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Purpose

• Evaluate satellite observations of the surface 
wind response to SST frontal zones [length 
scales of O(10-1000 km)] using moored buoy 
observations

• How does the SST-induced responses of 
surface stratification and actual near-surface 
wind speed contribute to the 10-m equivalent 
neutral wind speed (ENW) responses to SST 
fronts? Stratification can be highly variable 
spatially as winds blow across SST fronts.



Motivation

7-yr mean spatially high-pass filtered QuikSCAT ENW (colors) and AMSR-E SST 
(contours)

Mesoscale features of QuikSCAT ENW and surface stress are highly correlated with 
those of AMSR-E SST



Motivation

Tropical instability waves are a dominant source of 
SST variability within several degrees of the equator in 
the eastern Pacific

TIWs propagate westward at roughly 50 cm/s and 
have wavelengths of between 1000 and 3000 km



Time-longitude transect along 
1°N for 2-year period

Spatially filtered:

AMSR-E SST (colors)

QuikSCAT ENW (contours)



QuikSCAT ENW and AMSR-E SST statistical 
analysis in the eastern equatorial Pacific

Spatially-filtered ENW perturbations are related 
linearly to SST
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Physics behind wind-SST interactions on 
the oceanic mesoscale

1) SST-induced hydrostatic pressure gradients generated by cross-
frontal boundary layer temperature and depth changes (locally low 
surface pressure over warm water and higher SLP over cooler 
water; e.g., Lindzen and Nigam 1987; Hashizume et al. 2001; Small 
et al. 2003JCLI, 2005JGR)

2) Cross-frontal boundary height changes in an equilibrium regime 
well downwind of front (e.g., Samelson et al. 2006; Spall 2007)

3) Secondary circulations (e.g., Hsu 1984; Wai and Stage 1989)
4) SST-induced modulation of vertical turbulent momentum transport 

from aloft to the surface (e.g., Sweet et al. 1981; Wallace et al. 
1989; Hayes et al. 1989)

5) SST-induced modulation of surface layer vertical profile of 
horizontal wind by cross-frontal changes of surface buoyancy fluxes 
(e.g., Friehe et al. 1991; Liu et al. 2007)

6) Surface drag (tau/H) balancing SST-induced pressure driven flow 
(Small et al. 2005; O’Neill et al. 2010)

7) Baroclinic modification of pressure gradients, vertical shear, and 
turbulent mixing in the surface layer and throughout the depth of the 
boundary layer



Methodology

SST Frontal Zone

Buoy B

Buoy A

Test the hypothesis that the wind speed difference              
V10B-V10A=δV10 depends on the SST difference TSB-TSA=δTS



17 buoy pairs in the Gulf Stream and eastern 
equatorial Pacific

Separation distances 
between buoys in 
each pair are between 
155 and 343 km

Sat/buoy evaluation 
performed for period 
6/1/2002-7/31/2009



ENW computed according to Liu and Tang (1996) 
using the COARE v3.0 bulk flux algorithm
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ENW difference related linearly to SST 
difference for all buoy pairs

This linear relationship independently confirms 
linear relationship observed from spatially-
filtered satellite ENW and SST fields.



Satellite-buoy evaluation procedure

• Collocated buoy and QuikSCAT ENWs that are 
within +/- 30 minutes

• Bilinearly interpolated QuikSCAT ENW to buoy 
positions

• Removed rain-flagged QuikSCAT ENW
• Linearly interpolated AMSR-E SST to QuikSCAT 

observation times and buoy positions
• Considered ENW range of 2-20 m/s
• Apply 10-day running mean to collocated wind 

and SST time series



Comparison between buoy and satellite ENW 
responses to SST

QuikSCAT ENW and AMSR-E SST

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



Comparison between QuikSCAT and AMSR-E 
ENW responses to SST

Using AMSR-E ENW produces a very similar result, 
including the low bias in the SEP.



Summary statistics of evaluation of the 
satellite wind-SST response
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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.



- Response of ENW V10n to SST is only about 10-30% larger than 
the response of the actual wind speed Vzw to SST

- Buoy ENW response to SST is caused mainly by the response of 
the actual near-surface wind speed to SST rather than near-
surface stratification 

Comparison of buoy wind speed and ENW 
responses to SST



Summary

• SST-induced response of QuikSCAT ENW 
similar to most buoy pairs, although biased 
low over the south equatorial Pacific 
(between the equator and 2°S)

• SST-induced response of the ENW can be 
interpreted principally as a response of the 
actual near-surface wind speed to SST
– SST-induced changes to surface layer 

stratification make relatively small contributions to 
ENW and stress responses to spatially-varying 
SST

• Manuscript submitted to Journal of Climate





Colors are spatially high-pass filtered QuikSCAT wind speed

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



Wind-SST interaction over the eastern Pacific cold 
tongue as observed from satellite

Wind stress magnitude is reduced over the TIW cold 
cusps compared to the surrounding warmer water

From Chelton et al. 
(2001; J. Climate), 
which corroborated 
satellite studies by Xie 
et al. (1998), Liu et 
al. (1998), and 
Hashizume et al. 
(2001).



Wind-SST interaction over the eastern Pacific cold 
tongue as observed from satellite

Tropical Instability Waves (TIWs)

- Wavelengths of 1000-2000 km

- Westward phase speeds of ~0.5 m s-1

- Typically active between September thru March

- Are usually more well-defined north of the equatorial cold tongue

From Chelton et al. 
(2001; J. Climate), 
which corroborated 
satellite studies by Xie 
et al. (1998), Liu et 
al. (1998), and 
Hashizume et al. 
(2001).



Buoy-QuikSCAT comparison statistics
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RMS differences larger over Gulf 
Stream – 1.09 to 1.42 m s-1

RMS differences between 0.76 
to 1.02 m s-1 

QuikSCAT winds biased low 
over eq. Pacific



Buoy-AMSR-E SST comparison 
statistics
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Gulf Stream V10n-V10 
histograms





Correlation coefficient between buoy δVzw and δTs







Motivation

7-yr mean spatially high-pass filtered QuikSCAT ENW (colors) and 
AMSR-E SST (contours)

Mesoscale features in ENW are highly correlated with those of SST



QuikSCAT ENW and AMSR-E SST 
statistical analysis

Spatially-filtered 
ENW is related 
linearly to SST
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