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Abstract. The coastal environment is a highly complex dynamic system, influenced by natural and
human factors contributing to its spatial and temporal evolution. The Italian coasts are heavily
affected by human activities and extreme weather/marine events could generate extensive
landscape, social and economic damage.

The goal of this paper is to provide and to test an operational system based on coupled atmospheric
and marine numerical models with the aim to perform accurate forecasts and to manage the
potential hazards for citizens, infrastructures, properties, wildlife and coastal ecosystems impacted
by extreme storms. We developed an operational alert system configured for each point of interest
applying rules fed by the local high resolution forecasted data. The alert system sends warnings to
the users in case of coastal flooding.

The project scientific and technological results could be considered in order to provide a decision
support to local authorities and beach resort companies in case of extreme sea storm events. The
system reliability is demonstrated comparing the model produced forecasts with buoys recorded

data, satellite observations and video camera images processing.

Keywords: scientific workflow; waves; forecasting model; coastal flooding; video monitoring;

beach.



1. Introduction

The impact of climate changes along the coastal regions may include the presence of events that
severely affect the Earth system dynamics, such as the possible increase of sea surface
temperatures as well as the changes in frequency, intensity and duration of wave storms (Giarrusso
et al. 1999, Carratelli et al. 2007a, Benassai et al. 2015).

Sea waves, whether driven by local winds or swell, can cause coastal flooding; its extent, which is
a function of the elevation, is controlled by the topography of the coastal land and by the possible
presence of coastal protection structures. The operational modeling of wave climate and
particularly of extreme storms is indeed one of the most challenging activities of modern
oceanography: a number of Authors are thus developing this activity in order to provide forecast
information of many extreme sea storms potential effects (beach and dune erosion, overwash,
inundation, etc.) which can be accompanied by infrastructures damage and citizen danger
(Mendoza et al. 2004, Sartini et al. 2016).

The verification of the wave numerical model results has been made by a number of authors, with
regard to both the sea wave height and wave spectra and to some global parameters influencing
coastal vulnerability (Benassai et al. 2013) such as the beach retreat and inundation distance.
These comparisons have been made with reference to in situ wave measurements and satellite
observations obtained by altimeter (Carratelli et al. 2006, Reale et al. 2013) and Synthetic Aperture
Radar (SAR) platforms (Benassai et al. 2013, Carratelli et al. 2007).

The availability of low-cost beach video monitoring systems produced a good amount of wave
storm images which have been used to extract beach run-up and associated flooding distance.

The run-up forecasting can be used to provide a decision support to local Authorities and useful
hazard information for citizens.

In this context, the paper describes a scientific workflow implemented in order to forecast and to
manage the potential hazard due to coastal flooding. The objectives are achieved by making the
use of a high spatial resolution weather-ocean forecasting system implemented by Campania
Center for Marine and Atmospheric Monitoring and Modelling (CCMMMA) - University of
Naples “Parthenope”, using a high performance computing (HPC) system for simulation and open
environmental data dissemination (Montella et al. 2007). The numerical models (Giunta et al.
2005), with a specific parameterization and spatial/temporal resolution, have been integrated in
Framework to Advance Climate, Economic, and Impact Investigations with Information
Technology (Face-IT) (Foster et al. 2013) workflow system. The models which compose the
scientific workflow (Pham et al. 2012) are actually operative and the data are free available at
meteo.uniparthenope.it.

In detail, the deep water numerical models are integrated with a wave propagation model in
shallow water and the consequent run-up evaluation on the beach.

The simulations have been compared with beach video camera acquisitions during the wave

storms.



The paper is organized as follows: the scientific workflow description and the testing dataset are
reported in chapter 2, the numerical results and the comparison with observations are given in
chapters 3, 4 and 5, and finally, the conclusion and the future directions are reported in chapter 6.

2. Theoretical and technical background

In this paragraph, the components which are parts of the implemented scientific workflow and the

dataset used to test the performances of the operational system are presented.

