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® Exchange variables for momentum and heat
are important in coupled atmosphere- wave-
ocean models

® For coupled atmosphere-wave models:

» Roughness length of the ocean surface
needs to depend on sea state and not only
on wind
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Reference run:
Charnock parameterization:

Z_aT
0 g

—> 7z, wind dependend

Coupled run:
° g 1t/

—> z, wave dependend

a Charnock parameter
constant (= 0.01 in WAM)

D

T, wave induced stressed
(from wave spectrum (Janssen 1991))
T total stress
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8 Alternative calculation of exchange coefficients and wind input source function S;,
® Energy input from the wind to the waves determines the growth of waves due to wind
® Currently parameterised according to Janssen (1991)

® Some drawbacks:
No sheltering effect
Logarithmic wind profile
neither conserves momentum nor kinetic energy

- To address these issues, the Wave Boundary Layer Model (WBLM, Du et al. (2017,
2019)) is implemented as a new wind input source function in WAM
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INPUT SOURCE FUNCTION
Z

Janssen (1991) WBLM (Du et al. 2017,2019)
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WAVE BOUNDARY LAYER MODEL

Janssen (1991)
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WBLM (Du et al. 2017,2019)
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Wind-wave model WAM v4.7
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GENERAL COMPARISON

Janssen (1991)
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WBLM (Du et al. 2017,2019)
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SIGNIFICANT WAVE HEIGHT BRITISH COAST
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f[Hz]

ENERGY SPECTRUM
Elbe buoy

Janssen (1991)
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WBLM (Du et al. 2017,2019)
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WBLM (Du et al. 2017,2019)
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EXCHANGE PARAMETERS

9 .
. ST3
gl| < sST3+wBLM
r—\7_
E
-
£
o
(]
Bl o=
(]
>
@©
3
-
c
©
)
=
=
2
0w

0.03

wind speed [m/s]

25

30

= ST3
*  ST3+WBLM

0.025
0.02
0.015 |

0.01r

roughness length [m]

0.005 |

Assessing the added value of using a Wave Boundary Layer Model

10

15
wind speed [m/s]

20

25

30

drag coefficient [-]

friction velocity [m/s]

Lol
5

w

N
5]

N

Lo
0

iy

ot
o

e
™

=
o

L
>

=
N

=

e
©

o
o

o
>

o
N}

o

s+ 05 Helmholtz-Zentrum
:s:s Geesthacht
Zentrum fiir Material- und Kiistenforschung

%1073

« ST3
- *« ST3+WBLM

0 5 10 15 20 25 30
wind speed [m/s]
« ST3 .
| ¢ ST3+WBLM 1
L ’ . 3 .'0. o
. L4
g .-':

u o’ < |
."}.’ .

I R ]
L

0 5 10 15 20 25 30

wind speed [m/s]



SU M MARY s s s+ Helmholtz-Zentrum
st s: Geesthacht

Zentrum fiir Material- und Kiistenforschung

SUMMARY OUTLOOK

8 WBLM implemented in WAM 8 What are effects on coupling?

Where are the largest differences?

Determine differences for wind sea and
swell

® Shows similar results in significant
wave height as Janssen

Spatial differences

® Calculates wind profile within WBL Impact of grid resolution
more precisely

> More precise estimation of
exchange coefficients
between atmosphere-waves-
ocean

> Relevant to offshore wind
farms, atmosphere-ocean
momentum and mass
exchange (e.g CO2, transport
of matter, pollutants, etc. )

Assessing the added value of using a Wave Boundary Layer Model - C N
EASELESS (18



Geesthacht

entrum fiir Material- und Kiistenforschung

REFERENCES EEE Helmholtz-Zentrum
1

® Du, J., Bolafios, R., and Larsén, X.: The use of a wave boundary layer model in SWAN,
J. Geophys. Res.-Oceans, 122, 42—-62, https://doi.org/10.1002/2016JC012104, 2017.

® Duy, J., Bolafios, R, Larsén, X. G., & Kelly, M. C. (2019). Wave boundary layer model in
SWAN revisited. Ocean Science, 15 (2), 361-377. https://doi.org/10.5194/0s-2018-90

8 DOCUMENTATION—Cy40r1, I. F. S. PART VII: ECMWF WAVE MODEL.

® Janssen, P. A. E. M.: Quasi-linear Theory of Wind-Wave Generation Applied to Wave
Forecasting, J. Phys. Oceanogr., 21, 1631-1642, https://doi.org/10.1175/1520-
0485(1991)021<1631:QLTOWW>2.0.CO;2, 1991

Assessing the added value of using a Wave Boundary Layer Model - C N
EASELESS (19


https://doi.org/10.5194/os-2018-90

FOR PEOPLE AND THEIR
FUTURE ENVIRONMENT

THANK YOU!

Anne Wiese
Institute for coastal research Max-Planck-Strafl3e 1
anne.wise@hzg.de 21502 Geesthacht

ing a Wave Boundary Layer Model

[
[ ]
]
8
z

' 32 Helmholtz-Zentrum
s+ Geesthacht

entrum fiir Material- und Kiistenforschung



GENERAL COMPARISON COUPLED MODEL :111 Helmholtz-Zentrum

SIGNIFICANT WAVE HEIGHT
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WBLM (Du et al. 2017,2019)
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