not affect the safety of people, the usability of build-
ings, and the functionality of economic activities), R3 = high risk (there are possible issues
for the safety of people, functional damage to buildings and infrastructure, with consequent
unavailability and interruption of socio-economic activities, significant damage to the envi-
ronmental heritage) and R4 = very high risk (possible loss of life or serious injury to people,
damage to buildings, infrastructure, and environmental assets, destruction of socio-economic
activities). The flood risk maps were developed taking into account the hazard maps and
the potential damage maps (http://www.adb.basilicata.it/adb/pStralcio/danno_alluv.asp,
accessed on 27 February 2023).

Recently, several high-resolution analyses were conducted for a more accurate flooding
hazard analysis [79,80] as hydro-geomorphological processes are linked to changes in
the landform caused by channel form and mobility, continuity and connectivity of the
stream, slope angle of the channel, riverbed structure, type and size of the substrate,
water depth, and flow velocity [81]. Dal Sasso et al. highlighted that, between 1925 and
2015, these phenomena occurred with higher frequencies along the basins of Basento,
Bradano, and Cavone, during winter seasons [82]. The recent increase in the annual
and intra-annual frequency of alluvial episodes, especially in the Metaponto plain, has
caused large damage to the agricultural land, urban fabric, and archaeological heritage [83],
strongly affecting its economic stability. Indeed, the area of Metaponto is characterized by
a high tourist vocation due to the remarkable archaeological heritage and the numerous
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accommodation facilities [84]. It is worth noting that the territory of Metaponto includes
the archaeological Park of Metaponto and the National Archaeological Museum, whereas
the Heraclea (Herakleia) Greek colony raised on a hill between the mouth of rivers Agri and
Sinni (https:/ /www.sitiarcheologiciditalia.it/en/parco-archeologico-di-heraclea/ accessed
on 15 December 2022).

3. Materials and Methods

The method provided in this research focuses on the application of a GIS-based
approach that allows to combine flood hazard with the SVI at the municipality level. The
choice to work at this administrative level was based on the availability of national open
data (https:/ /www.istat.it/, accessed on 18 January 2023). A multivariate statistical method
was applied to analyze the socio-economic characteristics of the study area, whereas a
spatial distribution through GIS was adopted to assess flood hazard, map SVI, and combine
results. As shown in Figure 2, the proposed procedure consists of different steps represented
in the flow chart and explained in detail in the following sections.

Selection of the municipalities
to be investigated

Assessment of flood hazard

y

Identification of the social
vulnerability indicators

A,

Application of multivariate
statistical analysis

Figure 2. Methodological workflow followed to combine social vulnerability and flood hazard.
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3.1. Selection of the Municipalities

The identification of the municipalities to be investigated was based either on data
related to past flooding events or on the probability of future events in the Basilicata Region.
To this aim, flood hazard data, provided by ISPRA (https://idrogeo.isprambiente.it/app/
page/open-data, accessed on 17 December 2022), were overlaid in a GIS environment
on the administrative municipality boundaries, collected from the National Institute of
Statistics (https://www.istat.it/it/archivio/222527, accessed on 18 December 2022). Data
derive from national open-source platforms, and they represent the base to assess the
physical characteristics of the study area.

The ISPRA dataset defines the extension of the areas prone to be flooded, and accounts
for three probability scenarios, as required by the Flood Directive [15]:

e  High Probability
e  Medium Probability
o  Low Probability

According to the Italian Legislative Decree 49/2010, these scenarios correspond to areas
that can be flooded with return periods ranging between 20 and 50 years (HPH—high proba-
bility or frequent floods), 100 and 200 years (MPH—average probability or infrequent floods),
and greater than 200 years (LPH—Ilow probability or extreme event scenarios), respectively.

3.2. Assessment of Flood Hazard at the Municipality Level

The extent in km? of the LPH, MPH, and HPH flood scenarios in each municipality was
compared with the total extent of the municipality, in order to classify the municipalities in
terms of relative hazard levels. For each municipality, the percentage of territory potentially
affected by LP, MP, and HP flood was calculated. Since the LPH flood scenario included
also the area characterized by MHP and HPH, its relative percentage values were used to
classify the municipalities into five hazard levels: H1 (very low), H2 (low), H3 (medium),
H4 (high), and H5 (very high).

