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Coastal flooding is a danger to people who live near coasts. It is therefore necessary to increase
knowledge of the causes of coastal flooding through scientific research. Furthermore, the
correct assessment of flooding areas is very important for the management of coastal areas.
Given this, the current European legislation (Directive 2007/60/EC) requires flood areas to be
mapped, but to date in Italy each region is still adopting different procedures to map their flood
areas. This paper, through two case studies, analyzes the hazard, damage and risk mapping of
coastal flooding areas. The cases are related to two Calabrian towns, located along the lonian
coast (Monasterace), and the Tyrrhenian coast (Scilla), with both particularly prone to coastal
flooding. In particular, with regards to the hazard mapping, the effects of sea storms and
climate changes were taken into account. The damage assessment followed an “ex ante”
approach, based on the employment of land use maps, in accordance with current Italian
legislation. Furthermore, risk maps were added, and obtained by combining both damage and
hazard maps. Finally, a comparison with previous events allowed us to verify the validity of

the proposed methodology.

1. INTRODUCTION

Coastal flooding is a danger to people who live near coasts,
which currently represent about a third of the world's
population [1, 2]. To analyze coastal flooding, it is necessary
to know the coastal dynamics and the factors that influence it,
which can be mainly grouped in natural and anthropic factors
[3-6]. These factors have increased the vulnerability of coastal
areas to natural events [7-12]. Regarding the anthropic factors,
the most important are the construction of infrastructures,
ports and coastal defense works [13-15]. Amongst the natural
factors, wave action and longshore and river transport are of
particular importance [16-25].

Until recently, most of the legislations and of the scientific
research focused only on river and urban flooding or coastal
erosion [26-29] but in the last 15 years the coastal flooding risk
has significantly increased due to climate changes which have
caused an increase in the sea level, and in the frequency of
extreme events. As a consequence, in recent years, scientific
researchers and legislators have devoted more attention to
coastal flooding [30-39].

Damage estimation in general is very important for the
evaluation of mitigation measures, which may be structural or
non-structural (such as alert systems, insurance policies etc.).
Moreover, damage estimation is important for the planning,
management and protection of coastal areas [40-43].

Damage can be tangible or intangible. Tangible damages
can be assigned a monetary value whereas intangible damages
cannot be economically quantified [44]. The damage depends
on two types of factors: some of these are related to the
characteristics of the area at risk, such as land use and its
vulnerability, and the other factors are related to the
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characteristics of the natural event. In particular, for coastal
flooding, the main characteristics of the event are flooding
height and duration, water speed and water sediment content
[45].

Flood damage can be assessed following two different
approaches, depending on the assessment purpose [46]. The
first approach is called "ex ante", or “potential damage”, and
performs an assessment of potential damage related to design
scenarios. The second approach is called "ex post", or “real
damage”, and is an assessment of the damage related to real
events. However, the latter approach is difficult to apply due
to the difficulty in obtaining historic damage information and
in estimating its monetary value in a consistent manner.
Therefore, in recent years the "ex ante" approach has been
widely used because it does not require information on real
events and is applicable in any context, even in areas where
floods have never occurred. The methods for damage
assessment vary from different country and they are almost all
in the validation phase [47].

In Italy, the method used for damage assessment is
described in Legislative Decree No. 49/2010, which is based
on Current European legislation, Flood Directive 2007/60/EC
[48, 49]. In fact, this requires the assessment of flood risk in
coastal and rivers areas, the mapping of the floodable areas and
the evaluation of the elements at risk in these areas. The
assessment concerns the potential damage, defined as the
predictable degree of loss, following a natural phenomenon of
given intensity. The potential damage is a function of both the
value and the vulnerability of the exposed element. Assuming
that the damage level of each exposed element is maximum in
all the mapping areas (i.e. that the vulnerability has the same
value and it is equal to 1), it follows that the potential damage



maps coincide with the exposed elements maps. For this
reason, in a first phase of risk mapping, it is possible to employ
land use maps, from which the potential damage maps are
derived.

This paper, following the study of Nucera et al. [50],
analyzes the hazard, damage and risk mapping of coastal
flooding areas through two case studies. These case studies are
related to two Calabrian towns, located along the lonian
(Monasterace), and Tyrrhenian (Scilla) coasts and both are
particularly prone to coastal flooding. In particular, for the
hazard mapping, the effects of sea storms and climate changes
were taken into account. The damage assessment followed an
“ex ante” approach, based on the employment of land use
maps, in accordance with the current Italian legislation. Risk
maps were added, obtained by combining damage and hazard
maps.

