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.l Background and Aims

Why?

1 Internal
Wawve
Radiation

Air-sea interaction processes (Edson et al. 2007)

Wind stress:

Key parameter

Modeling
Forecasting

Surface is mobile

Surface waves




.l Background and Aims

height (m)

Monin-Obukhov Similarity Theory (MOST)

Validity?
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® Invalidity of MOST: Swell \ ; Wind sea ? Smedman et al. 2009

® Upward momentum flux.




.l Background and Aims
Aims

Low to Moderate winds: Swell

Field measurements and model:
Impact of surface waves on wind stress;
Validity of traditional MOST;
Upward momentum flux.

Finally, a preliminary scheme for estimating wind stress.




.l Field Measurements and Datasets

® BoHe Observation Tower (BHOT)

Northern SCS; ~6.5 km away from the coastline;—

Water depth 16 m; Height 17 m, 70°, 10 Hz, AWAC
Datasets: February 10 to March 11, 2015
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® DongOu Observation Tower (DOOT)

Western ECS, ~24 km away from the coastline; —

Water depth 28 m; Height 26 m, 30°, 10 Hz, AWAC

Datasets: April 1 to 30, 2017

26 m
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.l Field Measurements and Datasets

Hs (m)

Feb 10 14 18 22 26 Mar 2 6 10
Date (2015) Date (2017)

® Low to moderate winds. ® Swell dominated. ® Negative drag or stress.




.l Results and Discussions: Surface Waves

Swell influence on turbulent velocity
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® DOOT: The swell induced perturbation can reach 26 m.




.l Results and Discussions: Model

MOST Model Without surface wave effect

® Total stress: T;or = Trurb +@= u? Tiot— Txsr Teurb > 0
. dTeor _
® Constant flux assumption: o 0
du I
® Turbulent closure model: 74, = KmE K;, = lu,

® Wind gradient profile under near neutral conditions:

u, z
U(z) =—]|[In (—)]

K Zy




.l Results and Discussions: Model

TKEW Model with surface wave effect (Semedo et al. 2009)

® Surface waves, Tior = Tturb + Twave — uf Uy = (thotDa Wind seas: 7,4, > 0, Swells: 7,4, <0

® Tyape < O0and|Tyavel > |Toury | 1, = T4 + Twave < 0: Upward momentum flux

dTiot du Ttot — Twave

—=0&T =K, — —
s = O & T = Ko gy | T = U(z) = j (Tto ’)
— ~c ~ -k ~ -k — 0 —2kz
® Ty ave = —(uw) , e ™, wxe m)| Tywave = Twave€

K¢, = l\/Je (Semedo et al. 2009)
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> Kol * = |Ttot(rtot - Twave) + K3, Fy,




.l Results and Discussions: Model

Z

0@ = [ (Tt Ttz

0

Twave = Twave€

Y. TKEW Model

KU =

|Ttot(rtot - Twave) + Kreanl

Twave ? ?

® Wave induced stress is related to the rate of change of|wave energy Fj:

J0E
Y = pacrwave = PE

2
® [ =Cg k Pas ¢ p: wave growth or damping rate coefficient

fu, <20t Cg>0

{ Single-frequency wave: E =1/ Zpra2 “fu, >20: Cp<0

Wave spectrum: E = fooo S(Hdf




.l Results and Discussions: Model Results
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.l Results and Discussions: Model Results

Wave Sp ectrum - (Dol;felalzL et al. 1985)
g f Jp
Wind seas: S(f) = f,lexp(— )N
ﬂpwgs(f) o-2kz Cp =32 (2 m)* f
Twave = df 2f 4 f 4 f
Swells: S(f) = lax ( P) ylexp[(=-)3
1o (Hanley and Belcher,2008)
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® The wind profiles departed from the traditional logarithmic profiles;

® The deviation increased with the peak wave phase speed.




.l Results and Discussions: Comparison

Comparison for BHOT

® Input: Wind speeds, Observational height,

Bias (m/s) MOST TKEW

u, <0.2m/s 0.027 === 0.007

Water depth, Wave frequency spectra
u, > 0.2 m/s -0.026====) -0.008

® Windsea: Cg = 16; Swell: Cg = —30
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v TKEW model better agreed with the observations with respect to the MOST model.




..Results and Discussions: Comparison

Comparison for DOOT
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® MOST was invalid within the typical observational height (< 30 m).

® The influence of surface waves on wind stress decreased with increasing height..
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.. Conclusions

® The swell-induced perturbation reached a height of nearly 30 m from the mean

sea surface; the influence of swell decreased with increasing height.

® With respect to the MOST, the TKEW model better agreed with the observations;

TKEW model predicted the upward momentum flux.

® Combined wave-induced stress and turbulent stress, a preliminary scheme of

wind stress estimation was obtained.

O Directions of the wind, wave and stress;
O Cp is the main source of uncertainty;

O Constant flux layer assumption may be debatable.




.. Conclusions
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