3.3. Identification of the Social Vulnerability Indicators

Following the methodological approach proposed by Cutter et al. [41], the social
vulnerability assessment requires the selection of the main indicators influencing social
vulnerability. The choice of indicators is a critical aspect in constructing the social vulner-
ability index, but there are no reference guidelines providing information on the data
to be used and the statistical treatment to use during the investigation [51]. In this
paper, the identification of the socio-economic indicators was based upon a review of
the recent literature, the socio-economic context of the Region, and the addition of na-
tional census data (https://ottomilacensus.istat.it/ and https://www.istat.it/, accessed on
17 December 2022), which describe the demographic structure of the population residing
in each municipality of Italy.

3.4. Application of the Multivariate Statistical Analysis

One of the most common statistical methods used for the construction of a social
vulnerability index is the Factor Analysis (FA) [42,63,85] which is part of the inductive
model [48]. This multivariate statistical approach enables the reduction of a large number
of proxy variables to a smaller number of components [86], which are easier to interpret
in terms of the causal process without losing too much information from the input data.
The application of this method has proven to be highly effective in extracting the main
components influencing social vulnerability across a given area. As a first step, being the
variables characterized by different unit measures, data normalization was carried out
through a standardization operation (consisted in subtracting, for each datum, the mean
and dividing by the standard deviation). The standardization transforms each variable to
have a zero mean and a standard deviation of one.

According to Chakraborty et al. [55], a reliability and consistency dataset investigation
was carried out before conducting the FA. In particular, the Kaiser-Meyer—Olkin (KMO)
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measure was adopted to detect multicollinearity issues. The KMO overall statistic registered
a value > 0.60, suggesting the application of the FA [87].

Consequently, the FA with varimax rotation was applied to extract the main factors
describing the variance of the entire dataset. The statistical software to compute the
multivariate statistical analysis was Minitab. Lastly, these factors were mapped in a GIS
environment to analyze their spatial distribution.

3.5. Construction and Mapping of the SVI

In order to construct the social vulnerability index (SVI), the main factors obtained
from the multivariate statistical analysis (cf. Section 3.4) were combined to provide a unique
number score. In detail, the factors were aggregated by applying the equation provided by
Siagian et al. [63]:

SVI = Z(((Variancel x Factorl)/Tot.Variance)) + )
((Variance2 x Factor2)/TotVariance)) + ((VarianceN x FactorN)/(TotVariance))

Since the variance explains the degree of representation of each factor with respect
to the entire dataset, this method allows to compute the SVI, giving each factor a specific
influence (weight).

Once all the SVI values were calculated for each investigated municipality, the results
were spatially distributed through a GIS-based standard deviation method showing the
variation of the of social vulnerability level in the study area (V1 = very low social vulner-
ability, V2 = low social vulnerability, V3 = medium social vulnerability, V4 = high social
vulnerability, and V5 = very high social vulnerability).

3.6. Overlap of Flood Hazard with Social Vulnerability Maps

As a final step, flood hazard levels were combined with the values of the SVI. This
operation was carried out through a GIS-based raster analysis tool, which allowed the
combination of different raster datasets into one and the obtainment of the final map. A
raster analysis was conducted to overlap the raster of the social vulnerability index and
flood hazard levels.

Considering the qualitative assessment risk matrix, the resulting raster was classified
into five categories (1 = Very low, 2 = Low, 3 = Medium, 4 = High, and 5 = Very high).

4. Results
4.1. Municipalities under Investigation

As a result of the overlay between the Basilicata municipalities and flood hazard data
provided by ISPRA, 56 municipalities were selected to be further investigated in terms of
hazard and social vulnerability (Figure 3). They are located in the eastern sector of the
Basilicata region, along the Ionian plain where the main hydrographic network extends. In
particular, 31 municipalities belong to the province of Potenza, whereas 25 are part of Matera
(Table 1).

In detail, 208 km? (corresponding to 2.1% of the regional territory) are characterized by high
flood probability (HPH); such a surface extends up to 270 km? (2.7% of the regional territory)
in case of medium flood probability (MPH) and reaches 296 km? in the case of a low flood
probability (LPH), with a percentage of regional territory prone to be flooded equal to 2.9% of
the total surface. The area potentially affected by flood mainly includes the hilly areas and the
coastal belt which are exploited by agriculture (the main regional economic source).