Therefore, the paper applies existing methodologies to map
the hazard, damage and risk areas of two locations particularly
prone to coastal flooding. Furthermore, the comparison with
previous events allowed us to verify the validity of these
methodologies.

Compared to the paper by Nucera et al. [50], in this paper
the approach to the problem of coastal flood mapping has
changed. In fact, in the previous paper the sea storms that
previously occurred in the study areas were analyzed, in order
to identify the damage curves. In this paper, on the other hand,
the objective was centered on coastal flood mapping.
Therefore, for each storm a hazard class, which depends on the
return period, and a damage class, which is congruent with the
Flood Directive 2007/60/EC, were assigned. Another change,
compared to Nucera et al. paper, concerned the updating of the
calculation of the location characteristic parameters using a
Matlab code in order to improve the accuracy of the
calculation of the significant heights of a fixed return period.
Furthermore, compared to the Nucera et al. paper, the run-up
estimation phase was modified, taking into account only the
Stockdon et al. model [51], in accordance with the Floos
Directive, and taking into account the new location
characteristic parameters.

Finally, compared to the previous paper, the hazard maps,
taking into account both the new run-up values and the sea
level rise still in progress, and the damage maps, as described
above, were also updated. Furthermore, risk maps have been
added, which were obtained by combining hazard and damage
maps.

2. DESCRIPTION OF THE CASE STUDIES
2.1 Description of Scilla

The first case study is related to Scilla, a town located in the
southern part of the Calabria region, near the Messina Strait
(Figure 1). The territory of Scilla is compressed between sea
and mountain and the town is divided into three sections, one
near a pocket beach (called Marina Grande), one on a hill not
far from the beach, and one near the port (called Chianalea),
with houses built close to the sea, and which has no beach
(Figure 2). The site is affected by the prevalent winds that blow
from North and North-Westerly directions and is often subject
to hydrogeological instability phenomena because of the
orographic effect caused by the nearby mountains. In
particular, the frequent storms coming from the North and
North-Westerly directions reach high heights, such as to
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completely flood the beach and to reach the houses upstream
of the beach promenade (Figure 2). From the climatic point of
view, the study area is of Mediterranean warm temperature
(according to the Koppen classification), with both mild
autumns and winters and long and dry springs and summers.
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(a) The pocket beach and the Marina Grande locality, the port
and the Chianalea locality (source: Bing Maps)

Figure 2. Scilla

2.2 Monasterace description

The second case study is related to Monasterace, a town
located on the lonian coast of Calabria (Figure 3). The town is
located between the mouth of two rivers and is affected by the
prevalent winds that blow from the South, South East and
North Easterly directions. The most severe storms come from
the South Easterly directions, where the fetch is up to 700 km,
and they are concentrated in the winter season. Near the town
there is an archaeological site that extends along the coast on
a sand dune for 1 km, and which consists of an ancient town,



a Doric Temple and a Pillbox (Figure 4). In the last 20 years,
the beach in front of the dune is eroding and the storm
frequently reaches the dune, causing the erosion of the dune
and damage to the archaeological site.
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(b) The archaeological site (suce: Bing Maps)

Figure 4. Monasterace

3. METHODOLOGY

The methodology used to estimate the levels of hazard,
damage, and therefore, risk is derived from the intersection of
different methods and normative requirements. In particular,
data analysis, statistical elaborations, study of real events and
the use of normative guides on a national and international
scale were intertwined.

Regarding the hazard mapping, the effects of sea storms and
of climate changes were taken into account. The damage
assessment followed an “ex ante” approach, based on the
employment of land use maps, in accordance with current
Italian legislation. Two databases were consulted for this
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purpose. The first database was developed by the University
of Genoa, in particular the MeteOcean group. This database
contains wave data from the last 40 years, in particular for the
period 1979-2017. This data was reconstructed from the
Climate Forecast System Reanalysis (CFSR) database. The
analysis of the data provided by this database has allowed us
to estimate the hazard levels, as described below, and to
identify the storms, according to the Boccotti's theory [52],
which are mentioned as dangerous events in the second
database.

