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1. INTRODUCTION

Over the last 10 years, the European Space
Agency (ESA) ERS1 and ERS2 and the NASA
NSCAT scatterometers have improved our ability to
identify, locate and understand midlatitude storms
and fronts (Brown and Levy, 1986; Brown and
Zeng, 1994; Zierden et al., 2000; Levy and Brown,
1991). With a 1700-km-wide swath and a 25-
km grid-spacing, the SeaWinds-on-QuikSCAT (QS)
scatterometer offers an unprecedented look at the
surface wind field over the ocean. Complex struc-
tures are revealed, such as double lows, double
cold fronts, wind field asymmetries around lows and
frontal waves.

Midlatitude cyclones are investigated here using
QS surface wind measurements and a planetary
boundary layer (PBL) model, along with ancillary
data and satellite imagery. Examples are given over
the Southern Ocean.

2. MODELS AND TOOLS

The PBL model and tools developed by Patoux
and Brown (2001) are used to compute surface
pressure fields from QS surface wind measure-
ments. The model includes a gradient wind cor-
rection that improves the estimation of the pres-
sure field in regions of strongly curved flow (Patoux
and Brown, 2002). The resulting pressure fields are
used to correct the QS winds for errors due to rain
contamination and to the geometry of the antenna.

By plotting 7 successive swaths of pressure, a
quasi-synoptic picture of the global marine sur-
face pressure can be obtained. Fig. 1 is such
a hemispheric map for the Southern Hemisphere.
Note that the swaths are separated by 101 min-
utes. For comparison, the corresponding Euro-

pean Centre for Medium-Range Weather Forecasts
(ECMWF) surface pressure field is shown in Figure
2. One will note that the cyclones are deeper (lower
central pressure and stronger pressure gradients)
and the fronts more pronounced (sharper curvature
changes) in the QS-derived pressure fields. This is
due to the gradient wind correction taking into ac-
count the centrifugal acceleration where the curva-
ture of the flow is strong. This is illustrated in fig-
ure 3 with two examples over the Southern Ocean.
Panel (a) shows a QS swath cutting through an an-
ticyclone. The colors and thick contours correspond
to the pressure field retrieved from QS winds. For
reference, the dashed contours in the background
represent the closest-in-time National Center for
Environmental Prediction (NCEP) surface pressure
analysis. Panel (b) shows the same after the gradi-
ent wind correction has been applied. One will note
that the high is “flatter”, with low winds at the cen-
ter, as predicted by theory (Holton, 1992). Panel
(c) shows the same data for a QS swath cutting
through a midlatitude cyclone. In panel (d), the gra-
dient wind correction has been applied. One will
notice the tighter isobars (and stronger geostrophic
winds) on the Western flank of the low and the dif-
ferent shape of the system overall. This asymmetry
is not captured without the correction.

3. EXAMPLES

Surface pressure, divergence of the corrected
QS winds and satellite infrared images obtained
from the Global Hydrology Resource Center
(GHRC) are used to identify storms and study their
development. Two examples are shown in figure 4.

Panel (a) shows a strip of convergence (in red)
corresponding to a cold front wrapping around a
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low. The cyclone and front are visible in the pres-
sure field shown in panel (b). Panel (c) is the cor-
responding infrared satellite image. This almost
ideal “comma”-shaped cyclone is characterized by
the absence of a warm or occluded front. More is
shown about the development of this frontal wave
in a joint-poster and extended abstract presented in
this session (Patoux and Brown).

Panels (d) through (f) show a mature storm with
an occlusion. The so-called “T-bone” structure is
observed here in great detail, with in particular a
decrease in convergence at the junction between
the two fronts. The cold front is over 3000 km long
and will survive the parent system for several days.

4. CONCLUSION

High-resolution surface winds have been pro-
duced steadily since July 1999 from QS measure-
ments. The surface structure and development
of storms can now be studied with an extensive
three-year data set covering most of the world
oceans. More examples and analyses are available
at pbl.atmos.washington.edu.
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Figure 1: Quasi-synoptic hemispheric view of the Southern Ocean obtained by running a pressure retrieval model
on seven consecutive QuikSCAT swaths
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Figure 2: ECMWF surface pressure field corresponding to figure 1
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Figure 3: Gradient wind correction on surface pressure fields over the Southern Ocean (a-b) anticyclone
(c-d) cyclone



"Comma"-shaped storm

(a) Divergence  (10-5 s-1)

120˚W 90˚W 60˚W

60˚S

30˚S

120˚W 90˚W 60˚W

60˚S

30˚S

(b)

(c)

Pressure (mb)

IR satellite image

60˚E 90˚E 120˚E

"T-bone"

(d) -5

-4

-3

-2

-1

0

1

2

3

4

5

60˚E 90˚E 120˚E

(e)

(f)

976
980
984
988
992
996

1000
1004
1008
1012
1016
1020
1024
1028

Figure 4: Two examples of storms over the Southern Ocean


