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Outline

Space-Time extremes of sea states in WAVEWATCH III

Objective
0 Develop experimental approach to estimate Space-Time Extremes
using a spectral wave model
1. Motivations
2. Framework
0 Theoretical prediction of ST extremes (Fedele Model)
0 Verification using stereo data
O Implementation and Validation of ST extremes using WW3

3. Nextsteps



Motivations
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Why try to estimate extreme waves with operational wave model?

1. Extreme waves are dangerous for marine activities
2. But still not completely understood:
e Qutliers of standard statistical wave models,
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e Require new approach to predict them.

Pictures from Dysthe et al., 2008 14TH INTERNATIONAL WORKSHOP ON WAVE HINDCASTING AND FORECASTING



D, Expected Outcome
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Why try to estimate extreme waves with operational wave model?

MCEP Global Wave Ensemble Run 2015/11/11 187: 240h Forecast

35°E T0°E105°B40*A75*A50* W15 *VB0* W45 W10*W
NOAANWS/NCEP/EMC Marine Branch, 2015/11/11 182
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e With good approach, collaboration is great opportunity for
disseminating information via US National Weather Service
wave guidance
« NCEP data (models) are free,

e Waves alone: > 1 million hits/downloads per day,
 Inform alot of users of enhanced danger.

14TH INTERNATIONAL WORKSHOP ON WAVE HINDCASTING AND FORECASTING



= R ENVIRON,
g FORETHRON ey,
/_ S --.j:it”»\a
!
i Q

Fs

Theoretical prediction of ST extremes )
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In our work, the theoretical framework comes from:

e Ground-breaking work of Fedele (2012) for linear ocean waves, based on
Adler and Taylor (2007) and Baxevani and Rychlik (2006),

e Extension to nonlinear waves by Fedele et al. (2013), Benetazzo et al.
(2015), and Fedele (2015)

Provide probability of crest-height maxima exceeding threshold for a N-
dimensional domain, and its expected values.

The 2" order Fedele Model allows us to calculate in WW3 the probability of
exceedance and expected value of the random variable max(n)/o.

Pr(max(77)/ o > s) and E[max(n)/ o]
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@ ) The 2" Order Fedele Model, in a nutshell
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How to estimate enhancement of likelihood of encounter?

1. Exceedance probability of extreme crest heights:
* Fedeleetal. (2013) and Benetazzo et al. (2015), apply

=

the Tayfun equation for 2" order wave crest height to / WW3 to do list: \
the linear form of Fedele (2012)
E=Z+Ezz—>z=_1+m Average numbers of
2 u waves
Pisomax{ Thwax /0> € | (Ny, Ns, Ny)} = (Nyz' + Nsz + Np) Py NVJ NSJ NB
l Space-time domain size
Gumbel asymptotics XY, T
2. Expected maximum crest height Geometric
* Benetazzo et al. (2015), Fedele (2015) spectral parameters
Tm' Lx' Ly
Ern.max {Mhnax /0| (Ny, Ns, Np)} = (hFM + %hlzsm) + P ZZNVI:hEM+NS (1 + puhpm)
HviEM SR Ep Kinematic
Prob and expected value increase when spectral parameters
Ny, Ngand Ny increase = larger number of waves Oyt Olyy Olyy
e Larger ST domain — k /

 Number of waves: quantity to be computed from spectra

14TH INTERNATIONAL WORKSHOP ON WAVE HINDCASTING AND FORECASTING
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After 3D reconstruction:
e 0 =0.334m

¢ A;=0.16

e A,=322

e n=0.06

e v=047

e Dir. Spread. = 39°

e # waves in time = 500

F(Hz),0 (" N)
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0
x(m)

23 waves exceeding the freak wave limit (crest > 1.25 Hs)
* Not well described by standard statistical models.

