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Abstract

Extreme sea states have been recorded in the Neatlduring several winter periods in which
significant wave heights of 10 m or more were commihese sea states present a challenge
to wave forecasting systems and a threat to ofésimstallations such as oil and gas platforms
and windmill parks. In this work, we study the &pilof a 3rd generation spectral model in
reproducing the extreme sea states. Times serceslisgctional wave spectra measured and
modeled are compared for a 10 day period in théewof 2013-2014 where successive severe
storms moved across the North Atlantic and the IN&®a. Records were obtained from a
Doppler radar and wave buoys. The hindcast waopeed with the WAVEWATCH |lI
(WW3) model (Tolman 2014) with high resolution bathfrequency and direction. A good
agreement was obtained in general for integrateahpeters, but discrepancies were found to
occur in spectral shapes. This study also highdigitat the wave model significantly
underestimated the directional spreading, withed#hces reaching 2&vhich can compromise
the ability of the wave model to accurately predixtreme waves.

1 Introduction

The North Sea wave climate varies from gentle gueoand itwas previouslystudied by
different authors (Boukhanovsky et al., (200Rgistad et al., (2011Ronce de Leén and
Guedes Soares (2012)). Activities in the North &eadiverse and include fisheries, oil and
gas industry, shipping and wind power device itatians for obtaining green energy.
However, extreme sea states generated under mericace storms are becoming more
frequent in the North Se8¢hrens and Gunther (2009Rogue waves have been recorded and
studied, indicating how the appropriate conditibmsrogue waves differ depending on the
location under consideration (Magnusson and Dong@i3); Haver and Andersen 2000;
Haver 2000).



A source of generation of extreme wave groupsasatimd gustiness in the North Sea. Strong
winds feeding a wave group for a long time periodld be the reason of enormous growth of
individual wave height within a certain group (Pdekevsky et al., 2012; Kettle 2015).
Waseda et al., (2011) found that during freakishsdates (Waseda et al., 2014; Tamura et al.,
2009) the average directional spreading can berltvam for non-freakish sea states, in a study
based on 20 minute wave records during the wintarths of 2003-2005 in the North Sea and
in a hindcast produced with the WW3 model.

The robustness of a wave forecast is of a greabiitapce for avoiding economical and human
losses. The knowledge about extreme waves anddtugly is a very important challenge to
the scientific community, for reasons related with scientific understanding of their causes
and how they propagate and disappear as well dbd@afety of navigation and of prevention
of damage to offshore structures and ships.

The present study analyses severe storms genanatesl winter of 2013-2014. The attention
was focused in the North Sea where high resoldtindcasts were conducted by applying the
WW3 model (version 4.18). A Doppler wave radar ntedrat the Sleipner platform provided
wind and wave records that were taken as a referenanalyse the directional spreading, an
important spectral parameter in the forecast akexé sea states and which plays an important
role in the definition of the shape of the wavectpen.

In section 2, we describe briefly the North Seati®a 3 treats the details of the WW3 model
configuration used for the hindcast. In Sectiodetails are given about the recorded data used.
Sections 5 and 6 present the results and discuggiere a comparison of unidimensional and
directional wave spectra and the spectral paranwdtdirectional spreading retrieved from the

MIROS radar and from WWa3 is given. The conclusiaresgiven in section 7.

2 Region of study

The North Sea, due to its complex geometry andybagkry, reveals complicated synoptic

conditions, wind waves and currents patterns. Suded by several coastal sections and
connected to the North Atlantic Ocean and the B&8&a, the North Sea is in itself a particular
natural laboratory for the study of extreme wauégh waves are often generated by low
atmospheric pressure and strong wind associatédstatms. Due to the North Sea geometry,

severe winds from different directions have a langeact in the coastal regions (De Winter et



al., 2013).

The north part of the North Sea is characterizedd®p waters and the central and south parts
are mainly intermediate waters ranging from 50 3aY where most of the oil platforms are
located Figure 1 shows the geographical domain of the high resmutiested grid with all the
locations where the hindcast was verified withrieasured data. Most of these locations are

in deep waters except for locations 9 (60 m) an@DOM).

