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Abstract:  
 
In this paper, we examine the emerging potential offered by satellite microwave radiometer SST 
measurements to complement altimeter data to quantitatively derive surface ocean currents. The 
proposed methodology does not follow standard sequential temporal analysis but follows the 
application of the Surface Quasi-Geostrophic (SQG) theory. Accordingly, under favourable 
environmental conditions, the implementation for this methodology is simple and robust, and most 
importantly, solely requires a single SST image. For the present demonstration, altimetric 
measurements are used to infer a necessary adjustment to match the kinetic energy level for length 
scales smaller than 300 km. This helps to derive a regional effective Brunt-Väisälä frequency to 
produce SQG surface current estimates. As demonstrated, the results are very encouraging and 
strongly invite to consider the systematic use of satellite microwave radiometer measurements. 
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Potential use of microwave Sea Surface Temperatures for the
estimation of ocean currents
J. Isern-Fontanet,1,2 B. Chapron,2 G. Lapeyre,3 and P. Klein1

In this paper, we examine the emerging potential of-
fered by satellite microwave radiometer SST measurements
to complement altimeter data to quantitatively derive sur-
face ocean currents. The proposed methodology does not
follow standard sequential temporal analysis but follows the
application of the Surface Quasi-Geostrophic (SQG) theory.
Accordingly, under favourable environmental conditions, the
implementation for this methodology is simple and robust,
and most importantly, solely requires a single SST image.
For the present demonstration, altimetric measurements are
used to infer a necessary adjustment to match the kinetic en-
ergy level for length scales smaller than 300 km. This helps
to derive a regional effective Brunt-Väisälä frequency to pro-
duce SQG surface current estimates. As demonstrated, the
results are very encouraging and strongly invite to consider
the systematic use of satellite microwave radiometer mea-
surements.

1. Introduction

Global ocean surface velocities are now routinely esti-
mated from precise altimeter range measurements. Al-
timeters can provide information about the cross-track
geostrophic velocity with a relatively high along-track res-
olution. However, distances between tracks are generally
large, and interpolation methods are required to recover
both components of the surface velocity vectors [e.g. Le
Traon et al., 1998]. To resolve in more details the com-
plex space and time structure of surface currents, combined
altimeters are then necessary to improve the resolution of
the velocity fields [e.g. Pascual et al., 2006]. Up to 4 altime-
ters appear to be critical for real-time operational systems.
But such a requirement may not always be met. To circum-
vent such a limitation, other sources of satellite data can be
considered. Indeed, over the last decades, and especially for
the Gulf Stream region, early space-borne optical [Strong
and DeRycke, 1973] as well as recent radar high resolution
observations have been reported [e.g. Chapron et al., 2005]
to often illustrate striking and very well delineated complex
mesoscale surface signatures related to the rich mesoscale
(30 km-200 km) and sub-mesoscale (< 30 km) upper ocean
structures.

This wealth of high resolution information is certainly
not unexpected. Klein and Hua [1990] discussed the emer-
gence and evolution of the sea surface temperature (SST)
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mesoscale variability triggered by a mixed-layer deepening.
Such a process theoretically leads the SST to closely repro-
duce the characteristics of the embedding flows. As stated
above, illustrations are numerous, and under favourable con-
ditions, ocean colour and sea surface temperature (SST)
data frequently reveal apparent turbulent flow patterns of
very high complexities [e.g. Abraham and Bowen, 2002].
These observations and theoretical predictions thus sug-
gests some valuable means, possibly combined with altime-
ter measurements, to resolve the complex surface current
structures with improved resolutions [Bowen et al., 2002].
Accordingly, numerous studies have been dedicated to the
problem of estimating two-dimensional ocean velocity fields
from the sequences of tracer fields. Successful demonstra-
tions dedicated to the validation and applicability of track-
ing features then clearly demonstrate that SST can poten-
tially be a good proxy tracer [Emery et al., 1986; Tokmakian
et al., 1990; Kelly and Strub, 1992; Bowen et al., 2002].

