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Processes influencing momentum flux in bulk formula
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«  Surface wind (W)response to mesoscale SST via thermal feedback
« Ocean current (U)feedback to wind stress and wind: Mechanical and thermal feedbacks.

« Drag coef. (&) response to ocean waves via mechanical feedback

The air-sea momentum flux is l 4
supported largely by short A
wind-waves. .
wind-waves

a T : (i.e. Janssen]989; Moon etal.,2004 | )
Wave age > 1.2

Wave age can be defined ag, /W
-phase speed of the waves (¢




Wave g Wind interaction parameterization

Wave-basedformulations exist in many bulk flux algorithms that model zO as a function of wave age
or wave age/slope €.g,. Taylor & Yelland, 2001; Oost et al., 200ZEdsonet al., 2013
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Wave-based formulations exist in many bulk flux algorithms that model @ as a function of wave age
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Y COARRES3.5 (Fairall et al. 1996, 2003 ; Edson et al2013)

Developed and tuned primarily by using the wave data
collected from the extratropics
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How well do COARE3.5 and coupled model represent the wawenediated air-sea fluxes
In the presence of strong swell and persistent trade winds ?




Momentum flux in COARE3.5
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Oceanroughness length (D) parameterization in COARE.5 (Edson et al2013)
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1. Wind Speed Dependent Formulation (WSDF)
with wind speed only
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Charnock coefficient

T Wind-wave equilibrium: Wind seas under high wind
and swell under low wind.

Waves aligned with winds ( =0)
Still, it generally works well under most conditions.
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Momentum flux in COARE3.5
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Oceanroughness length (D) parameterization in COARE.5 (Edson et al2013)
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1. Wind Speed Dependent Formulation (WSDF)
with wind speed only

2
rough _ U
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Charnock coefficient

T Wind-wave equilibrium: Wind seas under high wind
and swell under low wind.

Waves aligned with winds ( =0)
Still, it generally works well under most conditions.
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2. Wave-Based Formulation (WBF)
with wave age and wave slope
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. Wind speed based formulation (WSDF)
StUdy Case. Januar}8’ 2020 Wave based formulation (WBF)

(a) 10-m wind speed and direction (b) Wave age and wave peak direction
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Study case: Januang, 2020

(a) 10-m wind speed and direction
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(b) Wave age and wave peak direction
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Wind speed based formulation (WSDF)
Wave based formulation (WBF)

Study case: Januang, 2020

(a) 10-m wind speed and direction

(b) Wave age and wave peak direction
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. Wind speed based formulation (WSDF)
StUdy Case. Januar)B, 2020 Wave based formulation (WBF)

(a) 10-m wind speed and direction (b) Wave age and wave peak direction + (101 N/m2) WBF - WSDF
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Momentum flux measurements

- Under weak wind, up to -5 m/s, the stress is dominated byswell
- Between winds ~5 to ~8 m/s the stress is dominated bymixed sea

- At higher wind, above 9 m/s stress is dominated by thewind
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Momentum flux measurements

- Under weak wind, up to ~5 m/s, the stress is dominated bywell

- Between

- At higher wind, above ~9 m/s stress is dominated by the/ind
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Including waves directionality

The sea state leading to the strong decrease of surface wind stress appears to be strongly misaligned
Based on previous studies€.g, Patton et al.2015, Porchetta et al.2019,2020)
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Including waves directionality

The sea state leading to the strong decrease of surface wind stress appears to be strongly misaligned

Based on previous studies€.g, Patton et al.2015, Porchetta et al.2019,2020)
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Including waves directionality

The sea state leading to the strong decrease of surface wind stress appears to be strongly misaligned

Based on previous studies€.g, Patton et al.2015, Porchetta et al.2019,2020)
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The peak wave period does not always represents accurately the sea state and tend to overestimate the
Impact of mixed sea under moderate wind conditions

The mean period is more appropriate and shift the wave age distribution to younger waves.
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Misaligned wave during atmospheric cold front




Atmospheric cold front passing on December6th 2017
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Atmospheric cold front passing on December6th 2017

