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• Overview of surface wind-SST coupling near SST frontal zones as 
observed by satellites on spatial scales of ~50-1000 km

• Wind-SST interaction over ocean eddies using eddy-tracking 
procedure based on merged SSH fields

• Example of feedbacks of wind-SST coupling onto the ocean
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Spatially-filtered QuikSCAT wind stress magnitude (colors) 
and AMSR-E SST (contours) averaged for 6/2002 to 5/2009

Enhanced stress 
over warmer water
and reduced stress 
over cooler water

Stress varies greatly Stress varies greatly 
between seasons, 
however…

Contours are spatially high-pass filtered AMSR-E SST with a contour interval of 0.5°C 
(solid=warm, dashed=cool)



colors => Filtered QuikSCAT wind stress magnitude
contours => Filtered AMSR-E SST with c.i.=1°C ( solid=warm, dashed=cool)
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Spatially filtered wind stress magnitude and SST averaged for 
JJA (2002-2008)

NH Summer

SH Winter



Spatially filtered QuikSCAT wind stress magnitude and SST 
averaged for DJF (2002-2009)

NH Winter

SH Summer



QuikSCAT wind stress magnitude vs. SST

Wind stress response to 
SST varies significantly 
between summer and 
winter

DJF, DJF, JJAJJA

winter

Differences in slopes 
between summer and 
winter indicate that 
seasonal stress 
differences not due to 
seasonal mesoscale 
SST variability



QuikSCAT wind speed vs. SST

Whereas the SST-
induced wind stress 
response varies by 

DJF, DJF, JJAJJA

The stress response to SST varies seasonally 
while the wind speed response does not? response varies by 

a large amount 
seasonally, the wind 
speed response to 
SST varies little.

while the wind speed response does not? 
What gives?



Why is there a seasonal cycle in SST-induced wind 
stress perturbations but not wind speed?

Neutral Drag Coefficient from Large et 
al. 1994

Stress perturbation from 1 m s-1

Wind stress response to SST is relatively stronger when the 
background winds are stronger during the winter.

In this example, stress perturbations are a factor of ~2.5 larger with the 
stronger background winds.

Background wind speed
Stress perturbation from 1 m s-1

wind speed perturbation

6 m s-1 0.018 N m-2

11 m s-1 0.045 N m-2

background winds are stronger during the winter.

Seasonal cycle in SST-induced wind stress may be a significant 
source of seasonal variability in the ocean near large-scale SST 

frontal zones.

(O’Neill et al., 2010, J. Climate, submitted)



Wind-SST interaction over propagating ocean 
eddies using a global eddy-tracking procedure

• Census of ocean eddies using a new global eddy tracking procedure 
based on merged anomaly SSH fields using 2 simultaneous altimeters 
(from the so-called AVISO Reference Series)

• 16 year period Oct 1992-Dec 2008 at 7 day intervals

• Tracking algorithm used here (Chelton et al. 2010, submitted to 
Prog. Oceano.) differs substantially from Chelton et al. (2007; GRL)



Chelton et al. (2010; Submitted to Prog. Oceano.)





















Conclusions

• Near SST frontal zones and ocean eddies, surface winds are 
stronger are warmer water compared to nearby cooler water.

• Evidence is quickly emerging that these wind-SST 
interactions feedback onto the ocean, which influence large-
scale basin circulations, coastal upwelling zones, Ekman 
pumping, and the eddy field.











Cross-spectral statistics in zonal wavenumber 
domain for wind speed and SST

-At zonal wavelengths of 
<20°, spectral phase 
shows SST leads wind 
speed

-Since winds are 

Zonal Wavenumber (Cycles per degree Longitude)

Computed from weekly-averaged QuikSCAT and 
AMSR-E wind and SST fields

-Since winds are 
predominantly westerly in 
these regions, this 
indicates SST forces the 
surface wind speed

-At longer wavelengths, 
wind speed leads SST, 
indicating wind speed 
forces SST



Satellite-moored buoy comparison methodology

SST Frontal Zone

Buoy A

Buoy B

Test the hypothesis that the wind speed difference             
V10nB-V10nA=δV10n depends on the SST difference TSB-TSA=δTS

This hypothesis is tested in a very simple way, first from 
moored buoys, to provide a means to compare the satellite 
wind response to SST with buoys.



17 buoy pairs in the Gulf Stream and eastern 
equatorial Pacific

Each line 

Broken into 3 regions:

1) Gulf Stream

2) Southern Equatorial Pacific

3) Northern Equatorial Pacific

Contours: mean 
AMSR-E SST

Vectors: QuikSCAT 
mean wind vector

Period: Jun-2002 to 
May-2009

Each line 
connecting two 
buoys represents a 
buoy pair



Gulf Stream

Equatorial Pacific

North (2°N-0°N) South (2°S-0°N)
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Buoy-measured wind speed differences are 
correlated positively with and related linearly to the 
SST differences.

No height or stability corrections applied to buoy 
wind measurements.
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Comparison between buoy and satellite wind responses 
using the slopes of the linear δV10n vs. δTS relation

Response of 10-m ENWs from QuikSCAT similar to most buoy 
pairs, although biased low over the south equatorial Pacific.

A similar analysis with AMSR-E winds in place of the QuikSCAT 
winds show a nearly identical result.



Slopes of linear relationship of buoy heat and buoyancy 
fluxes to δTS

- Buoyancy flux response to SST slightly smaller over equatorial Pacific 
and Gulf Stream, although fractional contribution of latent and sensible 
heat fluxes much different

- Sensible heat flux response to SST about half as large over eq Pac 
compared to Gulf Stream

- Latent heat flux response to SST more than twice as large over 
equatorial Pacific than over the Gulf Stream



Spatially filtered QuikSCAT wind speed (colors) and AMSR-E 
SST (contours) averaged for June-2002 to May-2009

ρ=0.70 ρ=0.73

Colors = spatially filtered QuikSCAT wind speed

Contours = spatially filtered AMSR-E SST with a c.i. of 0.5°C ( solid=warm, dashed=cool)

ρ=0.83 ρ=0.85



Comparing 10-m Neutral and Actual Wind Speed 
Relative to Surface Ocean Currents

• Computed using similarity theory-based state-of-the-art COARE 3.0 bulk flux 
algorithm (Fairall et al. 2003) using methodology of Liu and Tang (1996)

• According to similarity theory, difference between 10-m neutral and actual wind 
speed:
– Is very significant in extremely stable and low neutral wind speed 

conditions
– Decreases very rapidly for increasing wind speed in both stable and 

unstable conditions
– Is relatively small in unstable conditions for all neutral wind speeds

• This effect is not related to the turbulent mixing mechanism of Wallace et al. 
(1989) and Hayes et al. (1989)