Among different techniques, the Maximum Cross Cor-
relation (MCC) method is by far the most widely used.
Between consecutives images, local (typically over 20 km
window) correlations are computed to estimate shifts and
the local motion. As expected, MCC shall act poorly in
regions of uniform concentration of the considered scalar.
As well, MCC shall have difficulties to estimate the veloc-
ity along the front of the scalar field [Zavialov et al., 2002].
Other methods have been proposed such as constrained op-
tical flow methods to solve the heat conservation equation
[e.g. Kelly , 1989; Vigan et al., 2000] or variational filtration
and interpolation techniques [Afanasyev et al., 2002]. All
these techniques obviously rely on the availability of cloud-
free conditions and also, on very high-resolution images over
short enough time periods. This latter restriction is imposed
by the lack of absolute conservation of the scalar SST field.
Mapping and evolution of satellite detected mesoscale fea-
tures thus certainly offer valuable application to both quali-
tatively and quantitatively help to infer useful information.
However, the stringent conditions for which these techniques
can apply somehow limit geographically and seasonally the
regions over which velocities can be estimated.

Low frequency microwave radiometers such as the Ad-
vanced Microwave Scanning Radiometer for EOS (AMSR-
E), on the other hand, are very weakly depending upon cloud
conditions and can provide global SST estimates. However,
their spatial resolution is of the order 20-50 km. Such a
coarser resolution compared to Advanced Very High Res-
olution Radiometer (AVHRR) images certainly limits the
use of sequential image analysis and MCC techniques to esti-
mate surface currents. In this paper, we thus consider a new
methodology to examine the emerging potential offered by
low-resolution satellite microwave radiometer SST measure-
ments. To quantitatively derive surface currents, we con-
sider a spatial scale analysis of the mesoscale SST variability
following the application of the Surface Quasi-Geopstrophic
(SQG) theory, rather than the standard sequential tempo-
ral analysis or singularity analysis [Turiel et al., 2005; Isern-
Fontanet et al., 2006]. Applicability of such a theory to the
ocean dynamics has been recently discussed [Lapeyre and
Klein, 2006] and shown to be valid in numerical simulation
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of baroclinic unstable flows similar to the Antarctic Circum-
polar Current. Also LaCasce and Mahadevant [2006] found
a qualitative good agreement between in situ data and cur-
rents reconstructed by the SQG method. The SQG method
is briefly outlined in the following section. The data are
presented in section 3, and results discussed in section 4.

2. Method

In the Quasi-Geostrophic (QG) theory, the stream func-
tion (ψ) of the flow can be evaluated once the potential vor-
ticity anomaly (Q) and the density anomaly at the surface
(ρs) are known. It consists in inverting the problem:

Q = ∇2ψ +
∂

∂z

(
f2
0

N2

∂ψ

∂z

)
. (1)

with the boundary condition

∂ψ

∂z

∣∣∣
s

= − g

ρ0f0
ρs, (2)

where ∇ = (∂x, ∂y), g is the gravity constant, N the Brunt-
Vaisala frequency, ρo a reference density and fo the Coriolis
frequency.

If the potential vorticity anomaly Q is assumed to be
zero, and N considered constant, the stream function at any
depth can be directly evaluated. In the horizontal Fourier
transform domain, the stream function simply reduces to

ψ̂sqg(~k, z) =
g

Nρ0k
ρ̂s(~k) exp

(
Nkz

f0

)
, (3)

where ˆ stands for the Fourier transform, ~k the wave num-
ber vector and k its modulus. This approximation is termed
the Surface Quasi-Geostrophic (SQG) approximation [Held
et al., 1995]. This corresponds to a particular situation for
which the surface velocity field is now completely driven by
the surface density variations. The condition of uniform
PV anomaly (Q = 0) in (1) implies that the horizontal and
vertical scales are strongly coupled as shown by (3): the
smaller scales decay faster than larger ones. This hints to
the possibility to compute the geostrophic velocity in the
first hundreds meters of the ocean using only the surface in-
formation although in the present study we will only focus
on the surface stream-function (z = 0).

The condition of Q = 0 may seem unrealistic for the real
ocean. However, Lapeyre and Klein [2006] recently demon-
strated that baroclinic unstable flows exhibit strong corre-
lations between ocean interior potential vorticity anomalies
and surface density anomalies. The SQG concept can then
be invoked, and be used considering that N is replaced by
an effective frequency Neff . This effective frequency is nec-
essary to fix the amplitude of the SQG stream function and
to implicitly take into account ocean interior dynamics not
captured by the SQG theory [see Lapeyre and Klein, 2006].
To simply estimate this parameter, we recall the geostrophic
estimation from the dynamic topography (η) defined in the
Fourier domain as

ψ̂g(~k) =
g

f0
η̂(~k). (4)

Accordingly, the effective frequency parameter Neff can be
evaluated to ensure the density anomaly spectrum to be
congruent with the kinetic energy spectrum. Furthermore,
a spectral analysis shall help to discriminate the appropriate
scale range of spatial features over which the SQG method-
ology shall be performed.

