Forecasting Ocean Waves:
What type of information is available from models.
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What did you know about ocean waves before the course?

Water surface

elevation, n _
Wave Period, T
o _————
Wave Length, A ——
n

Crest Wave Height, H
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We are dealing with wind generated waves from gentle to rough ...

Porthleven Clock Tower, Cornwall, UK

.1‘

élllu -

(u

TS

May 1, 2013

February 5, 2014

.........



Observe individual waves,

After a while, you can estimate a characteristic height the waves:
the Significant Wave Height, H,,

You might also notice that some waves are larger than the rest,
characterised by the Maximum Individual Wave Height, H
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Surface elevation time series from platform Draupner in the North Sea



How do we go about making predictions on the sea state?

We are dealing with wind generated waves from gentle to rough ...

Has anybody ever sailed in sea like this ?

or rather like this ?



Wave spectrum

The irregular water surface can be decomposed into (infinite)
number of simple sinusoidal components with different
frequencies (f) and propagation directions (8).

RN ——
ﬁ;ﬁmw ® The distribution of wave

, "|  energy among those

components is called:
“‘wave spectrum”, F(f,6).




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

The sea state Is described by the two-dimensional wave spectrum F(f,6).

For instance, the sea state off the coast of Holland might the results of a local sea
breeze. These waves are generally known as windsea

Waves might have also propagated from their generation area as swell
Ef.6%

two-dimensio

Windsea: broad
: 7 distribution of the waves
NORTE} around a peak

North Sea

swell: well defined peak in
direction and frequency.



Significant wave height

Once the spectrum is known, information about the sea state
can be derived.

For example, the mean variance of the sea surface elevation 7
due to waves is given by: ,
(n >=ij(f 0)dfdo

The statistical measure for wave height, called the significant

wave height (H,): >
Hs=4(n’)

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 (Hy3).

< ECMWF



2D wave spectra are now routinely output

Sunday 27 March 2016 08 UTC ecmf t+0 VT:Sunday 27 March 2016 06 UTC meanSea Model bathymetry
Sunday 27 March 2016 08 UTC ecmf t+0 VT:Sunday 27 March 2016 06 UTC meanSea Model bathymetry

NORMALISED 2-D SPECTRUM for 0001 wave od
06:00Z on 27.03.2016
at P0016 ( 56.00, -10.00)

Hs= 4.19m, Tm=11.78s, Tp=13.51s
Peakedness Qp = 1.65, Directional Spread = 0.66
MWD = 71degrees PWD = 70 degrees
Propagation direction is with respect to North
North is pointing upwards
Concentric circles are every 0.05 Hz
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Normalised spectrum
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expver= 0001, Stand alone wave model,

Shading: Model bathymetry
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NORMALISED 2-D SPECTRUM for 0001 wave od
06:00Z on 27.03.2016
at PO003 (62.00, 0.00)

Hs= 6.08 m, Tm= 9.50s, Tp=10.15s
Peakedness Qp = 1.18, Directional Spread = 0.64
MWD = 354 degrees PWD = 340 degrees
Propagation direction is with respect to North
North is pointing upwards
Concentric circles are every 0.05 Hz

10m neutral wind speed and 10m neutral wind speed

MNormalised spectrum

1.00

0.96

0.64

0.43

0.28

0.19

0.13

0.08

0.06

0.04

0.00



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.

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.
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E(f) (M2 s)

2D wave spectra are now routinely output

NORMALISED 2-D SPECTRUM for 0001 wave od
06:00Z on 27.03.2016
at PO016 ( 56.00, -10.00 )
Hs= 4.19m, Tm=11.78s, Tp=13.51s
Peakedness Qp = 1.65,
MWD = 71degrees PWD = 70 degrees
Propagation direction is with respect to North
North is pointing upwards
Concentric circles are every 0.05 Hz

Directional Spread = 0.66

Normalised spectrum
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Sunday 27 March 2016 08 UTC ecmf t+0 VT:Sunday 27 March 2016 06 UTC meanSea Model bathymetry
Sunday 27 March 2016 08 UTC ecmf t+0 VT:Sunday 27 March 2016 06 UTC meanSea Model bathymetry
expver= 0001, Stand alone wave model,

Shading: Model bathymetry
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Model bathym

NORMALISED 2-D SPECTRUM for 0001 wave od
06:00Z on 27.03.2016
at PO003 (62.00, 0.00)

Hs= 6.08 m, Tm= 9.50s, Tp=10.15s
Peakedness Qp = 1.18, Directional Spread = 0.64
MWD = 354 degrees PWD = 340 degrees
Propagation direction is with respect to North
North is pointing upwards
Concentric circles are every 0.05 Hz

MNormalised spectrum
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Wave model products:

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

peak

E(f)

The significant wave height (Hs).

area under spectrum = < 772>

peak of the 1-D spectrum).

& — — = = — —— —————— -

The peak period (period of the j

Mean period(s) obtained from
weighted integration of the 2-D A\ f

f <f>
spectrum. (peak frepquency) (mean frequency)

Integrated mean direction. -

and many others.

Reference to chapter 10 of part VII of IFS documentation
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1 . . b)
M I t t " I t r I Sunday 27 March 2016 06 UTG ecmf 1+0 VT:Sunday 27 March 2016 06 UTG 10 m 10 metre wind speed/10 metre wind direction
. Sunday 27 March 2016 06 UTG ecmf ++0 VT:Sunday 27 March 2016 06 UTC 10 m 10 metre wind speed

Sunday 27 March 2016 06 UTC ecmf t+0 VT:Sunday 27 March 2016 06 UTC 10 m 10 metre wind speed

expver= 0001, Stand alone wave madel.
Shading: 10m neutral wind speed. Arrows: (intensity: 10m neutral wind speed, direction: 10m wind direction)

Sunday 27 March 2016 06 UTC ecmf t+0 VT:Sunday 27 March 2016 06 UTC meanSea Mean wave period/Mean wave direction
Sunday 27 March 2016 06 UTC ecmf t+0 VT:Sunday 27 March 2016 06 UTC meanSea Significant height of combined wind waves and swell
Sunday 27 March 2016 06 UTC ecmf t+0 VT:Sunday 27 March 2016 06 UTC meanSea Significant height of combined wind waves and swell

expver= 0001, Stand alone wave madel,
Shading: Significant Wave Height, Arrows: (intensity:Mean Energy Wave Period, direction:Mean Wave direction)
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Figure 10.5 10m neutral Wind Speed (colour shading, arrow length and grey scale),
direction) on 23 March 2016, 6 UTC.