4.2. Flood Hazard Scenarios

The flood hazard assessment (cf. Section 3.2) highlights that the main municipalities with
the highest percentage of area prone to be flooded are: Bernalda, Pisticci, Policoro, Rotondella,
Scanzano Jonico, and Nova Siri (Figure 4). Bernalda records a very high-level flood hazard
(H5) in all flood probability scenarios. Indeed, more than 30% of the municipality territory
could be flooded in the case of HPH, MPH, and LPH. Secondly, Scanzano Jonico registers a
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range between 13% and 24% of floodable areas followed by Policoro (7%-24%), Rotondella
(11%-19%), Nova Siri (13%—17%), and Pisticci (9%—14%). The latter municipalities register
an increasing flood hazard trend (between H3 and H5), moving from the HPH scenario to
an LPH scenario. However, as shown in Figure 5, these municipalities are located along the
same Ionian coastal zone in the southeastern sector of the study area. As for the remaining
municipalities, they fall between the H3 (medium) and H1 (very low) hazard zones, registering
less than 12% of the municipal area prone to be flooded.

| FLOOD HAZARD SCENARIOS
HPH_20-30yr | 208 km?

: MPH_100-200yr | 270 km?

| B LPH _500yr 296 km?

BOUNDARY

d [ ] Municipalities not affected by
flood hazard

[ 1 Municipalities prone to
flood hazard
SR

IONIAN
SEA

Bemalda

Pisticei -

:Bernalda

Pisticci = !

Figure 3. (a) Map showing the main municipalities (yellow color) prone to flood hazard in Basilicata
Region. The areal extension of each scenario is represented in the legend. HPH = High probability
flood; MPH = Medium probability flood; LHP = Low probability flood. (b) Spot of Bernalda and
Pisticci in HPH and (c) LPH scenarios; the red line represents the administrative boundary at the
municipality level. (d) Spot of Matera in HPH and (e) LPH scenarios.
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Table 1. Municipalities affected by flood hazard in Basilicata Region.

Province Municipality Area (km?) Number of Inhabitants
Aliano 97.25 895
Bernalda 124.02 11998
Calciano 49.7 662
Colobraro 65.54 1064
Craco 76.41 639
Ferrandina 216.93 8061
Garaguso 38.32 987
Grassano 41.05 4784
Grottole 115.79 2059
Irsina 261.87 4427
Matera 389.17 59869
MATERA Miglionico 88.33 2356
Montalbano Jonico 133.88 6781
Montescaglioso 174.42 9194
Nova Siri 52.086 6691
Pisticci 232.06 16832
Policoro 67.03 17779
Pomarico 127.77 3819
Rotondella 76.17 2441
Salandra 76.39 2558
Stigliano 209.09 3680
Tricarico 175.98 4835
Tursi 158.62 4807
Valsinni 32.1 1365
Scanzano Jonico 71.84 7556
Acerenza 77.68 2112
Albano di Lucania 55.64 1358
Armento 59.6 579
Campomaggiore 125 732
Chiaromonte 70.82 1743
Episcopia 28.86 1273
Fardella 28.36 573
Gallicchio 23.83 811
Genzano di Lucania 207.39 5262
Grumento Nova 66.71 1559
Lagonegro 112.2 5127
Latronico 75.84 4104
Lauria 175.64 11993
POTENZA Maratea 68.59 4767
Marsico Nuovo 99.77 3839
Marsicovetere 38.34 5545
Missanello 21.97 480
Montemurro 56.63 1109
Noepoli 45.77 767
Nemoli 19.49 1402
San Martino d’Agri 50.63 687
Sant’ Arcangelo 88.49 5996
Senise 95.82 6586
Spinoso 37.62 1347
Tramutola 35.28 2925
Trecchina 37.72 2149
Paterno 40.37 3036
Vaglio Basilicata 43.36 1871
Potenza 174 64786
Rivello 69.74 2537

Roccanova 61.67 1311
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Figure 4. Percentage of the municipal territory affected by floodable areas for LPH, MPH, and HPH.
Legend

Irsina

Valsini

P

Figure 5. Classification of the municipalities based on the maximum percentage of municipal territory
occupied by areas prone to be flooded in case of low hazard scenario (return period = 500 years).

4.3. Social Vulnerability Indicators

Concerning the main socio-economic indicators, Table 2 represents an overview of the
main socio-economic indicators chosen for the statistical investigation with their relative

proxy variables.
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Table 2. Social vulnerability indicators with their proxy variables. The relative influence of each
proxy variable on the social vulnerability is defined as (+) in the case of a positive correlation and as
(—) in the case of no influence or negative influence.

