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Abstract: Flash floods occur almost exclusively in small basins, and they are common in small
Mediterranean catchments. They pose one of the most common natural disasters, as well as one of
the most devastating. Such was the case of the recent flood in Euboea island, in Greece, in August
2020. A field survey was accomplished after the 2020 flash floods in order to record the main impacts
of the event and identify the geomorphological and man-made causes. The flash flood susceptibility
in the urbanized alluvial fans was further assessed using a Geographic Information System (GIS)-
based approach. Our findings suggest that a large portion of the alluvial fans of Politika, Poros
and Mantania streams are mainly characterized by high and very high hazard. In fact, ~27% of the
alluvial fans of Politika and Poros streams are characterized with very high susceptibility, and ~54%
of Psachna area. GIS results have been confirmed by field observations after the 2020 flash flood, with
significant damages noted, such as debris flows and infrastructure damages, in buildings, bridges
and the road networks. In addition, even though the adopted approach may be more time-consuming
in comparison to purely computational methods, it has the potential of being more accurate as it
combines field observations and the effect of past flooding events.
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1. Introduction

The term “flood” refers to the overflow of the natural bed of a river, stream or artificial
canal and the consequential covering of areas with water, which would normally be dry [1].
According to the EU directive [2], the term flood refers to “the temporary covering by water
of land not normally covered by water”. Floods are a natural phenomenon and comprise
an important part of the hydrological processes of a river basin; however, human activities
and climate change increase their occurrence and impacts [2]. A flood is an outcome of
many factors, the most important of which are intense rainfall, ice melting, high water
level (due to natural or man-made barriers in the riverbed), deforestation or fires and dam
failure [3–7].

A flash flood is an intense flood that is caused by heavy rainfall in a short period of
time. These phenomena occur almost exclusively in small basins (up to a few hundred
square kilometers) and they are common in small Mediterranean catchments. They pose
one of the most common natural disasters, as well as one of the most devastating [8–13],
often inducing multiple fatalities, infrastructure damages and dramatic economic losses,
especially in large towns. Additionally, a significant part of the European population
resides in areas that are susceptible to floods [14].
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Flash flood hazards are affected by many factors, amongst which the most important
are rainfall intensity, drainage basin characteristics and morphology, geological formations
of the area, human interventions and land use [4–7,15–17]. However, as stated above,
flash floods mostly occur in small catchments, where there are usually very few gauging
and/or monitoring stations and instruments, hence the scarcity of data, both climatic
(i.e., rainfall and/or storm frequency and intensity) and hydrological (i.e., flood frequency
and intensity and river discharges) [18]. Additionally, such floods are hard to monitor,
due to the short time of their occurrence [19,20]. It is also worth mentioning that flash
floods are often recorded and/or described alongside landslides, and thus their segregation
is often hard [21]. Yet, recently, new technologies are available when determining the
impacts of flash floods, such as unmanned aerial vehicles (i.e., drones), thus rendering
both the monitoring of the phenomena and the recording of their effects easier and more
time-sparing [22]. What is more, several hydraulic models, calculating peak flows, have
been proposed and existing ones have been improved, so that many physiographical
factors can be considered, such as channel roughness [23]. Flood hazard mapping can
also be aided by other methods, such as satellite images and fieldwork observations of
the flood effects [24]. According to Hoyois et al. [25] and the Centre for Research on the
Epidemiology of Disasters (CRED) [26], floods represent 31.6% of global natural disasters
and 32.7% of disasters in Europe, causing correspondingly 9.2 and 2% of the total fatalities
and 27.1 and 34.2% of the total financial losses owed to natural disasters. According to
Paprotny [27], in Europe, there has been an increase in the number of flash floods per
year from 1870 to 2010, among others due to increased urban activity and anthropogenic
interventions in the channel beds [6,28]. It is estimated that in the time period 1995–2014,
floods have affected approximately 2.3 billion people, whereas the average number of
floods has increased in comparison with the previous decades [29]. Costs related to flood
damage have been increasing, and partly due to the increasing exposure of people and
assets [30]. Kron [31] shows an increase in the number of large flood events and in economic
losses and insured losses.