10°wW 0°E

Figure 10.4 Significant wave height (H.) (colour shading), Mean Wave Direction (arrow direction) and Mean
Wave Period (T,n—1) (arrow length and colour) on 23 March 2016, 6 UTC.

H, and mean wave period (T,,) in mean wave direction
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Are you ready for the first “animation™?

Ex-hurricane Ophelia
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Monday 16 October 2017 00 UTC ecmf t+0 VT:Monday 16 October 2017 00 UTC meanSea Mean wave period/Mean wave direction
londay 16 October 2017 00 UTC ecmf t+0 VT:Monday 16 October 2017 00 UTC meanSea Significant height of combined wind waves and swell
londay 16 October 2017 00 UTC ecmf t+0 VT:Monday 16 October 2017 00 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system

Shading: Hs (m), Arrows: (intensity:Tm (ﬂs), direction:mean wave direction)
4.0 0 8.0 100 120 14 5.0 7.0 9.0 11.0
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Monday 16 October 2017 00 UTC ecmf t+1 VT:Monday 16 October 2017 01 UTC meanSea Mean wave period/Mean wave direction
londay 16 October 2017 00 UTC ecmf t+1 VT:Monday 16 October 2017 01 UTC meanSea Significant height of combined wind waves and swell
londay 16 October 2017 00 UTC ecmf t+1 VT:Monday 16 October 2017 01 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading Hs (m] Arrows (intensitiy Tm gs) direction mean wave direction)
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Monday 16 October 2017 00 UTC ecmf t+2 VT:Monday 16 October 2017 02 UTC meanSea Mean wave period/Mean wave direction
londay 16 October 2017 00 UTC ecmf t+2 VT:Monday 16 October 2017 02 UTC meanSea Significant height of combined wind waves and swell
londay 16 October 2017 00 UTC ecmf t+2 VT:Monday 16 October 2017 02 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading: Hs (m), Arrows: (intensity:Tm (ﬂs), direction:mean wave direction)
4.0 0 g0 100 120 14 5.0 7.0 9.0 11.0
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Monday 16 October 2017 00 UTC ecmf t+3 VT:Monday 16 October 2017 03 UTC meanSea Mean wave period/Mean wave direction
londay 16 October 2017 00 UTC ecmf t+3 VT:Monday 16 October 2017 03 UTC meanSea Significant height of combined wind waves and swell
londay 16 October 2017 00 UTC ecmf t+3 VT:Monday 16 October 2017 03 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading Hs (m] Arrows (intensitiy Tm gs) direction mean wave direction)
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Monday 16 October 2017 00 UTC ecmf t+4 VT:Monday 16 October 2017 04 UTC meanSea Mean wave period/Mean wave direction
londay 16 October 2017 00 UTC ecmf t+4 VT:Monday 16 October 2017 04 UTC meanSea Significant height of combined wind waves and swell
londay 16 October 2017 00 UTC ecmf t+4 VT:Monday 16 October 2017 04 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading: Hs (m), Arrows: (intensity:Tm (ﬂs), direction:mean wave direction)
4.0 0 g0 100 120 14 5.0 7.0 9.0 11.0
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Monday 16 October 2017 00 UTC ecmf t+5 VT:Monday 16 October 2017 05 UTC meanSea Mean wave period/Mean wave direction
londay 16 October 2017 00 UTC ecmf t+5 VT:Monday 16 October 2017 05 UTC meanSea Significant height of combined wind waves and swell
londay 16 October 2017 00 UTC ecmf t+5 VT:Monday 16 October 2017 05 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading Hs (m] Arrows (intensitiy Tm gs) direction mean wave direction)
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Monday 16 October 2017 00 UTC ecmf t+6 VT:Monday 16 October 2017 06 UTC meanSea Mean wave period/Mean wave direction
londay 16 October 2017 00 UTC ecmf t+6 VT:Monday 16 October 2017 06 UTC meanSea Significant height of combined wind waves and swell
londay 16 October 2017 00 UTC ecmf t+6 VT:Monday 16 October 2017 06 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading: Hs (m), Arrows: (intensity:Tm (ﬂs), direction:mean wave direction)
4.0 0 80 100 120 14 5.0 7.0 9.0 11.0
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Monday 16 October 2017 00 UTC ecmf t+7 VT:Monday 16 October 2017 07 UTC meanSea Mean wave period/Mean wave direction
londay 16 October 2017 00 UTC ecmf t+7 VT:Monday 16 October 2017 07 UTC meanSea Significant height of combined wind waves and swell
londay 16 October 2017 00 UTC ecmf t+7 VT:Monday 16 October 2017 07 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading Hs (m] Arrows (intensitiy Tm gs) direction mean wave direction)
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Monday 16 October 2017 00 UTC ecmf t+8 VT:Monday 16 October 2017 08 UTC meanSea Mean wave period/Mean wave direction
londay 16 October 2017 00 UTC ecmf t+8 VT:Monday 16 October 2017 08 UTC meanSea Significant height of combined wind waves and swell
londay 16 October 2017 00 UTC ecmf t+8 VT:Monday 16 October 2017 08 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading: Hs (m), Arrows: (intensity:Tm (ﬂs), direction:mean wave direction)
4.0 0 80 100 120 14 5.0 7.0 9.0 11.0
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Monday 16 October 2017 00 UTC ecmf t+9 VT:Monday 16 October 2017 09 UTC meanSea Mean wave period/Mean wave direction
londay 16 October 2017 00 UTC ecmf t+9 VT:Monday 16 October 2017 09 UTC meanSea Significant height of combined wind waves and swell
londay 16 October 2017 00 UTC ecmf t+9 VT:Monday 16 October 2017 09 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading Hs (m] Arrows (intensitiy Tm gs) direction mean wave direction)
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Monday 16 October 2017 00 UTC ecmf t+10 VT:Monday 16 October 2017 10 UTC meanSea Mean wave period/Mean wave direction
onday 16 October 2017 00 UTC ecmf t+10 VT:Monday 16 October 2017 10 UTC meanSea Significant height of combined wind waves and swell
onday 16 October 2017 00 UTC ecmf t+10 VT:Monday 16 October 2017 10 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading: Hs (m), Arrows: (intensity:Tm (ﬂs), direction:mean wave direction)
4.0 0 80 100 120 14 5.0 7.0 9.0 11.0
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Monday 16 October 2017 00 UTC ecmf t+11 VT:Monday 16 October 2017 11 UTC meanSea Mean wave period/Mean wave direction
onday 16 October 2017 00 UTC ecmf t+11 VT:Monday 16 October 2017 11 UTC meanSea Significant height of combined wind waves and swell
onday 16 October 2017 00 UTC ecmf t+11 VT:Monday 16 October 2017 11 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading: Hs (m), Arrows: (intensitiy:Tm (ﬂs), direction:mean wave direction)
5.0 7.0 9.0 110 3.0 14.0 4.0 6.0 8.0 0.0 120