) . Influence

Indicator Proxy Variable on Social Vulnerability

Children with age < 14 years (%) +

Age Elderly With age > 65 years (.%) +

Population dependency ratio +

Ageing index +

Gender Female residents (%) +

Ethnicity Foreign residents (%) +

Lone parents Single parents (%) +

. High education rate -

Education Low education rate +

Employment Employment rate -

Unemployment rate +

Population exposure Population density +

Residents with 0 € per year (%) +

Low Income Residents with 0-10,000 € per year (%) +

Residents with 10,000-15,000 € per year (%) +

The age indicator is represented by the percentage of youths and the elderly as well as
the ageing and the dependency index [64]. For instance, young people are dependent on
adults in terms of monetary support and decision-making. Both young and old people may
be unable to respond to disasters on their own [18], requiring special needs and resources.
They can be also particularly affected in terms of health repercussions in the aftermath [88].
They can be vulnerable due to not only mobility problems or illnesses, but because of their
way of thinking and experience even related to the different cycles of weather [41].

Regarding the gender indicator, women in particular can be badly hit due to social
and cultural gender norms, as family care responsibilities and the increment of workload
can have a huge impact on women in the aftermath and recovery phase [26,41,88].

In addition, residents with different ethnicities can have increased vulnerability due to
different languages and cultures that affect access to post-disaster resources and sometimes
a misunderstanding of flood warning information [41,85,88-91].

Moreover, education represents the ability to understand warning information during
disaster events and to provide access to recovery resources in the aftermath [41,51,85,92].

Economically poorer people in comparison to those in other categories are considered
more susceptible to extreme events [93], as structural maintenance and operative mitigation
initiatives are often out of reach for low-income households [94]. The unemployment rate
and therefore, very low income, can exacerbate losses and increase vulnerability within a
social system [37,41,95]. For this reason, the percentage of residents belonging to the three
lowest income classes were included as variables for the corresponding indicator.

4.4. Main Socio-Economic Factors

Based on the results of the FA (Figure 6a), three factors were extracted from the whole
set of available proxies. Indeed, the proxy variables represented by the highest correlation
values are aggregated into one main factor.

In particular, the first socio-economic factor is mainly described by age explaining
36.6% of the variance, followed by gender with 13.4% and ethnicity with 11.9%. Such results
are also evident from the Scree Plot shown in Figure 6a, where factors with eigenvalues
greater than 1 (meaning that they are significant in representing the original data) are those
that better explain the dataset (61.9% of the variance).

In Figure 6b, the spatial distribution of the main factors across the study area is shown.
In particular, the map related to the first selected factor (age) underlines a significant
presence of a consistent percentage of dependent residents with an age over 65 across
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the study area. Eight municipalities fall in very low values of standard deviation such
as Matera and Potenza, whereas very high classes are depicted in Calciano, Colobraro,
Roccanova, Aliano, Missanello, Montemurro, Spinoso, and Fardella. On the other hand,
high values of standard deviation of the gender factor are registered in 11 municipalities,
where high percentages of women as single parents live. Lastly, the map showing the
spatial distribution of the third factor underlines the Metaponto plain as the main area
inhabited by foreign residents.

Variable Factorl Factor2 Factor3 Communality ()| Factor1-AGE (b)
Women 0055 |0w08] -0.131 0.514 B
Pop_Density ~ —0.748 0097  0.035 0.571 B Metium
Dep_Index [0847] 0074 -0.094 0.732 = Low
Ageing_Index 0.615 0416  0.087 0.559 mbiche
Elderly [0826] 0411 -0.226 0.902 A
Youth —0226 —0.464 —0.235 0.322 L Y
Low_Ed [0929] o0.100 0.038 0.874
High_Ed 0713 0549  —0.029 0.811 Factor 2 - GENDER
Single_Par -0.035 [0686] -0.132 0.423 el
Empl_Index -0.787 0197  0.076 0.664 3 Medium
Unempl_Index —0.048  —0.243 . 0.621 = \L/«;v:y o
Foreign 0.119 0.029 0.636 .
0inc -0.411 0.021 0.570 0.495
0-10 inc 0.656  0.185 0323 0.568
10-15 inc 0.702 0308 —0.107 0.599
Variance 54923 20108  1.7871 9.2902
% Var 0.366 0.134 0.119 0.619
Factor 3 - ETHNICITY
I Very high
6* | High.
Il Medium
[ Low
57 [ Very low
41 A
£
iﬂ’
5|
o
T 2 3 4 5 8 7 8 3 fom o2 B ou s \
Factor Number %