In Europe, between 1870 and 2016, 1564 flood events occurred, 879 (56%) of which
were flash floods, owed to river or stream overflow and lasting for less than 24 h. 606
(39%) were normal river floods, whereas 56 (4%) were coastal ones and 23 (1.5%) were
mixed flood events. Between 1998 and 2002, more than 100 damaging floods occurred,
composing 43% of the total number of natural disasters of that period. They resulted in
the death of 700 people and the immigration of approximately half a billion people in
countries other than Europe. Damage cost was estimated at 25 billion euros [32]. According
to Kundzewicz et al. [6,33], in Europe, between 1985–2016, 304 major flood events were
been recorded, corresponding to a rate of about 10 floods per year, and 85 even more severe
ones, the rate being 2.5 floods per year. Hoyois et al. [25] have estimated that, between
2000 and 2004, a total of 1,452,740 natural disasters occurred in Europe, 34% of which were
floods, 39% were windstorms, 18% were droughts and only 9% were geological ones (e.g.,
earthquakes). The said disasters caused an average of 66 fatalities per year, 43% of which
were owed to floods, 20% to windstorms, 28% to droughts and 9% to geological disasters.
The total economic loss was estimated at 9.99 billion (US 2006) dollars, 68% of which were
caused by floods, 24% by droughts, 5% by windstorms and 3% by geological ones.

In this framework, the purpose of this study is to evaluate the geomorphological
and hydrological features of the August 2020 flash flood events in Central Euboea and
examine their causes, both natural and anthropogenic, focusing on the impact of human
interventions on the flood hazard. In addition, our study aims to assess the flash flood
susceptibility in the urbanized alluvial fans using a GIS-based approach and compare the
results with field data obtained after the August 2020 flood.

2. Study Area

Euboea is Greece’s second largest island and lies in the Aegean Sea, central Greece.
The study area includes the drainage basins of Messapios river, and Politika, Poros and
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Mantania streams in central Euboea (Figure 1, Table 1). The areas mainly hit by the August
2020 flash flood are represented by two alluvial fans located in the area of Politika, and the
alluvial/coastal plain of the Lelas and Messapios rivers.
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Figure 1. Location of the study area. Our study focuses on Messapios river, and Politika, Poros and Mantania streams.
Location of Lelas river is also indicated, as one of the areas impacted by the 2020 flash flood.

Table 1. Basic characteristics of the hydrological regime of the studied streams.

Characteristics
Politika Psachna

Politika Stream Poros Stream Mantania Stream

Basin area (km2) 12.08 25.05 35.30
Basin length (km) 6.68 8.98 8.52

Fan area (km2) 7.88 15.41
Stream length (km) 2.68 65.22 119.20

The Alpine formations of Central Euboea belong to the Sub-Pelagonian geotectonic
zone. They include carbonate rocks of the Triassic-Jurassic age, an ophiolite complex of Late
Jurassic–Early Cretaceous age and a Late Jurassic–Early Cretaceous schist-chert formation.
The Post-Alpine formations include flysch and fluvio-lacustrine deposits of Upper Miocene
and Pleistocene age (Figure 2) [34].

In the study area, there is a succession of mountain ranges, reaching up to 1700 m in
height, and low elevation plains, consisting of alluvial deposits [34]. The valleys of the
area are generally in the maturity stage, as they are open V-shaped and characterized by
gentle slopes, well developed tributaries and flood plain, and meandric development in
several parts.
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Figure 2. Lithological map of the study area.

The Messapios river springs from Dirfys Mountain, flowing in a general direction
from East to West. Messapios flows into the North Euboean Gulf near the town of Psachna.
This town is built at the confluence of the Mantania stream with the Messapios river, where
a wide alluvial fan is present.