Pictures from Benetazzo et al, 2015 14TH INTERNATIONAL WORKSHOP ON WAVE HINDCASTING AND FORECASTING



oD Observing Space-Time extremes

23 waves exceeding the freak wave limit (crest > 1.25 Hs)

Record B, B, B, B, B B, B, Bg B, By, B, B,
MmdH, 159 152 149 148 147 145 145 143 141 138 138 137
H,.../H, 222 239 224 221 219 210 242 193 216 18 226 179
£l 036 036 026 040 036 036 035 030 036 036 029 028
B3 By, Bys By By, B B,y B B, B,, B3 l Avg ;
Mime/H, 136 134 134 132 132 131 131 128 127 126 125 138 ,
Hino/H, 199 211 203 205 207 192 193 198 201 206 196 208 ,
8 mex 0.29 0.41 0.38 0.34 0.33 0.33 0.31 0.34 0.34 0.45 0.31 |_0£4_ |
Profile of B1 wave: consistent with other freak Profiles of all cases: consistent across whole
waves (eg, D‘raupne‘r), smogth profile sample, some self-similarity
, ] 1sbo ]

1 1 1 1 1 \ ] |
600 610 620 630 640 650 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2

) t(s) P
Plcturesfrom Benetazzo et al, 2015 14TH INTERNATIONAL WORKSHOP ON WAVE HINDCASTING AND FORECASTING
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1. Exceedance Probabilities 2. Expected values

<Mpmae> =092H,

<Mpmae > = 1.03 H,

< T]TF,rnax > = 117 Hs

I

EDF
THEORETICAL

< nFM max > = 1.19 H

<n.. >=138H, } 2
’ o

Computed on XY=11x11 m? (domain/23), 30’

Picture from Benetazzo et al,, 2015
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Simulating ST extremes in WW3

Can we use spectra computed by numerical wave prediction
models, such as WAVEAWTCH IlI, to estimate Space-Time
extremes on realistic domains?
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Simulating ST extremes in WW3 NCE/P,

Game plan
1. Implement parameters from ST extremes theory in WW3:
e Geometric spectral parameters (T, , L,, Ly),
* Kinematic spectral parameters (o, o, o),
e Expected ST extreme crest height (E[max(n)/c]) and its
standard deviation (STD[max(n)/o]),
e Short-crestedness parameter (y..).

2. Validate WW3 results
e Acqua Alta experiment event.

14TH INTERNATIONAL WORKSHOP ON WAVE HINDCASTING AND FORECASTING



Simulating ST extremes in WW3
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WW3 simulation of the Acqua Alta experiment, Med Sea

Experimental settings

e MedSea 5km curvilinear grid

e 40 frequencies (0.05-2Hz)

e 36 directions

e COSMO wind input (7km,
3h), NETTUNO forecasting

sl e \ L ey system (CNMCA)
- T < ool e ST4 source terms (Ardhuin
-. etal 2010)
2 : Bsn-E e DIASnI
©E  10°E 14°F 18E 2B 26 e 10-day spinup
0 1000 2000 py 20 4000 5000 Validation

e 6 points for wind
e 3 sites for waves

14TH INTERNATIONAL WORKSHOP ON WAVE HINDCASTING AND FORECASTING
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Simulating ST extremes: Validation
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; . : : ; : : ; : WW3
%2 0 10 12 18 22 26 30 % 10 15 20 25 30
March 2[}14. March 2014
station Uo (m/s) H; (m) T (s)
# ‘ code name | CC | RMSE | Bias || CC | RMSE | Bias | CC | RMSE | Bias
AA | Acqua Alta | 0.86 | 181 | -001 | 091 0.19 |-0.06]0.74| 060 |-0.40
WWwi 61196 0.61 3.93 3.67 0.91 0.38 0.12 | 0.69 0.67 -0.59
Ww2 61197 0.86 2.08 1.80 0.94 0.34 0.02 | 0.86 0.55 -0.55
W1 OBSEA 0.74 2.79 -2.15 - -
W2 00CS 0.77 1.56 0.02 - -
W3 VIDA 0.84 1.70 -0.30 - -

Wind data reproduces reasonably well during period of measurement (red line)
e Particularly near Acqua Alta
Wave predictions reproduce reasonably well observed Hs
e Wave validation statistics typical of an operational forecasting system
14TH INTERNATIONAL WORKSHOP ON WAVE HINDCASTING AND FORECASTING



o

@

ISR

Simulated ST extremes, By WW3

Table 1: Wave conditions, integral parameters (Eq.
1) and space-time extremes observed by WASS at
AA tower on March 10 2014, 09:40UTC-10:10UTC.

