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Ocean waves:

We are dealing with wind generated waves at the surface of the oceans,
from gentle to rough ...

<> ECMWF



Ocean Waves

T earthquake
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A Wave Record

Individual Waves,
Significant Wave Height, H,,
Maximum Individual Wave Height, H

max
(=45 | | _ | | I
= L| Individual waves ‘ _
18 - _
... etc. Hmax Hs— H1/3
E st
L
-5 H § -
.
-1B ] | | | |
A 184 cHR JHEA 4 @R SHEA aEA
t (=2

Surface elevation time series from platform Draupner in the North Sea
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Wave Spectrum

® The irregular water surface can be decomposed
into (infinite) number of simple sinusoidal
components with different frequencies (f) and
propagation directions (9).

A E(f.0)
® The distribution of

wave energy
among those
components is
called: M,
“wave spectrum”,—

F(1,6).

p

Ocean wave Forecasting Slide 5 -wECMWF




® Modern ocean wave prediction systems are based on
statistical description of oceans waves (i.e. ensemble
average of individual waves).

spectrum F(f,6).

'srom
f > “ ‘

Nortk Sea

Ocean Wave Modelling

Ocean wave Forecasting

E‘{f"g:,h

wind-sea

wind-sea

® The sea state is described by the two-dimensional wave

two-dimensonal spectrun

ey

--------‘-------

one-dimensional spectrus

Slide 6
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Ocean Wave Modelling

® The 2-D spectrum follows from the energy balance equation (in its
simplest form: deep water case):
oF -

—+V -VF=§_+S§,+8
ot

diss

Where the group velocity Vg is derived from the dlspersmn relationship
which relates frequency and wave number.

" i =
S;,: wind input source term (generation). g

S,,: non-linear 4-wave interaction (redistribution).

S,iss: dissipation term due to whitecapping

<> ECMWF



Ocean Wave Modelling

® Once you know the wave spectrum F, any other sea
state parameters can be estimated. For example, the

mean variance of the sea surface elevation 7 due to
waves is given by:

'y = | F(f,0)dfde

® The statistical measure for wave height, called the
significant wave height (H,

s

The term significant wave height is historical as this value
appeared to be well correlated with visual estimates of wave height
from experienced observers. It can be shown to correspond to the
average 1/3" highest waves (H, ;).

Ocean wave Forecasting Slide 8 -wECMWF




ECMWF Wave Model Configurations

1) Limited area model (LAW

6 UTC meansea
xpenment wave 00 0001
480 600

From5 N to90 N and 98 W to 56 E.
11 km grid spacing.
36 frequencies and 36 directions

Forced by 10m neutral wind fields

from the global system.

t+54 forecast wave height

Data assimilation of altimeter wave valid 31 January 2014, 6 UTC

heights (Jason 2).

2 daily forecasts (from 0 & 12 UTC)
extending to day 5, output every
hour.

Ocean wave Forecasting

WWecesday 29 Janiary 2014 00 UTC s Foreeast 54 VT-Friiay 31 January 2014 08 UTC mearSea Sgriiant height of combined wind wawes and swel



ECMWF Wave Model Configurations
1) Limited area model (LAW)

® Imposed surface currents from
TOPAZ4 system.

- TOPAZ4
L& surface currents

Slide 10 < ECMWF
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ECMWF Wave Model Configurations

2) Global models

ECMWF Analysis VT: Friday 25 November 2011 00 UTC meanSea Significant height of combined wind waves and swell
Experiment: wave od 0001
[ 7 [ 9

Global from 81 Sto 90 N

Coupled to the atmospheric model
(IFS) with feedback of the sea
surface roughness change due to
waves. The Stokes drift is also
returned for the parameterisation
in the skin layer model for the daily
cycle of the SST.

The interface between WAM and
the IFS has been generalised to
include air density and gustiness
effects on wave growth and neutral
winds.

Data assimilation of Jason-2
altimeter wave heights.

AAAA

o
20N

---(.'b..‘

e SIS~

Global from 81 S to 90 N

< roughness

Stokes driit |
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ECMWF Wave Model Configurations

High resolution Ensemble forecasts
(EPS)

® 28 km grid spacing. ® 55 km grid spacing.

® 36 frequencies. ® 30> 25 frequencies *.

® 36 directions. ® 24 - 12 directions *.

® Coupled to the TL1279 model.  ® Coupled to TL639 > TL319
model *.