2.1. Historical Floods

Flood events are common in the study area (Table 2). The most severe recent floods
that have hit the area are those of 1998, 2002, 2006 and 2009 [35] and bore a major impact on
many municipalities, especially Dirfys-Messapia municipality [36]. For the first two flood
events, there is insufficient data. The 30 October 2006 flood struck the areas of Makrykapa,
Kastella and Psachna in the municipality of Dirfys-Messapia [36].

Table 2. Main historical floods in the study area.

Event Affected Area

1998 Dirfys-Messapia municipality
2002 Dirfys-Messapia municipality

30/10/2006
Makrykapa, Kastella and Psachna in the

municipality of
Dirfys-Messapia

2009 Dirfys-Messapia municipality

2.2. The 2020 Flood Event

Between 5 and 9 August 2020, the storm “Thalia” occurred, mainly due to a mid/upper-
tropospheric low-pressure system above the southern part of the Adriatic Sea and the Ionian
Sea. The cut-off center in the first morning hours of Saturday (8 August 2020) was above
the Ionian Sea, and 12 h later it moved southeastwards and over the mainland Greece and
in the morning of Sunday 9 August, it was located over the Aegean Sea. During the night
of Saturday 8 August 2020, a low-level convergence zone developed in the Central Aegean
Sea, triggering convection of highly unstable air masses [37]. The complex topography of
Central Greece had a significant effect on this and long-lasting and stationary supercells
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developed due to strong vertical wind shear and storm-relative helicity above Euboea.
On Saturday 8 August 2020 after 19:00 UTC the first storm cells were detected in North
Euboea and within less than 2 h, an almost stationary Mesoscale Convective System (MSC)
had developed [37]. The main flood event in Euboea occurred on Sunday 9 August. In
particular, the meteorological station of Steni recorded 75 mm rainfall quantity between
23:20 and 02:40, 24 mm between 02:40 and 03:30, and 200 mm between 03:30 and 07:30,
reaching at total of 299 mm [37].

3. Materials and Methods

The methodology used in this work is two-fold: (a) geomorphological observations
after the 2020 flash flood event and (b) a GIS-based approach to assess the flash flood
susceptibility in the studied urbanized alluvial fans. The results of the GIS approach were
assessed based on the geomorphological observations of the 2020 flash flood. A general
workflow for the present work is illustrated in Figure 3.

GeoHazards 2021, 2, x FOR PEER REVIEW  5 of 18 
 

 

Ionian Sea. The cut-off center in the first morning hours of Saturday (8 August 2020) was 
above the Ionian Sea, and 12 h later it moved southeastwards and over the mainland 
Greece and in the morning of Sunday 9 August, it was located over the Aegean Sea. Dur-
ing the night of Saturday 8 August 2020, a low-level convergence zone developed in the 
Central Aegean Sea, triggering convection of highly unstable air masses [37]. Τhe complex 
topography of Central Greece had a significant effect on this and long-lasting and station-
ary supercells developed due to strong vertical wind shear and storm-relative helicity 
above Euboea. On Saturday 8 August 2020 after 19:00 UTC the first storm cells were de-
tected in North Euboea and within less than 2 h, an almost stationary Mesoscale Convec-
tive System (MSC) had developed [37]. The main flood event in Euboea occurred on Sun-
day 9 August. In particular, the meteorological station of Steni recorded 75 mm rainfall 
quantity between 23:20 and 02:40, 24 mm between 02:40 and 03:30, and 200 mm between 
03:30 and 07:30, reaching at total of 299 mm [37]. 

3. Materials and Methods 
The methodology used in this work is two-fold: (a) geomorphological observations 

after the 2020 flash flood event and (b) a GIS-based approach to assess the flash flood 
susceptibility in the studied urbanized alluvial fans. The results of the GIS approach were 
assessed based on the geomorphological observations of the 2020 flash flood. A general 
workflow for the present work is illustrated in Figure 3. 

 
Figure 3. Workflow illustrating the methodology adopted in this work. 