2.1 Tools and scientific workflow

The weather/sea forecasting tool in Fig. 1 has been configured using an HPC infrastructure to
manage and run a modeling system based on the algorithms implemented in the open-source
numerical models Weather Research and Forecasting (WRF) (Skamarock et al. 2001) and
Wavewatchlll (WW3) (Tolman 2009) organized in a workflow (Montella et al. 2015). The
management of this complex data acquisition, processing, simulation, post-processing and
intercomparison dataflow was provided by FACE-IT workflow engine, available as open source
and cloud service. FACE-IT infrastructure is extended in order to support applications related to
weather, sea wave conditions, ocean circulation and pollutant transport and diffusion.
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Fig.1 Scientific workflow. The figure shows also WRF (box a) and WW3 (box b) models
resolution of each spatial domain. The box ¢ shows the four scenarios actually implemented in the
run-up/overtopping model.
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This integrated data processing and simulation framework enables: i) the data ingest from
geospatial archives; ii) the data regridding, aggregation, and other processing prior to simulation;
iii) the leveraging of the high-performance and the cloud computing; iv) the post-processing to
produce aggregated yields and ensemble variables needed for statistics and model testing.

The models coupling and the offline grids nesting involved the development of several pre-
processing and post-processing software in Java and Python programming languages.

The main workflow tool is the WRF numerical model which gives the atmospheric forcing needed
to drive WWIII model for estimating the offshore waves, which is the initial and boundary
conditions for the modeling of waves in shallow water and run-up/overtopping calculator software.
Wind forcing required to drive WWIII models has been provided by 10-m wind fields obtained
using WRF model for all the case studies presented in this paper. The WRF initial and boundary
conditions are obtained by the operational Global Forecast System (GFS) model outputs (0.5°x0.5°
spatial resolution).

A single computational domain of 300x209 horizontal grid points on Arakawa C-grid staggering
and 28 vertical levels has been defined for the WRF model, covering the whole Mediterranean
with spatial resolution of about 27 km. The model outputs are generated each 1 hour.

Wave simulations were carried out using the WaveWatchlll model (Tolman and Chalikov 2009), a
third generation wave model developed at NOAA/NCEP.

The governing equations simulate variations in time and space of wave growth and decay
produced by the surface wind, dissipation and bottom friction effects.

Wave propagation is described by:

DN _ SiintSintSni+Sdas+Sdb+Spot )
Dt [

In witch S represent the net effect of sources and sinks for the N(k,6) in which k and © are the
wavenumber and the direction respectively. The net source term is the sum of a linear input
source term (Sy,) (Cavaleri et al. 1981), a wind-wave interaction term (S;,) (Tolman 1996), a
nonlinear wave-wave interactions term S, (Hasselmann 1985), a dissipation term (Sgs) (Tolman
1996), the depth-induced breaking dissipation term (Sq,) (Battjes and Janssen 1978) and a wave-
bottom interactions term in shallow water (S,) (Hasselmann et al. 1973).

Outputs from the model include gridded fields with the associated significant wave height (H;),
wave direction (Dir,,,), mean period (T,,) and the spectral information.

The WW3 grid points close to the coast were used as “virtual buoys” (VB) to compute the wave
transformation down to the coast, with the final goal of forecasting the run-up and overtopping
parameters on the beaches and on the coastal infrastructures.

Different empirical formulas are used to calculate the wave run-up and/or overtopping parameters
necessary to estimate the vulnerability for each transect. The approach depends on the coastal
morphology (low and sandy beach or high and rocky cliff) and on the possible presence of
protection structures (ex. seawalls and breakwaters). Actually the tool considers the following
scenarios: i) beach (Mase 1989); ii) vertical or sub-vertical seawall (Allsop et al. 2008); iii) beach
with detached breakwater (Hunt 1959, Battjes 1974); iv) seawall with detached breakwater. The

present paper is focused on the beach case test.



In the beach case, the algorithm analyzes the hydrodynamic features considering beach-waves
interaction to calculate the wave 10% run-up exceedance parameter (Rg), Which depends on the
incident wave steepness and the geometrical beach characteristics.

The calculations of Ryq, ware made on the basis of the deepwater significant wave height (Ho), the
corresponding wave length (Lo) (Airy 1841), the mean wave period (T,,) and the beach slope angle

(y), using the general relationship (Mase 1989):
% = qg? e

Ho

In witch &€=(tany)/(Ho/Lo)"? is the Iribarren parameter (Iribarren et al. 1949). The coefficients a and
b depend on the statistic (R,o) desired and in accord to Mase (1989), their values are 1.70 and 0.71
respectively.

