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and radar datasets alongside global wave model predictions
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OBJECTIVES: Methods

: Detect and assess wave-dependence in whitecapping using foam-dependent ocean emissivity data from the Jason Guidin(gl.assumpti(zll.ls t sivit dominated by short-scal - fr q

satellite radiometers - nadir ocean radiometer emissivity dominated by short-scale waves in absence of foam; an

. Support and complement observations using ancillary foam-free measurements of surface wave information from the then impacted by foam at and above 18 GHz when wind speed exceeds 5 m/s

- nadir radar backscatter unaffected by foam; responds to both short wave and long wave
changes in manner that may differ from emissivity due to foam
- nadir radar dual frequency data can 1solate short waves for U > 5-6 m/s (see eq. 4)
- easier to interpret foam 1n nadir ocean emissivity than off nadir (SSMI, Windsat, AMSR)
- foam depth impacting 18-34 GHz is 1-2 mm so active and passive breaking observed
- literature search suggests fetch-limited or young sea conditions are of interest

Datasets
- Jason-1 Microwave Radiometer (JMR) and Jason-2 Advanced Mic. Radiometer (AMR)
brightness temperature data at 18, 23, and 34 GHz
- J-1 and J-2 dual band C and Ku-band radar altimeter radar backscatter
- Hourly NDBC 2D spectral ocean gravity wave measurement buoys
- 3-hourly global ocean wave model estimates from IFREMER-WAVEWATCH 3 including
peak and mean wave period, mean square slope of long waves, whitecap coverage

radar altimeters, wave buoy data, and ocean wave models

Background: Many field studies have been directed at divining the relationship between near surface wind and wave conditions
and the amount of whitecapping and foam that occurs over varied sea states on the global ocean. Motivations for these efforts
largely involve the goal to close the energy balance between wind input to waves and the dissipation that occurs to govern observed
ocean gravity waves under varied conditions. Breaking waves are central to the dissipation of energy as well as air-sea mass flux
and yet the process is ephemeral enough that measuring and modeling of breaking wave processes remains an ongoing topic of
research.

Measures that pertain to wave breaking are many and include the probability of breaking, crest length distribution, whitecap
fractional coverage, foam thickness, large-scale and smaller scale wave breaking, and active vs. relic or remnant foam traces. The
dominant in situ approach to determining whitecap coverage has been use of optical systems to document % coverage of
whitewater and relate this to other breaking wave statistics under the observed range of field conditions. Despite concerted efforts,
the consensus models for predicting whitecap coverage are mostly limited to a single control, that being wind speed (U), and a

typically cubic or slightly elevated power law. One frequently cited whitecap coverage, (W), model 1s from Monahan and

O’Muircheartaigh (1980): Basic models
W =3 .84 * ¢-06 * U"3 .41 a) ocean surface emissivity at 18, 23 and 34 GHz after atmospheric correction

+ €¢am T € where Tb_freq =e,, ;,, *SST (1)

etot_freq - eﬂat_surface * Cwaves excess

But what is also understood is that there is still a wide range of unexplained scatter in W field data at any fixed wind regime. alternatively, €. freq = €fat_surface ¥ €rough + €excess (2)
The scatter may be related to the water temperature to some degree, but most results suggest that it 1s related to changes in the sea
state or degree of wave development. In this area, there are some apparent contradictions, where several authors assert that younger ) T AT DO A SEarEr aif & (L) ardl L (B e 0l (G132
underdeveloped seas will have less breaking and foam than more mature seas (Sugihara et al., 2007; Woolf, 2005; Salisbury et al., treq ~ X/ MSSe(U) where mss,; s, (U) is total mean square slope (3)

2013), while other studies suggest that as seas mature or background waves (swell) intrude, the extent of whitecapping decreases . .
( Lafon et al., 2007; Gemmrich et al., 2008; Sugihara et al., 2007; Kleiss et al., 2010). Recently the work of Salisbury et al. (2013), ¢) short-wave roughness ~ local wind & breaking for U > S m/s
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not breaking waves or foam effect f————— Key Result

- As a first proxy to evaluate wave state impacts on foam vs. roughness in radar and tied to changes above U = 5 m/s
radiometer data we use the longer wave mean square slope (ww3mss, for waves > 5 m)

Simple subtraction of baseline e, as given by

from either the buoy or wave model. Similar results are seen using either. --- RESULTS NEARLY SAME FOR z - . roug
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« Will be working to extract & examine the signal near storms and in
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