3.1. Field Survey 
A field survey took place following the flash flood of 9 August, focusing on the areas 

mostly affected, namely the alluvial fans of Psachna and Politika. The field survey in-
cluded the following: 
(a) In situ measurements and observations regarding the water height level and extent 

of the most characteristics sites, in the upper part, the urbanized part, and the lower 
part of the drainage network (i.e., approximately 1.6 km2 at Psachna, and 1.7 km2 at 
Politika). Maximum water level marks indicating peak discharge were measured at 
various parts of the flooded area, using a rigid folding meter (8 measurements). High 
water marks were identified by lines of dried mud on several surfaces, the presence 
of leaves, limbs and other plant fragments stuck on various places, seed lines, wrack, 
and debris lines. 

(b) Qualitative documentation of damages caused by the flash floods, both at human 
structures and infrastructures and at agricultural areas. 

(c) An RTK-GNSS equipment (SPECTRA SP-80) was used, with accuracy 0.2 m, in order 
to create topographic cross-sections perpendicular to the normal stream flow, in or-
der to determine with accuracy, the topographic apex position, in all studied streams. 

Figure 3. Workflow illustrating the methodology adopted in this work.

3.1. Field Survey

A field survey took place following the flash flood of 9 August, focusing on the areas
mostly affected, namely the alluvial fans of Psachna and Politika. The field survey included
the following:

(a) In situ measurements and observations regarding the water height level and extent
of the most characteristics sites, in the upper part, the urbanized part, and the lower
part of the drainage network (i.e., approximately 1.6 km2 at Psachna, and 1.7 km2 at
Politika). Maximum water level marks indicating peak discharge were measured at
various parts of the flooded area, using a rigid folding meter (8 measurements). High
water marks were identified by lines of dried mud on several surfaces, the presence
of leaves, limbs and other plant fragments stuck on various places, seed lines, wrack,
and debris lines.

(b) Qualitative documentation of damages caused by the flash floods, both at human
structures and infrastructures and at agricultural areas.

(c) An RTK-GNSS equipment (SPECTRA SP-80) was used, with accuracy 0.2 m, in order
to create topographic cross-sections perpendicular to the normal stream flow, in order
to determine with accuracy, the topographic apex position, in all studied streams.

(d) Documentation of damages using a commercial U.A.V. (DJI Mavic Mini). Flight
elevation ranged between 50–70 m for detailed photos and 90–110 m for panoramic
views. The route of the flights was planned in a way so that the areas of interest could
be captured, and a sufficient number (80) of photographic and video material could
be obtained, so that the flood limit and the impacts of the event could be determined.



GeoHazards 2021, 2 371

For the recognition and characterization of the alluvial fan landforms we performed
geomorphological analysis in the field of scale 1:5000 and in GIS, through DEM analysis,
using ArcGIS Pro v. 2.8. All scale maps (historical events, geomorphology, steepness, and
road/hydraulic network condition; Figures 4 and 5) were set up by a Digital Elevation
Model (DEM) 5 × 5 m, which was derived from topographic maps of scale 1:5000. Contour
lines, slopes, and identification of any other physical or artificial parameters, were derived
from the aforementioned DEM.

Topographic and geomorphological analysis maps were used to delimit the alluvial
plain, by the changes in the shape of the contour lines and separate the active and inactive
lobes, establishing the potential flooding area. The separations of the lobes were mapped
by identifying the topographic and hydrographic apex [38,39], with the active lobe being
considered to be downstream of the hydrographic apex near the main channel. Field
surveys allowed us to verify the channel condition, the sedimentary characteristics, the
height of fluvial stratigraphic deposition, and the state of activity of fans.

3.2. Flash Flood Susceptibility Assessment

A GIS-based flash flood susceptibility assessment was accomplished on the alluvial
fans of Politika and Psachna areas, following the methodology of Santangelo et al. [40].