Ho depends on the relation between the VB (Cyg=Lys/Tn) and the deep water
(Co=Lo/T=(gTm)/(2m)) (Shore Protection Manual 1984) wave celerity:
Ho = H, 2 ©)

In VB the wavelength is equal to L\g=(2m)/k in which k is the wavenumber obtained by the Hunt
(1979) approximation of the standard dispersion relation (Fenton et al. 1990):

2 _ (272 (?)
(kd)? = (%) + el
In witch the d, are given by d;=0.6666666667, d,=0.3555555556, d;=0.1608465608,
d,=0.0632098765, ds=0.0217540484, d¢=0.0065407983 and c=2xn/T, is the wave frequency.

The beach slope is dynamically calculated by taking into to account the profile for each coastal

(4)

transect considered. The extent of flooding and the corresponding hazard level depends on the
beach slope and the run-up parameter.

The alert system allows the operational checking monitors hourly for flood hazard the results of
the computation for all transect along the coastal area and reports the overcoming of threshold
through a service of automated messages to a selected user list. The alert message shows the time
and location of the storm and the level of danger to which the citizens and the infrastructure can be
potentially exposed.

The system has been implemented in Java using the software component Jython and the
CCMMMA openly available web REST API.

2.2 Field dataset

The choice of the dataset to compare with the model simulation results depends on the availability
of the observations during the sea storms considered in this paper and by the data spatial

distribution in the area interested by the storms.



Fig. 2 Map showing the position of the dataset to models testing

In Fig. 2 the AB line depict the ESA Envisat satellite, the CD line depict the OSTM/Jason-2
satellite, the Triangle and circle points are Capri and Salerno (Campania Region) wave buoys

respectively, and the rhombus point is the beach camera on Bonassola beach (Ligurian Region).

2.2.1 Buoy measurements

In order to testing the reliability of WW3 model we used the recorded buoy data (SWH, wave
period and wave direction) measured in two marine offshore points of interest located in
Tyrrhenian sea:
e Buoy 1: a directional waverider buoy (40°32°06’°N, 14°11°23"’E) installed offshore
Capri Island and managed by the Civil Protection Department of the Campania Region.
e Buoy 2: a directional waverider wave buoy (40°27°26.4’N, 14°51°41.16”’E) installed
and managed by the Provincial Authority in the Bay of Salerno on ~35 meter deep water.
Specifically, the buoys measure the frequency and size of wave energy (known as the spectra)
from which significant wave height, dominant wave period, and average wave period are derived.
Even the direction of wave propagation is measured.
The choice of these two buoys depends on the availability of data for the sea storms considered in
this paper. The data time series are continuous and do not present anomalies related to
malfunctions of the buoys. The data are collected every 30 minutes.
The examined case studies were obtained by the buoy 1 in a wave storm from 1 to 3 January 2010,
with a maximum value of H, recorded in-situ of 5.94m at 02/01/2010 19pm (UTM).
The second wave storm was recorded by the Salerno buoy from 9 to 11 February 2016, with a
maximum wave height of 3.3m at 10/02/2016 14pm (UTM).

2.2.2 Altimeter data

The altimeter data was obtained from two dataset:

e Dataset 1: The Ocean Surface Topography Mission (OSTM/Jason-2) was launched on 20
June 2008. In this case we use the Interim Geophysical Data Record (IGDR) data with
spatial resolution of 11.2 km (Along) x 5.1 km (Across). The passes (half a revolution of
the earth by the satellite from extreme latitude to the opposite extreme latitude) are
numbered from 1 to 254 representing a full repeat cycle of the OSTM/Jason-2 ground
track. Ascending passes are odd numbered and descending passes are even numbered.

After one repeat cycle of 254 passes, OSTM/Jason-2 revisits the same ground-track
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within a margin of +1 km. That means that every location along the OSTM/Jason-2
ground-track is measured every approximately 9.9 days (Dumont et al. 2009).

e Dataset 2: The Environmental Satellite (ENVISAT) with Radar Altimeter 2 (RA-2) was
launched on March 2002. The satellite orbit is sun-synchronous at an altitude of 800 km,
with an inclination of 98.54°. The selected orbit has a repeat cycle of 35 days and an
orbital period of 100.6 min (Benveniste et al. 2002).

The choice of these two satellites depends on the availability of data during the sea storms 1 to 3
January 2010 considered in this paper. The altimeter observations are provided along the satellite
tracks, which covered part of the Ligurian and Tyrrhenian seas.