A characterization of the winter period of 2013-2@1as given in the Met Office Report 2014.
The most remarkable characteristic was the extnaarg duration of the successive storms
and the clustering of deep depressions. A hindtasgly with emphasis on the Hercules storm
of January 2014 and its effects on the Iberian i@ was discussed in Ponce de Ledn and
Guedes Soares (2015).

3 The WW3 model set up

WW3 (Chawla et al., 2013; Tolman 2014) is a thighgration wave model developed at
NOAA/NCEP based on the WAM model (Komen et al., 9®cean wave models such as
WWa3 are based on the spectral energy action bakeation (1),

OF(f,0)

at +Vx8xF(f19)+Vf,98f,9F(f19)=S(ff0) (1)

wheref andé are the spectral frequency and direction, respagtandF is the spectrunt,
andcy ¢ are the characteristic velocities in the physécal spectral spaces, respectively Bnd
andVr gare the gradient differential operato8sis the source function (equation 2) in which
all the physical processes considered in WW3 apresented. There are three main

contributions tdS. Sh-wind input, Sy-wave-wave nonlinear interactiorye-dissipation of the

wave energy (wave breaking and shallow water psss)s

S =Sin+ Su + Sas (2)

The computational coarse grid domain was set td\8@%8° N, 90° W, 30° E (Fig. 2, left) at
spatial resolution of 0.25° (about 27 km) coverhgost the entire part of the North Atlantic.
The first nested grid (intermedium grid in Tablengs defined for a region with the following
limits: 66.0° N, 47° N, 35° W, 12.875° E (Fig. 2)tlze spatial resolution of 0.125° (16 km).



The high spatial resolution nested grid was defioeer the North Sea region with a resolution
of 0.0625° (6.95 km) covering the region 63° N,M89° W, 7.375° E (Fig. 3). Other numerical
parameters are detailed in Table 1.

The hindcast was performed for two months and A& diar the winter of 2013-2014. The

wave model was driven by 1 hourly wind fields frome ECMWF operational forecast (high

resolution model) from the MARS archive with a lzomtal resolution of 0.125° (16 km) and

137 vertical levels.

The bathymetry data comes from the GEODAS NOAA'sidvenl Geophysical Data Centre

(NGDC), with a resolution of 1 minute of degredatitude and longitude which was linearly

interpolated to the three level model grids. Theevapectrum is provided for 36 directional

bands, and 30 frequencies from the minimum frequehn©.0350 Hz up to 0.5552 Hz.

The shallow water model was considered only fomniggted grid over the North Sea (Table 1).
Regarding the physical and numerical aspects,dh@ning processes and parameters were
activated for the North Sea grid: wind input andsgpation of energy of WAM cycle 4
(ECWAM), JONSWAP bottom friction formulation, th@rhped triad interactions method
based on thetochastic model of Eldeberky (199@he discrete interaction approximation
(DIA), depth induced breaking of Battjes and Jan$4878) with a breaking threshold of 0.73,
refraction and for the propagation of the specti@/e energy along the geographical domain
a third order propagation scheme was chosen ussmgweraging Tolman’s (2002) technique.

Reflection, ice and currents were not consideratiimmhindcast.

Table 1. Numerical definition of the WW3 configuration.

Parameters

Coarsegrid North Atlantic

Intermedium nested grid

High resolution nested

Geographical limits

80°N, 18°N, 90°W, 30°F

66.0°N,47°N,35°W,12.875

63°N,48°N,9°W,7.375°

Spatial resolution 0.25° 0.125° 0.0625°
Number of points (481,249)119769 (401,153)61353 (289,241) 69649
Type of spectral deep water deep water shallow water
model
Propagation Spherical Spherical Spherical

Wind input (Sn)

Janssen (1989, 1991)

Janssen (1989, 1991)

Janssen (1989, 1991

dissipation (Spofr)

