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Overview
•	 Brief review of SST influence on surface winds from QuikSCAT and AMSR.

•	 Background motivation for analysis of AMSU winds in the Gulf Stream region.
 -  Minobe et al. (2008) model-based analysis of SST influence on the troposphere.

 -  Underestimation of surface wind response to SST in the ECMWF model used in the Minobe
    et al (2008) study suggests that it likely underestimates the tropospheric response as well.

•	 Estimates of temperature, vorticity, vertical velocity, and divergence in the 
troposphere from AMSU temperature profiles in the Gulf Stream region in 
February 2007.



2-Month Average Wind Stress Magnitude



2-Month Average Wind Stress Magnitude
(Spatially High-Pass Filtered)



2-Month Average Wind Stress Magnitude and SST
(Spatially High-Pass Filtered)

C.I. = 0.5°C



From O’Neill et al. (2010a; 2010b)

(e.g., Nonaka and Xie 2003; OCE) and is associated with

strong seasonality of the SST fronts in this region (e.g.,

Nonaka and Xie 2003).

The mesoscale response of the wind speed to SST is

quantified statistically by bin-averagingmonthly averages

of the perturbation QuikSCAT wind speed as a function

of the perturbation AMSR-E SST over the 75-month

analysis period (Fig. 3). Wind speed perturbations are

related linearly to, and correlated positively with, me-

soscale SST perturbations over all four regions. The

relationship between themonthly-averaged spatially high-

pass filtered wind speed V9 and SST T9 can thus be ex-

pressed empirically as

V95a
y
T9, (2)

where ay is the least squares estimate of the slope of

these linear relations and represents the change in wind

speed per unit change in SST (i.e., ay 5 ›V9/›T9) and the

primes hereafter represent spatially high-pass filtered

fields. Notably, ay varies by nearly a factor of 2 geo-

graphically, from 0.27 m s21 per 8C over the Gulf Stream

to 0.49 m s21 per 8C over the Agulhas Return Current

(see Table 2). Additionally, ay is much larger in the two

Southern Hemisphere regions compared to those in the

Northern Hemisphere. The larger error bars at large

perturbation SST magnitudes in Fig. 3 are due to the

smaller numbers of samples in these bins. This is par-

ticularly acute over the Kuroshio, where the monthly-

averaged SST perturbations tend, on average, to be

smaller in magnitude than in the other three regions.

The geographical differences in ay between the four

regions are likely due to geographic differences in the

vertical structure of the boundary layer and large-scale

forcing. Seasonality of ay is investigated from 51 years

of satellite data over these four regions (and the eastern

tropical Pacific) in OCE.

Finally, we note that for SST perturbations warmer

than about 1.58, there is a subtle flattening of the bin-

averaged V9 relative to the linear fit, particularly over

the SouthAtlantic andAgulhas Return Current regions.

Interestingly, this flattening does not occur over cool

SST perturbations. This difference between the bin-

averagedV9 and the linear fit is less than about 0.25 m s21,

and there are very few data points in these outer bins, as

shown by the histograms in Fig. 3. Because this flattening

FIG. 1. Maps of the perturbation QuikSCAT wind speed (colors) and AMSR-E SST (contours) scalar-averaged

over the period June 2002–August 2008 for the four regions considered in this study. The contour interval for the

perturbation SST is 0.58C, and the zero contour has been omitted for clarity. Solid and dashed contours correspond to

positive and negative values, respectively. The spatial high-pass filter removes spatial variability with wavelengths

longer than 208 longitude 3 108 latitude, as discussed in the text.
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Figure 3: Binned scatterplots of the monthly—averaged: (top row) perturbation surface

wind stress magnitude |τ |′ as a function of the perturbation SST Ts
′
; and (middle row)

perturbation 10—m neutral wind speed V
′
as a function of Ts

′
. The dashed line in each

panel is a least—squares fit of the points to straight lines having a slope as indicated in
the lower right. (bottom column) Histograms of the monthly—averaged perturbation SST.
The bin—averages and SST histograms were computed using all the QuikSCAT wind and
AMSR—E SST fields over the period June 2002—August 2007 scalar—averaged at monthly
intervals.
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Figure 3: Binned scatterplots of the monthly—averaged: (top row) perturbation surface