The ESA Envisat dataset is relative to 31 December 2009 between 20:43 UTC and 20:45 UTC
(pass. 715, cycle 85) and data coordinates are along the AB line in Fig. 2. The OSTM/JASON2
dataset is relative 31 December 2009 between 04:30 UTC and 04:31 UTC (pass. 44, cycle 55) and

the data coordinates are along the CD line in Fig. 2.

2.2.2 Video-camera system and images elaboration

The video monitoring system used in this paper to test the beach flooding model, consists of three
cameras allowing almost full coverage of the Bonassola beach (Liguria region, north-western
Italy) to monitor the wave motion during the storm event. The three cameras were installed at an
elevation of about 13 m above Mean Sea Level (MSL) and their view range allowed a complete
coverage of the beach since 19 November 2015 until now. Images were acquired with a frame rate
of 1 Hz, with automated process of data collection. The images processing is carried out with the
software Beachkeeper plus (Brignone et al. 2012), based on Matlab algorithm to analyze the

images without any a-priori information of the acquisition system itself.

3 Wave model comparisons with buoy measurements

The numerical tests performed regarded two aspects: i) the wave model; ii) the run-up model.

The wave model tests were validated with wave buoy measurements and satellite altimeter data,
while the run-up model was validated with the beach video camera system.

The tests were carried out during two sea storm events which interested Italy's western coast
(Tyrrhenian and Ligurian Seas): i) the first storm is relative to 1-3 January 2010; ii) the second
storm is relative to 9-11 February 2016.

In both cases, the 10m wind fields used to force the wave model ware computed by WRF model
on a spatial domain of 300x209x28 grid points and about 27 Km in global horizontal resolution,
with a mesh grid centered in Lat=50.36N, Lon=8.96E (Mediterranean Sea).

In order to test WW3 offshore wave model in different spatial resolution, two nested model grid
domains were configured : i) 352x485 grid points and 0.03° spatial resolution in latitude
(Latyin=36.42N, Lat,;,=46.98N) and in longitude (Lonyi,=6.33E, Lon,.=20.88E), including the
Seas around lItaly; ii) 350x200 grid points and 0.01° spatial resolution in latitude (Lat,;,=39.50N,
Lat=41.49N) and in longitude (Lon,,;;=12.50E, Lon,=15.99E), covered Tyrrhenian Sea.
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Fig. 3 Significant wave height (color maps) and direction (vector fields) in three moments of sea
storm in January 2010. The maps are relative to WaveWatchlll model forecast in the time interval:
(a) 02/01/2010 at 00:00 UTM; (b) 02/01/2010 at 18:00 UTM; (c) 02/01/2010 at 12:00. Wave
height isolines are at 0.5 m intervals

The reliability of WW3 numerical model was assessed in local scale, by comparisons between
forecast data of the principal wave parameters (Hs, Tm, Diryn) and buoy data recorded in Capri
(buoy 1) and Salerno (buoy 2). For each simulation the error indices (Mentaschi et al. 2013) were
calculated: Bias (Bl), Root Mean Square Error (RMSE), Scatter Index (SI), and Correlation
Coefficient (R). In Fig. 3 the spatial wave simulations relative to first storm have been reported,
with reference to the Southern Tyrrhenian Sea, while in Fig. 4 the Hq and T, time series (recorded
and forecasted) have been compared.
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Fig. 4 Significant wave height (Hs) and wave mean period (T,,) forecasted and measured time
series. The measured in-situ data has been recorded by Capri buoy. The time series is relative to 30
December-04 January 2010 sea storm

The comparison shows as the significant wave height value is sometimes underestimated by the
model, while the wave period is slightly overestimated. This is probably linked with the wave
forcing resolution (wind field at 10m MSL) which is not very high for a local scale (we use a
27Km wind fields spatial resolution). Specifically, the meteorological structure, used as forcing,

was in general correct, but there was an underestimation of the 10m wind speeds.



With reference to the previous storm, the Fig. 5 shows the scatter plot for the significant wave
height (a), the mean wave period (b) and the mean wave direction (c), obtained using data
collected from the Capri buoy (x-axes) and the WW3 model results (y-axes). The considered data

are related on all the time series.

