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ABSTRACT

Coastal flooding is a topic of particular interest both in scientific research and for public administration.
In fact, effective management of both coastal erosion and coastal flood risk requires a mapping of
flooding areas by current European legislation (Directive 2007/60/EC). Regarding Italy, coastal erosion
is widely studied and mapped, but coastal flooding has not been uniformly examined across all regions.
This paper analyses the main factors that influence coastal flooding, being mainly tidal excursion and
run-up, and a new methodology is proposed for the classification of storm damage based on the effects
produced by the coastal wave action. In fact, six classes of damage have been defined, sorted by
increasing severity, namely: traffic interruption, infrastructure damage, maritime works damage,
erosion of beaches and dunes, flooding to homes, and a combination of these various factors. The new
classification was applied to two case studies, both in Calabria (Italy): Scilla on the Tyrrhenian coast,
and Monasterace on the Ionian coast. The two locations were chosen because in Scilla the coastal
morphology makes it particularly subject to storms that overreach the beach and reach local houses,
even those located upstream of the seafront. In Monasterace, on the other hand, there is an important
archaeological site on a coastal dune that, over the years, has often been damaged by sea storms. The
analysis of the events was conducted starting with data present in the A.Si.Cal. (Historically flooded
areas in Calabria) of the CNR-IRPI of Cosenza, which containing data relating to events of
hydrogeological instability, including sea storms which have occurred in Calabria over the last few
centuries, and from the MeteoCean group of the University of Genoa, which contains wave data for the
period 1979-2017, which is reconstructed from the Climate Forecast System Reanalysis (CFSR) data.
Keywords: coastal flooding, coastal management, damage classes, storm, tide, run-up, set-up.

1 INTRODUCTION
Coastal areas represent the transition zone between sea and land [1] and are of particular
importance for the presence of housing settlements. In fact, over 30% of the world [2] and
the Mediterranean [3] population live a short distance from the coastline, whose economic
activities are also related to tourism [4]. Coastal areas are very vulnerable under the action of
both natural and anthropic factors [5], [6] which influence the shoreline evolution [7]-[10]
and coastal dynamics in general.

Amongst the anthropic factors, the increase in anthropogenic pressure observed in coastal
areas over the last 50 years has increased the vulnerability of the territory under the action of
natural events such as floods [11], [12], storms [13], [14], coastal flooding [15]-[18],
coastal erosion [19], [20], or a combination of these [21]. Furthermore, the construction of
buildings, infrastructures, ports and coastal defence works [22]-[27] are of particular
importance, which in most cases involve the destruction of coastal dunes [28].

Amongst the natural factors which influence coastal erosion, the sea level, the wave
action [29]-[34] and the longshore and river transport [35]-[42] are of particular importance.
Misdiagnosis of the factors listed above can lead to environmental disasters as in the case of
Saline Joniche, near the Messina Strait [43], or in the case of Badolato, in the Calabrian
Ionian coast [44]. So, for effective management of coastal areas it is of fundamental
importance to know all the factors which influence the coastal dynamics [45]-[47].
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Current European legislation, Flood Directive 2007/60/EC in fact requires the assessment of
water courses and coastlines which are at risk of flooding, a mapping of the flood extent and
of the assets and humans at risk in these areas, and the undertaking of adequate and
coordinated measures to reduce such flood risk. It should be noted that the previous directives
only took into account coastal erosion and not coastal flooding and, regarding Italy, coastal
erosion was widely studied and mapped but not all regions prepared similar coastal flooding
assessments. Given the above, the classification of damage produced by coastal flooding is
of particular importance in order to map flooding areas.

The paper proposes a new methodology for classifying the damage produced by coastal
flooding. The methodology was applied in two case studies, both in Calabria (Italy), being
for Scilla, on the Tyrrhenian coast, and Monasterace, on the Ionian coast. The two towns
were chosen because in Scilla the coastal morphology makes it particularly subject to storms
that overstep the beach and reach the local houses, including those located upstream from the
seafront. In Monasterace, on the other hand, there is an important archaeological site on a
coastal dune that, over the years, has often been damaged by sea storms.

