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The climate data record challenge: sustained satellite observations of the key 
variables of interest (surface winds, SST and SSH)
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An Example Climate Data Record
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QuikSCAT Wind Stress Magnitude, January 2007 
Total Wind Stress Magnitude

Spatially High-Pass Filtered Wind Stress Magnitude

Linear Relations Between
Wind Stress Magnitude and SST
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Zonal Wavenumber Spectra of Wind Stress Magnitude
January 2001 - 2008

Kuroshio Extension Agulhas Return Current
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Wind vorticity and wind 
stress curl associated with 
crosswind SST gradients

Wind and wind stress 
divergence associated 
with downwind SST 
gradients

SST front



ECMWF Operational

ECMWF ERA-I Reanalysis

NCEP Operational

NCEP RA2 Reanalysis

QuikSCAT

Distributions of Large-Scale and Small-Scale Ekman Upwelling Velocites
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Published Studies of Feedback Effects on Ocean Circulation

%�!!�&�'(�%(&�)(�*�����	&�+(�)(�/�����	&��(�#�����&���	�3(���	�����&�45569����
�����
of ocean-atmosphere coupling on the properties of tropical instability waves. Geo-
phys. Res. Lett., 31, L16306, doi:10.1029/2004GL019995.

Seo, H., M. Jochum, R. Murtugudde, A. J. Miller, and J. O. Roads, 2007: Feedback 
of tropical instability-wave-induced atmospheric variability onto the ocean. J. Climate, 
20, 5842-5855.

Spall, M. A., 2007: Effect of sea surface temperature-wind stress coupling on baro-
clinic instability in the ocean. J. Phys. Oceanogr., 37, 1092-1097.

Hogg, A. McC., W. K. Dewar, P. Berloff, S. Kravstov, and D. K. Hutchinson, 2009: 
The effects of mesoscale ocean-atmosphere coupling on the large-scale ocean cir-
culation. J. Climate, in press.

Jin, X., C. Dong, J. Kurian, J. C. McWilliams, D. B. Chelton, and Z. Li, 2009: SST-
wind interaction in coastal upwelling: Oceanic simulation with empirical coupling. J. 
Phys. Oceanogr., in press.

Note: The coupling in all of these studies except Seo et al. (2007) is empirical, de-
duced from QuikSCAT observations.



SST-induced positive wind stress curl 
generates upwelling and cyclonic 
vorticity that pushes the wave crest 
poleward and the trough equatorward

=> positive feedback that enhances
     the growth rate of an instability

SST-induced negative wind stress 
curl generates downwelling and 
anticyclonic vorticity that pushes the 
wave crest equatorward and the trough 
poleward

=> negative feedback that reduces
     the growth rate of an instability
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Empirical SST-induced changes 
in the wind stress:

Ekman-pumping velocity:
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Conclusions of the Hogg et al. (2009) study:
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Average Wind Stress
Days 40-80

(negative southward)

initial
(uncoupled)

coupled, based on 
1x, 2x and 0.5x the
empirically observed
coupling deduced from
QuikSCAT observations
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Empirical Coupling



Temperature and Alongshore Velocity
Uncoupled Coupled Difference

Jin et al. (2009, J. Phys. Oc., in press)
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Area-Averaged KE

Temporal Evolution of the Eddy Field

coupled

uncoupled

Sea-Surface Temperature, Day 60
Uncoupled Coupled

Note the weaker cross-shore gradient of SST and the weaker 
eddy kinetic energy in the coupled model run.

Jin et al. (2009, J. Phys. Oc., in press)
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Uncoupled Coupled

Surface Vorticity (Normalized by f ) on Day 160

In the coupled simulation, cyclonic eddies (red) are weakened and 
there is a much greater abundance of anticyclonic eddies (blue).

Jin et al. (2009, J. Phys. Oc., in press)
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Conclusions of the Jin et al. (2009) study:
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Influence of ocean-atmosphere coupling on the properties of tropical

instability waves

GEOPHYSICAL RESEARCH LETTERS, VOL. 31, L16306, doi:10.1029/2004GL019995, 2004

t!¼ t0!þ
a SST � SST
� �

b SST � SST
� �

0
@

1
A

Empirical SST-induced changes in the
wind stress based on QuikSCAT observations:

SST = model instantaneous SST
SST = model time-averaged SST
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Feedback Effects of TIW SST-Induced Perturbations of Surface Wind Stress
on SST and Upper-Ocean Temperature and Velocity

Conclusions of the Pezzi et al. (2004) and Seo et al. (2007) 
studies:
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Conclusions
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����What are the climate impacts?
    Sustained scatterometer and microwave SST observations with resolution and accuracy 

at last as good as QuikSCAT and AMSR are required to understand the implications for 
short-term and longer-term climate variability.
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