White capping Komen et al. (1984) Komen et al. (1984) Komen et al. (1984)
dissipation
Nonllinear Four wave-wave nonlinei Four wave-wave nonlinea,  Triad interactions
Interactions (S) interactions interactions Eldeberky (1996)
Bottom friction JONSWAP JONSWAP JONSWAP




Wind input time 1 1 1
step (hour)
Wave model output 1 1 1
time step (hour)
I ntegration time step 120 60 30
(seconds)
Wind data ECMWF operational ECMWF operational ECMWF operational
forecast forecast forecast
Bathymetry data GEODAS NOAA's GEODAS NOAA's GEODAS NOAA's

SIN3 maximum

BETAMAX=1.40

BETAMAX=1.40

BETAMAX=1.40

value of wind-wave
coupling

4 Data
4.1 Norwegian MIROS radar

The Miros SM-050 wave and current radar is a puegmsit pulse Doppler radar system,
designed for real-time measurement of directioredan waves and surface current. The
MIROS radar is mounted on the fixed platform (Steip which recorded averaged wave
observations and wave spectra. Radar data wasablait every 10 minutes for Sleipner
(location 5,Figure 1) during 10 days (20th-31st December 2013). Tharraelcords were
compared to a wave buoy and WW3 model output.

The radar observes the ocean surface in a seng-aira distance of 180-450 m depending on
the installation height, typically 25 — 80 m. Sif°3sectors are scanned in sequence. The
observation footprint is 75 m deep horizontally.eThadar has the following system
performance measurements characteristics to reberdirectional wave spectra: directions:
36, directional resolution: 10°, frequencies: 8&gtiency resolution: 0.01 Hz, frequency range:
0.0312 - 0.312%1z, update interval: 2.5 minutes and an averagimg:t45 minutes default.
More details can be found at http://www.miros.no.

4.2 Wave buoys JCOMM Project

Wave buoys at ten different locations were avadadnhd distributed by the JCOMM-Joint
Technical Commission for Oceanography and Marindgeli®logy Project (Bidlot, 2012).

These moorings consist of directional and non-timeal wave buoys transmitting hourly data
on the standard suite of meteorological parameltéean wave direction was recorded only in



one of the wave buoys (location 10). Quality colstrwere performed on the wave buoy
datasets and a number of errors were identifiedcan@cted accordingly.

The statistical parameters employed in the valwhatf the hindcast against the wave buoys
are the correlation coefficient, bias and scattidex. The bias is defined as the mean of the
residual, which is the difference between the bdata and model data and the scatter index is
defined as the standard deviation of the model tlata the best fit line, divided by the mean
observation. The validation for the modelled Hsieged from the high resolution nested grid
(Table 1) was performed against the ten wave buoys avernagedds of JCOMM.

The statistical parameters revealed a good agrdeaiethe modelled data with a linear
correlation. The correlation coefficients were lire range of 0.850 (location 10) and 0.961
(location 2) and the scatter indexes were in thgeafrom 0.11 (location 2) up to 0.292
(location 10). The bias turned out to be negatreedrds were taken as reference) in five
locations (3, 4, 6, 7, 9) indicating that the WW8dwal overestimates the recorded values of

Hs at those locations.
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Figurel. The North Sea bathymetry, the WW3 ten outputtliooa and wave buoys. 1-Gullafks, 2-North Alwyn,
3-Troll, 4-Heimdal, 5-Sleipner, 6-Mungo, 7-Ulla,Bkofisk, 9-Valhall, 10-Finol.

The lowest correlation (0.85) and the highest scatdex (0.292) were obtained at location 10
(FINO1) placed in intermediate waters at 30 metédepth which could be a possible reason

for the obtained low correlation.