Geomorphological observations in the field in combination with large scale maps
were used to synthesize thematic maps in each study area, which included historical events
(Figure 4a), geomorphology (Figure 4b), steepness (Figure 5a), and road/hydraulic network
condition (Figure 5b). These thematic maps represent the main critical factors for flood
propagation and are used to produce a flooding susceptibility map using a GIS procedure
based on a susceptibility matrix [28,40]. In particular, the susceptibility matrix considers
the main steepness classes, and associates them with historical events, geomorphology, and
road/hydraulic network condition. The historical events factor considers their presence
or absence in the study area. The geomorphology factor takes into account whether it is
the active or inactive part of the alluvial fan, and therefore the potential flooding area. The
road/hydraulic network factor includes the presence of settlements, the road network, and
the possible overflow direction through the critical points.

Three steepness classes get a score from 1 to 3, corresponding to 3 zones of different
susceptibility, i.e., low, medium and high. Following this, the other critical factors are
considered, each corresponding to a score of 1. Based on the absence or presence of one
or more of the critical factors (i.e., historical events, geomorphology, and road/hydraulic
network condition), three other levels, from 1 to 3, are defined corresponding to four
categories of flood susceptibility (Table 3) [40]. For instance, in the case of low steepness
with a score 1, if two more predisposing factors are present, there is a score 3, then the
corresponding area is characterized by high susceptibility.

Table 3. Susceptibility matrix considers the main steepness classes, and associates them with historical
events, geomorphology, and road/hydraulic network conditions.

Steepness

0–2 (◦) 2–5 (◦) >5 (◦)

1 (Low) 2 (Medium) 3 (High)

Predisposing factors

One Factor 1 2 (Medium) 3 (High) 4 (High)

Two Factors 2 3 (High) 4 (High) 5 (Very High)

Three Factors 3 4 (High) 5 (Very High) 6 (Very High)
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4. Results
4.1. Geomorphological Observations

Based on field observations, three critical points were identified regarding the flash
floods of 9 August 2020: the human interventions along the river channel, the arbitrary
constructions on alluvial fans and the excessive rainfall rate (Figure 6a,b) (300 mm within
8 h; [37]).
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from Steni station from 23:00 of 8 August 2020 to 10:00 of 9 August 2020 (based on [37]).

Human structures (bridge, road, etc.) along the river channels of the study area
reduced the critical cross-sections of the rivers, causing local overflows and intensification
of the phenomenon, whereas the limited constructions of protection dams upstream did
not suffice to reduce the dynamics of the flow downstream. On the other hand, alluvial
fans are very prone to flooding when heavy rainfall occurs, given that they consist of debris
deriving from previous flood events. The constructions perpendicular to the flow and on
the said alluvial fans interrupted the smooth drainage of the area. As a result, the human
interventions and constructions, in combination with the intense rainfall and the 2019 fires
in the broader area, increased the area’s vulnerability to flooding.

The main alluvial fans were active, and a copious amount of sediment was transported
downstream (Figure 7). The sediments at the mouths of the two streams were transported
towards the west by an east to west coastal drift, at the same time increasing sea level
temporarily for a few tens of centimeters, thus flooding the coastal areas. Deposition was
extensive over most of the active channels, occupying a large part of the valley floor in all

http://meteosearch.meteo.gr/
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sites. The sediments consisted of mud, silt, gravels and debris. Mud, silt, gravels and debris
were deposited in the control cross-section during the event, resulting in an increase of
the stream’s datum by some cm. The sediments are usually graded, given that the coarser
material moves as bedload and the finer grains in suspension. Some very large concrete
blocks, their diameter exceeding 2 m, were moved at least 250 m into the center of the
channel.
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4.2. The 2020 Flood Impacts on the Settlements and Rural Environment

The flood bore severe social and economic impacts and caused damage to several
buildings and infrastructure, loss of property, water pollution, as well as seven fatalities.
At the locations where the flow of the water was impeded due to human constructions, the
water level rose above the critical level, causing the overflow of the rivers. The impact on
settlements was enhanced as the channels were constrained by walls and embankments,
hence the height of the runoff water (up to 2 m over the surface, Figure 8). Figure 8
shows debris, consisting of timber and plant fragments, which have destroyed various
infrastructures, including bridges, roads and buildings.

