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Relevance of atmosphere-ocean-wave coupling for
coastal predictions
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* Reducing prediction errors at coastal scales (e.g., drift
forecast), which in many cases are due to unresolved
nonlinear feedback between wind-waves, circulation
and atmosphere

« Study/understand the impact of interaction processes
between wind waves, atmosphere and ocean on the

guality of coastal ocean simulations

e Substantial effects also on mean fields - energy and
momentum transfer

« Extreme weather events in the marine realm

o Of particular importance in coastal areas where one
has a lot of human activities
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Reqgional Downscaling via OASIS

—~>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
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Wave-current interaction: e

ma—
(1) The Stokes-Coriolis forcing (Hasselmann, 1970; —Ta—> Wisel

¥
Breyvik, 2015, 2016) Bl L~ —<ha.d SLAN
(2) Sea state dependent momentum flux (Janssen, e
1989; Janssen, 2012, Staneva et al., 2016, 17);
(3) Sea state dependent energy flux (Craig and
Banner, 1994)
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Stokes-Coriolis forcing

wave phase :t/T= 0.000

1.5 -100 o 100

http://en.wikipedia.org/wiki/Stokes._drift

The Stokes dnft —> WAM

The relationship between U10 and the magnitude of

Momentum equations the surface Stokes drift :
Du 1 ~ 1ot (a) black line represents the Ust =0:016 U10 (Li and
= Vp+(u@x fz4+—— Garrett, 1993);
Dt p p CZ

(b) Ust=0:377 Tau ¥? (Madec et al., 2015);

New adding Ust in (c) the surface Stokes drift direction and the
advection terms direction of U10 The color represents the wave age
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Impact of waves on T&S
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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.

Paves the road to more realistic simulations in both operational forecasting
systems and climate studies in the coastal regions (= CMEMS,
WAVE2NEMO, Offshore Windfarming, Suitable Observations ?).



icati : *231 Helmholtz-Zent
Publications: }111 HelmholtzZentrum

Centre for Materials and Coastal Research

Alari V, Staneva J, Breivik O, Bidlot JR, Mogensen K and Janssen PAEM (2016). Response of
water temperature to surface wave effects in the Baltic Sea: simulations with the coupled NEMO-
WAM model. Ocean Dynamics, DOI 10.1007/s10236-016-0963-x

Breivik, O, J-R Bidlot, P A Janssen (2016). A Stokes drift approximation based on the Phillips
spectrum, Ocean Model, 100, pp 49-56, doi:10.1016/].ocemo0d.2016.01.005

Stanev E., Schulz-Stellenfleth J., Staneva J., Grayek S, Grashorn S., Behrens A, Koch W., and
Pein J. (2016). Ocean forecasting for the German Bight: from regional to coastal scales, Ocean
Sci., 12, 1105-1136, 2016, doi:10.5194/0s-12-1105-2016

Staneva J., Alari V., Breivik O, Bidlot J.-R. and Mogensen K., (2016). Effects of wave-induced
forcing on a circulation model of the North Sea. Ocean Dynamics, DOI 10.1007/s10236-016-
1009-0

Staneva J, Wahle K, Koch W, Behrens A, Fenoglio-Marc L., and Stanev E., (2016). Coastal
flooding: impact of waves on storm surge during extremes — a case study for the German Bight,
Nat. Hazards Earth Syst. Sci., 16, 2373-2389, do0i:10.5194/nhess-16-2373-2016

Wahle K., Staneva J, Koch W., Fenoglio-Marc L., Ho-Hagemann H., and Stanev E. (2016). An
atmosphere-wave regional coupled model: improving predictions of wave heights and surface
winds in the Southern North Sea. Ocean Sci. Discuss., doi:10.5194/0s-2016-51, 2016