Figure 6. Outcomes of the factor analysis with varimax rotation. (a) Loadings and communalities
showing the factor correlations (green color) and, on the bottom, the Scree Plot of the variables with
their eigenvalues; Pop_Density = population density, Dep_Index= Dependency index; Low_Ed = low
education; High_Ed = High Education, Single_Par = Single Parents, Empl_Index = Employment Index,
Unemp_Index = Unemployment Index; 0 inc = 0 income; 0-10 = income between 0 and 10,000 euros;
10-15 inc = income between 10,000-15,000 euros. (b) Spatial distribution of the main social-economic
factors representing the entire dataset.

4.5. SVI and Raster Analysis

The main factors identified through the application of the FA were combined by the
application of Equation (1) so as to obtain a “synthetic” score, and for each municipality,
the SVI score was evaluated (cf. Section 3.5). In Figure 7, the spatial distribution of the
SVI classified in different levels is provided. As is shown in the map, 24 municipalities fall
in the highest level of social vulnerability (V4 and V5). For instance, Craco is one of the
most emblematic examples of the high value of social vulnerability, as the city has been
subjected to various landslides and flood events leading to total depopulation.
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Figure 7. Spatial distribution of social vulnerability index across the study area. V1 = very low
social vulnerability, V2 = low social vulnerability, V3 = medium social vulnerability, V4 = high social
vulnerability, V5 = very high social vulnerability.

Seven municipalities fall in very low social vulnerability classes such as Matera and
Potenza, whereas the Metaponto Valley is characterized by a medium and a low level of
social vulnerability.

The final results of this research are shown in Figure 8. This map represents the
combination of flood hazard and social vulnerability and it is segmented into five classes
(from very low = class 1 to very high = class 5).

This outcome represents a preparatory evaluation in the flood risk analysis, in which
the physical dimension of the flood probability and the social vulnerability is considered.
In particular, the map highlights that 25 municipalities are characterized by high values
of both flood probability and social vulnerability (ranging between classes 4 and 5), espe-
cially Bernalda, Rotondella, Nova Siri, Valsinni, Colobraro, Irsina, Calciano, Aliano, Mis-
sanello, Roccanova, San Martino d’Agri, Fardella, and Chiaromonte. Therefore, a total of
107,587 people can have difficulties coping with flood events.
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Figure 8. Final raster derived from the overlap between flood hazard and social vulnerability index.
Class 1 = very low; class 2 = low; class 3 = medium; class 4 = high; class 5 = very high.

5. Discussion and Conclusions

The present research analyzes the flood hazard and the socio-economic patterns of the
Basilicata Region (southern Italy). The main goal is to integrate two of the main components
influencing flood risk by constructing a Social Vulnerability Index (SVI) and relating it with
flood hazard in order to provide an outline of the most vulnerable social groups that need
special attention in flood management and risk reduction strategies.

The result of the study highlights the importance of the integration between Social and
Earth Sciences in the context of risk management and disaster reduction. Risk management
is more efficient if, instead of working from single disciplines and separate perspectives,
multidisciplinary approaches are adopted to enrich the co-production of knowledge and
co-management of disaster risk [96]. This represents a paradigm shift in research practice,
requiring mutual learning, collaboration, and exchange within academia [97]. Under-
standing behaviour and citizens’ behavioural response to flood occurrence is equally as
important as improving hazard assessment [98].

Although vulnerability is a controversial concept and can be defined in different ways,
the outcomes related to this research underline the need to improve methods in constructing
an overall vulnerability index and to link it with physical aspects [99]. The final outcomes
of this research are presented in the form of maps, showing the combination between
physical hazard (expressed in terms of probability of occurrence) and social vulnerability.
From the overlay of the available informative layers, it emerges that 13 municipalities fall
in a very high class of both flood hazard and social vulnerability.

As regards the social vulnerability investigation, it is significant to emphasize that
although the flood hazard evaluation highlights only six municipalities with the highest
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flooding probability, the factor analysis was carried out for all municipalities within the
study area. This was done starting from the assumption that if a community is located
in a low-hazard zone but is characterized by a high social vulnerability feature, it could
encounter difficulties in dealing with flood events due to its socio-economic conditions.