Strongly misaligned waves
under the cold front
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Misaligned waves impact on momentum flux
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Direct covariance flux system measurements at Pioneer Array
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Wave-Current interactions

surface current Hs without current Hs with current WRF-ROMS-WW 3 simulations with and without surface current
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Conclusions

Investigating the impact of sea state on momentum flux through coupled OceaAtmosphere-Wave simulations using
the sea surface fluxes parameterization COARB.5

Y COARE3.5wave-based formulation tends to over-emphasizes the mixed seas and swell impacts on momentum flux.
Y Two possible remedies for low stress bias:
-Wave-wind directional misalignment (' 1.0): increases the drag for misaligned waves

-Mean wave period (Tm): emphasizes the presence of wind waves in the mixed sea state

Y Atmospheric cold fronts lead to large areas of mixed sea conditions misaligned with local wind for up foto 10h
after the passage of the cold front

Y Taking into account misalignment in the flux parameterization gnerally reducesthe biascompared to observations

Y Keep working toward a better understanding of the misalignment in differentwind-waves-currents regimes (i.e., high
wind regimes, crossswell vs opposed swell )

Y Need more longterm co-located observations (surface wind, directional waves,ocean currents, momentumflux) like
the OOI Pioneer Array.
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Study case: Januagy 2020 e b o 151

- Northwesterly swell entering the domain under persistent trade winds
- Young waves and equilibrium waves tend to increase the surface stress
- Swell and mixed seas tend to significantly decrease the surface stress under moderate wind
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Study case: Janua8y 2020

Northwesterly swell entering the domain under persistent trade winds
Young waves and equilibrium waves tend to increase the surface stress
Swell and mixed seas tend to significantly decrease the surface stress under moderate wind

Large spatial differences of the surface stress :

Lead to large impact on the near surface wind with differences +/- 0.5 m/s (~ 5%)
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Momentum flux measurements

Ron Brown and Ocarina Y eddy covariance method
Atalante Y inertial dissipation method
SWIFT Y estimation of friction velocity from the equilibrium frequency range of the wave spectrum

The model is sample along the gray zone on the map
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Including waves directionality

The sea state leading to the strong decrease of surface wind stress appears to be strongly misaligned
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Including waves directionality

The sea state leading to the strong decrease of surface wind stress appears to be strongly misaligned

Based on previous studies (Patton et al. 2015, Porchetta et al. 2019)
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Supplementary figures

The peak wave period does not always represents accurately the sea state and tend to overestimate the impact of
mixed sea under moderate wind conditions

The mean period is more appropriate and shift the wave age distribution to younger waves.
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Misaligned Waves During Atmospheric Cold Fronts

They are characterized by high wind speed, abrupt veering,

and rapid translation.

Y Leads to strongly misaligned waves behind

the cold front

Atmospheric cold frontaccount for 15% of the time
during winter months in the North Atlantic Ocean. i
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What are the resultingmpacts on the surface drag
and the airsea momentum flux?




CoupledModeling and Observation

SCOAR Regional Coupled Model8epgt al.2007) _ L
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Atmospheric cold front passing on Decemb&r2017

Aligned waves under the warm front Strongly misaligned waves under the cold front
\
2017-12-06 09:00 )80 2017-12-06 12:00:00 _ 2017-12-06 15:00: o\) 80 O
a2on| 1\5”% (S:hr | ' Misaligned
& I
|
40°N 45 |
4 4 y , y Aligned
74°W ~ 72°W  70°W  68°W 74°W  72°W  70°W  68°W 74°W 0
2.4
: V71 1/ 1 )
apen| T WAVE dir. A i ! Mixed seag
T 3/ A
41°N A ] Ry A 12
1.7 g |
40°N : < |G S BUE V2 P !
/ RIS SRR A X A Wind-waves
b 4 - RIS £ A& N
74°W  72°W  70°W  68°W 74°W  72°W  70°W  68°W 74°W  72°W  70°W  68°W

wave age



Ocean Observatories Initiative: Pioneer Array (Pl1O)

Prefrontal Cold front Postfrontal
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