The second database was developed by the CNR-IRPI
(National Research Council, Research Institute for
Hydrogeological Protection) of Cosenza and is called A.Si.Cal.
(Historically flooded areas in Calabria). This database
contains information about hydrogeological instability events
that have occurred in Calabria in the last few centuries. These
events include sea storms and, for each event, information
about the date and the damage generated by the event are
available. This database was used to identify and classify
actual events and their relative recorded damage in order to
verify the validity of the methodologies used in this paper.

Before mapping the coastal flooding hazard, it was
necessary to analyze the characteristics of the storms which
occurred in the two locations mentioned above.

For each location, the data provided by the MeteOcean
group was statistically processed: this analysis allowed us to
determine the parameters (u and w) that describe a Weibull-
type distribution of the probability of exceeding a fixed
significant height threshold [52]; using a matlab code, the
values of ajo and b1 of both locations were obtained, where
they represent the average values of triangular storm heights
and bases equivalent to the real storms, respectively, referring
to a sample of the N stronger real storm, with N equal to 10 for
the number of years of registration.

The estimation of these parameters, which are characteristic
of the analyzed location, allowed us to assess the significant
height of fixed return period. With regard to the choice of
hazard levels, after a preliminary and careful analysis of the
normative requirements and of the methodologies used on a
regional scale, the choice of the three hazard levels as 1, 20
and 100 years was made. For each return period, the
significant height and the run-up were calculated. Regarding
the run-up, this was estimated using the Stockdon et al. model
[51] and the results were compared with the events in the
A.Si.Cal. database to verify the correspondence of the model
results with previous events.

The maximum tidal excursion and the sea level rise were
added to the run-up values obtained. To estimate the tidal
excursions, the data recorded by the National Tidal Network
gauges were analyzed. The two locations studied are without
gauges so it was necessary to analyze the data recorded by the
two nearest gauges. In particular, to obtain the tidal excursion
values of Scilla, data from the Reggio Calabria gauges were
analyzed, while data from the Crotone gauge was analyzed to
obtain the tidal excursion values for Monasterace. Regarding
the sea level rise, recent scientific research was analyzed and
the results are discussed in the next section.

Then, after estimating wave run-ups, maximum tidal
excursions and the sea water level rise for both locations,
coastal flooding hazard maps were drawn up for 3 different
scenarios, corresponding to storms with a return period of 1,



20 and 100 years respectively.

The hazard maps were plotted by comparing the digital
elevations of the land, obtained from the LIDAR data with a
square mesh of 1 m available in the Italian National Geoportal
(http://www.pcn.minambiente.it/mattm/), with the run-up
values reached by the storms of fixed return period, inclusive
of the tidal excursion and of the sea water level rise (SWLR).
In this way, all areas with elevations below the wave rise for
the three return periods were mapped, thus obtaining the
hazard mapping.

Moreover, in order to verify the validity of the
methodologies used in this paper, the actual events and their
relative recorded damage present in the A.Si.Cal. database
were classified. For this purpose, Boccotti’s theory [52] was
used to identify each storm present in the time series. This
criterion identifies a critical threshold, equal to 1.5 times the
significant average height of the entire time series, and defines
as a sea storm any event in which the recorded significant
height exceeds this threshold. After identifying all the storms
present in the time series provided by MeteOcean group, only
those also present in the A.Si.Cal. database were analyzed in
detail. Finally, the maximum significant wave height, the
storm duration and the hazard level were estimated for each of
these storms.

From the two databases described above, 21 events were
identified for Scilla (Table 1) and 17 for Monasterace (Table
2), excluding events for which the information on the effects
was not available.

The classification of the potential damage class was made
by analyzing the land use, assuming that the damage level of
each exposed element was the maximum in all the mapping

