
Introduction
It has been well established that
Synthetic Aperture Radar (SAR) images
over the ocean can provide wind infor-
mation over small spatial scales. SAR
image data can be used quantitatively
as an imaging scatterometer if the SAR
is calibrated and a suitable wind
retrieval model is available [Vachon &
Dobson 1996; Wackerman et al. 1996;
Fetterer et al. 1998]. Canada’s Radarsat
SAR (C-band HH polarisation) with its
ScanSAR wide mode characterised by
a swath width of 500 km at a spatial
resolution of 100 m, can provide both
synoptic-scale and small-scale views of
the imprint of mesoscale meteorological
processes and features on the ocean’s
surface.

Atmospheric mesoscale cyclonic 
vortices that develop in the regions

between sea ice (or cold land) and the
ocean during cold air outbreaks are of
increasing interest [Twitchell et al. 1989;
Heinemann & Claud 1997; Mitnik et al.
1996]. Often referred to as polar lows,
intensive mesoscale cyclones are
formed poleward of major jet streams in
cold air masses or frontal zones; their
cloud mass is mainly convective in 
origin [Businger & Reed 1989]. With
small spatial scales (< 500 km) and
short life times (24 to 48 hours), it may
be difficult for numerical weather predic-
tion models to fully simulate their initia-
tion, temporal evolution, and spatial
structure. Since polar mesoscale
cyclones usually occur in data sparse
regions, satellite images have been an
important tool for the detection and
characterisation of these phenomena
[Heinemann & Claud 1997; Mitnik et al.
1996]. These high-latitude outbreaks

also have a role in understanding and
quantifying the intense fluxes of heat
and moisture from sea to air that
accompany oceanic deep convection
[Marshall et al. 1998].

In this paper, we consider two such fea-
tures observed in (thus far) uncalibrated
Radarsat ScanSAR images. We then
consider the more generic issue of wind
retrieval from Radarsat SAR images and
present wind speed validation results
from single-beam mode observations
taken over ships and buoys.

Labrador Sea mesoscale cyclones
Figure 1 shows a Radarsat ScanSAR
wide image of an intense mesoscale
cyclone (MC) over the Labrador Sea.
The image was acquired for routine ice
surveillance [Bradley et al. l998] on 29
December 1997. On this date, the sea-
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level pressure charts indicate the exis-
tence of a cyclone between Baffin
Island and Greenland. The Radarsat
image shows, in detail, the spiral-form
structure of the surface wind field
around the ‘eye’ (the dark ellipsoid-
shaped pattern) of the polar MC. The
surface wind convergence zone at the
core of the MC is characterised by
sharp wind field gradients across the
frontal boundary that converges
towards the ‘eye’. According to coastal
weather stations, a strong, very cold
western wind was blowing across the
ice edge throughout 29 December. The
advection of cold air from Baffin Island
to the warmer open water is apparent
as the bright area in the image. The

strong airflow becomes organised
downstream from the ice edge into a
second-order flow with roll vortices that
are seen on the image as spiral-form
cloud streets. The spatial evolution of
the cloud streets is characterised by an
increase in the aspect ratio of the roll
vortices downstream from the ice edge,
due mainly to deepening of the bound-
ary layer [Hartmann et al. 1997]. Deep
cellular convection is evident north of
the ‘eye’. The strong airflow leaving the
ice edge has high stability (see the
bright area to the lower left left of the
‘eye’), but quickly de-stabilised down-
wind due to the strong sensible heat
flux from the relatively warm ocean.

According to numerical models for polar
low development [Nordeng &
Rasmussen 1992; Okland 1989;
Heinemann & Claud 1997], both the
region of low level shallow convection
confined by a capping inversion and the
region of deep convection, may be
important for the development of polar
MCs. Figure 1 shows that Radarsat
images may be used to distinguish the
fine structure of the wind field over dif-
ferent stability and convective regimes.
This capability, combined with existing
satellite and numerical studies of polar
MCs [Heinemann & Claud 1997], may
be useful for studying the driving mech-
anisms for initiation, development, and
maintenance of polar MCs. The retrieval
of the low-level wind field structure from
Radarsat images of polar MCs may
help to improve the numerical simula-
tion and forecasting of MCs. A difficulty
in quantifying the intensity of oceanic
deep convection is to know both the
intensity and area of sea to air heat and
moisture transfers that are driving the
convection by cooling the surface
waters. The surface structures in the
wind field (the fluxes are proportional to
the strength of the wind and the air-sea
temperature difference) seen by the
SAR can be interpreted with simple
boundary layer models to provide quan-
titative estimates of the fluxes over
extended periods of time.