Monday 16 October 2017 00 UTC ecmf t+12 VT:Monday 16 October 2017 12 UTC meanSea Mean wave period/Mean wave direction
onday 16 October 2017 00 UTC ecmf t+12 VT:Monday 16 October 2017 12 UTC meanSea Significant height of combined wind waves and swell
onday 16 October 2017 00 UTC ecmf t+412 VT:Monday 16 October 2017 12 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading: Hs (m), Arrows: (intensity:Tm (ﬂs), direction:mean wave direction)
4.0 0 80 100 120 14 5.0 7.0 9.0 11.0

0.0

13.0 14.0
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Monday 16 October 2017 00 UTC ecmf t+13 VT:Monday 16 October 2017 13 UTC meanSea Mean wave period/Mean wave direction
onday 16 October 2017 00 UTC ecmf t+13 VT:Monday 16 October 2017 13 UTC meanSea Significant height of combined wind waves and swell
onday 16 October 2017 00 UTC ecmf t+13 VT:Monday 16 October 2017 13 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading: Hs (m), Arrows: (intensitiy:Tm (ﬂs), direction:mean wave direction)
5.0 7.0 9.0 110 3.0 14.0 4.0 6.0 8.0 0.0 120
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Monday 16 October 2017 00 UTC ecmf t+14 VT:Monday 16 October 2017 14 UTC meanSea Mean wave period/Mean wave direction
onday 16 October 2017 00 UTC ecmf t+14 VT:Monday 16 October 2017 14 UTC meanSea Significant height of combined wind waves and swell
onday 16 October 2017 00 UTC ecmf t+14 VT:Monday 16 October 2017 14 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading: Hs (m), Arrows: (intensity:Tm (ﬂs), direction:mean wave direction)
4.0 0 80 100 120 14 5.0 7.0 9.0 11.0
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13.0 14.0
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Monday 16 October 2017 00 UTC ecmf t+15 VT:Monday 16 October 2017 15 UTC meanSea Mean wave period/Mean wave direction
onday 16 October 2017 00 UTC ecmf t+15 VT:Monday 16 October 2017 15 UTC meanSea Significant height of combined wind waves and swell
onday 16 October 2017 00 UTC ecmf t+15 VT:Monday 16 October 2017 15 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading Hs (m] Arrows (intensitiy Tm gs) direction mean wave direction)
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Monday 16 October 2017 00 UTC ecmf t+16 VT:Monday 16 October 2017 16 UTC meanSea Mean wave period/Mean wave direction
onday 16 October 2017 00 UTC ecmf t+16 VT:Monday 16 October 2017 16 UTC meanSea Significant height of combined wind waves and swell
onday 16 October 2017 00 UTC ecmf t+16 VT:Monday 16 October 2017 16 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system

Shading: Hs (m), Arrows: (intensity:Tm (ﬂs), direction:mean wave direction)
4.0 0 8.0 100 120 14 5.0 7.0 9.0 11.0

0.0 13.0 14.0
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Monday 16 October 2017 00 UTC ecmf t+17 VT:Monday 16 October 2017 17 UTC meanSea Mean wave period/Mean wave direction
onday 16 October 2017 00 UTC ecmf t+17 VT:Monday 16 October 2017 17 UTC meanSea Significant height of combined wind waves and swell
onday 16 October 2017 00 UTC ecmf t+417 VT:Monday 16 October 2017 17 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading Hs (m] Arrows (intensitiy Tm gs) direction mean wave direction)
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Monday 16 October 2017 00 UTC ecmf t+18 VT:Monday 16 October 2017 18 UTC meanSea Mean wave period/Mean wave direction
onday 16 October 2017 00 UTC ecmf t+18 VT:Monday 16 October 2017 18 UTC meanSea Significant height of combined wind waves and swell
onday 16 October 2017 00 UTC ecmf t+18 VT:Monday 16 October 2017 18 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading: Hs (m), Arrows: (intensity:Tm (ﬂs), direction:mean wave direction)
4.0 0 80 100 120 14 5.0 7.0 9.0 11.0
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Monday 16 October 2017 00 UTC ecmf t+19 VT:Monday 16 October 2017 19 UTC meanSea Mean wave period/Mean wave direction
onday 16 October 2017 00 UTC ecmf t+19 VT:Monday 16 October 2017 19 UTC meanSea Significant height of combined wind waves and swell
onday 16 October 2017 00 UTC ecmf t+19 VT:Monday 16 October 2017 19 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading: Hs (m), Arrows: (intensitiy:Tm (ﬂs), direction:mean wave direction)
5.0 7.0 9.0 110 3.0 14.0 4.0 6.0 8.0 0.0 120
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Monday 16 October 2017 00 UTC ecmf 1420 VT:Monday 16 October 2017 20 UTC meanSea Mean wave period/Mean wave direction
onday 16 October 2017 00 UTC ecmf t+20 VT:Monday 16 October 2017 20 UTC meanSea Significant height of combined wind waves and swell
onday 16 October 2017 00 UTC ecmf t+20 VT:Monday 16 October 2017 20 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system