® (50+1) (10+5) day forecasts from
0 and 12Z (monthly once a
week).

® Analysis every 6 hrs and 10 day
forecasts from 0 and 12 UTC.

® Coupling to ocean model.

* . .
Change in resolutions after 10 days
NB: also in seasonal forecast at lower resolutions

<> ECMWF



IFS-WAM-NEMO coupled system.
atmosphere - waves - oceans

The single executable coupled forecast model

NEMO
S5T S5T
lce fraction lce fraction
Currents Currents
NEMO

Tlme
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Wave Model Products

The complete description of the
sea state is given by the 2-D
spectrum, however, it is a fairly
large amount of data (e.g. 1296
values at each grid point in the
global model (36x36).

It is therefore reduced to
integrated quantities:

» 1-D spectrum obtained by
integrating the 2-D
spectrum over all directions
and/or over a frequency
range.

Ocean wave Forecasting Slide 14 'wECMWF



Wave Model Products

When simple numbers are
required, the following N
parameters are available:

» The significant wave height
(Hs).

» The peak period (period of
the peak of the 1-D
spectrum).

» Mean period(s) obtained
from weighted integration
of the 2-D spectrum.

peak

—
Y
S
W

= - e e e e e, _E-—-m—-——-

A\

Integrated mean direction.
Few others.

.

Y

T=1/f
Complete list at: http://www.ecmwf.int/services/archive/d/parameters/order=/table=140/
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Wave Model Products

2-D spectrum are used to specify boundary conditions

Spectra
used as
boundary
conditions

by Met Eireann

— windsea
— swell

—> total sea

for limited area wave model.

Friday & March 2002 00UTC ECMWF Forecast t+24 VT Saturday 7 March 2002 00UTC
Mormalised 2-D Wave Spectra EXP:1 STREAM: WV
Orange Arrows: Total ... Red Arrows: Wind-Sea ... Viclet Arrows: Swell

190 Il.? W IZ-'A' Iﬂ.a W 1] _'A' T.!_'A' . LR ) vy 1.9
L Z | E |
T _@ )
% -EJF N,
- 'Q,

¢ |
| 1

BWH [m]
4864

4.5

e

0.5

02943

i
ELRL Bl
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Wave Model Products

Plot of 2-D spectrum can become very busy !

Friday & March 2002 00UTC ECMWF Forecast t+24 VT Saturday 7 March 2002 00UTC
MNormalised 2-D Wave Spectra EXP:1 STREAM: WV
Crange Arrows: Total ... Red Arrows: Wind-Sea ... Violet Arrows: Swell

12.3%% 12 % ILELL " T3 LU 4a ' Bl 1A

BWH [m]
4 B64

4.5

— windsea
— swell

— total sea

0.5

02943
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Wave Model Products

Except if you only look at one location ...

NORMALISED 2-0 SPECTRUM for 0001 wave od
06007 on 15022009
at&2@s | 53.05%°, -15.027)

He= 240m, Tm= 7.238, Tp= 6838
FPeakedness Qp = 0.85, Directional Spread = 1.37
MWD = 19° PWD= 15%

Propagation direction is with respect to North
Naorth is pointing upwards
Concentric circles ame every 0.05 Hz

| Meormalissd spactrum

g 1
' II:I.GE‘I‘I
- 0.B407

= ‘ 0.4271

0.2848
D.1398
D.1266
0.0a44
D.D563
0.0375
D.025
3_.
w2
E
E
u
1_
o t T
1} 0.1 04 0.5

02 03
Frequency (Hz)
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Wave Model Products

Use simple parameters:
total wave height and mean propagation direction

=)
Hs (m})
3.7

3.5

3.0

2.5

2.0

1.5

1.0

0.5

Pk N

10m winds and mean sea level pressure: Wave height and mean direction:
Analysis : 14 February 2009, 00 UTC Analysis : 14 February 2009, 00 UTC

Ocean wave Forecasting Slide 19 -WECMWF




Wave Model Products

NORMALISED 2-0 SPECTRUM far 0001 wave od ECVWI Araiyeis 4T-atirday 14 February 2003 00 UTC Surface: Signifcart wane heght S, Mean wave drecion |~ g
00:00Z on 14022008 Hs (m)
at 62001 ( 45.20°, -5.00%) 3.7
Hs= 176m, Tm=11.25s Tp=1351s -
3.5

Peakedness Qp = 218, Directional Spread = 1.38
MWD = 93°® PWD= 80 T i
Propagation direction is with respect to North
Morth is pointing upwards
Concentric circles ame every 0L05 Hz

| Meormalissd spactrum

™, .'I 1
Iu.guﬂ
' 0.B407

0.4271

0.2848

0.18498
01266

0.0844

b Wave height and me
ol Analysis : 14 Februan

=

E(f) (m’s)

-

PEAK PERIOD:

g RN Analysis : 14 February 2009, 00 UTC
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Wave Model Products

Situation might be more complicated !

