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2-Month Average Wind Stress Magnitude



2-Month Average Wind Stress Magnitude and SST
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Agulhas Return Current (Southwest Indian Ocean)

Note that the “feature resolution” of atmospheric models is generally about 5 times 
coarser than the model grid spacing.

Note also that all of the models underestimate the surface wind response to SST 
by about a factor of 2–3 compared with QuikSCAT.
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NCAR CCSM3.0
Atmosphere: 1.4°x1.4°, Ocean: 1°x1°

GFDL CM2.0
Atmosphere: 2.5°x2.0°, Ocean: 1°x1°

ECMWF Operational Model
Atmosphere: ~39 km, RTG SST: 0.5°x0.5°

QuikSCAT wind stress (~25 km)
AMSR SST (~50 km)



Sensitivity studies with the Weather Research & Forecasting
(WRF) mesoscale model to investigate the underestimation of
surface wind response to SST in the ECMWF model.

Resolution of the SST boundary condition

Model grid resolution

Parameterization of horizontal mixing

Parameterization of vertical mixing
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Can an influence of SST be detected
in tropospheric winds?

3D real-time simulations made with the Weather Research
and Forecasting (WRF) model.

with a marine PBL model (Grenier and Bretherton, 2001).

2D idealized experiments

Difficult to see in the wind speed, but clear in
the divergence.
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WRF wind speed QuikSCAT observation

(July 2002, spatially high-pass filtered)
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AMSR SST Smoothed SST (L20x10)

(L20x10: spatially low-pass filtered with half-power filter cutoffs of
20◦ longitude by 10◦ latitude)
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WRF surface wind divergence and downwind SST gradient
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Wind response to AMSR, RTG, and Reynolds SST
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Realistic SST fields are vitally important to accurately simulate
the air-sea coupling near ocean front.

The complexities in SST fields and atmospheric variablities
hinder the explanation of vertical structure of the divergence
field.

A series of WRF experiments were performed forced with
various low-pass filtered AMSR SST fields to look at the
differences in vertical cross-section of divergence:

WRF with raw AMSR SST — baseline simulation.
WRF with smoothed AMSR SST.
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x-z: rms of differential divergence along zonal section

Larger Error due to Decreasing SST Influence
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x-z: rms of differential divergence along zonal section

Larger Error due to Decreasing SST Influence
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Divergence difference: AMSR Raw minus L20x10

All of differences are due to coarse SST resolution.
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Vertical Motion (2D idealized WRF, SST bump)

10 m/s wind
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Horizontal Divergence (2D WRF, SST ⊕)

10 m/s wind
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Horizontal Divergence (2D WRF, SST 	⊕	)

10 m/s wind
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Conclusions

SST exterts a strong influence on surface winds over SST
fronts associated with surface ocean currents.

The SST influence can be detected in the troposphere from
rich vertical structure in the horizontal divergence. The
perturbations appear to propagate upward through gravity
waves.

This is in contrast with Liu et al. (2007) and Minobe et al. (2008).

time scale matters?

The model inadequacies are due to 3 primary factors:
Grid resolution of the atmospheric models
Accuracy and resolution of the SST fields.
Parameterization of vertical mixing sensitivity to
atmospheric stability.
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Future work

The impact of vertical propagation of the SST-induced
perturbation will be explored through analyses of

its upward momentum transfer into the troposphere.
its impact on the large-scale air flow.
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Horizontal Motion (2D idealized WRF, SST bump)

10 m/s wind
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Spectra of Geopotential Height from WRF
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ECMWF divergence at 850 mb and 700 mb

(a)

ECMWF Divergence at 850 mb, Dec−Jan 1999
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ECMWF Divergence at 850 mb, Dec−Jan 2001

0   20E 40E 60E 80E 100E

55S

45S

35S

25S

ECMWF Divergence at 850 mb, Dec−Jan 2002
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(e)

ECMWF Divergence at 700 mb, Dec−Jan 1999
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ECMWF Divergence at 700 mb, Dec−Jan 2000
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ECMWF Divergence at 700 mb, Dec−Jan 2001
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ECMWF divergence at 850 mb and 700 mb

(a)

ECMWF Divergence at 850 mb, Dec−Jan 1999
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(e)

ECMWF Divergence at 700 mb, Dec−Jan 1999
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ECMWF Divergence at 700 mb, Dec−Jan 2000
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ECMWF Divergence at 700 mb, Dec−Jan 2001
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Small-Scale Variance in ECMWF Divergence
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Horizontal Divergence (2D WRF, SST 	)

10 m/s wind
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Vertical Motion (2D WRF, SST 	)

10 m/s wind
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