Shading: Hs (m), Arrows: (intensity:Tm (ﬂs), direction:mean wave direction)
0.0 4.0 0 8.0 100 120 14 5.0 7.0 9.0 11.0

13.0 14.0
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Monday 16 October 2017 00 UTC ecmf t+421 VT:Monday 16 October 2017 21 UTC meanSea Mean wave period/Mean wave direction
onday 16 October 2017 00 UTC ecmf t+421 VT:Monday 16 October 2017 21 UTC meanSea Significant height of combined wind waves and swell
onday 16 October 2017 00 UTC ecmf t+421 VT:Monday 16 October 2017 21 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system

Shading: Hs (m), Arrows: (intensitiy:Tm (ﬂs), direction:mean wave direction)
5.0 7.0 9.0 11.0 3.0 14.0 4.0 6.0 8.0 100 120

1.0 14.0
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Monday 16 October 2017 00 UTC ecmf t+422 VT:Monday 16 October 2017 22 UTC meanSea Mean wave period/Mean wave direction
onday 16 October 2017 00 UTC ecmf t+422 VT:Monday 16 October 2017 22 UTC meanSea Significant height of combined wind waves and swell
onday 16 October 2017 00 UTC ecmf t+422 VT:Monday 16 October 2017 22 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading: Hs (m), Arrows: (intensity:Tm (ﬂs), direction:mean wave direction)
4.0 0 80 100 120 14 5.0 7.0 9.0 11.0

0.0 13.0 14.0
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Monday 16 October 2017 00 UTC ecmf 1423 VT:Monday 16 October 2017 23 UTC meanSea Mean wave period/Mean wave direction
onday 16 October 2017 00 UTC ecmf t+23 VT:Monday 16 October 2017 23 UTC meanSea Significant height of combined wind waves and swell
onday 16 October 2017 00 UTC ecmf t+23 VT:Monday 16 October 2017 23 UTC meanSea Significant height of combined wind waves and swell

ECMWF operational forecast from HRES SAW system
Shading Hs (m] Arrows (intensitiy Tm gs) direction mean wave direction)
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Monday 16 October 2017 00 UTC ecmf t+24 VT:Tuesday 17 October 2017 00 UTC meanSea Mean wave period/Mean wave direction
anday 16 October 2017 00 UTC ecmf t+24 VT:Tuesday 17 October 2017 00 UTC meanSea Significant height of combined wind waves and swell
ynday 16 October 2017 00 UTC ecmf t+24 VT:Tuesday 17 October 2017 00 UTC meanSea Significant height of combined wind waves and swell
ECMWF operational forecast from HRES SAW system
Shading: Hs (m), Arrows: (intensity:Tm (ﬂs), direction:mean wave direction)
4.0 0 80 100 120 14 5.0 7.0 9.0 11.0
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<~ ECMWF



A bit more on Wave Model Products

Use simple parameters:
total wave height and mean propagation direction

ECMIWF Aralysis WT:Satunday 14 February 2009 00 UTC Surface: Signifcart wave haghlSud: Mean wave drecian

Hs (m)
3.7

ECMWF Analysis VT:Satrday 14 Februay 2009 0UTC Suriace: Mean sea level pressuneSud: 10mete V' wind comporent
T T

- 3.5

-

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

<~ ECMWF



Wave Model Products

NORMALISED 2-0 SFECTRUM for 0001 wave od
Q0:00Z on 14.02.2008

at 62001 (45.20°, -5.00%) ‘

Hs= 176m, Tm=11.288, Tp=1381s
Peakedness GQp = 218, Directional Spread = 1.38
MWD = 93° PWD= 0%
Propagation direction is with respect to NMorth
Morth is pointing upwards
Concentric circles are every 0.05 Hz
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Wave Model Products

Situation might be more complicated !

ECMWF Analysis WT:Sunday 15 Februay 2009 00 UTC Suriace: Mean s=a level pressore’Sord: 10 metre W wind compaonen E ECMWF Andysis WT.Sunday 15 February 200900UTC Surlace: Signitcant wave height'sur. Mean wave direcion
r -

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

<~ ECMWF



Wave Model Products

Situation might be more complicated:

NORMALISED 2-0 SPECTRUM for 0001 wawve od
00:00Z on 15022009

at 62001 ( 45.20°, -500%) ‘

He= 22Ffm, Tm= T.68 8 Tp=1229s
Feakedness Qp = 1.05, Directional Spread = 1.40
MWD = 245° PWD = 0%
Propagation direction is with respect to Morth
Naorth is pointing upwards
Concentric circles are every 0L05 Hz

ECKWF Andysis WT:Sunday 15 February 2002 000UTC Surace: Sgnitcant wave heighvsur: Kean wave direcion

Hs (m)

"1 Mermalized spacirum
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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 Anay=iz WTSunday 15 Februay 2009 00 UTC Surlace: Signilicard wave haigh1Sur: Mean drecion ol wind waves

alysis WTSunday 15 February 2009 Q0UTC Suface: Signifcar wave haghiSut: Mea drecion ol ofal zwall @