==,
Hs (m)
6.0

4.0

3.5
I3.IJ
2.5

2.0

1.5

1.0

0.5

0.0

10m winds and mean sea level pressure: Wave height and mean direction:
Analysis : 15 February 2009, 00 UTC Analysis : 15 February 2009, 00 UTC
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Wave Model Products

Situation might be more complicated:

NORMALISED 2-0 SPECTRUM for 00071 wave od
00:00Z on 15.02.2008
at 62001 { 45.20°, -5.00°) .
40m
He= 227m Tm= 7605 Tp=i229s ECIWF Andyss VT :Sunday Iswz?ugaumcsumm.sgnncn w.l helghtsart: hEa'l\Eﬂlremm _|.|
Peakedness Qp = 1.05, Directional Spread = 1.40
MWD = 245° PWD = 80°

Hs (m}

Propagation direction is with respect to North 6.0
North is pointing upwards
Concentric circles are every 0.05 Hz 55
! 5.0
D.8611
D.B40T 4.5
04271 4.0
D.2848
D.1898 3.5
01268 3.0
D.Da44
D.0563 25
0.0375 2.0
D.025
1.5
] 1.0
0.5
:2_ P bl X
T Wave height and mean direction:
! Analysis : 15 February 2009, 00 UTC
0 t "
] 0.1 0.4 0.5

02 03
Frequency (Hz)
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Wave Model Products

A scheme is used to split the global wave fields into waves which are
under the direct influence of the forcing wind, the so-called windsea or
wind waves, and those waves that are no longer bound to the forcing
wind, generally referred to as swell. Period and mean direction are also

determined for these split fields.

ECMWF Analysiz VTSunday 13 Febuary 2009 00UTC Surlace: Significar wave heighiSur: Mean direcion of wind waves

A

Var

Wave height and windsea mean direction:
Analysis : 15 February 2009, 00 UTC

s

Hs (m)
6.0

5.5

5.0

4.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

ECMWF fnalysis VTSinday 15 February 2003 00UTC Su-bce: Sigrifcant wave heighiSu: Mean drecion of ol swell ’"'_,.|

Hs (m)
6.0

5.5

5.0

4.5

Wave height and swell mean direction:
Analysis : 15 February 2009, 00 UTC
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Wave Model Products

Windsea and swell: opposing sea

NORMALISED 2-D SPECTRUM for 0001 wave od

00:00Z on 15.02.2009
at 62001 (45.20°, -5.00% A

Hs= 22T m, Tm= 7685 Tp=1228s
Peakedness Qp = 1.05, Directional Spread = 1.40
MWD= 248 PWD= 90°
Propagation direction is with respect to North
North is pointing upwards
Concentric circles are every 005 Hz

“'| Mormdizsd spactrum

ECMWF Analysis VT :Sunday 15 February 2002 0OUTC Surface: windsea: height_direction
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Wave Model Products

Windsea and swell: cross sea

NORMALISED 2-0 SPECTRUM for 0001 wave od

18:00Z on 15.02.2008
at62005 | 52.05°, -15.027)

Hs= 285 m, Tm= 8305 Tp=1228s
Peakedness GQp = 1.01, Directional Spread = 1.34
MWD = 37* PWD= &0°
Propagationdirection is with respect to North
Morth is pointing upwards
Concentric circles are every 0.05 Hz

| Mommalised spectrum
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ECMWF Analysis VT:Sunday 15 February 2002 D0UTC Surface: windsea: height_direction
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Wave model deterministic products on the web

Wave products available by default on the centre’s web pages:
(Home -> Products -> Forecasts -> Ocean Wave Forecasts :

http://www.ecmwf.int/products/forecasts/wavecharts/index.html#forecasts

Wednesday 1 February 2012 00UTC @ECMWF Forecast t+132 VT: Monday 6 February 2012 12UTC
Significant wave height and mean direction