areas. Therefore, regarding the damage maps, the input data
was that available in the OpenData section of the Calabrian
Geoportal (http://geoportale.regione.calabria.it/). In particular,
the shapefiles of the land use were analyzed and the potential
damage classes, from D1 to D4 to increasing damage, were in
agreement with the Flood Directive 2007/60/EC. These
classes depend mainly on damage to people, and then to socio-
economic and non-monetizable assets. In particular, the D4
class includes areas in which loss of human lives, huge damage
to natural, historical, cultural and economic assets and
environmental disasters can occur. The shapefiles of
infrastructures, urban and industrial settlements, monuments
and archaeological sites, parks and sites of interest were
therefore considered for the D4 class. The D3 class includes
areas with problems for the safety of people and areas with
primary communication infrastructures and important
production activities, such as mining areas, landfills and oases
and reserves. On the other hand, areas with secondary
communication infrastructures and minor production activities
fall within class D2. The shapefiles of woods, citrus groves,
orchards, vineyards, olive groves and rural settlements were
therefore considered for the D2 class. Finally, the D1 class
includes areas without urban or productive settlements, such
as beaches and dunes, lagoons and lakes, waterways, natural
pasture areas and grasslands. The damage maps obtained show
that the flooding areas are characterized by D1 and D4 classes
of potential damage both in Scilla and in Monasterace.

Finally, risk maps were obtained by overlapping the hazard
and damage maps, according to the matrix described in Table
3.

Table 1. Storms of Scilla

Eventdate Hsmax[m] At [h] Haz. level Summary description of damages Dam. level
Jan 1979 4.2 96 P3 Residents evacuation, flooded homes, damage to citrus groves. D4
Dec 1979/ Wounded. Rgsidents evacuation. Damage to homes, water anc_i sewage
Jan 1980 6.7 154 P2 networks, tennis courts, shops, restaurants, bars, church. Roads invaded by D4

mud and debris. Downed 50 meters of a breakwater pier and sunken boats.
Jan 1981 48 291 P2 Evacuated residents, homes and public premises flooded and invaded by D4
' debris, flooded citrus groves.
Oct 1982 1.34 13 P3 Damage to homes, roads, sewers. D4
Feb 1983 5.6 48 P2 Damage to houses, roads, citrus groves. D4
Jan 1984 1.57 48 P3 Interruption of railway traffic. D4
Feb 1984 4.64 149 P2 Damage to the port. D4
Dec 1984 1.30 54 P3 Damage to maritime structures, undermini_ng of the embankment walls D4
and rebels of the Favazzina torrent.
Jan 1985 2.24 133 P3 Flooded Chianalea dwellings. D4
Jan 1986 3.33 57 P3 Damage to homes, roads and port. D4
Dec 1986 3.83 162 P3 Flooded streets. D4
Feb 1990 3.77 120 P3 Damage to coastline, road infrastructure and sewage network. D4
Nov 1991 6.2 125 P2 Damage to roads, invaded by debris, sewage system and lighting. D4
Jan 1993 2.28 54 P3 Damage to maritime structures. D4
Dec 1999 403 97 P3 Flooded dwellings. Damage to roads, gtreet furniture an_d lighting, water D4
supply and sewers (clogged with sand and debris), port.
Feb 2007 435 40 P2 Damage to houses and restaurants, e_vacuated_ inhabitants. Damage to D4
roads and traffic interruptions.
Dec 2012 367 295 P3 ) Damage to roads_, street furnitqrg,_ boats, port. Dama_ge_ to public D4
infrastructure, traffic, private facilities, production activities, homes.
Mar 2013 2 104 P3 Road traffic interruption. D4
Nov 2013 1.89 46 P3 Deposit of debris on the seafront. D4
Feb 2015 3.9 70 P3 Damage to boats. D4
Oct 2015 2.46 66 P3 Damage to boats. D4
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Table 2. Storms of Monasterace

Eventdate Hsmax[m] At[h] Haz. level Summary description of damages Dam. level
Jan 1985 6.08 65 P2 Damage to the waterfront. D4
Dec 1990 3.14 46 P3 Damage to coastal defense structures. D4
Nov 1991 5.57 42 P2 Damage to roads and waterfront. D4
Jan 1993 5.1 78 P2 Damage to roads, waterfront, bathing facilities, sewage system. D4
Dec 1993 24 68 P3 Damage to the waterfront. D4
Feb 1994 4.35 82 P2 Damage to the road, waterfront, water, sewage and electrical systems. D4
Feb 1994 3.83 85 P3 Damage to waterfront, road, water, sewage and lighting systems. D4
Nov 1994 3.12 43 P3 Erosion. D4
Jan 1996 341 180 P3 Erosion, damage to roads and waterfront. D4
Jan 1996 3.01 94 P3 Damage to the waterfront, evacuated inhabitants. D4
Feb 1996 4.1 72 P3 Damage to the waterfront, evacuated inhabitants. D4
Mar 1998 6.1 91 P2 Damage to homes, buildings, waterfront and boat. D4
Jan 2010 5.28 60 P2 Damage to the archaeological area. D4
Feb 2012 5.48 84 P2 Roads flooded and invaded by sand and debris, broken roads. D4
Dec 2013 5.21 75 P2 Damage to the archaeological site. D4
Feb 2014 561 140 P2 Damage to the archaeological site_, threatened hous_es, damage to roads, D4

waterfront, traffic (sand and debris).