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

<~ ECMWF



Wave Model Products

Windsea and swell: opposing sea

NORMALISED 2-0 SPECTRUM for 0001 wave od
00:00Z on 15.02.2009
at 62001 ( 45.20°, -5.00%)

Me- 227 m Tm= 7695 Tp=12208 ECMWF Analysis VT :Sunday 15 February 2003 COUTC Surface: windsea: height_direction

Peakedness Qp = 1.05, Directional Spread = 1.40 - -
MWD = 248 PWD = 80°
Propagation direction is with respect to North
North is pointing upwards
Concentric circles are every 005 Hz
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Wave Model Products

Windsea and swell: cross sea

NORMALISED 2-0 SPECTRUM for 0001 wave od
18:00Z on 15.02.9008
at62005 | 53.06°, -1582°)

He= 285m, Tm= 832308 Tp=1229s
Peakedness Qp = 1.01, Directional Spread = 1.34
MWD = 37° PWD= &0%

Propagation direction is with respect to North . . . _—
b 1o :’:in'fin"s upr:*;fm o ne ECMWF Analysis VT:Sunday 15 February 2009 00UTC Surface: windsea: height_direction
Concentric circles ane every 0.05 Hz 3 " 3 _— =
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Model output: wave systems

Swell systems identified using spectral partitioning of the total syvell:

oL a0 s 1 g ors windsea  Swell 2 -
R Y arrow length: wave height,
w""ﬁ:n*:xwmum“gw arrow colour: mean wave period

{North up
(}um:nﬂlru:l:rcln: are every 0.05 Hz

Swell 1 Swell3 if it exists

New decomposmo?(/set of vectors):

e AV A
<~ v 0 7r 710 F
: _____________________________________________________________________________ oy Yy oy T
g vy v or vk
| ; \ ;T T T T ) :
e S e s s 0
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Model output: long swell forecast

Has anyone ever surf ?

http://surfingforeveryone.weebly.com/famous-surfers.html

< ECMWF



Model output: long swell forecast

Swell are long waves propagating away from storms.
It is possible to follow the evolution of the swell.

Define the Equivalent Wave Height:

EWH, $
EquivalentWave Height —
for a givenfrequencybin: %

EHW =ad

whereAis the |
areaundercurvefor
a given frequencybin |

area under spectrum = <7}*>

< ECMWF



Saturday 17 December 2016 00 UTC ecmt t+0 VT:Saturday 17 December 2016 00 UTC surface Mean sea level pressure
Saturday 17 December 2016 00 UTC ecmf t+0 VT Saturday 17 December 2016 00 UTC meanSea Significant height of combined wind waves and swell
L R e e —————

LN gﬁ é‘}"}"f

H

Black contours:
mean sea level pressure (hPa).

Coloured shading:
significant wave heights (m).

17 December 2016 00 UTC ecmf t+0 VT:Saturday 17 December 2016 00 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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B0 &0 20 d

2

Coloured contours:
equivalent wave heights (m)
for waves with periods
between 17 and 21 seconds
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Saturday 17 December 2016 06 UTC ecmt t+0 VT:Saturday 17 December 2016 06 UTC surface Mean sea level pressure
Saturday 17 December 2016 06 UTC ecmi t+0 VT Saturday 17 December 2016 06 UTC meanSea Significant height of combined wind waves and swell
- T

17 December 2016 06 UTC ecmf t+0 VT:Saturday 17 December 2016 06 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Saturday 17 December 2016 12 UTC ecmt t+0 VT:Saturday 17 December 2016 12 UTC surface Mean sea level pressure
Saturday 17 December 2016 ;2 L.qu; smﬂztw V‘gzs-atur‘day 1}'5 Dacsg‘lbar 291 & 12;UTC gnaa‘lﬁga Sig‘rifica;lat heiqlat of c:anbhed wind waves and swell
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17 December 2016 12 UTC ecmf t+0 VT-Saturday 17 December 2016 12 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Saturday 17 December 2016 18 UTC ecmt t+0 VT:Saturday 17 December 2016 18 UTC surface Mean sea level pressure
Saturday 17 December 2016 18 UTC ecmi t+0 VT Saturday 17 December 2016 18 UTC meanSea Significant height of combined wind waves and swell
L e e —————

17 December 2016 18 UTC ecmf t+0 VT-Saturday 17 December 2016 18 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Sunday 18 December 2016 00 UTC ecmt ++0 VT:Sunday 18 December 2016 00 UTC surface Mean sea level pressure
Sunday 18 December 2016 00 UTC ecmf 1+0 WT-Sunday 18 December 2016 00 UTC meanSea Significant height of combined wind waves and swell
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18 December 2016 00 UTC ecmf t+0 VT:Sunday 18 December 2016 00 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Sunday 18 December 2016 06 UTC ecmi t+0 VT:Sunday 18 December 2016 06 UTC surface Mean sea level pressure
Sunday 18 December 2016 96 L.ITQ scnﬂztw V‘g:Smdgy 18 E'Gmsbsr 20 T1IB 06 L,ITC n?msqg Sig“'ficmggsim} aof wnbined wind waves and swell
D