B0 (=i ) 4O 20"W
e - ﬁ - .
mae fa] _=-l-"'"'1=':"—'_'_r
il v;;E:’
3 ]
T s |
0N . F, |

‘ﬂ R

Significant wave height and mean direction
R T S B . |
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Ocean wave forecasts

At the end of December 2013 and beginning of January 2014, the UK
and western Europe were battered by large waves:

P
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Ocean wave forecasts

Wave height forecast and wind from 4 January 2014, step 12 hours

Saturday 04 January 2014 00 UTC scmf 012 VT:-2aturday 04 January 2014 12 UTC surface 10 metre U wind component10 metre ¥V wind component
Saturday 04 January 2014 00 UTC scmf Forecast t+12 VT:Saturday 04 January 2014 12 UTC meandea Significant height of combined wind waves and swall

Bignificant wawve haight {m)
[ 1) 13 = aTs 500 535 7.50 ars 10.00 11.25 12.50 13.75 15.00 16.25 17.50 18.7T5 20.0%
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Ocean wave forecasts

Wave height forecast and wind from 4 January 2014, step 18 hours

Saturday 04 January 2014 00 UTC scmf t+18 VT:3aturday 04 January 2014 18 UTC surface 10 metre U wind component10 metre ¥ wind component
Saturday 04 January 2014 00 UTG scmf Forecast t+18 VT:3aturday 04 January 2014 18 UTC meandesa Significant height of combined wind waves and swall

SBignificant wawve haight {m])
7.50 ars 10.00 11.25 12.50 13.75 15.00 16.25 17.50 18.7T5 20.0%
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Ocean wave forecasts

Wave height forecast and wind from 4 January 2014, step 24 hours

Saturday 04 January 2014 00 UTC scef t+24 WT:Sunday 05 January 2044 00 UTC surface 10 metre U wind componant/ 10 metre ¥ wind component
Saturday 04 January 2014 00 UTC ecmf Forecast t+24 VT:3unday 05 January 2014 00 UTC mean3ea Significant height of combined wind waves and swall
Bignificant wawve haight {m)

10.00 11.25 12.50

Ocean wave Forecasting Slide 30 -wECMWF




Ocean wave forecasts

Wave height forecast and wind from 4 January 2014, step 30 hours

Saturday 04 January 2014 00 UTC scenf t+30 WT:Sunday 05 January 2044 08 UTC surface 10 metre U wind componant/ 10 metre ¥ wind component
Saturday 04 January 2014 00 UTC ecmf Forecast t+30 VT:3unday 05 January 2014 06 UTC mean3ea Significant height of combined wind waves and swall
Bignificant wawve haight {m)

10.00 11.25 12.50

aTs

Slide 31 SCECMWEF
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Ocean wave forecasts

Wave height forecast and wind from 4 January 2014, step 36 hours

Zaturday 04 January 2014 00 UTC scmf t+38 WT:Sunday 05 January 2014 12 UTC surface 10 metre U wind component/10 metre ¥ wind component
Saturday 04 January 2014 00 UTC ecmf Forecast t+38 VT:3unday 05 January 2014 12 UTC mean3ea Significant height of combined wind waves and sweall

SBignificant wawve haight {m])
LTS 500 535 7.50 ars 10.00 11.25 12.50 13.75 15.00 16.25 17.50 18.7T5 20.0%
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Ocean wave forecasts

Wave height forecast and wind from 4 January 2014, step 48 hours

anuary 2014 00 UTC scmf t+48 WT-Monday 08 January 2014 00 UTC surface 10 metre U wind component1d metre V wind component
aaaaa y 2014 00 UTC ecmf Forecast t+48 YT:Monday 08 January 2014 00 UTC meanZea Zignificant height of combined wind waves and swell
Bignificant wawve haight {m)
10.00 11.25 12.50

.