wind stress magnitude |τ |′ as a function of the perturbation SST Ts
′
; and (middle row)

perturbation 10—m neutral wind speed V
′
as a function of Ts

′
. The dashed line in each

panel is a least—squares fit of the points to straight lines having a slope as indicated in
the lower right. (bottom column) Histograms of the monthly—averaged perturbation SST.
The bin—averages and SST histograms were computed using all the QuikSCAT wind and
AMSR—E SST fields over the period June 2002—August 2007 scalar—averaged at monthly
intervals.
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Figure 3: Binned scatterplots of the monthly—averaged: (top row) perturbation surface

wind stress magnitude |τ |′ as a function of the perturbation SST Ts
′
; and (middle row)

perturbation 10—m neutral wind speed V
′
as a function of Ts

′
. The dashed line in each

panel is a least—squares fit of the points to straight lines having a slope as indicated in
the lower right. (bottom column) Histograms of the monthly—averaged perturbation SST.
The bin—averages and SST histograms were computed using all the QuikSCAT wind and
AMSR—E SST fields over the period June 2002—August 2007 scalar—averaged at monthly
intervals.
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Figure 3: Binned scatterplots of the monthly—averaged: (top row) perturbation surface

wind stress magnitude |τ |′ as a function of the perturbation SST Ts
′
; and (middle row)

perturbation 10—m neutral wind speed V
′
as a function of Ts

′
. The dashed line in each

panel is a least—squares fit of the points to straight lines having a slope as indicated in
the lower right. (bottom column) Histograms of the monthly—averaged perturbation SST.
The bin—averages and SST histograms were computed using all the QuikSCAT wind and
AMSR—E SST fields over the period June 2002—August 2007 scalar—averaged at monthly
intervals.
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Figure 3: Binned scatterplots of the monthly—averaged: (top row) perturbation surface

wind stress magnitude |τ |′ as a function of the perturbation SST Ts
′
; and (middle row)

perturbation 10—m neutral wind speed V
′
as a function of Ts

′
. The dashed line in each

panel is a least—squares fit of the points to straight lines having a slope as indicated in
the lower right. (bottom column) Histograms of the monthly—averaged perturbation SST.
The bin—averages and SST histograms were computed using all the QuikSCAT wind and
AMSR—E SST fields over the period June 2002—August 2007 scalar—averaged at monthly
intervals.
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Figure 3: Binned scatterplots of the monthly—averaged: (top row) perturbation surface

wind stress magnitude |τ |′ as a function of the perturbation SST Ts
′
; and (middle row)

perturbation 10—m neutral wind speed V
′
as a function of Ts

′
. The dashed line in each

panel is a least—squares fit of the points to straight lines having a slope as indicated in
the lower right. (bottom column) Histograms of the monthly—averaged perturbation SST.
The bin—averages and SST histograms were computed using all the QuikSCAT wind and
AMSR—E SST fields over the period June 2002—August 2007 scalar—averaged at monthly
intervals.
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Figure 3: Binned scatterplots of the monthly—averaged: (top row) perturbation surface

wind stress magnitude |τ |′ as a function of the perturbation SST Ts
′
; and (middle row)

perturbation 10—m neutral wind speed V
′
as a function of Ts

′
. The dashed line in each

panel is a least—squares fit of the points to straight lines having a slope as indicated in
the lower right. (bottom column) Histograms of the monthly—averaged perturbation SST.
The bin—averages and SST histograms were computed using all the QuikSCAT wind and
AMSR—E SST fields over the period June 2002—August 2007 scalar—averaged at monthly
intervals.
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Linear Relationships Between Wind Stress and SST and Between Wind Speed and SST

Spatially High-Pass Filtered 6-Year Averages of Wind Speed with Contours of SST



Animation of Spatially High-Pass Filtered Monthly Average 
SST and Wind Stress Magnitude in the 

Agulhas Return Current Region
(July 2002 - December 2009)






Animation of Spatially High-Pass Filtered Monthly Average 
SST and Wind Stress Magnitude in the 

Gulf Stream Region
(July 2002 - December 2009)






