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Abstract—A simple extrapolation technique is proposed
for the inter-calibration of Ku and Ka band altimeter data
based on a recent analytical scattering model referred to
as “GO4”. This method is tested with AltiKa and Jason2Ku altimeters using one year of reprocessed data with the
improved retracking algorithm ICENEW. The variations
of the normalized radar cross-section with respect to the
main oceanic parameters are investigated in Ku and Ka
band; the latter band is shown to have an increased
sensitivity to wind speed, significant wave height as well as
sea surface temperature. As a by-product of this analysis
we derive an original expression for the swell impact on the
mean square slope which allows to correct the GO4 model
for the contribution of long waves. We show that the Ku/Ka
prediction agree within 0.25 dB with the respective levels of
AltiKa and Jason2-Ku cross-sections at wind speed larger
than 4 m/s.

I. I NTRODUCTION
The use of the Ka band (35 GHz) for altimeter
measurements has attracted growing interest in the last
years as it allows for reduced dimensions of on board
instruments as well as a significant improvement of
resolution and accuracy in the estimation of the sea
surface topography. The first Ka-band nadir altimeter
ever used in oceanography is the AltiKa instrument,
which was launched with the French-Indian SARAL
(Satellite for ARgos and ALtiKa) satellite in February
2013 (see e.g. [1] for an overview of the mission). The
results and performances of the AltiKa mission have
been well documented already after one year of operation
(see for instance the special issue [2]). AltiKa products
(wind speed, sea surface height, significant wave height)
have been assessed by colocation with other altimeters
working in the conventional Ku band as well as buoys
([3], [4], [5], [6], [7], [8], [9], [10]) and have shown
excellent overall data quality.

While, however, the dependence on the oceanic conditions of the Ku-band backscatter coefficient (σ 0 ) is by
now well-established, there has been only few models
and measurements in Ka band (see for instance [11]
and references therein) to characterize the sea surface
response to electromagnetic waves at millimeter wavelength. The use of such a high frequency raises new
issues related to the physical description of the resonant surface waves (parasitic capillary waves) or the
atmospheric attenuation. There is therefore a need for
assessment of both the calibration and the sea state
dependence of the Ka band σ 0 . The main objective of
this paper is to propose and assess an extrapolation
method to infer the sea state dependence of the Kaband NRCS from the Ku-band counterpart, for which
many years of measurement are available. To do this we
take advantage of some general theoretical constraints
linking the σ 0 measured at neighboring radar frequencies
to establish sharp bounds on the Ka-band σ 0 , given
the Ku-band σ 0 . This extrapolation from Ku- to Kaband values is made possible by a recent, tractable
backscattering model referred to as the GO4 model
([12]). To parametrize the model, we use some findings
of [13] based on the analysis of the recently launched
Ku/Ka Global Precipitation Measurement (GPM) radar,
which allows to identify the short-wave contribution to
the mss at different cut-off scales. The assessment of
this method relies on a systematic study of one year of
data from the Ku-band altimeter Jason2 and the recent
Ka-band altimeter AltiKa. Even through the absolute
calibration of these instruments is not expected to be
better than 1 dB, their relative calibration is known
to be quite consistent due to similar design and the
choice of space agencies to take the historical 30 years
of existing Ku altimeter data as a reference value. Our
main finding is the full consistency (within 0.25 dB) of
the Ku/Ka extrapolation method with the AltiKa/Jason-
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2 data sets at moderate and large wind speeds (above 4
m/s) and a less accurate but still satisfactory prediction at
smaller wind speeds. As a by-product of this analysis we
obtain a simple expression of the mean contribution of
long waves to the mean square slope, thereby correcting
the celebrated Cox and Munk wind dependence by a
further dependence on the significant wave height. The
paper is organized as follows. The GO4 scattering model
and the Ku/Ka extrapolation technique are introduced in
Section II. The data sets and processing techniques are
presented in Section III and a systematic comparison
of the evolution of the Ku and Ka band NRCS with
the oceanic parameters is performed in Section IV. The
extrapolation technique is evaluated in Section V.

