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Abbreviations and Acronyms
ASAR Advanced Synthetic Aperture Radar

DT Delayed Time

MDT Mean Dynamic Topography

MSLA Maps of Sea Level Anomalies

NERSC Nansen Environmental and Remote Sensing Center

SAR Synthetic Aperture Radar

WSM Wide Swath Mode

Summary and conclusions

• The circulation in the Kuroshio current has been mapped in ascending and descending pass of the
satellite Envisat in order to demonstrate the potential of using SAR for current monitoring

• Due to a low number of observations, there has not been any attempt to conclude on the mean
circulation in the area

• Proper monitoring of the Kuroshio current, e.g. to detect yearly variations, would require regular
acquisitions for longer time periods

• Comparisons to altimetry based geostrophic currents and Lagrangian drifter data show good agree-
ment and strengthen the argument for advantageous use of themethod

Results and validation
The range surface velocities obtained from ASAR data have been compared to altimetry derived
geostrophic current and surface Lagrangian drifter data. The altimetry derived geostrophic current
is based on combined Mean Dynamic Topography (MDT) (Rio et al., 2009) and Delayed Time (DT)
Maps of Sea Level Anomalies (MSLA). The Lagrangian driftersand their water following character-
istics are described in Niiler (2001), and most importantlythey represent ocean currents at 15 metre
depth.
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Figure 4: Wind corrected Doppler velocities from 19 scenes in descending satellite pass obtained
between the 31st August 2007 and the 9th October 2009 (left), and ASAR range projected altimetry
based geostrophic current at coincident times of observation (right). Spatially overlapping data has
been averaged, and positive velocities denote motion towards east.

Ascending pass
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Figure 5: Wind corrected Doppler velocities from 4 scenes inascending satellite pass obtained be-
tween the 25th July 2007 and the 7th October 2009 (left), and ASAR range projected altimetry based
geostrophic current at coincident times of observation (right).

Surface drifters
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Figure 6: Range Doppler velocities overlaid the trajectoryof 5 surface Lagrangian drifters (left), and
scatter plot of drifter range projected velocities versus range Doppler velocities (right). Red/blue
symbols mark co-locations within 3/24 hours.

Data and data processing

As shown in Figure 3, the wind contribution (centre image) tothe Doppler velocity is removed from
the raw Doppler field (left), to provide a wind range Doppler corrected surface velocity field (right).
Wind corrected fields between May 2007 and April 2010 are thengathered in a mosaic as displayed in
Figures 4 and 5. Overlapping data is averaged. Due to poor coverage the fields may not be interpreted
to represent the average currents in the area, but shows a likely circulation pattern. This pattern is
compared to altimeter based geostrophic currents at the times coincident with the ASAR observations.
Finally, we have compared range projected surface Lagrangian drifter velocities with range Doppler
velocities from 6 ASAR acquisitions in Figure 6.
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Figure 3: Raw Doppler anomaly containing contributions from wind scattering waves and current
(left), NCEP wind (centre), and Doppler anomaly where the effect of wind scattering waves has been
subtracted (right) using an empirical model (CDop). The data was acquired by Envisat ASAR on the
12th January 2008. Positive/negative velocities denote motiontowards the right/left along range.
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Figure 2: A conceptual model of the measurement
of surface velocity with SAR (Chapron et al., 2005).

Method
The SAR principle:

• Satellite velocity generates frequency shift

• Convolution with signal replica gives high res-
olution

The Doppler velocity principle:

• To create the signal replica we must know the
Doppler centroid frequency,fdc, defined as
the frequency at spectral peak (Figure 1)

• Any cross-track motion will lead to a fre-
quency shift of the Doppler centroid (the
Doppler anomaly,fdca):

fdca = fdc − fdc,predicted, (1)

wherefdc,predicted is a geometrically predicted
Doppler centroid frequency, assuming a sur-
face at rest

• The Doppler anomaly can in turn be expressed
as surface velocity

The Doppler shift comprises a mixed signal from
motions of the ocean surface including wind scat-
tering waves and current, as shown in Figure
2. In order to relate these surface velocities to
ocean currents, the Doppler shift must be sepa-
rated into quantities resulting from its contribut-
ing components. The studies presented in Chapron
et al. (2003) and Chapron et al. (2005) revealed
that the Doppler anomaly obtained using wave
mode Advanced Synthetic Aperture Radar (ASAR)
data at23◦ incidence angle and V/V polarisation
is wind dependent at first order. Based on this
assumption, Collard et al. (2008) built an empir-
ical model, called CDop, using a neural network
approach, where the inputs were the wind speed
and the relative direction of the wind with re-
spect to the antenna look direction. The model
can be used for wind Doppler estimation at all
incidence angles covered by the ASAR Wide
Swath Mode (WSM) product.
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Figure 1: The Doppler centroid corresponds to the
radar signal at beam centre (spectral peak) of the
sideways looking antenna. Any radially directed ve-
locity of the target (D) will cause a frequency shift
of the Doppler centroid which is independent of the
satellite velocity, enabling measurement of surface
motion in the range direction.

Introduction
Chapron et al. (2005), Collard et al. (2008), and Johannessen et al. (2008) have demonstrated that the
Doppler shift (the Doppler centroid anomaly) of Synthetic Aperture Radar (SAR) signals is related to
the line-of-sight velocity of the moving ocean surface. In this study, the Doppler technique is applied
to the Kuroshio current between Taiwan and Japan. Results are in consistence with the large scale
circulation pattern of the area and compares well with altimetric measurements under the assumption
of geostrophic current, and surface drifter data. In summary, the range Doppler surface velocity map
depict clear signals of the Kuroshio current at magnitudes up to 90 cm/s.
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