As developed, the SQG theory assumes the near surface
motion to be geostrophic, and at each scale, surface density

anomalies to be in phase with dynamic topography anoma-
lies. This is a very salient outcome of the SQG theory. The
phase information is clearly essential to SQG theory to cor-
rectly position the structure at one scale with respect to
structures at other scales. The SQG surface current so-
lutions are then further distributed for each scale to pro-
vide scale-dependent vertically integrated formulations for
the relationship between surface velocities and surface den-
sity gradients. In other words, while derived to describe a
two-dimensional field, the SQG applies to the three dimen-
sional system, and structures would decay away from the
surface at a rate governed by their scale and Neff . The
smaller scales decay faster than larger ones. Practically, af-
ter a scale decomposition (Fourier or Wavelet transform),
the SQG surface current variations can thus readily be esti-
mated from a linear scale dependent weighting of the surface
density anomaly gradients.

3. Data

To calculate surface currents we have used time-averages
(3 days) of SST maps from version 5 of AMSR-E ocean
products provided by Remote Sensing Systems (RSS) in Cal-
ifornia (USA), which have a spatial resolution of 1/4× 1/4
degrees and uses correlation scales of 4 days and 100 km
for the optimal interpolation [Yamenis and Stammer , 2004].
We have analyzed 130 maps spreading from June 5, 2002 to
January 18, 2005 corresponding to a subregion of the North
Atlantic ocean (37N-48N, 51W-35W). We have only consid-
ered those maps that had no gap (e.g. due to rain). From
these maps surface density has been estimated using the UN-
ESCO83 equation of state [UNESCO , 1983] with a constant
salinity distribution fixed to 36 psu.

We have also used Delayed-Time Maps of Absolute Dy-
namic Topography (DT-MADT-Ref) produced by Collecte
Localisation Satellites (CLS) in Toulouse (France) and dis-
tributed by AVISO, which combine the signal of two altime-
ters onto a 1/3 degree Mercator projection grid every 7 days
[SSALTO/DUACS User Handbook , 2006]. For comparison
with SST data, Absolute Dynamic Topography (η) has been
interpolated to the AMSRE-E SST grid.

4. Results

The validity of equation (3) at the surface (z = 0) has
been first tested by comparing the kinetic energy spectra,
given by

Ê(k) = k2ψ̂2, (5)

associated to the stream-functions ψg (Êg) and ψsqg (Êsqg).
To compute the Fourier Transform the domain is extended
in each direction with mirror symetry to have it doubly pe-
riodic. Figure 1 shows a sample field of estimated surface
density anomaly and Absolute Dynamic Topography corre-
sponding to the field centered on January 5, 2005 as well
as their energy spectra. For the longer wavelengths, Êsqg

contains more energy than Êg, which is unlikely associated
directly to ocean currents but to the large-scale density forc-
ing of the system. For shorter wavelengths Êsqg contains
also more energy than Êg. In this case, however, this might
be due to the low-pass filters applied to altimetric data or
to the correlation scales of the AMSR-E maps. In the spec-
tral range between these two extrema, very high correlation
between energy spectra of altimetry and temperature have
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been obtained. The best correlations are found, approxi-
mately, for the range between 100 km to 300 km although
in some cases, such as the example shown in figure 1, there
is a good coincidence also for shorter wavelengths.

Yet, the good correlation of energy spectra in the range
between 100 km and 300 km, is not the only factor suggest-
ing the application of the SQG theory to reconstruct the
velocity field. Indeed, the filtered fields, topography and
SST, within this scale range are also found to be locally very
highly correlated. In particular, the zero-crossings of the
second-order derivative of these filtered fields are generally
found to mostly correspond over the whole considered re-
gion. This indicates the phase information, within this scale
range, to be very close for the two filtered fields. As men-
tioned above, this is clearly essential, as compared to spec-
tral analysis, to correctly position the structures at different
scales within the area [Armi and Flament , 1995]. Moreover,
the best matches are generally found for zero-crossings of
the second-order derivative fields which span the whole scale
range of interest. These corresponding points shall relate
to frontal areas and singularities of the first-order derivative
fields from which surface velocity components are evaluated.
Such findings confirm the analysis proposed by Turiel et al.
[2005].