As seen, the curvature correction explains the needs for
the “radar-filtered” mss < mss which is often employed
to improve the accuracy of the classical GO2 model and
can be identified with:

msc −1
mss = mss 1 +
(4)
8K 2 mss2

II. T HEORETICAL BACKGROUND FOR K U /K A BAND

A first, simple relationship between the NRCS at
different bands can be obtained by using the simple fact
that the msc is a growing function of frequency, hence
larger in Ka band than in Ku band:

EXTRAPOLATION

The GO4 model ([12]) is a simple and accurate model
to describe the Normalized Radar Cross-Section (NRCS,
σ 0 ) at near-nadir incidence angles, except at small wind
speed. It is an improvement of the classical Geometrical Optics model (GO2) with an extra term taking
into account the surface curvature and the finite radar
wavelength. It recovers the reference method, namely the
Physical Optics, in the angular domain where the latter
is valid. At nadir where azimuthal effects are negligible,
the isotropic version of the model can be used to evaluate
the NRCS. For small incidence angle θ (measured from
the vertical), the isotropic GO4 approximation writes:

tan2 θ tan4 θ
msc 2 − 4
+

mss
mss2 
0
0

 , (1)
σ = σGO2 1 +

16K 2 mss2 cos2 θ




where K is the electromagnetic wavenumber and the first
term is the GO2 factor:


|R|2
tan2 θ
0
4
sec θ exp −
,
(2)
σGO2 =
mss
mss
with |R|2 the reflectivity factor related to the Fresnel
reflection coefficient. Here mss is the total mean square
slope of the sea surface and msc is the effective mean
square curvature as described in [12]. The GO4 formulation reduces the required knowledge of the sea
spectrum to two parameters only, namely the mss and
msc, and incorporates non-Gaussian deviations of the sea
surface statistics in the effective curvature. Only the latter
quantity is dependent on the radar frequency. The mss
and msc are simply related to the value of the NRCS at
nadir (θ = 0) through:
|R|2 
msc 
σ0 =
1+
(3)
mss
8K 2 mss2

The mss and msc parameter cannot be jointly identified
with the sole value of the nadir NRCS. However, if a
reliable estimate of the mss is known, the relation (3)
can be inverted to give the msc parameter:

8K 2 mss2 
2
0
msc =
mss
σ
−
|R|
(5)
|R|2

msca > mscu

(6)

This gives the following lower bound for the Ka band
NRCS:




Ra 2 Ku 2 0 |Ra |2 Ka2 − Ku2
0
σu +
) (7)
σa >
Ru
Ka
mss
Ka2
where we have denoted with a subscript u or a any
quantity associated to the Ku or Ka band, respectively.
To obtain an upper bound for the Ka band NRCS, an
estimation of the msc is necessary. For this we use the
definition which was proposed in [12] for the msc at a
given radar frequency:
Z
8
msc '
dk k 4 Ψ(k) + λ4 mss2 K 2 ,
(8)
3
|k|<K
where Ψ is the sea surface wave number spectrum and
λ4 ' 0.4 the excess kurtosis of slopes. It is thus
composed of the geometrical curvature of waves smaller
than the EM wavelength, augmented with a term related
to the peakedness of waves. This implies the following
upper bound:
!
Z
8
msca =
dk k 4 Ψ(k) + λ4 mss2 Ku2
3
|k|<Ku
(9)
Z
8
dk k 2 Ψ(k) + λ4 mss2 (Ka2 − Ku2 )
+ Ka2
3
Ku <|k|<Ka
The first parenthesis on the right-hand side is the Ku
band curvature, mscu . The second term is proportional
to the increase of radar-filtered mss from Ku to Ka band,
Z
dk k 2 Ψ(k) = mssa − mssu
(10)
Ku <|k|<Ka
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slope value. However, in some cases, the trailing edge
is also affected by inhomogeneous or very low val8
msca ≤ mscu +Ka2 (mssa −mssu )+ λ4 mss2 (Ka2 −Ku2 ) ues of surface roughness or sometimes by atmospheric
3
(11) perturbations such as rain cells. Unfortunately, in such
yielding after some calculations
situations, the Brown model is not able to distinguish