Concerning the main factors influencing the social vulnerability in the investigated
area, the results related to the first factor (age) represent the demographic phenomenon
occurring in Basilicata Region where young people leave small towns such as Aliano,
Calciano, and Roccanova without services to move towards more developed cities such as
Matera and Potenza (Figure 6b-AGE). The latter are the main developed socio-economic
centers of the Basilicata Region where the lowest values of the social vulnerability index are
registered. On the contrary, the second factor is represented by women correlated with the
single parent variable which is more concentrated in the main cities (Figure 6b-GENDER).
The third significant factor (ethnicity with a correlation between foreign residents and the
unemployed index) explains how migrants from poor countries can face difficulties in job
searching due to poor language knowledge or social exclusion.

Given this evidence, limitations and recommendations need to be considered in
order to improve the method of constructing the overall index and to analyze flood
hazard impacts.

Not all the municipal area under study is highly populated or occupied by buildings.
The inhabited centers are often located on high reliefs not suffering major damage during
flood events; therefore, studies at a more local scale in specific places at a high level of
hazard could increase the precision of our SVI classification. In this study, the results
indicate the Ionian coastal zone as the most prone to flood risk. Therefore, studies at a
smaller scale (census block) should be useful in localities where high values of flood hazard
and social vulnerability are registered [100,101] in order to provide a set of information
suitable to support the sustainable management of the territory and to enable local au-
thorities, administrative planners, and civil protection actors to locate the most vulnerable
social groups that need special attention in flood management and risk reduction strategies.
However, local vulnerability information at the district level is often unavailable. National
statistical institutes focus more on environmental or socio-economic patterns at the national
or sub-national level, also excluding data related to disaster risk, much more commonly
provided by global offices such as EM-DAT (Emergency Events Database), SFM (Sendai
Framework Monitor), the World Bank, and the INFORM Natural Hazard Risk Index.

The usefulness for this work of national open-access data is noteworthy. The use and
development of data that can be accessed, shared, and re-used for any purpose without
restriction, called Open Data (OD) [102], is essential in various domains: education, health,
security, transportation systems, climate, and Earth Observation. They are considered “an
essential resource for economic growth, job creation, and societal progress” (https:/ /digital-
strategy.ec.europa.eu/en/policies/strategy-data, accessed on 15 December 2022).

Moreover, due to the distribution of the most vulnerable communities along the Ionian
coastal sector, research development could be carried out by applying a multi-risk analysis
procedure and taking into account also the hazard distribution of other marine- and climate-
related processes (i.e., coastal retreat, coastal flooding, and coastal inundation) and their
combination [103-108]. In fact, interest in the multi-risk assessment increased in the last
decades at the international level [109,110] especially for the analysis of coastal areas, which
are potentially exposed to different processes, such as storms, coastal erosion, saltwater
intrusion, and sea level rise [9,17,111-114].

Other possible improvements to the present research could be the inclusion of addi-
tional flood characteristics, such as water depth and flood velocity, as underlined also in
the Directive 2007/60/EC, among needed elements to define floods scenarios with low,
medium, or high probability, functional to define Flood Hazard Maps [77]. Moreover,
the implementation of water depth and flood velocity allows the definition of tailored
flood-depth damage curves and, as a consequence, leads to an increase in information
regarding the vulnerability of different building categories [115,116].
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In conclusion, this study could be considered preparatory for further research that
will be aimed at providing a more detailed assessment of the potential impacts of physical
processes (fluvial flooding, coastal erosion, and coastal flooding) affecting the investigated
municipalities and accounting for each aspect contributing to the increase in the hazard,
exposure, and vulnerability level. The vulnerability analysis conducted in the present
study could contribute to other projects to increase the level of awareness among people by
helping academic researchers and governments to face and deal with flood events. Finally,
it is worth noting that the investigated area is located in the Mediterranean basin, which
is considered by the scientific community as a hot spot of climate change [117-119], and
therefore, frequency and intensity of fluvial and marine floods are expected to increase,
making people more exposed to risk. However, working on preparedness and mitigation
and implementing community-based strategies that focus on a participatory approach
could persuade people to increase awareness of the hazard context. In this way, community
resilience can be increased by preparing society to better deal with future natural events.
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