Measured Sqnicant Wave Heght |m)

Fig. 5 Probability density scatter plot comparison between forecasted and measured: (a)
Significant Wave Height; (b) Mean Wave Period; (c) Mean Wave Direction, during 30 December-
04 January 2010 sea storm

The relevant statistical indices obtained by the inter-comparison have been reported in table 1. The
correlation coefficient determines the degree to which the measured and forecasted variables are
related, and its values are near to 1 for all the parameters. Particularly, the significant wave height
have R value equal to 0.9398, the mean wave period have R value equal to 0.9387 and wave
direction have R value equal to 0.7232.

Table 1 — Statistical index relating to the comparison between the wave parameters simulated by
WW3 model and the Capri buoy dataset during 30 December-04 January 2010 sea storm.

Correlation Bias (BI) Scatter Index| Root Mean Square
Coefficient (R) (SI) Error (RMSE)
Significant Wave ) 0
Height (H.) 0.9398 0.0348 21% 0.6660
Mean Wave Period 0.9387 0.1281 16% 0.9767
(Tm)
b [T S DI 0.7232 0.0080 8% 19.8146
(Dirmn)

The scatter index and Bias are normalized with the average observed values. The significant wave
height has a negative Bl unlike the other two parameters. Negative bias denotes lower model
values with respect to buoy observations. The H; and Dir,,, Bl value is very close to zero.

The scatter index, defined as the standard deviation of the difference between model and buoy
normalized by the observation mean (Bidlot et al. 2002), has a lowest value for the wave direction
(8%) and values greater than 15% for Hs (21%) and T, (16%).

Then, the statistics is satisfactory.

The significant wave height spatial distribution during the second sea storm is reported in Fig. 6.

The simulation is relative to WW3 model with ~0.03° spatial resolution.




Fig. 6 Significant wave height (color maps) and direction (vector fields) in three moments of sea
storm in February 2016. The maps are relative to WaveWatchlll model forecast in the time
interval: (a) 10/02/2016 at 00:00 UTM; (b) 10/02/2016 at 12:00 UTM; (c) 10/12/2016 at 12:00.
Wave height isolines are at 0.5 m intervals

The validation of the simulated results with reference to the second storm is reported in Fig.7-8.
The time series (Fig. 7) shows consistent trends for Hs (a) and T,, (b) but the wave period is

overestimated by the model for the first two simulation days.
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Fig. 7 Significant wave height (Hs) and mean wave period (T,,) time series. The measured in-situ
data are recorded by Capri buoy. The time series is relative to 09-11 February 2016 sea storm
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In table 2 we show the statistical values obtained by the inter-comparison between the recorded
and simulated wave parameters. The Hs has a small mean difference between model and
observations (Bl equal to 0.0620) with a high data correlation.

The correlation coefficient shows a positive relationship between the measured and forecasted
variables in the cases of Hs (0.8609) and T,, (0.7773). Instead, the value of the R index for the
wave direction is small (0.3186). The scatter index assume a lowest value for the wave direction
(4%) and values greater than 20% for Hs (24%) and T, (22%).

Table 2 - Statistical parameters to evaluate WW3 model performance respect to Salerno buoy
registrations on 09-11 February 2016 sea storm sea storm.

Correlation Bias |Scatter Index| Root Mean Square
Coefficient (R) (BI) (SI) Error (RMSE)
Significant Wave 0
Height (H.) 0.8609 0.0620 24% 0.4749
bABET HUERTE PO 0.7773 01777  22% 1.2113
(Tm)
b G2 BUEWE DIITEEeT 0.3186 0.0043] 4% 9.2427
(Dirmn)

4 Wave model comparisons with altimeter data

Two satellite orbits cover the initial preliminary phase of sea storm from 1 to 3 January 2010, the
ESA Envisat and OSTM/Jason-2. The tracks are along the Ligurian and Tyrrhenian Sea.

090501 2043 36,577 _ 0900901 20 4362508 2000901 20 44 D040 JOWO0N0N 2044 37120 J0S00NN 2044 3B J0S00NEN 2045 00641

Fig. 9 Matching between WW3 model and altimeter data Envisat pass. 715 cycle 85

The track in figure Fig. 9a corresponds to the passage of Envisat satellite on 31 December 2009
between 20:43 UTC and 20:45 UTC.

Lasinude

Fig. 10 Matching between WW3 and altimeter data OSTM/Jason-2 pass. 44 cycle 55
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The track in figure Fig. 10a corresponds to the passage of OSTM/Jason-2 on 31 December 2009
between 04:30 UTC and 04:31 UTC.