18 December 2016 06 UTC ecmf t+0 VT:Sunday 18 December 2016 06 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Sunday 18 December 2016 12 UTC ecmtf t+0 VT:Sunday 18 December 2016 12 UTC surface Mean sea level pressure
Sunday 18 December 2016 12 UTC ecmi 1+0 VT:Sunday 18 December 2016 12 UTC meanSea Significant height of combined wind waves and swell
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18 December 2016 12 UTC ecmf 140 VT:Sunday 18 December 2016 12 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Sunday 18 December 2016 18 UTC ecmf 1+0 VT:Sunday 18 December 2016 18 UTC surface Mean sea level pressure
Sunday 18 December 2016 ;B L.ITQ scnﬁztw V‘g:&ndgy 18 EDawnsbar 20 T1IB 18 L,ITC n?msqg Sig“'ficmggsim} aof wnbined wind waves and swell
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18 December 2016 18 UTC ecmf t+0 VT:Sunday 18 December 2016 18 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Monday 19 December 2016 00 UTC ecmf +0 VT:Monday 19 December 2016 00 UTC suface Mean sealevel pressure
Monday 19 December 2016 90 L.ITQ scnﬂztw V‘g:MmQay 19 EDe-::an;bar 2Q:16 oo !UTC n;eans?aa Sig‘r‘-'ficaqarnigqtaof m;gbimd wind waves and swell
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19 December 2016 00 UTC ecmf t+0 VT:Monday 19 December 2016 00 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Monday 19 December 2016 06 UTC ecmf +0 VT:Monday 19 December 2016 08 UTC suface Mean sealevel pressure
Monday 19 December 2016 96 L.ITq; scmfzt-m V‘g:Mmgay 19 Pecan;bar 2Qr16 06 ;JTC n;ea‘ls?aa Sig‘r‘l'fiqugrnigl'ﬁtaof mmbimd wind waves and swell
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19 December 2016 06 UTC ecmf t+0 VT:Monday 19 December 2016 06 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Monday 19 December 2016 12 UTC ecmt +0 VT:Monday 19 December 2016 12 UTC suface Mean sealevel pressure
Monday 19 December 2016 ;2 L.ITQ scnﬁztw V‘g:MmQay 19 Peoan;bar 2Qr16 12!UTC n;eans?aa Sig‘r‘-'ficaqarnigqtaof m;gbimd wind waves and swell
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19 December 2016 12 UTC ecmt t+0 VT:Monday 18 December 2016 12 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Monday 19 December 2016 18 UTC ecmf t+0 VT:Monday 19 December 2016 18 UTC surface Mean sea level pressure
Monday 19 December 2016 18 UTC ecmi 1+0 VT:Monday 18 December 2016 18 UTC meanSea Significant height of combined wind waves and swell
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19 December 2016 18 UTC ecmf t+0 VT:Monday 19 December 2016 18 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Tuesday 20 December 2016 00 UTC ecmf +0 VT:Tuesday 20 December 2016 00 UTC surface Mean sea level pressure
Tuesday 20 December 2016 00 UTC ecmi +0 VT Tuesday 20 December 2016 00, UTC meanSea Significant height of combined wind waves and swel
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20 December 2016 00 UTC ecmt t+0 VT:Tuesday 20 December 2016 00 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
e WM T S OW OO WL W W
BIW 20




Tuesday 20 December 2016 06 UTC ecmf +0 VT:Tuesday 20 December 2016 06 UTC surface Mean sea level pressure
Tuesday 20 December 2016 06 UTC ecmi +0 VT Tuesday 20 December 2016 06, UTC meanSea Significant height of combined wind waves and swel
L

20 December 2016 06 UTC ecmt t+0 VT:Tuesday 20 December 2016 06 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Tuesday 20 December 2016 12 UTC ecmt ++0 ¥T:Tuesday 20 December 2016 12 UTC surface Mean sea level pressure
Tuesday 20 December 2016 12 UTC ecmi 1+0 VT Tuesday 20 December 2016 12 UTC meanSea Significant height of combined wind waves and swel
L R e ———————

20 December 2016 12 UTC ecmf t+0 VT:Tuesday 20 December 2016 12 UTC meanSea Significant wave beight of all waves with periods within the inclusive range from 17 to 21 seconds
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Tuesday 20 December 2016 18 UTC ecmf +0 VT:Tuesday 20 December 2016 18 UTC surface Mean sea level pressure
Tuesday 20 December 2016 18 UTC ecmi 1+0 VT Tuesday 20 December 2016 18 UTC meanSea Significant height of combined wind waves and swel
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20 December 2016 18 UTC ecmt t+0 VT:Tuesday 20 December 2016 18 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Wednesday 21 December 2016 00 UTC ecmf t+0 VT:Wednesday 21 December 2016 00 UTC surface Mean sea level pressure
Wednesday 21 December 2016 90 L.ITq; smﬂzt-m "-I"!;f'nl‘-himll“lahsuzlw5 21 Dest::ambgr 2016!00 U'I;C n‘stea 11‘E‘n'g;|rl'fi1c§»z:1t h%'g‘lt oi‘mhbha-cl wind waves and swell
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21 December 201600 UTC ecmf t+0 VT-Wednesday 21 December 2016 00 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Wednesday 21 December 2016 06 UTC ecmf t+0 VT:Wednesday 21 December 2016 06 UTC surface Mean sea level pressure
Wednesday 21 December 2016 96 L.ITq; smﬂzt-m "-I"!;f'nl‘-himll“lahsuzlw5 21 Dest::ambgr 2016!06 U'I;C n‘stea 11‘E‘n'g;|rl'fi1c§»z:1t h%'g‘lt oi‘mhbha-cl wind waves and swell
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21 December 201606 UTC ecmf t+0 VT-Wednesday 21 December 2016 06 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Wednesday 21 December 2016 12 UTC ecmf t+0 VT:Wednesday 21 December 2016 12 UTC surface Mean sea level pressure
Wednesday 21 December 2016 1 2 L.qu; smﬂztw "-I"g'f'nl‘uhsuzlr‘mhssnzlayr5 21 Desmmbgr 2016!1 2 U'I;C mstea 1§n‘g;|rl'fi1c§‘:;nt h%'g'lt o;‘wnbha-cl wind waves and swell
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21 December 2016 12 UTC ecmf t+0 VT-Wednesday 21 December 2016 12 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Wednesday 21 December 2016 18 UTC ecmif t+0 VT:Wednesday 21 December 2016 18 UTC surface Mean sea level pressure
Wednesday 21 December 2016 ; 8 L.ITQ scnﬂztw ‘n-l":gf'-l'uhimll“nsis-:lan'r5 21 Desn::ambgr 2016!1 8 U'I;C n‘stea 11“Eu'g;|r-'fi&-am:t hg‘gﬁt o;‘mbhad wind waves and swell
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21 December 2016 18 UTC ecmf t+0 VT-Wednesday 21 December 2016 18 UTC meanSea Significant wave height of all waves with periods within the inclusive range from 17 to 21 seconds
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Extremes can be captured but resolution matters