2 METHODOLOGY

The definition of the new damage classification methodology was preceded by an analysis
of the storms that affected the two locations studied. This analysis was conducted using data
present in two databases. The first was the A.Si.Cal. (Historically flooded areas in Calabria)
of the CNR-IRPI of Cosenza, containing events of hydrogeological instability, including sea
storms which occurred in Calabria in the last few centuries. For each event it was possible to
identify the date of the event and its effect. The second database is from the MeteoCean group
of the University of Genoa and contains wave data for the period 1979-2017, reconstructed
from the Climate Forecast System Reanalysis (CFSR) database. From this data, Boccotti’s
theory [48] was used to identify storms. In particular, by obtaining the critical height as being
1.5 times the mean of the significant heights recorded for the whole time series, it was
possible to identify the events during which this threshold was exceeded. Of all the identified
storms, only those present in the A.Si.Cal. database which caused damage were examined,
and for each of these the maximum significant wave height and the storm duration were
estimated.

The new methodology for classification of the damage caused by storms is based on the
effects produced by the wave action on the coast. In fact, six classes of damage, sorted by
increasing severity, have been defined as follows:

Traffic interruption;
Infrastructure damage;
Maritime works damage;
Erosion of beaches and dunes;
Flooding to homes;
Combination of these factors.

AN

For both locations, coastal flooding hazard maps were also drawn up for 3 different
scenarios, corresponding to storms with a return period of 1, 10 and 50 years respectively.
The maps were plotted by comparing the elevations, obtained from the cartographic data
available in the Calabrian geoportal, with the run-up values reached by the storms, inclusive
of the tidal excursion. These excursions were estimated starting from the data recorded by
the gauges of the National Tidal Network. In neither location are there any gauges therefore
the nearest station data was analyzed, being Reggio Calabria for Scilla and Crotone for
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Monasterace. Over 350,000 data items are available across both locations. The run-up
values were estimated using the formulas of Mase [49], Nielsen and Hanslow [50], Mangor
[51], and Stockdon et al. [52].

3 CASE STUDIES
The first case study is related to Scilla, a town located near the Strait of Messina, in a territory
compressed between sea and mountain and often subject to phenomena of hydrogeological
instability, which include storms that overstep the beach and reach the houses, even those
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Figure 1: Location of Scilla and Monasterace.

Figure 2: Coastal flooding in Scilla.
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Figure 3: On the left: archaeological site near Monasterace. On the right: coastal flooding.

located upstream of the seafront. The second case study is related to Monasterace, a town
located on the Ionian coast of Calabria. Near the town there is an important archaeological
site on a coastal dune that has often been damaged by sea storms over the years.

From the two databases described above, 20 events were identified for Scilla and 11 for
Monasterace, excluding events for which the information on the type of damage was not
available. For each event, the damage produced was classified with the new methodology.
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Figure 4:  Correlation between the damage class and the maximum significant wave height
for Scilla (on the left) and Monasterace (on the right).
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Figure 5:  Correlation between the damage class and the storm duration for Scilla (on the

left) and Monasterace (on the right).
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Subsequently, the correlations between the damage class and the maximum significant wave
height of the storm and between the damage class and the storm duration were analysed. The
results obtained are shown in the graphs below.

From the analysis of the results shown in the previous figures it is possible to observe that
damage levels increase with increasing significant wave height and storm duration.

Regarding the coastal flooding hazard maps, as previously described, the tidal excursions
and the run-up values of both locations were preliminarily estimated. In particular, the tidal
excursion obtained at Scilla is greater than 20cm while the variation at Monasterace is slightly
less than 50cm. In both cases these are low values, but still in line with the results obtained
by Sannino et al. [53]. Regarding the run-up values, the results provided by the various
expressions were compared with the events in the A.Si.Cal. database to identify the most
representative expressions for each location. These expressions are Mase for Scilla and
Nielsen and Hanslow for Monasterace. In particular, in Scilla the run-up value is about 4m,
6m and 7.5m for return periods of 1, 10 and 50 years respectively. In Monasterace, on the
other hand, the run-up value is about 3m, 4.5m and 5.5m for the same return periods. The
figures below show the maps of both locations.