- 7
*
&
[

RO K A
'l.q | b
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Ocean wave forecasts

Wave height forecast and wind from 4 January 2014, step 54 hours

Saturday 04 January 2014 00 UTC scmf t+54 VT-Monday 08 January 2014 08 UTC surface 10 metre U wind component1d metre V wind component
Saturday 04 Januar y 2014 00 UTC ecmf Forecast t+54 YT:Monday 08 January 2014 06 UTC mean3ea Zignificant height of combined wind waves and swell
Bignificant wawve haight {m)

10.00 11.25 12.50 13.75

aTs
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Ocean wave forecasts

Wave height forecast and wind from 4 January 2014, step 60 hours

Saturday 04 January 2014 00 UTC scmf t+80 ¥T-:Monday 08 January 2014 12 UTC surface 10 metre U wind component'10 metre ¥ wind component
Saturday 04 January 2014 00 UTC ecmf Forecast t+60 VT:-Monday 08 January 2014 12 UTC mean3ea 3ignificant height of combined wind waves and seell

Bignificant wawe haight {m])
(1] 12 = ATE: 500 6325 7.50 ATE 10.00 11.25 12.50 13.75 15.00 16.25 17.50 18.7T5 20,00

oo T

e e

> s =N
are, Portugal, Jan 6,2014 ©
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EWH,
EquivalentWave Height

p—

for a givenfrequencybin: %

EHW =ad

whereAis the
areaundercurvefor
a given frequencybin

d

Long swell forecasts

area under spectrum = <7}*>

Ocean wave Forecasting Slide 36
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4N

HI'H
TR

Long swell forecasts

Wave height and long swell forecast from 4 January 2014, step 24

Mol

[IFH

Ml

N

4PN

AN

‘Wave energy in terme of wave height for waves
with periods betwesen 25 and 28 sec. (1000 to 1300 m wavelangth)

Ocean wave Forecasting

Mulfy

Mk

Wave energy in terms of wave haight for waves
with pariods between 21 and 25 sac. (700 to 1000 m wavalangth)

i ]
v

MW

HI'N

Slide 37 CECMWF
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Long swell forecasts

Wave height and long swell forecast from 4 January 2014, step 48

Wave energy in terme of wave haight for waves \Wave energy in terms of wave haight far waves
with periods betwesn 25 and 28 sec. (1000 to 1300 m wavelangth) with pariods between 21 and 25 sac. (700 to 1000 m wavalangth)
]
E = g =
Z 2 Z E |3
B 2 = z
3 £ 3
z B z ES
H = £ z
z " z ]
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So far, everything has been presented as output from the
deterministic forecast system. BUT, forecast should actually be
more probabilistic. Nowadays, weather centres rely on ensemble

techniques :

14

forecasts it is possible to derive
probabilities for certain wave
conditions.

Tuesday 6 November 2001 12UTC ECMWF EPS Probability Forecast t+120 VT: Sunday 11 November 200 12UTt
Surface: significant wave height probability >8 6
5°'W 0 5°E 10°E 15°E 20°E

20°W 15°W 10°w

‘ . -
06 Nov. 2001 12 UTC ECMWF EPS probability forecast t+120

ECMWF Newsletter 95 — Autumn 2002

Significant wave height above 8 m
Ocean wave Forecasting Slide 39 -wECMWF




Basic EPS Wave Model Products

probability for set thresholds (4m)

Friday 31 January 2014 00UTZ @ECMWF Forecast probability 14045 VT: Sunday 2 February 2014 00UTZ
Surfaca: Significan wawa haight of at lbast4 m

100

(=4
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Basic EPS Wave Model Products

probability for set thresholds (6m)

Friday 31 January 2014 00UTZ @ECMWF Forecast probebility 140458 VT: Sunday 2 February 2014 00UTZ
Surfaca: Significan wawe haight of at lbasté m

100

65
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Basic EPS Wave Model Products

probability for set thresholds (8m)

Friday 31 January 2014 00UTZ QECMWF Forecast probebility 14045 VT: Sunday 2 February 2014 00UTZ
Surfaca: Significan wawa haight of at lbasta m

100

65
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A bit more compact: Wave EPSgram:

Like normal EPSgram but for
wind direction, wind speed,
significant wave height,
mean wave direction and
mean period.

W
File Edit View History Bookmarks Tools Help

< [rzZimbra: .. | e FSdoc.. | e Scily.. @ | e North_Sea | 22 52.5496... |

cm“wF Home Your Room Login Contact Feedback Site Map Search:

{JCOMM | X Resear.. |[=ch
illy Isle

vecrmwf.intyour/d/e am/10/49

non

About Us Products Services Research Publications News&Events
i Overview Forecasts Computing Modeling Newslstters Calendar

Getting here Order Data Archive Reanalysis nanuals Employment

Committees Order Software  PreplFS Seasonal Library Open Tenders

Personal > Temporary items > epsarams > Scilly Isles=>

Scilly Isles

EPS meteograms
Documentation
EPS Meteogram
Scilly Isles 49.88°N 6.25°W (EPS sea point) O m