16
- Previous model
14 5 cycle (41r1) ",
12 4 = New model
cycle (41r2)
€ 104 ., Observations
8 ]
ﬁ ] .
4 -
North Cormorant
|
00 UTC 00 UTC
29 Jan 2016 301Jan 2016

0 2 4 6 8 10 12 14
(m)

High-resolution wave forecasts and observations. The left-hand panel shows ECMWF's
18-hour high-resolution significant wave height forecast from 00 UTC on 29 January (shading)
produced using the new model cycle 41r2, and raw observations (circles). The right-hand
panel shows observations from an oil platform located at 61.2°N, 1.1°E, and high-resolution

forecasts (HRES) for the nearest grid point from 00 UTC on 29 January produced using the
previous model cycle 41r1 and the new model cycle 41r2.

Magnusson,, L and Bidlot J. 2016. Wind and wave forecasts during storm Gertrude/Tor C_yCIe 41r2 In operatlons since March 2016:
Newsletter 147 ECMWF. High resolution:16 km -> 9 km
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Forecasting extremes: Ensemble approach

Cycle 41r2 in operations since March 2016:

Ensemble: 32 km -> 18 km North Cormorant
18 18
16 1 16 4
* Ensemble forecast 32 km km
14 14 -
max
00% 12 * Ensemble mean 12 -
5% 10 4 10 4
median = = Observations c
25% > g- = g -
10% + +
min _ A
° e W‘* ““" °1 *..-* H&u““ :
4 H ‘_ 4 | V- *
1., e
2 2
0 I 1 | 0 1 1 1
27 Jan 2016 28 Jan 29 Jan 30 Jan 27 Jan 2016 28 Jan 29 Jan 30 Jan
Day Day

Ensemble wave forecasts and observations. Ensemble forecasts of significant wave height from 00 UTC on 27 January 2016 for 61.2°N, 1.1°E,
from the previous model cycle 41r1 {left) and the new model cycle 412 (right), and abservations.

Magnusson,, L and Bidlot J. 2016. Wind and wave forecasts during storm Gertrude/Tor
Newsletter 147 ECMWF.
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Forecasting extremes: Ensemble approach

Significant wave height (m) at Heidrun

From an ensemble of wave

forecasts it is possible to derive o
probabilities for certain wave ]
conditions. “ ]
e e e it o 1 o e o
i oot ooy

10°W

15°W

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

Significant wave height above 8 m
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Basic EPS Wave Model Products

Wednezday 27 January 2016 12UTC @ECMWF Forecast probability t+080 VT Saturday 30 January 2016 00UTC
Surface: Significant wave heightof at leazt & m

Probability that SWH > 6m

100



Basic EPS Wave Model Products

Wednezday 27 January 2016 12UTC @ECMWF Forecast probability t+080 VT Saturday 30 January 2016 00UTC
Surface: Significant wave heightof at leazt 8 m

Probability that SWH > 8m

100



A bit more compact: Wave EPSgram:

mEy{ ) ) .
90 ?5“.-‘3 Significant wave height (m)
median SR N R (Y T N S S S R R S N
25% 1 1 1 | | 1 | 1 |
10% o | SRS S S S S S
Bt e T B e e B -
A = a '
4______}[_ 3 i i ________ = il i _
ENS Conftrol(55 km) High Resolution (28 km) , | =% | i | ! ! | i = -
Hs , 25 4 6 9m Mean wave direction ( oceanographic convention ) — =2 * ° AL
— | i | i | >, | | | | | l
e TR R N € €

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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Forecasting extremes: Ensemble approach

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

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

Tue 26 Jan 2018 00UTC QECMWF t+72-28h \VT: Fri 29 Jan 2016 00UTC - Sat 20 Jan 2016 00UTC Men 25 Jan 2016 0OUTC @ECMWE VT: Fri 22 Jan 2018 0OUTC - Sat 20 Jan201e 0QUTC  72-98h

: X . P - A - ) ) - . - Tuesday 26 January 2016 00 UTC ecmf Forecast t+84 VT:Friday 29 January 2016 12 UTC meanSea Significant height of combined wind waves and swell
Extreme forecast index and Shift of Tails (black contours 0,1,2,5,8) for max significant wave height max significant wave height (inm) Model climate Q23 (ore in 100 cccasions realises more than value MAXIMUM OF SIGNIFICANT WAVE HEIGHT
4 03 08 07 06 05 05 06 07 08 09 1 a 0.5 1 2 3 4 [ 8 10 12 14 20 84 1o 1496

16.84

16.00
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Significant wave height (m)

3.00
—2.00

ag 1-00
l 0.00

EFI and shift of tail for significant wave height 99 percentile of the distribution for Max of Significant Wave Height
significant wave height forecast from 2016-01-27

t=60-72
Tue 27 Jan 2016, 00 UTC, t=72-96 Gertrude (UK), Tor (Norway)
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Forecasting extremes: Ensemble approach

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

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

Significant wave height (m)

Wed 27 Jan 2018 00UTC @ECMWF t+48-72h VT: Fri 20 Jan 2018 0OUTC - Sat 20 Jan 2016 0OUTC Man 25 Jan 2016 0OUTC @ECMWE VT: Fri 22 Jan 2018 00UTC - Sat 20 Jan2018 00UTC  48-72h  wednesday 27 January 2016 00 UTC ecmf Forecast t+60 VT:Friday 29 January 2016 12 UTC meanSea Significant height of combined wind waves and swell
Extreme forecast index and Shift of Tails (black contours 0,1,2,5,8) for max significant wave height max significant wave height (inm) Model climate Q23 (ore in 100 cccasions realises more than value
4 03 08 07 06 05 05 06 07 08 03 1 o 0.5 1 2 3 4 [ 8 10 12 14 20
i e & B '
R
P |
0E
: . N : i istributi Max of Significant Wave Height
EFI and shift of tail for significant wave height 99 percentile of the distribution for

significant wave height

Tue 26 Jan 2016, 00 UTC, t=48-72 Gertrude (UK), Tor (Norway)
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Forecasting extremes: Ensemble approach

From the model climate, it is possible to derive indices that indicate deviations

in probabilistic terms from what is ‘expected’.