Figure 2 shows a case from 15 January
1998 in the Labrador Sea close to the
Newfoundland coast. The sea-level
pressure charts for this date show a
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Ascending pass Radarsat ScanSAR
wide image of northern Labrador Sea
between Baffin Island and Greenland
acquired 29 Dec.1997 at 21:19 UTC.
The image covers 500 × 1000 km and
was supplied courtesy of Canadian Ice
Services. (SAR data ©CSA 1997)

Ascending pass Radarsat ScanSAR
wide image of Labrador Sea showing
the island of Newfoundland and the
Labrador coast acquired 15 Jan.1998
at 21:18 UTC. The image covers 500 ×
1450 km and was supplied courtesy of
Canadian Ice Services. (SAR data
©CSA 1998).
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closed synoptic low centred north of
Newfoundland. As in the previous case,
the regions of deep cellular convection
(north of the ‘eye’) and strong stable
flow advected from the land (bright area
below the ‘eye’) are apparent. The
strong airflow is separated from the
calmer wind (dark area) with a sharp
spiral-form frontal boundary converging
to the calm and warm ’eye’ of the MC.
Note that the frontal boundary curves
across the landmass and is contiguous
offshore further to the north. Lee waves
are seen downwind of Newfoundland.

Ships and buoys
Unfortunately, Radarsat ScanSAR
images such as those of Figures 1 and
2 are not yet operationally calibrated.
This situation will improve, allowing
extraction of both the wind field struc-
ture and wind speed from this type of
image. Over the past 7 years, we have
acquired a number of SAR datasets,
both ERS and Radarsat, for validation
of SAR wind retrieval models [see e.g.
Vachon & Dobson 1996].

In Figure 3, we present our ERS and
Radarsat single-beam wind retrieval
results, as available to date. In each
case, the SAR image was collocated
with the in-situ measurement location
and was within less than one hour (and
generally, less than 15 minutes) of the
validation measurements. The SAR
images were processed on a work-
station-based SAR processor at CCRS.
The processor accounts for analog-to-
digital converter power loss by carrying
out a saturation analysis of the raw sig-
nal data and applying gain corrections
prior to range and azimuth compres-
sion. This correction is 
particularly important for the ERS-1
SAR. The processor was calibrated
using images of calibration transpon-
ders acquired over several years of use.
The SAR wind speed was retrieved
using the radar cross-section at the
buoy location and a scatterometer wind
retrieval model. For the C-band VV
polarisation ERS SARS, we used
CMOD IFR2 [Ifremer-Cersat, 1996]. This
model was developed for off-line pro-
cessing of the ERS Scatterometers and

is based on comparison of the 50-km
resolution cells with in-situ buoy meas-
urements of wind speed. For the C-
band HII polarisation Radarsat SAR, we
used CMOD IFR2 and converted its
cross sections to hybrid HH values
using airborne scatterometer polarisa-
tion ratios acquired at C-band [Unal et
al. 1991].

The ERS scatterplot is included here as
a baseline for what could be expected
from Radarsat. The buoy winds have
been corrected to the equivalent neutral
stability wind speed at 10-m height
above the surface. Across our set of 46
ERS observations covering calm to 15
m/s wind speeds, we found a root-
mean-squared (rms) difference between
the SAR and in-situ wind speeds of 1.6
m/s, when the in-situ wind direction is
used. This affirms the use of SAR as an
imaging scatterometer. The Radarsat
result is somewhat poorer. Across our
set of 41 Radarsat observations 
covering calm to 18 m/s wind speeds,
we found an rms difference between
the SAR and in-situ wind speeds of 
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Wind retrieval validation results comparing SAR-retrieved wind S-s with collocated measurements by ships and buoys for (a)
the ERS SARs and (b) the Radarsat SAR (right). The wind direction used in the retrieval was from the in-situ measurement. The
dashed line is the best-fit line; r is the correlation coefficient; rms1 is the root-mean-squared difference between the two wind
speed measurements; rms2 is the root-mean-squared error in the SAR retrieval with respect to the best-fit line.
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3 m/s, when the in-situ wind direction is
used. The retrieved Radarsat wind
speeds appear to be biased high, sug-
gesting that the C-band polarisation
ratios we have used in our hybrid HH
polarisation model are too large.

Conclusion
In this paper, we have presented
Radarsat SAR images of mesoscale
cyclones and validation results of wind
retrieval from both ERS and Radarsat
SAR images. These results illustrate the
potential role of SAR in understanding
and monitoring mesoscale atmospheric
and associated oceanic phenomena,
such as polar lows and oceanic deep
convection. Our wind speed validation
results are significantly better for the
ERS SARs than for the Radarsat SAR,
indicating that our hybrid C-band HH
polarisation model for Radarsat SAR
wind retrieval requires improvement. For
the ERS SARs, we found an rms 
difference between the SAR wind and
the in-situ buoy wind of 1.6 m/s.
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