Figure 1 thus shows an example of comparisons between
velocities derived from altimetry (blue) and derived from
SST (red). These latter velocities are obtained by comput-
ing the inverse Fourier transform of equation (3) at the sur-
face and setting the effective Brunt-Väisälä frequency by
fitting a line to the scatter plot between altimetric velocities
and SQG velocities located in regions with large thermal
gradients (see figure 1). We define a non-dimensional ther-
mal gradient as ξ ≡ (∇T − 〈∇T 〉)/σ∇T where T is the SST
and σ the standard deviation. Then, selecting points where
ξ > ξ0 with ξ0 = 2, for the particular case of the figure, it is
found that Nefff

−1
0 = 113.

As seen in Figure 1, there is a good visual correlation be-
tween the two velocity fields. Therefore, there seems that
the SQG method used in combination with microwave SST
is able to estimate a velocity field that seems qualitatively
consistent with the velocity field derived from the altimeter.
Table 1 shows a more quantitative comparison obtained by
computing the linear correlations (R) for each component
of the velocity field for the whole image and the quotient
between the variance of the residual velocities and the al-
timetric velocities (νu ≡ var(usqg − ualtim)/var(ualtim)). If
we focus on those regions exhibiting large thermal gradi-
ent, correlations are closer to one and residual variances are
smaller. Table 1 also shows the mean values corresponding
to the whole time-series.

5. Conclusions

In this paper, we examine the potential offered by satel-
lite microwave radiometer SST measurements to comple-
ment altimeter data. In particular, to quantitatively derive
surface ocean currents at mesoscale, we tested the applica-
tion of the Surface Quasi-Geostrophic (SQG) theory. Under
such a framework, we identified the SST as an active tracer
proportional to (−∇2)

1
2ψ , where the operator (−∇2)

1
2 is

defined most easily in the Fourier domain as k, with ~k a
two-dimensional horizontal wavenumber. Our preliminary
results show that there is indeed a robust statistical rela-
tionship of SQG type relating the SST and Sea level spectral
level. Using gridded composite products, the highest corre-
lation is found for wavelengths between 100 km and 300 km
in accordance with the theoretical predictions. Most im-
portantly, the phase information, within this scale range, is
generally very close for the two filtered fields. This phase

relationship leads to local high direct correlation between
filtered fields.

However, strict application of SQG is apparently ham-
pered by the use of SST fields. Indeed, the approach here
proposed will be accurate only when SST would be a good
proxy of the density related to mesoscale ocean structures.
As understood, the SQG shall best apply to environmental
conditions favouring the mixed-layer homogeneization, i.e.
after strong wind events, and the reduction of air-sea sur-
face fluxes. Nonetheless, for our demonstration using 3-day
composite low-resolution radiometer data, concentrating on
the largest gradients of SST fields filtered between 100 km
and 300 km, the SQG estimated velocities within this band
are found very close to the altimeter estimates.

The results are thus very encouraging to quantitatively
interpret mesoscale SST variability and strongly invite to
consider the systematic use of satellite microwave radiome-
ter measurements to complement altimeter measurements.
As demonstrated, the methodology necessitates only a sin-
gle image. This method can thus also complement sequential
analysis, as well as to help interpretation of high resolution
radar images. More importantly, the SQG applies in the
context of a 3D system to further predict interior veloci-
ties, including vertical velocities in the upper oceanic layers.
Combined with ocean colour data, future investigations can
then use the simplified SQG framework to better quantify
the mesoscale structure impacts on vertical tracer fluxes.
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Figure 1. From left to right and from top to bottom:
SST image with Absolute Dynamic Height contours su-
perimposed (in white); energy spectra derived from SST
data (solid line) and SSH (dashed line); velocities derived
from microwave SST (red) and altimetry (blue) (band-
filtered retaining scales between 100 km and 300 km) in
the region delimited by the white rectangular box in the
top left figure; scatter plot of the velocities located in re-
gions with ξ > ξ0. These plots correspond to the area
limited by 37N-48N, 51W-35W on January 5, 2005.
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