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

Fri2a Jan 2016 0OUTC @ECMWF t+0-24h VT: Fri29 Jan 2016 00UTC - Sat 20 Jan 2016 0OUTC
Extreme forecast index and Shift of Tails (black contours 0,1,2,5,8) for max significant wave height

-1

-0.9 0.5 -0.7 0.6 0.5

a5 0.6 a7 0.5 0.9 1

gy

EFI and shift of tail for significant wave height

Tue 29 Jan 2016, 00 UTC, t=12-24

< ECMWF

Thuze Jan 2018 00UTC SECMWE VT: Fri 22 Jan2016 00UTC - Sat 20 Jan 2016 00OUTC 0-24h
max significant wave height (inm) Model climate Q23 (ore in 100 cccasions realises more than value

a a5 1 2 3 4 [ L] 10 12 14 20

99 percentile of the distribution for
significant wave height

Gertrude (UK), Tor (Norway)

Friday 29 January 2016 00 UTC ecmf Forecast t+12 VT:Friday 29 January 2016 12 UTC meanSea Significant height of combined wind waves and swel

MAXIMUM OF SIGNIFICANT WAVE HEIGHT
12 to t+24

Max of Significant Wave Height
forecast from 2016-01-29
t=12-24

Significant wave height (m)




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

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

Fri15Jun 2012 12UTC @ECMWF t+80-84h VT: Mon 18 Jun 201200UTC - Tue 19 Jun 21 200UTC Thu 14 Jun 2012 0OUTEC RECMWE VT: Mon 18 Jun 201200UTC - Tue 12 Jun 2012 00UTC  80-84h
Extreme forecast index and Shift of Tails (black comtours 0,1,5,10,15) for max significant wave height max significant wave hzight (in m) Model climate Q1 (ore in 100 occasions realises less than value shown)

-1 089 08 -07 06 -05 05 06 07 058 08 1

e e e et e

EFI for significant wave height 01 percentile of the distribution for
significant wave height



Freak waves: We are not always dealing with nice ‘predictable’ waves:

< ECMWF
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Freak waves: Draupner freak wave
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If H,.>22H, & freak wave event
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Freak waves: “we can do the meteorology”

@ Zero-hourforecast b Six-hour foracast a Zero-hour forecast b six-hour forecast
Conditions during . -
Draupner freak wave
&0°N 60°N
55°N 55°N
Atmospheric |
CO n d Itl 0 n S 4 Twe!ve—c:our forecasts‘E d Fifteen-ohour {orecas: ; CO n d Itl 0 n S
63°N 65°N
&0°N 60°N
55°N 1 55°N
AP

[ e [ =m o s e ———
970 974 S78 G982 S86 950 1 5 10 15 20 25 0 1T 2 3 A SEeS7 B9 MRS
Mean sea level pressure (WPa) 10 m wind speed (m/s] (mi

Figure 1 Hign-resalution faracasts of 10-metre wind [amows) and mean sea level sressure icantaurs, shading) in the Narth and Nor Figure 2 High-resoiution foracasts of sgrificant wave haight distibution [shading] and mean wane direction (armaws) in te Neh and

Sexs on 1 January 1595, showing (a) a T-hour forecast, () 2 E-heur forecast, (€) 2 12-hour forecast and () @ 15-hour forecast 21 starmi Norwegian Sezs on 1.anuary 1955, shawing i2) 2 G-hour faracast i) 2 6-hour faracast (2} 2 12-nawrs forecast ana (d) 2 15-hour farecasr, 21

00 LTC. The biack riangle shows the posizion of the Draupner patform. starting fromn 00 UTC. The black wiangle shows the pestion of the Draupner patform. Colourad dircies enate corespanding wane height
DDERNVEIONS (S3Me coldur S22 35 Tor he forecaas) as archived 2TECVWE

Bidlot J. et al. 2016. What conditions led to the Draupner freak wave? Newsletter 148 ECMWF.

Cavaleri et al, 2016. The Draupner wave: a fresh look and the emerging view. JGR ocean
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Freak waves: “we can do the science”

(LI e L A s e e B e e e 006 T T T T T T T
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Figure 8: Evolution in time of simulated exceedance probability P, (h%23,) for K22, = 35 m ( Draupner, left panel)

and for %25, = 31.8 (Andrea storm, right panel). For comparison the corresponding results from linear theory are

shown, whereas also the impact of dynamic kurtosis and total kurtosis is depicted.

Shallow-water version of the Freak Wave Warning System,
Peter A.E.M. Janssen, 2017, ECMWF Tech Memo
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Wave Model Products: Extreme Waves

We have a parameter to estimate the height of the highest individual wave (H,,,) one can
expect. Its value can be derived from the 2d wave spectrum:

T Bsday 2 March 2010 00UTC ECWWF Forucastt 29 WT: Wednesday 2 March = u‘rc‘. Surface: Significant wave height Tuesday 2 March 2010 00UTC ECMWF Forecast t+39 VT: Wednesday 3 March 2010 15UTC Surface:

s

. Expected H,, .«
in 20 minute records

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