Additionally, several landslides took place due to the heavy rainfall, and thus many
roads were closed. Figure 9 shows the highway connecting Central and North Euboea,
which was covered with landslide material in the area between Psachna and Drosia. These
materials were derived from slopes which burned out during previous fires.
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Table 4 presents the impacts of the flood event on each of the study areas. The regions 
mostly affected were agricultural ones, while extensive damage was caused to several set-
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Table 4 presents the impacts of the flood event on each of the study areas. The regions
mostly affected were agricultural ones, while extensive damage was caused to several
settlement areas and the road network (bridges, roads) as well.

Table 4. Judgment matrix on the field survey findings of flash flood impacts on each study area.

Flash Flood Damage Criteria Messapios River Politika Stream

Settlements Psachna, Kastella Politika
Infrastructure Road Road, Bridge

Industrial and commercial zones Medium effects Low effects
Agricultural areas Extended effects, close to the estuary of the river Extended effects, at the active fan area
Number of deaths 2 2

The damages caused by the Messapios river flood concerned Psachna and Kastella
settlements, as the river flow was impeded due to human constructions. The maximum
levels of high-water marks (HWM) in the settlements (mud and debris line) were between
1 to 2 m. In the estuary area, the dimension of the flooded area was expanded, as it forms
the river delta.

Although the Politika drainage network is restricted in comparison to the others of the
study area, its flooding caused equally significant damages. The combination of the vast
amount of rainfall over a short period of time, the high slopes upstream of the river, the
2019 fires and the enclosure of the river along the settlement caused landslides upstream
and significant damage at several properties, as water height overcame 2 m in some areas.
Many roads and bridges were also destroyed, as well as agricultural damages near the
estuary.

4.3. Alluvial Fan Susceptibility Mapping

The largest part of the study area is characterized by smooth slopes, with 56% and 49%
of Politika and Psachna areas, respectively, having slopes of 0–2◦, about 20% of Politika
and Psachna having 2–5◦ slopes, and 24% and 30% of Politika and Psachna, respectively,
with slopes higher than 5◦. Artificial surfaces, covering or replacing the stream beds are a
critical factor along with the critical points where overflows may occur; along Mantania
stream 13 such critical points were mapped, 22 along Messapios river, 13 at Poros stream
and 15 at Politika stream (Figure 4b). In addition, the alluvial fans of Politika, Poros and
Mantania streams have all been affected by previous flood events (Figure 4a). In terms of
geomorphology, both the active and inactive parts of the alluvial fans are important factors
for the flash flood susceptibility of the study area.

The GIS-based approach to assess the flash flood susceptibility in the studied urban-
ized alluvial fans has shown that the alluvial fans of Politika, Poros and Mantania streams
are mainly characterized by high and very high susceptibility (Figure 10). In particular,
~27% of the alluvial fans of Politika and Poros streams are characterized with very high
susceptibility, and ~54% of the Psachna area.

Very high susceptibility is noted on areas where the main critical factors for flood
propagation are present. In particular, the very high values are present along the streams
and within the settlements of Politika and Psachna. At the area of Politika, the very high
susceptibility zone is located on the upper part of the active alluvial fan, where the town
has been built, and along the course of Politika and Poros streams. At the area of Psachna,
the very high susceptibility zone is identified along the main course of Mantania stream
and Messapios river and on the settlement (Psachna town). A significant part of the study
area is also characterized by high susceptibility, within the active alluvial fans, i.e., 56% of
Politika and 46% of Psachna.
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We should note that the flood susceptibility assessment was accomplished only on the
alluvial fans of the study area. However, this does not suggest that the alluvial plain of
Messapios river, is not susceptible to flooding. Although the GIS model did not include this
area, the alluvial plain has been affected by previous and the August 2020 flood (Figure 4a).
Damage was lower in relation to Politika and Psachna areas, with flood water containing
fine grained material that affected agricultural areas.

5. Discussion

Geomorphological analysis in flood hazard studies can assist in answering two im-
portant questions: where flooding could happen and how severe it can be [28]. The
combination of geomorphological mapping, GIS, history of past floods as well as post-
event surveys can provide a powerful tool to answer the previous questions and the
assessment of flash flood hazard.

