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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 vorticity, vertical velocity, and divergence in the troposphere from
AMSU temperature profiles in the Gulf Stream region, January-February 2007.



Spatially High-Pass Filtered 6-Year Averages of Wind Speed with Contours of SST
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Influence of the Gulf Stream on the troposphere
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Surface Wind Response to SST in QuikSCAT Observations

and the ECMWEF Operational Forecast Model

Wind Stress Magnitude and SST Wind Stress Divergence and
Downwind SST Gradient
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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 0.5° x 0.5° 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

The hydrostatic equation for the atmosphere with the ideal gas law is
o  RT
agp  p

where ® is the geopotential height, p is pressure, T is the temperature
sounding measured by AMSU, and R is the gas constant for dry air.

The hydrostatic equation was integrated downward using the geopotential
®(p = 50 hPa) from the NCEP operational model as an upper boundary
condition to obtain the 3-dimensional geopotential field, ®(z, y, p).

A 3-dimensional streamfunction field ¢ (x,y, p) was then obtained from
®(x,y,p) using the linear balance equation,

V- fVY(z,y,p) = V2®(z,vy,p).

Boundary conditions for v (x,y, p) were again obtained from the NCEP
operational forecast model.

Finally, the nondivergent component of the vector wind field and the
relative vorticity were obtained from the streamfunction field by

vy(2,y,p) = k x Vij(z,y,p)

C(@y,p) = V x vy = V2U(2,9,0).
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Wind Estimates from AMSU Profiles of Temperature
Step 2: The Vertical Velocity and Divergence of the Wind Field

The vertical velocity (total derivative of pressure following an air parcel) is
w = Dp/Dt, which can be obtained diagnostically from a pair of equations
that are derived from the vorticity and thermodynamic equations of the
Linear Balanced Model,
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where

e 0 is a domain-averaged static stability parameter that is a function of
pressure only and can be computed from the geopotential ¢ that is
defined in terms of the AMSU temperature profiles in Step 1.

e The streamfunction ¢ and the nondivergent component vy, of the wind
field were obtained in Step 1.

e Convective heating and internal friction have been neglected
(see Summary slide).

The two unknowns in this equation are w and 9v/0t. Because of the time
derivative, these equations are not strictly diagnostic. The equations can

be solved iteratively until convergence to obtain both w and 0v /0t starting
with an initial guess of w = 0. A bottom boundary condition of w = 0 at the
sea surface is assumed.

The resulting solution for w is then used to compute the divergence from the
continuity equation,
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Two Case Study Months Chosen Based on QuikSCAT Winds and AMSR SST
January 2007
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Two Case Study Months Chosen Based on QuikSCAT Winds and AMSR SST

This presentation focuses on February 2007

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

February 2007
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AMSU 1000 mb Wind Divergence and Vorticity with contours of AMSR SST

February 2007
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February 2007/

AMSU 1000mb, AMSR SST
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February 2007/
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AMSU 550mb, AMSR SST
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AMSU 400mb, AMSR SST AMSU 400mb, AMSR SST

S0ON - = 50N - -
I' W lw 1 1
; '!k D1 /’—. ; =!k =)
45N . = 45N v T8
":Sﬂzfﬂg’ i ;
'L-é'\\-'i&&
40N %' 2o T 40N
2)' '
35N 48878 A 35N
- EELNCN,
25N h : —I\/\/:\KLEJ 1 | 1 25N ;
85W 75W 65W 55w 45W 35W 85W 75W 65W S55W 45W 35W
EHE ™ e
-0.5 0.0 0.5 —0.08 -0.04 0.00 0.04 0.08
HP Filtered Temperature (°C) Vertical Velocity, —w (Pa/s)
AMSU 400mb, AMSR SST AMSU 400mb, AMSR SST
SON = S0ON Z S T

45N 45N
40N 40N
35N 35N
30N 30N .
%5 35W %; 75W fé; 55W 45w 35W
EE T "
—0.40 —-0.20 0.00 0.20 0.40 -6.0 -3.0 0.0 3.0 6.0

Divergence (m/s per 100km) Relative Vorticity (m/s per 100km)



50N

45N

40N

35N

50N

45N

40N

February 2007/
AMSU 350mb, AMSR SST
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AMSU 300mb, AMSR SST
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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.

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.

N(;S)A' This research was supported by NASA and NOAA




Next Steps

» Determine the relative importance of dynamical forcing, convective heating, and
internal friction on the SST-induced vorticity, divergence and vertical velocity
perturbations in the troposphere.

- 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.

N(;S)A' This research was supported by NASA and NOAA