Oct — Nov 538 9% P2 Damages to the waterfront, roads: and _to the dune to protect the D4

2015 archaeological site.

Table 3. Risk matrix

Hazard class

P3_[P2|P1

D4 R4 R4 | R2

Damage class D3 R4 R3 | R2
D2 R3 R2 | R1

D1 R2 R1 | R1

4. RESULTS AND DISCUSSION

In this section, the values of the wave parameters will be
presented first, then the hazard, damage and risk maps will be
analyzed.

The first parameter analyzed was the significant wave
height of fixed return period. In Scilla the values are about 4.5
m, 7.3 m and 8.8 m for return periods of 1, 20 and 100 years
respectively. In Monasterace, on the other hand, these values
are about 4.2 m, 6.3 mand 7.4 m for the same return periods.

Regarding the run-up, in Scilla the values are about 3.1 m,
5 m and 6.1 m for return periods of 1, 20 and 100 years
respectively. In Monasterace, on the other hand, these values
are about 1.8 m, 2.6 m and 3.1 m for the same return periods.

Regarding the tidal excursion, over 350,000 data items are
available for each gauge mentioned above. The tidal excursion
obtained in Scilla is greater than 20 cm while the variation in
Monasterace is slightly less than 50 cm. In both cases these are
low values, but are still in line with the results obtained by
Sannino et al. [53].

Regarding the sea level rise, Nerem et al. [54] estimated that
the average sea level has increased by 7 cm over the past 25
years and they shown that the growth rate is non-linear
(previously it was about 3 mml/year), but is accelerated by
0.084 mm/year. These results were obtained using data from
1993 to date from various satellites such as TOPEX/Poseidon,
Jason-1, Jason-2 and Jason-3 and they are in accordance with
the forecasts described in the fifth IPCC Report [55].
Therefore, the average value is expected to be about 10 cm, in
the next 20 years, and about 80 cm in the next 100 years.

63

Therefore, the hazard has been mapped taking into account
the sum of the run-up values, tidal excursion and sea level rise.
In detail, the values obtained in Scilla are about 3.4 m, 5.4 m
and 7.1 m for return periods of 1, 20 and 100 years respectively.
In Monasterace, on the other hand, these values are about 2.2
m, 3.2 m and 4.3 m for the same return periods.

Regarding the hazard mapping, Figure 5 shows that in Scilla
the port and numerous houses located in Chianalea are flooded
annually. However, in Marina Grande only the beach floods
annually, and is almost completely flooded on the western side
and partially flooded in the remaining areas. The promenade
of Marina Grande and its houses are flooded from events with
a return period of 20 years whilst events with a return period
of 100 years flood the whole town. In Monasterace, as shown
in Figure 6, only the floods with events with a return period of
100 years reach the promenade and the houses. The floods
with the shorter return period affect only the beach and the foot
of the dune on which the archaeological site is located.

With reference to damage maps, as shown in Figures 7 and
8, in both locations the flood areas fall into damage classes D1
and D4. In the D1 class the beaches are included in the damage
areas, while in the D4 class there are houses, promenades, state
roads, the port of Scilla and the archaeological site of
Monasterace.

Finally, concerning the damage maps, Figures 9 and 10 and
Tables 4 and 5 show that in Scilla an area of over 115,000 m?
is at risk. Most of it falls into the R2 class, with over 56,000
m?, and the R4 class of about 42,000 m?, while the remaining
part falls into the R1 class. Moreover, almost 200 houses are
at risk, 105 of which are in class R2 with the rest falling into
the R4 class. In addition to the houses, 10 bathing
establishments are also at risk, the entire promenade, the road
connecting the promenade and the port and a part of the state
road, for a total road length of over 1 km, most of which is
included in R4 class. In Monasterace on the other hand, the
area at risk is about 65,000 m?, of which about 45,000 m? are
classified as R2 and the remaining part as R1. In addition, 31
houses and a part of the promenade are also at risk, for a road
length of about 650 m.
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Figure 6. Coastal flooding hazard map of Monasterace

