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Outline

* New state-of-the-art status

s

New measuring fechniques
* New Parameterization goals




Gas transter velocity
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Whitecap fraction parameterizations

262 W(Ulo) Monahan and O’Muichaertaigh (2012)

—— Monahan '71
—— Wilheit '79
— M&O'M '80 RBF
— M&O'M '80 OLS
—— Bondur&Sharkov'82 A
Bondur&Sharkov'82 B
—— Pandey&Kakar '82
— Monahan et al. '83
—— Spillane et al'86 cold
—— Spillane et al'86 moder.
—— Spillane et al'86 warm
—— M&O'M 86 dT=0 (neutral)
— Bortk'87, A+B, cold
0.1 % —— Bortk'87, A+B, moder
—— Bortk'87, A+B, warm

f Wu '88
0 01 Mon&WIf'89, A, dT=0 (neutral)
—— Monhan'93 visc., A
—— Monhan'93 visc., B
0001 Asher&Wann'98, A
| Hanson&Phillips'99, no <<
O 0001 Hanson&Phillips'99, all meas
) Asheret al.'02, A
—— Reising etal. '02, A
00 O 00 1 — Stram&Petel'03 tot
Stram&Petel'03 dev.
lO 20 — Stram&Petel'03 undev.
— Villarino et al '03, stable

Wind speed, UlO (m S'l) —— Villarino et al ‘03, unst.

— Lafon et al '04

)
>
=
U
=
S
S
5}
>
)
O
Q
I
O
D
=
=

Anguelova and Webster (2006)




State of the art in 2005

¢0 8 - Use of this graph:
3 . Large spread: — owhan 71

— Wilheit '79

- Measuring difficulties — M&OM'E0 REF
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- Need for improvements in
- Collecting data
« Processing images
- Parameterizations
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Schwendeman & Thomson, 2015
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Schwendeman & Thomson, 2015

Recent data E——

Threshold Power Law
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* Improvements
» Collecting data
 Processing images
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Data for that graph

- 18 data sefts

- Table 2

- Anguelova and
Webster (2006)

. Collected 1952-2000
- Published 1963-2004

- Photographic method

- Usually 1-20 photos for
one W data point
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First digital data

- Stramska and
Petelski (2003)

- Due fo memory =
10-20 photographs

= per station

£ orevious - Presumably, 10-20
S MO'M80 W(U, ) photos = one W
g o StramskaPetelski'03 data point
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Wind speed, U, (ms™)




Averaging images
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- Lafon et al. (2004)
. Film (35 mm) camera

- 10-25 photographs =
one W data point
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Averaging images

10 15 20

Wind speed, U, (ms™)
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Lafon et al. (2004)
Film (35 mm) camera

10-25 photographs =
one W data point

Lafon et al. (2007)
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Digital camera and Averaging images

10 15 20

Wind speed, U, (ms™)

Previous
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- Sugihara et al. (2007)
- Digital camera
- Samplingrate 15

- Averaged 600
Images to get
one W data

. 10-min
averages



Callaghan et al., JGR, (2008)

Recent dato . :

de Leeuw et ¢

Percentage difference from mean valuz of W
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New state-of-the art
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New W data caveats

de Leeuw et al., 2011 )
- Heavy averaging

- Missing useful information
- Decaying foam

Previous
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Whitecap fraction, W
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New W data caveats

- Heavy averaging
- Missing useful information
- Decaying foam

- Active whitecap fraction
still unconstrained

- Further improvements
- Image processing
- New measuring techniques
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New measuring methods

Measured quantity Electro-magnetic spectrum
- Energy dissipation . Radiometry
- Buoys . Microwave
- Hanson and Phillips, 1999 . NRL WindSat data
- Anguelova and Hwang, 2016 Y S
- Models :
B al 1996 Randolf et al., 2016 (OcSci)
- Scanlon et al., 2016 . IR imoges
s csLiements . Sutherland and Melville (2013; 2015)

- Schwendeman & Thomson, 2015 . Poftter et al. (2015)

- Breaking crest length 4

- Ken Melville group
- Gemmirich et al., 2008




Foam fraction, f (%)

Microwave radiomeftry

100.0000

10.0000

Wind speed formula

© GHz, H pol.

57 GHz, H pol.
Swath data, Mar 2007, orbits 21479 to 21492

10 15 20
Wind speed, U,, (m/s)

- Different platforms
- Satellite
- Air plane
- Ship

. Different frequencies

« 6-40 GHz
- Database

- 40-200 GHz
- High spatial resolution

- 1-2GHz
- High temporal resolution
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Wind speed, U,, (m s™)

MOM80 model W(U,,)
Photo data W

10 GHz data W,
37 GHz data W,

20

- Gridded data

- Two frequencies
- Sensitivity to foam thickness

- Matfched-up met-oc
data

® UlO’ Udil” SST, Ta, HS’ Tp



Parameterizing additional variables
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Satellite-based measurements

' 37 GHz  October 2006

0°
-1 05
MD (%W
Salisbury et al., 2014

- Annual mean difference
AW =W —W,,
- Difference from MOMB80

Salisbury et al., 2013

3.41
W, cU;




IR observations , ol

. Lifetime separation | s vis

- Independent
measuring method
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Conclusions

i —

improvements

« Digital photography
« Processing algorithms

INew state-of-the-art status

* Less noisy data
* Closely clustered parameterizations

* New measuring fechniques -
* New porome’rerizo’rions——include Mmore variables
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- Unpublished photographs
- U.S. Weather Squadron Two (1952)
- Aerial observations of sea state

% OF QCEAN COVERED WITH WHITECAFES

[+] 20 T+ 40

WIND SPEED (KNCTS)
Fic. 31. The oceanic whitecap coverage as a function of wind speed.

. Standard K-20 aircraft camera
. alfitude of 400 to 600 ft
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Monahan and O’Muircheartaigh, 1980

Systemartic collection of W data

Ed Monahan, late 60s
Widely used formula (MO'M80):

Two data sets combined:
- BOMEX (Monahan, 1971)
_f-~5_,5~',,:‘.':~;-'-_§; - East China sea (Toba and Chaen, 1973)

Parameterization approach
- Different wind speed exponent