Figure 6:  Coastal flooding hazard map of Scilla. (Legend: red = return period of 1 year,
yellow = return period of 10 years, green = return period of 50 years.)

WIT Transactions on Engineering Sciences, Vol 121, © 2018 WIT Press
www.witpress.com, ISSN 1743-3533 (on-line)



98 Risk Analysis XI

Figure 7:  Detail of coastal flooding hazard map of Scilla. (Legend: red = return period of
1 year, yellow = return period of 10 years, green = return period of 50 years.)

Figure 8:  Coastal flooding hazard map of Monasterace. (Legend: red = return period of 1
year, yellow = return period of 10 years, green = return period of 50 years.)
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Figure 9:  Detail of coastal flooding hazard map of Monasterace. (Legend: red = return
period of 1 year, yellow = return period of 10 years, green = return period of 50
years.)

Figure 10: Detail of coastal flooding hazard map of Monasterace, near the archaeological
site. (Legend: red = return period of 1 year, yellow = return period of 10 years,
green = return period of 50 years.)
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4 CONCLUSIONS
The paper analysed the main factors which influence coastal flooding, being mainly tidal
excursion and run-up, and proposed a new methodology for classifying the damage produced
by coastal flooding. The new methodology is based on the effects produced by the wave
action on the coast. In fact, six categories of damage, sorted by increasing severity, have been
defined as follows:

Interruption of traffic;
Damage to infrastructure;
Damage to maritime works;
Erosion of beaches and dunes;
Flooding to homes;
Combination of these factors.

SANAE S e

The new methodology has been also applied to two case studies, both in Calabria (Italy):
Scilla, on the Tyrrhenian coast, and Monasterace, on the Ionian coast. The two towns were
chosen because in Scilla the coastal morphology makes it particularly subject to storms that
overstep the beach and reach the houses, even those located upstream of the seafront. In
Monasterace, on the other hand, there is an important archaeological site on a coastal dune
that, over the years, has often undergone sea storm damage.

For both locations, previously occurring storms were analysed. This analysis was
conducted starting with the data present in two databases. The first of them was the A.Si.Cal.
(Historically flooded areas in Calabria) of the CNR-IRPI of Cosenza, containing events of
hydrogeological instability (including sea storms) which occurred in Calabria in the last
centuries. For each event it was possible to identify the date of the event and its effect. The
second database is from the MeteoCean group of the University of Genoa which contains
wave data for the period 1979-2017, reconstructed from data from the Climate Forecast
System Reanalysis (CFSR). From this data, Boccotti’s theory was used to identify storms.
Of all the identified storms, only those present in the A.Si.Cal. database, which caused
damage, were examined and for each of them the maximum significant wave height and the
storm duration were estimated. For each event, the damage produced was classified using
the new methodology. Following this, the correlations between the damage class and the
maximum significant wave height of the storm and between the damage class and the storm
duration were analysed and it was possible to observe that the damage level grew with the
increase in significant wave height and storm duration.

In addition, for both locations, coastal flooding hazard maps were also drawn up for 3
different scenarios, corresponding to storms with a return period of 1, 10 and 50 years. The
maps were plotted by comparing the elevation obtained from the cartographic data available
in the Calabrian geoportal with the run-up values reached by the storms, inclusive of the tidal
excursion.

Currently, coastal flooding is a topic of particular interest both in scientific research and
for public administration. In fact, for effective coastal management it is necessary to examine
both coastal erosion and coastal flood risk, as required by current European legislation
(Directive 2007/60/EC), in order to map flooding areas. Regarding Italy, coastal erosion is
widely studied and mapped but coastal flooding has not been examined equally across all
regions. In conclusion, the proposed new methodology could significantly improve coastal
management.
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