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Abstract

WaveForUs is a high-resolution forecasting system for public and emergency use that delivers
3-day sea-state prognoses. In this framework, a prognostic tool for total coastal surges (storm
surge, tidal extremes and wave-induced setup) was implemented, aiming at the notification of
the authorities and the public in cases of high coastal inundation risk; more specifically, the
results of a 2D hydrodynamic model (HRSS) that simulates the free surface elevation due to
the combined effect of atmospheric forcing (pressure and wind) and tides and the results of a
spectral wave model (WaveWatch-111) are used to estimate the total setup along the coasts,
combining storm surge maxima, tidal constituents and near-shore irregular wave breaking.
The model is applied in the North Aegean Sea and in the nested domain of Thermaikos Gulf.
Both areas are of high environmental and socioeconomic value, with extensive low-elevation
planes, protected (Natura 2000 and Ramsar) sites and a broad spectrum of sea-based
activities. The validation and calibration of the modelling platform was based on hindcasting
simulations; the numerical results are satisfactory and correlate well with in-situ and

satellite/modelling data.
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1. General Information

\_

WaveForUs is a high-resolution forecasting system for publicand emergency use
that delivers 3-day sea-state prognoses. In this framework, a prognostic tool for
total coastal surges (storm surge, tidal extremes and wave-induced setup) was
implemented, aiming at the notification of the authorities and the public in
cases of high coastal inundation risk; more specifically, the results of a 2D
hydrodynamic model (HRSS) that simulates the free surface elevation due to the
combined effect of atmospheric forcing (pressure and wind) and tides and the
results of a spectral wave model (WaveWatch-IIl) are used to estimate the total
setup along the coasts, combining storm surge maxima, tidal constituents and
near-shore irregular wave breaking. The model is applied in the North Aegean
Sea and in the nested domain of Thermaikos Gulf. Both areas are of high
environmental and socioeconomic value, with extensive low-elevation planes,
protected (Natura 2000 and Ramsar) sites and a broad spectrum of sea-based
activities. The validation and calibration of the modelling platform was based on
hindcasting simulations; the numerical results are satisfactory and correlate
well with in-situ (tide gauges) and modeling (MyOcean system) data.

System Description

< 3-day prognoses of total Sea Level Heights that are updated
daily at 08:30 UTC. Dissemination of forecast products

< 3 domains of atmospheric (WRF-ARW; Pytharoulis et al.,
2014) and storm surge (HRSS) forecast fields (Mediterranean
Sea, Aegean Sea, Thermaikos Gulf)

< Computation of the Total Surge based on the storm surge and
wave set-up computation

< Alert system for strong surges that reach coastal waters

< Hindcasting calibration period 2012

Fig. 1: Schematic representation of the WaveForUs forecasting system: The lower panel
(left part) shows the numerical models used in each application domain and the transfer of
data within the system (black arrows denote transfer of initial and boundary conditions,
white ones introduction of input data) and the dissemination of forecast products (right
part), while the upper panel shows the location of the three application domains (hatched

areas aren’t included in the calculations) /

2. Models’ Description

<2-dimensional hydordynamic model (Krestenitis et al. 2010) <Implementation of WaveWatch-Il model in Domains 1 & 2 < Schwiderski (1980) parameterization
<Implementation in 3 domains <The model is run on a spherical grid >Solution of harmonic equation at all grid longitudes and latitudes
<Shallow water equations: 2 The governing equation is the balance equation of the wave action o , .
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3. HRSS Calibration Experiments