In addition, the wind speed from the ECMWF atmosjghieigh resolution model used in the
hindcast was verified against the recorded buoya deross the North Sekigure 1). The
obtained correlation coefficients were in the rafigen 0.9612 (location 7) up to 0.9403
(location 5), bias from 0.0357 (location 8) up @729 (location 5) and scatter indexes from
0.0891 (location 7) up to 0.1434 (location 5). Toerelation of the location 10 was affectec
by the fact that the number of the recorded valmas 1627 instead the 1824 values which
should be for the study period (two months anda&l In general, a good agreement between
the wind speed from the buoys and from the higblwti®n ECMWF wind model was obtained.

Table 2. Statistical parameters for the Hs at the numbeoedtions: 1-Gullafks, 2-North
Alwyn, 3-Troll, 4-Heimdal, 5-Sleipner, 6-Mungo, 7Habnor, 8-Ekofisk, 9-Valhall, 10-Finol
(See Fig. 1). Cc-correlation coefficient.

Location| Bias | Scatter index Cc

1 0.289 0.137 0.93
0.056 0.111 0.96
-0.096 0.179 0.892
-0.296 0.146 0.910
0.277 0.137 0.949
-0.212 0.129 0.922
-0.167 0.130 0.948
0.094 0.136 0.951
-0.135 0.131 0.960
10 0.064 0.292 0.850
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5) Results

5.1) Characterization of the winter storms of December 2013

An intense depression passed to the north of theodKhe 24th of December of 2013,
recording a mean sea level pressure of 936 mb Q¥fete Report 2014). Pressures below 950
mb for UK land stations were reported as rare amas the lowest value at a UK land station
for many years. The ECMWF wind fields from the seagrid (left panel) and intermedium

nested grid (right panel), respectively, show stouonditions over the North Sea on 25th



December 2013 at 05 UTC where the wind speed rdadiaes of about 25 m/Bigure 2).
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Figure 2. ECMWF hourly operational forecast wind archivetba coarse and intermedium nested grids
limits on the 25th December 2013 at 05 UTC.

Because the winter period of this study was chareed by successive severe storms derived
from low pressure systems that crossed the NotgmAt, consequently in the North Sea the
strong wind had a direction from SW and South icoadance with the cyclonic circulation.
At the beginning of December 2013, from the 5th apdo the 6th at 18 UTC very strong
winds from the NW (higher than 25 m/s), blew aloing main axis of the North Sea where the
fetch is larger generating Hs of about 10Fig(re 3, left) at location 5 (Sleipner). This storm
moved towards Norway with the strongest winds bimgaacross the North Seaigure 4).

From the 20th up to the 29th the wind blew maimbni the SW towards Norway where the
fetch is shorter. However in at the north parthef North Sea, on the 25th of December, the
wind speed and Hs were noticeably hifig(re 4), reaching approximately 25 m/s and values
above 8 m, respectively.
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Figure 3. Time series comparison for the period of the wileft) and comparison between the Hs
retrieved from the MIROS radar, WW3 and JCOMM wavey at Sleipner (right).
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Figure 4. ECMWF wind speed (m/s) (left) and the WW3 Hs (mgp from the high resolution nested
grid on the 25th December 2013 at 05 UTC.

5.1.1 Wave roses

As wave directional data was missing at nine oftémewave buoys in the North Sea, only the
directional data from the WW3 model is analysede §bod performance of WW3 based on
the low scatter indexes and high correlations suppbe directional analysis below. Wave
roses Figureb5) were constructed using the output of the waveehfsdm the high resolution
nested grid. The wave rose spokes point in thectilire from which the waves propagate. At
each of the ten locations (only three represergabges for the North, central and South parts
of the North Sea are shown), most of the spokegairging in a southerly direction. The
largest spokes were pointing in a south eastergoath westerly direction, meaning that for
the most of the time waves propagated from soutiotth. It seems that the significant wave
height increases with latitude, for waves propagpafrom south to north, because in this

direction the fetch is larger.

This analysis allows to characterize the wave d@rduring a peculiar winter (2013-2014)
dividing the North Sea in three main regions: Ndltications 1, 2, 3), central (4, 5, 6, 7) and
southern (8, 9, 10) partkigure5). Locations 1 and 3 presented very similar wagesawith
the highest percentage of waves coming from thehSand South East sectors with 3-6 m and
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6-9 m of Hs. Only a small part of Hs higher than @vere observed from the North West sector.
On the case of location 2, the majority of the veagame from the SE sector and were in the

range of 3-6 m and 6-9 m of Hs.

