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

 Brief review of motivation for investigation of tropospheric winds in the NW Atlantic:
- Minobe et al. (2008; 2010) model-based analysis of SST influence on the troposphere.

 Brief review of estimates of tropospheric vorticity, vertical velocity, and divergence
from AMSU temperature profiles in the NW Atlantic, February 2007.

« Assessment of the AMSU-based tropospheric wind estimates from analysis of the
wind fields from the COAMPS mesoscale atmospheric model.



Surface Wind Response to SST in QuikSCAT Observations

and the ECMWEF Operational Forecast Model
Wind Stress Magnitude and SST
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Surface Wind Response to SST in QuikSCAT Observations

and the ECMWEF Operational Forecast Model
Wind Stress Magnitude and SST
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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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Influence of the Gulf Stream on the troposphere

Shoshiro Minobe', Akira Kuwano-Yoshida®, Nobumasa Komori®, Shang-Ping Xie®* & Richard Justin Small’®
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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 Balance 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.



February 2007 Case Study Chosen Based on
QuikSCAT Winds and AMSR SST
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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
AMSU-A1
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The hydrostatic equation was integrated downward using the geopotential N C4
®(p = 50 hPa) from the NCEP operational model as an upper boundary <
condition to obtain the 3-dimensional geopotential field, ®(z,y, p).
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where ® is the geopotential height, p is pressure, T" is the temperature
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A 3-dimensional streamfunction field ¢ (x,y,p) was then obtained from
®(x,y,p) using the linear balance equation,

V- fVi(z,y,p) = V®(z,y,p) . AMSU-A2
Nadir
— Clear Sky

Boundary conditions for ¢(x, y, p) were again obtained from the NCEP
: - Whater Cloud

operational forecast model.
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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 Vi(z,y,p)
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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 Balance Model,
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e ¢ is a domain-averaged static stability parameter that is a function of pressure only
and is computed from the AMSU temperature profiles as

& = —(Ra/p)(p/po) R4/ 99 /ap

where R; is the Universal gas constant for dry air, p is pressure, pg is the reference
pressure of 1000 mb, Cpq is the specific heat of dry air at constant pressure, and 6 is
the potential temperature.

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 Conclusions slide).

The two unknowns in this equation are w and 9y /dt. Although there are time deriva-
tives in these equations, the streamfunction is not integrated forward in time. Only its
tendency is computed. The two equations are therefore diagnostic in two variables, but
must be solved iteratively until convergence to obtain both w and dv/dt starting with
an initial guess of d1/0t = 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,
ow
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AMSU February 2007, 950 mbar (~540 m)

AMSU 950mb, AMSR SST
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AMSU February 2007, 400 mbar (~7200 m)
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ECMWF February 2007, 400 mbar (~7200 m)
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Question

Are the small-scale structures in the vorticity, vertical velocity and
divergence fields computed from AMSU data by the Linear Balance Model
real, or are they artifacts of inadequacies of the Linear Balance Model?



Assessment of AMSU Estimates of Tropospheric Winds
from the COAMPS Mesoscale Atmospheric Model

Procedure

« Simulate AMSU-based estimates of tropospheric winds by analyzing
the temperature fields from the COAMPS model as if they were AMSU
temperature profiles.

« Compute vorticity, vertical velocity and divergence from the COAMPS
temperature fields based on the Linear Balance Model.

« Compare the vorticity, vertical velocity and divergence fields from the Linear
Balance Model with the “true” fields from the COAMPS model.

« Compare the surface vorticity and divergence fields from both the COAMPS
model and the Linear Balance Model with measurements by QuikSCAT.

» Synthesize the above comparisons to assess the performances of both the
COAMPS model and the Linear Balance Model.



Comparisons of COAMPS and LBM Vorticity, Vertical Velocity & Divergence

in the Middle Troposphere (500 mb, or about 5600 m)
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COAMPS and LBM vorticity and vertical velocity fields generally agree on large scales above the boundary layer.
There is more small-scale structure in the LBM vorticity and vertical velocity fields, which appears to correlate with SST.
The divergence fields are difficult to interpret.
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LINBAL 750mb

Vertical Sections of Temperature, Vorticity, Divergence and
Vertical Velocity from the LBM
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Comparisons of QuikSCAT, COAMPS and LBM “Surface” Vorticity & Divergence
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Small-scale vorticity is much too weak in COAMPS and much too strong and correlated with SST in LBM.
Small-scale divergence in COAMPS is comparable to QuikSCAT, but is much too weak in LBM.

These results suggest that:
- friction is too strong in our implementation of the COAMPS model.
- frictional terms are needed in the boundary layer in the LBM.

1000 mb corresponds to
an altitude of about 110 m



Conclusions and Next Steps

Near-surface thermal low and high pressures associated with small-scale SST
variability appear to be frictionally balanced in COAMPS but geostrophically balanced

in the Linear Balance Model.

Reducing near-surface friction in our implementation of the COAMPS model will likely:

- decrease the surface divergence
- increase the surface relative vorticity

Adding near-surface friction terms to the Linear Balance Model will likely:
- increase the surface divergence
- decrease the surface relative vorticity

The influence that these changes will have on winds in the troposphere is uncleatr.
Speculation:

- If decreasing near-surface friction in the COAMPS model reduces surface divergence, vertical
velocity will likely also decrease, thus reducing the SST influence on tropospheric winds.

- If adding frictional terms in the boundary layer in the Linear Balance Model increases surface
divergence, vertical velocity will likely also increase, thus increasing the SST influence on

tropospheric winds.

The eventual goal after sorting out the modeling issues is to use the model results to
assess the utility of AMSU data for estimation of tropospheric response to small-scale
SST variability.