Figure 7. Coastal flooding damage map of Scilla
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Figure 8. Coastal flooding damage map of Monasterace
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Figure 10. Coastal flooding risk map of Monasterace



Table 4. Areas and elements at risk in Scilla

Scilla R1 R2 R4
Area [m?] 11,848.4 56,032.2 41,7924
Houses 0 105 86
Bathing establishments 10 0 0
Roads length [m] 0 365.24 865.36

Table 5. Areas and elements at risk in Monasterace

Scilla R1 R2

Area [m?] 20,471.1 44,402.7
Houses 0 31
Roads length [m] 0 645

5. CONCLUSIONS

The paper, through two case studies, analyzes the hazard,
damage and risk mapping of coastal flooding areas. These
cases are related to two Calabrian towns located along the
lonian (Monasterace), and Tyrrhenian (Scilla) coasts and both
are particularly prone to coastal flooding.

The hazard, damage and risk mapping of coastal flooding
areas were preceded by an analysis of the storms that affected
the two locations studied. This analysis was conducted using
data present in two databases, one containing hydrogeological
instability events which occurred in Calabria in the last few
centuries, and the other containing wave data for the period
1979-2017.

The hazard maps were plotted by comparing the elevations,
obtained from the LIDAR data, with a square mesh of 1 m
available in the Italian National Geoportal, with the run-up
values reached by the storms of fixed return period, inclusive
of the tidal excursion and of the sea water level rise (SWLR).
Regarding the hazard mapping, which is congruent with the
Flood Directive 2007/60/EC, in Scilla the port and humerous
houses located in Chianalea are flooded annually. On the other
hand, in Marina Grande the floods with annual frequency
impact only the beach, which is almost completely flooded in
the western part and only partially flooded in the remaining
parts. The promenade of Marina Grande and its houses are
however flooded from events with a return period of 20 years
while events with a return period of 100 years flood the whole
town. Regarding Monasterace, only events with a return
period of 100 years reach the promenade and the houses. The
floods with shorter return period affect only the beach and the
foot of the dune on which the archaeological site is located.

For damage maps, the damage assessment followed an “ex
ante” approach, based on the employment of land use maps,
and in accordance with the current Italian legislation.
Furthermore, the input data were those available in the
OpenData section of the Calabrian Geoportal. In particular, the
shapefiles of the land use were analyzed and the potential
damage classes, from D1 to D4, in increasing damage), are in
agreement with the Flood Directive 2007/60/EC. These
classes depend mainly on damage to people, and then on socio-
economic and non-monetizable assets. With reference to
damage mapping, in both locations the flood areas fall into
damage classes D1 and D4. In the D1 class the beaches are
included, while in the D4 class there are the houses,
promenades, state roads and the port of Scilla and the
archaeological site of Monasterace.

Concerning the risk maps, they were been obtained by
combining hazard and damage maps. In Scilla an area of over
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115,000 m? is at risk. Moreover, almost 200 houses, 10 bathing
establishments, the entire promenade, the road connecting the
promenade and the port and a part of the state road (a road
length of over 1,000 m in total) are at risk. In Monasterace,
however, the area at risk has an extension of about 65,000 m?.
In addition, 31 houses and a part of the promenade are also at
risk, for a road length of about 650 m.

This paper applies existing methodologies to map the
hazard, damage and risk areas of two locations which are
particularly prone to coastal flooding. The comparison with
previous events allowed us to verify the validity of these
methodologies. Finally, the mapping described in this paper
can be used both to choose appropriate mitigation measures
and to plan and manage coastal flooding areas.
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NOMENCLATURE

aio

b1o

Hs,max

At

dimensionless parameter that describes a
Weibull-type distribution of the probability
of exceeding a fixed significant height
threshold

parameter that describes a Weibull-type
distribution of the probability of exceeding
a fixed significant height threshold, m
average value of triangular storm heights
equivalent to the real storms, referring to a
sample of the N stronger real storm, with N
equal to 10 for the number of years of
registration, m

average value of triangular storm bases
equivalent to the real storms, referring to a
sample of the N stronger real storm, with N
equal to 10 for the number of years of
registration h

maximum significant height of a real storm,
m

duration of a real storm, h
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