Observed (stereo)

H, (m) | 6m (°N) TP(S)
1.33 248 5.4
Ly (m) | Ly (m) | Twm (s)
13.6 14.6 3.6
izt iyt Qry
0.35 0.004 0.03
Vs st | std(nsr)
0.93 1.38H, 0.09H,

Modeled (WW3)

Hy (m) | 0 (°N) | Tp(s)
1.60 258 5.7
L, (m) L, (m) T (s)
17.3 20.3 3.9
Kt Chyt Qry
0.8 -0.22 -0.16
Vs st | std(nsr)
(.85 1.28H, 0.11H.,

7% difference on expected ST extremes
(11 x 11 m?, 30’ - verified on 27 x 27 m?, 30’)

Table 4: Wave conditions, integral parameters (Eq.
1) and space-time extremes computed by WW
AA tower on March 10 2014, 09:40UTC-10:10UTC.

14TH INTERNATIONAL WORKSHOP ON WAVE HINDCASTING AND FORECASTING




Simulating ST extremes in WW3
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Can we use spectra computed by numerical wave to forecast
Space-Time extremes on realistic domains?

YES, we have a proof of concept.

But we have to keep in mind:
 Experimental evidence based on small-scale data

* Needs to be verified in open-ocean environment,

e Measurements in small area, 2/3 wavelengths in viewing area precluded
following the complete group dynamics

o Still need larger areas to verify directly following complete dynamics
Therefore, we are working on:
e What are the best approximations (FM2, FM3)?
e Sensitivity analyses to investigate numerical model effect to STE prediction:

* DIA straight jacket: constraint to spectral shape (shown here by TW)?

e Other source functions?
* Best spectral ranges to compute ST parameters (peak, added tail)?
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We will now...

1. Investigate limitations/reduce approximations

Perform new stereo experiments.

3. Increase the space domain observed to validate = [

results over wider areas (airborne stereo,

coherent marine radars [Jochen Horstmann]).

4. Implement new WW3 outputs:
maximum expected WAVE HEIGHT (Boccotti’s Quasi-Determinism).
5. Validate maximum expected WAVE HEIGHT at Acqua Alta and other sites.

Run/validate new WW3 outputs in the open ocean - comparison with

buoy observations of extreme waves (in collaboration with Johannes

Gemmrich).

14TH INTERNATIONAL WORKSHOP ON WAVE HINDCASTING AND FORECASTING
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“The analysis of the global ship density shows the dramatic
fourfold increase of traffic between the 90’s and present.”
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By increasing observation
locations from a point to an
area/grid: able to detect not
one, but 23 occurrences of
waves larger than freak
wave limit.

Increasing the number of ships out at sea, equates to increasing points in space
and time, in our experiment: increased likelihood of freak wave encounters.

« Urgent need of better forecasting tools.

14TH INTERNATIONAL WORKSHOP ON WAVE HINDCASTING AND FORECASTING



Tl, Concluding Remarks
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 We propose framework for applying new science to solve a very real world
problem
* Predicting extreme waves, and spreading the word to users at risk, using
one of the main operational centers in the world,

e Improved predictability: reliable products with relevance to users

On. crap !
Was That

TODAY -

L ?EGAM

» Better predictability, in this case: being at the right place, in the right time
—> Saving lives and property.

14TH INTERNATIONAL WORKSHOP ON WAVE HINDCASTING AND FORECASTING
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