EPS meteograms Deterministic Forecast and EPS Distribution Friday 31 January 2014 00 UTG

~ a2 Tetal Cloud Gover (okia) N
[ AN
! | = o
ECMWF predefined . 2 K F "’:
WMO predefined |

Search a place B
Input coordinates |

Product T lon (mm/shy
days
10 days wave

Forecast base time

Fri 31 Jan00UTC W

Information
Grid point at 7 km
south-east of Scilly
Isles
Your Room

Add this product

#* PDE (25.1 Kbytes)

4] Postscript (121.3
Kbytes)

1 SunZ  Mon3d  Tue 4  Wed Fri 7 Sat B  Sun 0

5 Thus
February 2014

EFS Cantrok 31 ke) High Rezaluion Determini=ic(15 km)
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Wave Epsgram
Scilly Isles 49.88°N 6.25°W (EPS sea point)
Deterministic Forecast and EPS Distribution Friday 31 January 2014 00 UTC

Distribution of 10m Wind Direction = == = = -

AP ¢ ¢ 4

10m Wind Speed (m/s)

24 t

-al |

I
—

Significant wave height (m)
12

J¥ B M

Mean wave direction ( oceanographic convention ) p——

/ D,

|
& <
|
.

Mean wave period (s)

: : 1 S ‘ i
m NI T 1]
| IR

Fri 31 Sat 1 Sun 2 Mon 3 Tued Wed5 Thub Fri 7 Sat 8 Sun @
max February 2014

Isles of Scilly, west of Cornwall
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A bit more compact: Wave EPSgram:

max
90%
75%
median
25%
10%
min

EPS Control(55 km) High Resolution Deterministic(14 km)

Hs | 25

9m

| My |

Significant wave height (m)

12—+ [ T [ g T o T o T [
| | | | | | | | | |
| ] | | ] ] | | ] |
| I | | I I | | I |
| | | | | | | | | |
|l R A I P T o A T P T -
| | | I I | |
1 1 1 1
e il s & | i e B ittt I Y 51T T W01 11T
| | | \
1 1
\
G \ L - S O W A B & IHRR B
I 7
’, ]
| i A
I ) N & S -5 ~ - T .
=4 1 ’ R ]
| I | | I | |
f f f f f f f f I f
Mean wave direction ( oceanographic convention ) ————© o
1 | 1 o | | 1 1 /X )|
| i | o 2 Y S
1 N . 1 | ! 1 1 ! 1
| I | | I I | | I |
| I | | I I | | I |
T T T T T T T T T T

Each octant is coloured based on the distribution of

the significant wave height associated with each

mean direction. The coloured areas correspond to

the fractional number of ensemble members with

wave height in the range specified by the coloured ruler.
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EFl plots

From the new model climate, it is possible to derive indices that
indicate deviations in probabilistic terms from what is ‘expected’.

Extreme Forecast Index (EFIl): 1 means that all EPS are above climate.

Fri 11 May 2012 00UTC ©ECMWF t+72-96h VT: Mon 14 May 2012 00UTC - Tue 15 May 2012 00UTC Thu 10 May 2012 00UTC ©ECMWF VT: Mon 14 May 2012 00UTC - Tue 15 May 2012 00UTC 72-96h
Extreme forecast index and Shift of Tails index (black contours 0,1,5,10,15) for max significant wave height max significant wave height (in m) Model climate Q99 (one in 100 occasions realises more than value shown)
-1 -09 -08 -07 -06 -05 05 06 07 08 09 1 0 0.5 1 2 3 4 6 8 10 12 14 20

60° 40°W  20°W 0°E 20°E  40°E 60°
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Since June 2012 : new set of EFI plots

From the new model climate, it is possible to derive indices that
indicate deviations in probabilistic terms from what is ‘expected’.

Extreme Forecast Index (EFl): -1 means that all EPS are below climate.