Impact of coupling with waves on SST (JJA)

elmholtz-Zentrum
eesthacht

Centre for Materials and Coastal Research

sess H
sess G

STCORGTL degC
L | L 1 1 1 1 1 1 1 | L 1
= 0 ash e 3 - -
18 : {b} e - - : oz
T J - L 0.5
G0N 17 san | . | b1
ia 4 3 005
18 - L ]
14 1 r
E5N 58N — L A%
13 B r -
1z ] L 0,15
1 g L
S0M B S0 - I .2
Ls T T i
10E 20E WE
FULL-CTL aegC
P P I T D O - H - i
E5H — & = &5k — -
- - [F ]
1| (€) o g - Bz 1| (d) e = - ot
1 = ot o e = - I
] st II-.- ﬁz L 0,15 i it - o4
4 — ¥ L ] - L B
] B 35-,;- o g S PR o, o a1 23] - o [ A
el £ A | L s L I 03
i C. {1 5 51;_ r 1,05 =i e i e
o ) B AN i o = i o
i & w » F
1 . f: o I o005 122" ’ [ M
BN — W 3 :_*.F.q o ~ ' 58N —L-- 7 P 1, - .2
o % L R o B i 1F e r 0.3
T e 2] L 0,15 7 f i I A4
1, SN2 ! - 1, L . 2
s s r ] P20 L 0,5
w B B e o E
S L JE L
7T 7T T T T 77T 7T T
o 10E P0E 30E 10 20E 408

Wu et al (2018)



Helmholtz-Zentrum

) ) G hach
Impact of coupling with waves on SST (NDJ) oy AT

S1DDH-CI:TL

k!

485
1"7J\.5
s:!
=
L
&
L L B L

-]
1]
!
&
B S8k
4
3
2

Bl

m

STRUL-GTL degC

&5 — L - H:-:' ne BN
1l (e) il A

EON —

4l

L]
il W i IO

gab I~ - o4 GON

2o
e
¢
)
i
By
Ll
TSI Lt
u;‘na

=
F
k]
m
;:‘_T-.“._
=
R
.\;
m
R

[
2 253354455 556657 75885 9% 951010511

Wu et al (2018)



Impact of coupling on UPWELLING

The frequency of upwelling in the CR of June
(@), July (b), August (c) and September (d),

2015 (%). The criteria for upwelling are

fulfiled when the SST difference from the
zonal mean temperature is greater than 2.5
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The wave effect on the distribution of the
upwelling intensity in (a) June, (b) July, (c)
August, and (d) September 2015.
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Impact of wave-induced forcing on Sea Level
Different meteoconditions during 2016
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Impact of wave-induced forcing on Sea Level
Different meteoconditions during 2016

Helmholtz-Zentrum
Geesthacht

Centre for Materials and Coastal Research

e TGAUGE —REFRUN ----TAUVEC ----TAUDIR STOCOR —-TVCSTC
= .y NorderneyTG = # NorderneyTG
—_ 2- —_ 2_.
S 5 ﬁ 250
45 "6' 14
: = : E i\ f\ f\ 8
[} \ . - (] '-..
al'l ‘.\‘. 'P‘ 01 \ \J \I\‘
VAR 8 \4 TV VY
e “' s - . = -1
3 YR 160
g . - _2- "". e I‘ ,“)‘.‘
a BorkumTG| — °] BorkumTG S MR O 100
24 E 2- : | :
5 = ! : 50
1 *§ 1— I’g |
2 N
ol 0~ \\ ; 0
v E K‘tj J i 3°W 0° 3°%E 6°E 9%
2 ]
a

Surface Elevation [m]
o &
{;::.d'

" il e
.;:‘!»:::"
P
'gdi;‘-v)
e
.-.;:é-" =

— HelgolandTG| — HelgolandTG

g 1 g f\ A [} |

\f LA A LMW

IV VARAA [ TVTTTTYN
2 -2

127 00Z 127 00Z 00Z 00Z 12Z 00Z 12Z 00Z 12Z 00Z 12Z 00Z
; EJ]M['IE 2JAN 3JAN 4JAN 2'28611%\1 29JAN 30JAN 31JAN 1FEB
1 1

hymetry [m]

Ba



Impact of wave-induced forcing on Sea Level
Different meteoconditions during 2016
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Thank you
for your attention!
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Wave-current interaction: m
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The ocean model takes into account the following wave effects:

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

(2) Sea state dependent momentum flux (Janssen, 1989;
Janssen, 2012, Staneva et al., 2017);

(3) Sea state dependent energy flux (Craig and Banner, 1994)
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