The central part of the basin was characterizethbywave roses of locations 4, 5, 6, 7 for
which locations 6 and 7 presented similar wave s@®wing a high occurrence of waves
propagating from the SW sector (Hs in the rang8-6fm and 6-9 m) and only a few cases
were higher than 9 m from NW. Locations 4 and S5cllwere more in the centre of the North
Sea were characterized mainly by waves coming tremBouth East and South West with Hs

on the range of 6-9 m and 3-6 m.

The south part of the North Sea was characterizéddthve wave roses of locations 8, 9, 10
(Figureb). It seems that the South is less energetic tieentral and the northern part of the
North Sea. Locations 8, 9 and 10 show almost theegaroportion of the waves in the range
from 0-3 m and 3-6 m coming from the SW and aghenthighest Hs, with values of 9 m or
higher, come from the NW sector.

This suggests that while waves propagating fronorgherly direction are infrequent, their

significant wave height is much more likely to lmae 9 metres than waves propagating from

a southerly direction.

-
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Figure 5. Wave roses (WW3 data) for the period of 1st Ddmem2013 up to 15th February 2014. From
North to South North part of the basin (top pandés) location 1, middle-location 2, right-locati®. Central
part of North Sea: Middle panels: left-loc5, midtbeation 6, right-location 7. South part (bottorempls):
locations 8,9,10, respectively.

6) Discussion

6.1 Frequency spectra at Seipner

The comparison of the time series for the U10 @iated inFigure 6A. The evolution in time
of the wind speed at 10 meters (U10) height shavesrhaxima, the first one of 21.66 m/s
(MIROS) and 21.25 m/s (ECMWF model) on the 25th é&meber 03 UTC and the second one
of 21.06 m/s (MIROS radar) and 19.59 m/s (ECMWFdyian 27th December at 07 UTC

corresponding to two different storms.

The time series for the Hs clearly show the duraedithe first and second stornisdur e 6B).
The highest Hs value recorded by the radar wasr@.68 25/12/2013 at 05 UTEiQure 6B).

However, the wave model underestimated the Hs (28 he second maximum took place
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on the 27/12/2013 at 20 UTC and itis 7.07 m (radad 6.67 m (model).

The highest errors measured by the RMS differeretevden radar and model frequency
spectrum (highlighted by the dashed vertical limgsigur e 6C) were obtained during the two
storms as can be seen. Thus, we focused our atidntihose dates where these errors were

high by analysing the one dimensional spectra e tespective source functions.
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Figure6. Time series of A) U10 (m/s); B) Hs (m), C) Roatan square (RMS) error of WW3 frequency spectra
for the period of 20/12/2013 up to 31/12/2013. R&I®r computed by interpolating radar spectra to 3VW
frequency grid (in the common frequency range).Hedsvertical lines at 25/12/2013 04 UTC, 28/12/205%3

UTC and 30/12/2013 23 UTC. Red line-recorded byradashed black line-WW3.

The discrepancies between radar and model frequarestra during the two storms can be
attributed to a slight shift of the spectral peakghe case of the spectrum of 25th September
2013 at 04 UTCKigure 7) and in the spectrum of the 28th of December atT& (Figure

8). In both cases the dominant local processesisplctral energy balance are wind input and

nonlinear interactiond~{gure 10A) andB)), whose distributions with frequency are suckoas
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inject energy in the low frequency range at andwehe peak frequencies.

The second cause of error is a difference in thel lef spectral energy at the peak frequency
(Figure 9). In the case of the pronounced underestimatiaiefvave model on the 30th of
December of 2013 at 23 UTC, the dominant local @secwas the four-wave non-linear
interactions Figure 10C). The non-linear interactionsS{) play the principal role in the
adjustment of the total source balance as was deimad@d in Tamura et al., (2010). In addition,
there are some differences in the variance despégtra at the high frequency tail of the
spectra, especially at the last two dates wherensieacy peaks are clearly visible in the radar

spectra while they are absent in the WW3 spectra.