The flash flood of August 2020 in Euboea was an extreme flooding event; within
8 h 300 mm of rain were recorded. The flash flood susceptibility map produced in this
study is well correlated with geomorphological observations after the recent flooding event
(Figure 10). As already noted, a significant portion of the study area is characterized by
very high to high flash flood susceptibility. These areas have also been affected by previous
flood events (Figure 4a) and by the August 2020 flash flood. For instance, agricultural areas
located downstream, both at Psachna and Politika, have also suffered significant damages,
from flows carrying more fine-grained material. During the flash flood of August 2020,
the Politika area suffered significant damages, which included debris flow, transportation
of tree trunks and boulders larger than 2 m in diameter, destruction of buildings and
bridges, and damages within buildings with water reaching even 2 m in height (Figure 8).
At the area of Psachna, significant damages were noted areas along the main course of
Mantania stream and Psachna town, with water marks inside buildings between 1–2 m,
and debris flows.
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Small basins are prone to flash floods, and the urbanization of the alluvial fans in the
study area makes these areas more sensitive to such events. At alluvial fan areas, apart
from high water heights, considerable sediment transport of various granulometric size can
occur, which is capable of producing significant damage to infrastructure and people [41].
Flood risk induced by climate change may be further increased due to urbanization and
the presence of more impermeable surface [42], by vegetation cover changes [43], as
well as forest fires that result to increased runoff erosion [44]. In the Mediterranean,
many rivers are characterized by small and steep drainage basins [45,46]. The particular
topography of the Mediterranean makes the area prone to intense precipitation events,
particularly during autumn [18,47], with disastrous flash floods in small drainage basins,
smaller than 2000–3000 km2 in size [47]. The impacts are more extensive in urbanized
areas, downstream of such basins [18,48]. Due to increasing presence of urban areas and
infrastructure in floodplains, citizens are more exposed to flood damage and economic
impacts are higher [49]. With climate change leading to more unpredictable flash floods,
especially in intermittent and ephemeral streams, the risk and potential damage of river
floods in the Mediterranean Basin has significantly increased [50].

These facts call for better preparedness intervention priorities and planning risk miti-
gation works. The identification and mapping of flood-prone areas is amongst the most
important measures in order to establish early warning systems [51], develop mitigation
plans and proper resource allocation for potential future flood events [52]. Different ap-
proaches exist in the literature for flash flood hazard analysis, including morphometric
analysis [53], different GIS models [54–56], remote sensing in combination with GIS, [57,58]
and post-event surveys [41,59,60]. Santo et al. [41] produced a post-event geomorpholog-
ical map after a flash flood in southern Italy, which can assist in planning detailed risk
mitigation strategies. A similar post-event survey by Dinis et al. [59], after moderate rainfall
events at southern Africa, allowed to determine that socio-economic conditions were most
likely the main reasons of disastrous flood damage. Our work, through geomorphological
analysis, GIS, and history of past floods, allows us to identify flood-prone areas, where
actions may be required, such as mitigation measures or early warning systems, in order to
prevent future damaging floods.

6. Conclusions

The two-fold adopted approach in this work has shown that amongst the most critical
factors in flash flood susceptibility is the urbanization of the alluvial fans and the presence
of artificial surfaces, covering or replacing the stream beds, which is common in the
settlements of the study area. The produced susceptibility map suggests that the alluvial
fans of Politika, Poros and Mantania streams are mainly characterized by high and very
high susceptibility. In fact, 56% of Politika and 46% of Psachna areas are characterized
by high susceptibility, while ~27% of the alluvial fans of Politika and Poros streams are
characterized by a very high susceptibility, and ~54% of Psachna area. The adopted
approach answers two important questions, where flooding could occur and how severe
it can be. Similar flash flood susceptibility maps provide crucial information for the
development of mitigation measures in flood prone areas. Our study further highlights
that the combination of geomorphological mapping, GIS, history of past floods as well as
post-event surveys can provide a powerful tool for the assessment of flash flood hazard.
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