Fri15Jun2012 12UTC @ECMWF t+80-84h VT: Mon 18 Jun 2012 00UTC - Tue 19 Jun 2012 00UTC Thu 14 Jun 2012 COUTC @ECMWF VT: Mon 18 Jun2012 00UTC - Tue 19 Jun 201200UTC  €0-84h
Extreme forecast index and Shift of Tails (black contours ©,1,5,10,15) for max significant wave height max significant wave height (in m) Meodel climate ©1 {ore in 100 cccasions realises less than value shown)
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We are not always dealing with nice
‘predictable’ waves:

et . — = et e
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Individual Waves,

Significant Wave Height, H,,

Maximum Individual Wave Height, H_ .., and
Freak Wave

e I I I I I

= L| Individual waves ‘ _
1@ _ _
... efc. Hmax Hs=H,;
s st
L

5] 180 r=gn ]| cje ] 4806 pe ] =3=])
T o=

Ocean wave Forecasting Slide 48 -wECMWF




Wave Model Products: Extreme Waves

We have recently introduced a new parameter to estimate the height

of the highest individual wave (H, .,) one can expect. Its value can be
derived from the 2d wave spectrum:

Tuesday 2 March 201000UTC EC

MWF Forecast t+22 VT: Wednesday 2 Mach 2010 18UTC Surlace: Significant wave
o

Tuesday 2 March 2010 00UTG ECMWF Forecast t+39 VT: Wednesday 3 March 2010 15UTC Surface:

Expected H, .,
in 3 hour records

March 3, 2010, 15UTC
Forecasts fields from Friday 2 March, 2010, 0 UTC

See ECMWF Tech Memo 288 for derivation and discussion
http://www.ecmwf.int/publications/library/do/references/list/14
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Verification:
What Do You Compare Against ?

® Using in-situ data (from buoys and platforms).
Scarce, only few hundreds worldwide

® Using satellite data (altimeters, SAR).
Assimilated in the model

® Using the model analysis.
For forecast verification only

® Comparison to other centres.
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Continued general improvement of model forecasts

For example: ECMWF forecast wave height against buoy measurements:

http:/Iwww.ecmwf. mUg[gmq,ggt$jjol;ggg,§;slwavechartsllndex html#verifications

— 1000 Pl B R—— 14072 == t+120 - t+168 .
RM.S.E In-situ wave observations
] :i_. P :::' : "'-.E i S | bt vt | i Wind and wave observation locations for All buoys (all) from 201110 to 201112 _
. <" -
o~ ..‘- . : 4
\ ."g..o‘. ﬁlr
el

7 day FC*
5 day FC
3 day FC =

1 day FC ™ —c—mgemdinailit,__

analysis Note GTS wave data now also avallable for
Korea, Australia, Italy and Greece.

RMSE (m)

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 aém2 2013
months (median of the 3 month running average)

2001 2013

See also the Wave Forecast Verification Project maintained on behalf e
of the Expert Team on Waves and Storm Surges of the WMO-IOC
Joint Technical Commission for Oceanography and Marine =

Meteorology (JCOMM)

http://www.jcomm.info/index.php?option=com_content&task=view&id=131&Itemid= 37’“

< ‘ECMWF




N

E(f) (m’s)

Future developments: spectral partitioning
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Future developments: unstructured grid

0.0 550.0 500.0 cm
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Future developments: unstructured grid
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Questions/comments ?




IFS-WAM-NEMO coupled system.

Wave-ocean interaction
Three wave effects have recently been implemented in NEMO:

@ Stokes-Coriolis forcing: The Stokes drift sets up a current in the
along-wave direction. Near the surface it may become substantial
(~1m/s). The Coriolis effect works on the Stokes drift and adds a new
term to the momentum equations known as the Coriolis-Stokes force

@ Stress: As waves grow under the influence of the wind, the waves absorb
momentum (7 ) which otherwise would have gone into the ocean directly
(7o)

@ Mixing: As waves break (right), turbulent kinetic energy is injected into
the ocean mixed layer, significantly enhancing the mixing.

Stress

Pl N o

Stokes drift Wave-induced turbulence
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Ocean Wave Modelling: references

® The ocean wave modelling at ECMWEF is based on the wave
mode WAM cycle 4 (Komen et al. 1994), albeit with frequent
improvements (Janssen 2007: ECMWF Tech. Memo 529, Bidlot
2012, proceeding of the ECMWF Workshop on Ocean Waves,
25-27 June 2012).

® Products from different configurations of WAM are currently
available at ECMWEF.

http://www.ecmwf.int/publications/manuals/d/gribapi/param/filter=grib1/order=par
amld/order_type=asc/p=1/table=140/

® Wave model page on the Centre’s web site:
http:/Iwww.ecmwf.int/products/forecasts/wavecharts/index.html#forecasts
® General documentation:

http://www.ecmwf.int/research/ifsdocs/CY38r1/index.html
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