A)
100 ! T T T T
. ' : w—@== Radar
L 80 3 % — WW3 |]
& :
E ] :
=
‘@
;=1
Q
(=]
Q
Q
=
i)
<
>
0 0.05 0.1 0.15 02 0.25 0.3 0.35
B)
20 T T T T
= Af =
N‘\
E ot .
=
(%]
g 0r .
a
8 20 .
(=
s
S 30 -
40 ] i I I 1 I

0 0.05 0.1 0.15 02 0.25 0.3 0.35
Frequency [Hz]

Figure 7. Frequency spectra at Sleipner on the 25th of Déee at 04 UTC. A) Radar and WW3 spectra. B)
Difference between radar and WW3 spectra.
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Figure 8. Frequency spectra at Sleipner on the 28th of MDbee at 05 UTC. A) Radar and WW3 spectra. B)
Difference between radar and WW3 spectra.
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Figure 9. Frequency spectra at Sleipner on the 30th of Déee at 23 UTC. A) Radar and WW3 spectra. B)
Difference between radar and WW3 spectra.
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Figure 10. Source functions (WW3) for the A) 25/12/2013 &tWTC; B) 28/12/2013 at 05 UTC; C) 30/12/2013
at 23 UTC. & is wind input, & is nonlinear interactions,,Sak is breaking dissipation,»& is bottom friction
dissipation and &is total source function magnitude.

Since the location 5 (Sleipner) is at a deep watstion the bottom friction dissipatiofot)
does not play any role. In the case of the stoiff@2siin and 28th December 2013, teplayed

a secondary role in the spectral balance; on thaany, for the 30th of December, where the
wind speed was a breeze of about 10 m/s, it caeée that, prevailed and reacted quickly
to changes in the source balance.

However, it is necessary to point out that the trapvariations of the wave spectrum are
determined not only by the source functions bub dlgthe propagation term. The analysis of

the effect of advection is underway and we expeceport on this soon.

6.1 Directional spreading

Directional spreading is one of the parametersthegewith the steepness and the frequency
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bandwidth which characterize the geometry of adtibeal wave spectrum. We compared the
directional spreading from the wave model to the @mtorded by the MIROS radar during the
period of study. Prominent differences for the clienal spreading were found. The highest
differences between the hindcast and radar valiere Wound during the first storm that

occurred approximately between the 24th and thie @December of 2013, according to the

wave recordsKigure 6B).

Radar records of the directional spreading parametee taken as a reference and for the first
storm these differences are higher than for thersgstorm Figure 11). For the first one the
differences ranged from 10° up to 23.47° and fessgtond one ranged between 10° and 18.48°.
The duration of the storms was almost two dayss Tineans that the radar recorded higher
values than the model for both storms. These @iffees are very important for the prediction

of extreme sea states.

False extreme sea states or false freak wavesecderlved from a hindcast or a wave forecast
if the model produces lower directional spreadimantin reality. The reasons for the obtained
differences are not clearly understood yet. A gadesnterpretation is that the radar is showing

complex wave systems of the North Sea that the waael cannot reproduce.

The implications of these differences in the digawdl spreading parameter are reflected in the
bidimensional wave spectr&ifure 13 and 14). The findings of poor representation of the
directional spreading affect the transition froom@mal to dangerous sea state in a wave

forecast.

Tamura et al., (2010) obtained similar findings &or oceanic location in the Pacific Ocean.
However, their results showed that during the gkabthe study (two months) the hindcasted
directional spreading parameter was higher thart@rded values. In our case, the directional
spreading values recorded by the radar were al@ifab a shortest period of ten days and
resulted higher most of the time than the modelddes Figure 11).