The figures Fig. 9b and Fig. 10b shows the comparison between H forecasted and observed for
Envisat and OSTM/Jason-2 respectively. Taking this into account, it is comforting to see that
while the quality of fitting between model and altimeter may vary, most features of the measured
data are reproduced by the model.

Also in this case the statistic indexes give more information about the relation between the two
datasets (observed and forecasted).

The table 3 shows, for each satellite, the values of statistical indicators to evaluate WW3 model
performances. As you can see, there is a greater correlation (0.9134) between the forecasted
significant wave height values and the Envisat satellite observations. The correlation between
model and Jason-2 observed significant wave height is 0.7984. In both cases the values of R index

are nearest to 1 so, the forecasting simulation are considerate very positive related.

Table 3 - Statistical parameters to evaluate WW3 model performance respect to altimeter data on
09-11 February 2016 sea storm.

Correlation Bias Scatter Root Mean Square
Coefficient (R) (BI) | Index (SI) Error (RMSE)
Significant Wave Height — 0
OSTM/Jason? 0.7984 0.2279 30% 0.4239
STETER! U B - 0.9134 01455  18% 0.7834
Envisat

5 Run-up model comparisons with camera system

In order to improve the reliability of the software that govern the physical wave transport to coast
and the compute the run-up on the beach we use a video-monitoring system. Wave rup-up values
computed by run-up operational software calculator have been validated by observed wave run-up
data recorded by beach camera system. The data were referred to storm from 9 to 11 February
2016.

Test case presented in this work was carried out on Bonassola beach (SP) in the Ligurian Sea coast

of Italy.
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Bonassola profile

Meters
400

Fig. 11 Bonassola beach. Red line shows the investigated profile and the graph draws

morphodynamic features. Yellow circle represents camera system location

This gravel beach has steep and typically concave profiles with slope increasing up the beach face.

Cusps are observable along the shore. These features could be associated to the presence of rip

currents. Nearshore has a slope approximately 8.3% from the shoreline to 10m water depth and

becomes 5.5% at water depth of 10 to 30m (Fig. 11). The offshore beach is composed by sands. To

the boundaries, close to the promontories the bedrock outcrops, covered by sea-grasses (Posidonia

Oceanica and Cymodocea Nodosa). The beach is stable and partially protected by wave attack

from SE and SW. Video monitoring system was placed in the middle of beach (Fig. 11 yellow

circle). Fig. 12 shows the offshore (in the virtual buoy point) wave properties during the sea storm.
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Fig. 12 Forecasted significant wave height (Hs) and mean wave period (T,) time series, relative to

09-11 February 2016 sea storm on virtual buoy near Bonassola beach
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Results were referred to range time from 08:00am to 16:00pm of 10 February 2016.

For the purpose of obtaining the wave run-up line from the geo-referenced video images of the
central camera, the technique of the timestack analysis was employed. The timestack is described
in the extensive literature on coastal video monitoring (Takewaka e Takashi 2000, Ojeda et al.
2008, Zhang 2008, Kuo et al. 2009). The images for wave run-up measurements were generated on
hourly basis along the profile show in Fig. 11. In this work has been evaluated 10% exceedance
value (Rigy) (McCall et al 2014).

Fig. 13 shown wave run-up excursion recorded by central camera.

First results, from 8:00am to 09:00am, Ryq, value was 3.05 meters with maximum excursion
around 4.5 meters, while second time step shown 3.31 meters Riqy, value with maximum wave run-
up value about 4.3 meters. From 10:00am to 11:00am Ryq, value was 3.43 meters and maximum

value 4.4 meters.
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Fig. 13 Wave run-up levels collected using pixel time stacks derived from video data of camera at
Bonassola in 10 February 2016 at: (a) 8:00-9:00 UTC; (b) 9:00-10:00 UTC; (c) 10:00-11:00 UTC;
(d) 11:00-12:00 UTC; (e) 12:00-13:00 UTC; (f) 13:00-14:00 UTC; (g) 14:00-15:00 UTC; (h)
15:00-16:00 UTC

In Fig. 14 you can observe some beach camera acquisition during the sea storm in Bonassola and a
timestack relative to 10/02/2016 08:00 to 09:00 UTC (Fig. 14e).
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Fig. 14 Camera view refer to investigated profile and Time stack image (shown on bottom)
relative to 10/02/2016 08:00 to 09:00 UTC

