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Relevance of atmosphere-ocean-wave coupling (

— I
Increased interest in reducing prediction errors of state

estimates at coastal scales, which in many cases are due to
unresolved nonlinear feedback between wind-waves,
circulation and atmosphere

Assessment of the degree of regional coupling
Study the impact of interaction processes between wind
waves, atmosphere and ocean on the quality of coastal

ocean simulations

Substantial effects also on mean fields - energy and
momentum transfer

Extreme weather events in the marine realm
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Coupled Model Setup
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—~>Waves extract energy and momentum from the atmosphere.
- The effect is largest for young sea states and high wind speeds.
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Impact of two-way coupling
between waves and atmosphere ...eme
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The role of wave-atmosphere coupling

10m wind speed bias [m/s]

L 1 aaaaeEee— |
-0,05 0,06 0,17 0,28 0,39 0,50

total significant wave height bias [m]

557 Helmholtz-Zentrum
s 115 Geesthacht

Centre for Materials and Coastal Research

[

WELY,

Latitude

Vi S it

Sai 7 \q

i ,\"

KA/ A @wf‘v W"& %‘ﬁ\ i

““ 5 X V 1 /D% ,.
. b
V’

0 NN 0 l@?’?‘
NS ;.r«‘f' Qﬂw«__ 1
QV&QQQV&% ‘

9 ;»"?0%&"%

NP
%‘? i
AR WY '
VNV _e="Saral/Altika
Jason2

Cryosat2

2 0 2 4 6 8
Longitude

Significant wave height

one-way | two-way

Windspeed [m/s]

one-way | two-way

Saral/AltiIKa # 6886

bias -0.27 -0.12 -0.64 -0.33

std. dev. 0.93 0.86 3.33 3.16
Jason2 # 6710

bias -0.29 -0.15 -0.73 -0.40

std. dev. 1.07 1.01 3.85 3.75




Wevc 2EHD o 2
Wave-current interaction:

(1) The Stokes-Coriolis forcing (Hasselmann, 1970;
Breyvik, 2015, 2016)

(2) Sea state dependent momentum flux (Janssen,
1989; Janssen, 2012, Staneva et al., 2016, 17);

(3) Sea state dependent energy flux (Craig and

Banner, 1994)
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- _ - o
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—Ta—> YWind

Wave-induced Stokes drift
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% in the open North Sea nearly no difference is found
+ significant differences (30% hs, 10-15% tm1) near the coast and in
the Wadden Sea
(mainly due to water depth changes)
+» small areas where STD of tm1 up to 30% (Doppler Shift)
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Physical processes forming wave-circulation

Interaction: breaking waves
.
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= Craig and Banner (1994):
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Impact of wave-induced forcing on sea level
during storm Xaver (5-6 12.2013)
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Impact of wave-induced forcing on Sea Level
Different meteoconditions during 2016
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A coupled WAM-COSMO-NEMO model has been implemented and applied
for the North Sea Baltic Sea and new parameterizations added and tested.

Coupling of COSMO-WAM showed better agreement with observations
during extremes (reduced wind speed and thus wave heights)

Effects of considering sea state and introducing wave-induced forcing on
simulated temperature are not negligible.

Storm surge and circulation of the NEMO-WAM model are improved for the
coupled model compared with stand-alone NEMO.

The using of a coupled model system reveals that the newly introduced wave
effects are important for the drift-model performance.

Paves the road to more realistic simulations in both operational forecasting
systems and climate studies.
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