5. Results: 3-day Forecast Products

Table: List of main parameterisations in each calibration experiment

Table: WS score values at selected stations for the 2012 period

EXP# ATMOSHPERIC TIDE GIBRALTAR OTHER PARAMETERISATIONS MAXIMUM
FORCING SCHWIDERSK!I (1980) BOUNDARY DEPTH H
1 YES NO NO C, (Smith and Banke, 1975) Realistic
2 YES NO YES C, (Smith and Banke, 1975) Realistic
3 YES YES NO C, (Smith and Banke, 1975) Realistic
4 YES YES YES Co (Smith and Banke, 1975) Realistic
5 YES NO NO C,=10" Realistic
6 YES NO NO C,=10" Realistic
7 YES NO NO C, (Smith and Banke, 1975) 100
8 YES NO NO C, =10~ 100
9 YES YES YES Cp =107 Realistic
10 YES YES YES C,=10" Realistic
11 YES NO NO Co (Smith and Banke, 1375) Realistic
Eddy Viscosity (CCC=0.24)
12 YES YES YES Co=10" Realistic
Willmott Skill (WS) score between WS —1 >|SLH,, —SLH, |
. 2
observed (SLH_) and modeled (SLH, ) SLH: Z([SLHm T +‘SLHO _SIA, )

STATION /EXPERIMENT ExP1 ExP2 Exp3 Exp4 Exp5 Exp6 Exp7 Exp8 | Exp9 | Exp10 Exp11l Expr12
THESSALONIKI 048 059 053 057 062 053 059 056 | 068 ) 055 051 0.65
GENOVA 0.72 076 076 077 071 073 0.77 077 | 079 | 0.76 0.72 0.61
ANCONA 061 068 068 069 067 063 073 070 | 0.72 ) 0.67 0.64 0.69
NAPOLI 056 062 059 061 059 056 068 066 | 069 | 061 0.56 0.58
MARSEILLE 050 051 055 052 042 051 039 043 | 046 | 052 0.81 0.46
VENICE 061 071 071 072 080 066 075 071 ) 082 | 069 0.68 0.68
CATANIA 040 047 036 043 040 038 045 0.44 | 051 | 043 0.36 0.6
HADERA 050 054 054 055 062 050 062 065 | 066 | 053 051 0.45
CAGLIARI 045 054 047 051 054 048 050 049 | 060 ) 050 0.46 0.43
OTRANTO 044 053 046 051 052 045 054 051 | 062 ) 050 0.43 0.39
ALEXANDROUPOLIS 034 064 063 064 073 059 068 064 ) 0.77 | 061 060 0.76
060 057 059 060 055 061 060 | 067 | 0.58 057 0.56

k ALL STATIONS 0.51

4. Calculation of Total Surge (wave and storm-induced)

Fig. 3: Wind vectors distribution (~20 m/sec) over Domain 3 on
1/2/2005 (Extreme Event)

Domain 1 (Mediterranean Sea) on 1/2/2015

Fig. 2: Sea Level Pressure (SLP), MyOcean and HRSS SLH distribution over Fig. 4: 3-day forecast from HRSS simulations at two Domain 3
\ stations during 1/2/2015 extreme storm surge conditions /
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\%aking wave characteristics are calculated through analytical expressions (Goda, 1985).

The total surge near the coasts (SLH._.) equals the summation of the storm-induced SLH (SLH,,, output of

Wave setup and surf beat for irregular breaking waves are calculated explicitly from the outputs of WW-III,
using the expressions (Dean and Dalrymple, 2002; Goda, 1985):
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/
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Conclusions

< Validation of the models with available in situ observations and satellite data showed that the operational WaveForUs system is an adequate and
useful tool on the prediction of the short-term sea-state

< The higherresolution of Domain 3 improves the forecast storm surge product over regional areas of the Mediterranean Sea

< The finer Domain 3 simulations predict higher SLH values along specific coastal zones where the higher resolution of the area’s topography
describes the details of coastline that are not apparentin coarser grids

< Simulation of severe meteorological events that may induce inundation phenomena over low-land areas provides a daily alerting system along
the entire coastal zone.

< The computation of the astronomical tide based on Schwiderski (1980) parameterization improved the performance of the simulations.

< Sea-state products, provided to the public with several different ways, covers the different needs of potential users in the complicated
Thermaikos environment under the high spatial and temporal resolution.
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