Fig. 15b shows the time series relative to R10% model forecasted in 10/02/2016 08:00am to
16:00pm.
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Fig. 15 Comparison between Riq Observed with beach cameras and the same parameter model
forecasted. Scatter diagram and data statistic (a) and Absolute Relative Error (b). Data are referred
to range time from 08:00am to 16:00pm of 10 February 2016

R100 forecasted values have been compared with Ryq, Observed values calculated on wave run-up
excursions recorded by camera system on Bonassola beach. Following McCall et al. (2014),

Absolute Relative Error (ARE) was estimated for each hour examined in this work.

ARE

_ Rqpyforecasted—Ryoy,Observed (5)
R109,0bserved

Table 4 - Ryg, Observed versus R;q, Forecasted and Absolute Relative Error

Time (UTC R109% R109%
( ) Obscleor</ed Foreclz(;/sted e

10 February 08:00 - 09:00 3.05 3.16 0.03 (3%)

10 February 09:00 - 10:00 3.31 3.21 -0.03 (-3%)
10 February 10:00 - 11:00 3.43 3.27 -0.04 (-4%)
10 February 11:00 - 12:00 3.42 3.23 -0.05 (-5%)
10 February 12:00 - 13:00 3.45 3.19 -0.08 (-8%)
10 February 13:00 - 14:00 3.57 3.18 -0.11 (-11%)
10 February 14:00 - 15:00 3.44 3.32 -0.03 (-3%)
10 February 15:00 - 16:00 3.62 3.44 -0.05 (-5%)
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Results show suitable performance of wave run-up calculator on Bonassola beach. ARE values
highlight Ry, forecasted underrated compared with Riq, Observed, with maximum difference in
elevation around 0.4 meters (ARE 11%). It is worth highlighting that model chain performs well
on beach scenarios using Mase formula, indeed RMSE value between observed and forecasted is

0.05 meters.

6 Conclusions and future directions

The focus of this study was the testing and validation of the coastal flooding alert tool during two
severe sea storms interested the Italy’s east coast in January 2010 and February 2016. The
performances evaluation is done separately for the wave forecast model and the beach run-up
calculator.

The prediction of intense and small scale events is much more difficult just because of the
increased difficulty of a meteorological model to handle strong gradients (Bertotti and Cavaleri
2009). In the open sea this is not a problem but, in small sea areas, the wave propagation depends
in practice only on the local meteorological ones.

As the comparison shown, the errors on model wave estimate offshore become very small during
the propagation to coast, so the underestimation or overestimation of run-up on the beach are
acceptable if we consider the goal of the alert system.

The accurate forecast of sea storms is important for the large impact that the weather-marine
extreme events have on the economy, and on the civil and environmental protection. Thus, if
coastal manager knows when the sea storm is likely to occur, they can minimize the damages
caused by this event.

The methods described in this paper provide a basis for the study of coastal flooding with
operational oceanography model instruments. Its provide a valuable management support to local
governments and to resorts, which will organize inter-annual activities ensuring the security of
citizens and infrastructures overlooking the coast.

Video-monitoring is also used to study the shoreline response to storm events, the evolution of
beach dunes with regards to the vegetation, slope variation, dune toe regression etc.

The model results will fill some of the data void regarding coastal flood data in some areas and be
useful for production of coastal vulnerability maps and community planning efforts.

Our plans about the presented research program are multifold: i) we will put more effort in the run-
up and overtopping modeling providing in a near future an open source and freely community
available model for operational coastal areas management leveraging on high performance
computation resources as shared/distributed parallel architectures and GPGPUs (Di Lauro et al.
2012) on both on-premises and cloud computing architectures using RAPID GVirtuS middleware
(Montella et al. 2011); ii) Improving the modeling capabilities of our run-up/overtopping model in
order to support multiple coastal protection structures and related validation analysis; iii)
Extending the modeling domain to a wider area with a continuum like approach over the coastline

considering the proximal sea/land use and the geological features, matter pattern and granulometry
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providing features and publicly available dissemination tools even leveraging on results of
ongoing operational similar projects as the Coastal Emergency Risks Assessment, CERA
(Dresback et al. 2013); iv) Promote the beach-cam system to a real-time sensor network fully

integrated in our operational stack.
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