The normalized directional distribution of spectealergy is shown ifrigure 12 for the two
dates where the difference between radar and maetel larger. For the 25th of December at
13 UTC the radar shows a multimodal distributiothviivo peaks whereas the model shows

only one significance peak, with a small secondaaxima. On the 26th of December at 01
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UTC, both in the radar and the model, a growttheadecondary peak can be observed but the

model still shows considerable deviations fromrdmdar distribution.
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Figure 11 Parameter directional spreadifyt{me series from the wave model (red line) aminfthe MIROS
radar (black line). Period: 20th-31st December 204f. Differences between the directional spiegdecorded
by radar (reference) and obtained from WW3 (right).
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Figure 12. Normalized directional distribution of wave spet&aergy. A) 25/12/2013 13 UTC; B) 26/12/2013
01 UTC. Red - Radar; Black ~-WW3
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6.1.2) 2d spectra

In this section we inspect the directional wavectjgeretrieved from the radar and from WW3
at two dates identified above for which the direcél spreading differences are higheg(re

11). An important characteristic to be highlightedhat, in general, all of the WWa3 directional
spectra analysed, coincident with the MIROS ragacsa dates, are broader than the observed
spectraFigure 13 and 14), which also was remarked by Babanin et al., (2@bh@ Tamura et

al (2010).

On the 25th of December at 13 UTC, directional agireg difference between radar and WW3
attains a maximum of 23.5°. The directional speutfor this date is shown iRigure 13,
where it can be observed that, while the peak #aqu is similar between radar and model,
the WW3 peak direction is ~ 45° to the east ofrHuar spectrum peak direction. Total energy
is similar, judging from Hs values but the radaecpum covers a sector with width of 135°
from southwest to east, while the model spectrumlinsted to the southeast sector.
Additionally, in the radar spectrum, a secondary-mero energy level can be observed

propagating in the opposite direction to the maavevsystem.
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Figure 13. Directional wave spectra on the 25/12/2013 aUIg€. A) Radar; B) WW3.
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Figure 14. Directional wave spectra on the 26/12/2013 dt0C. A) Radar; B) WW3.

For the 26th of December at 01 UTC, radar and WpéRsa are displayed Figure 14. The
model shows a single peaked spectra with soutlpeadt direction while the radar shows a
peak direction south-southwest. The situationnslar to Figure 11, with peak frequencies ~
0.1 Hz for both radar and WW3 but a substantidied#hce in the peak direction is found,
together with a radar spectra spread through a 48€tor, while the model spectra is limited
to the southeast sector. Secondary peaks, botequéncy and direction spaces are visible in

the radar spectra.

7) Conclusions

The skill of a 3rd generation wave model in hindicesextreme sea states was assessed for a
10 day winter period in the North Sea using buayd Boppler radar records. Integrated
parameters of the sea state spectrum were acguhattelcasted by the model. The frequency
spectra of the model was compared to the one medyr the radar by means of the RMS
difference and a good agreement was found in gkrmriathe RMS difference showed large
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differences at the peak of two storms. These diffees were attributed to a slight shift in the
peak frequency and an underestimation of the ppaktal energy. In this last case, the
dominant local process were nonlinear interactiovisle the wind input was an additional
dominant source term in the previous cases.

When forecasting extreme waves in a directionaltbeadirectional spreading of the spectrum
is an important parameter. It was found that thedehaonsistently underestimated the
directional spreading when compared to the valuetlef radar. The most severe
underestimation occurred near or at the peak dttrens, which aggravates the need to clarify
the source of these discrepancies because thesieeameost dangerous sea states, where the
appearance of extreme waves can be associatedvéoesesks to marine structures and
operations.

Ongoing work is devoted to reveal the source ddeltiscrepancies in the directional spreading
estimated by the model and also on the more geseuate term balance in the wave spectrum.
In particular, the hindcast will be repeated fdested time windows during these 10 days with
a more advance method to better estimate the nearlisource term. Osborne (2013) found
that the nonlinear interactions computed by DIAha WW3 leads to an underestimation of

the spectral wave energy.
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