This is similar to diurnal variation of the 
atmospheric boundary layer over land:
   -  nocturnal stable boundary layer
      from radiative cooling
   -  daytime unstable boundary layer
      from solar heating of the land
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Schematic Summary of SST Influence on the Wind Speed Profile 
in the Marine Atmospheric Boundary Layer

This coupling between SST on scales smaller than ~1000 km is opposite 
the negative correlation that occurs on basin scales:

- surface winds are positively correlated with SST on these small scales. 
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Wind Stress Magnitude and SST

QuikSCAT QuikSCAT

ECMWF ECMWF

Surface Wind Response to SST in QuikSCAT Observations
and the ECMWF Operational Forecast Model

Wind Stress Divergence and 
Downwind SST Gradient



Since the ECMWF model underestimates the surface wind response to 
SST by about a factor of 2, it seems likely that it also underestimates the 
tropospheric response to SST.

To investigate this, we are analyzing the AMSU profiles of temperature 
through the troposphere and boundary layer to estimate horizontal and 
vertical velocity fields from the Linear Balanced Model.

The resolution of AMSU temperature profiles is about 100 hPa vertically with a 
footprint size that increases from about 50 km at nadir to about 150 km at the outer 
edges of the swath. 

The AMSU temperature data were gridded on a 0.5º x 0.5º grid with a vertical grid 
spacing of 50 hPa for the analysis presented here.



Wind Estimates from AMSU Profiles of Temperature
Step 1: The Rotational Component of the Wind Field



Wind Estimates from AMSU Profiles of Temperature
Step 2: The Vertical Velocity and Divergence of the Wind Field



Two Case Study Months Chosen Based on QuikSCAT Winds and AMSR SST
January 2007

February 2007



February 2007

This presentation focuses on February 2007

Two Case Study Months Chosen Based on QuikSCAT Winds and AMSR SST



QuikSCAT Surface Wind Divergence and Vorticity with contours of AMSR SST
February 2007



QuikSCAT Surface Wind Divergence and Vorticity with contours of AMSR SST
February 2007
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SST SST

AMSU 1000 mb Wind Divergence and Vorticity with contours of AMSR SST
February 2007
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Vertical Sections of AMSU Temperature and Derived Quantities
(Vorticity, Vertical Velocity and Divergence)

February 2007



Summary
•	 AMSU temperature profiles provide an exciting new observational dataset for 
investigation of SST influence on the troposphere. 
  -   The AMSU data are complementary to scatterometer observations of SST influence
      on surface winds.

•	 The AMSU data show clear evidence for SST influence on vorticity, divergence and 
vertical velocity throughout the troposphere.
  -   These tropospheric responses may have far-reaching effects on the general circulation
      of the atmosphere.

•	 The vertical velocity estimates derived from AMSU data are dynamically forced by 
the surface divergence field, rather than thermodynamically forced by heating of the 
marine atmospheric boundary layer. 

This research was supported by NOAA and NASA



Caveats
•	 The irrotational winds presented here from Step 2 are the result of only dynamical 
forcing by the nondivergent part of the wind field obtained from Step 1.

•	 The effects of heating and friction that have been neglected may both have as large an 
effect as divergence on the vertical velocity.

Next Steps
•	 Compare the AMSU estimates of vorticity, divergence and vertical velocity to the 
ECMWF model fields. (NCEP wind fields are inadquate for this purpose.)

•	 Determine the relative importance of dynamical forcing, convective heating, and 
internal friction on the SST-induced vorticity, divergence and vertical velocity.
   -   This will be done through a combination of mesoscale modeling and data analysis.

•	 Estimate surface pressure from the AMSU temperature profiles to investigate the 
importance of SST-induced surface pressure perturbations to the surface divergence 
and vertical velocity fields in the Gulf Stream region.
  -   The Minobe et al. (2008) study based on model pressure and wind fields suggests that SST
       influence on surface pressure may be more important than the frictional effects of SST-induced
       vertical turbulent mixing.

This research was supported by NOAA and NASA



2-Month Average Wind Stress Magnitude and SST
(Spatially High-Pass Filtered)



2-Month Average Wind Stress Magnitude and SST
(Spatially High-Pass Filtered)



2-Month Average Wind Stress Magnitude and SST
(Spatially High-Pass Filtered)