between the platform and surface effects on the trailing
R2
Ka2 − Ku2
λ4
Ra 2 Ku 2 0
σu + a 1 +
σa0 <
edge which can directly affect the NRCS estimation from
Ru
Ka
mss
3
Ka2
the MLE-4 retracker. Indeed, it has been shown by [17]
2 mssa − mssu
and [18] that, in the case of non platform mispointing,
+ Ra
8mss3
(12) the NRCS estimated by the MLE-4 is directly correlated
to the slope of the waveform trailing edge which is interThe inequalities (7) and (12) give tight bounds for the preted as a mispointing by the retracker. The estimated
estimation of the Ka band NRCS given the Ku band NRCS is therefore directly impacted by trailing edge
NRCS, provided the sea surface mss and the augmenta- perturbations since variations of the NRCS in the antenna
tion of the radar-filtered mss are accurately known. We footprint have been ignored in the FSSR term in (13)
will see in upcoming sections how these quantities can ([15], [16]).
be parametrized.
Ka band is more impacted by atmospheric perturbations than Ku band. At the same time, Jason-2 and AltiKa
III. P ROCESSING OF THE A LTI K A AND JASON -2
platforms showed very low platform mispointings. In
DATA SET
this context, MLE-4 backscatter coefficient estimates
The Ku/Ka extrapolation technique has been applied cannot be considered for the NRCS cross-comparison
to Jason-2/AltiKa data using consistent retracking algo- between Jason-2 and AltiKa measurements since MLE-4
estimates will be degraded by surface roughness effects.
rithms, as described below.
A new retracker called ICENEW ([18], [19]) has been
used to process 1 year of Jason-2 (Ku and C) and AltiKa
A. The retracking algorithm
data. This new algorithm was originally developed for
In satellite radar altimetry, the backscatter coefficient sea ice and ice sheets region and then applied to process
is estimated through the retracking of radar waveforms. data affected by rain cells and sigma blooms, and also
This processing consists in fitting a waveform model altimeter data acquired over hydrological areas. This reto the returned radar echo acquired by the altimeter. In tracking introduces the mean square slope of the surface
the ground segment of Low Resolution Mode altimetry in the Brown model to account for NRCS variations in
missions such as Jason-2 and SARAL/AltiKa, Maximum the antenna footprint. Consequently, the resulting model
Likelihood Estimators (MLE) based retrackers are used allows the retracker to decorrelate the NRCS estimate
to retrieve geophysical estimates ([14]). These ocean- from the slope of the trailing edge and thus provides
dedicated algorithms are based on the Brown model a more physical value of the NRCS which is crucial
denoted here S(t) ([15], [16]), t being the time. It is for ocean backscatter coefficient cross-comparison. As
defined by the convolution of 3 terms:
for the previous models ([15], [16], [14], the ICENEW
S(t) = (F SSR ∗ P DF ∗ IR)(t),
(13) model is based on the radar equation and on the convolution of the three terms as in equation (13) above.
where F SSR is the average flat sea surface response, However, contrary to the aforementioned models that
P DF is related to the surface elevation probability considered a constant NRCS in the antenna footprint,
density of scattering elements and IR is the altimeter the ICENEW model uses a more realistic NRCS value
impulse response. In the Brown model ([15], [16], [14], that depends on the incidence angle and the surface mean
the sea surface is considered homogeneous and the square slope (mss) as follows:
NRCS constant in the antenna footprint. In that case,
the trailing edge slope variations are only impacted
σ 0 (θ) = σ 0 (0) exp(− sin2 θ/mss)
(14)
by the platform pointing angle. At the same time the
maximum received power is influenced by the platform Including this new NRCS formulation in the three terms
mispointing. Consequently, the MLE-4 retracker (four convolution of equation (13) leads to a new waveform
parameters retracker) used operationally for Jason-2 and analytical formulation. However, the new analytical forSARAL/AltiKa missions ([14]) is able to correct the mulas can still be written in a manner very close to the
NRCS from this platform effect using the trailing edge existing Brown models. Using the same notation as in
Hence,
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[14], the ICENEW model can be expressed as:




t − ασc2
ασc2
√
)(1 + Erf
),
S(t) ∼ exp(−α t −
2
2σc
(15)
where
α = δ√
− β 2 /4, δ = 4c/(Γh) cos(2ξ), β =
√
4 c sin(2ξ)/(Γ h), σc is related to the SWH and to the
shape of the altimeter range impulse response, c is the
speed of light, ξ is the off-nadir pointing angle and h is
the modified satellite altitude given by h = H(1+H/R),
with H the satellite altitude and R is the Earth radius. Γ
is the main new term introduced in ICENEW given by:
4γmss
Γ=
,
(16)
4mss + γ
where γ is the antenna beamwidth parameter given
by γ = 21 ln(2) sin2 (θ3dB ) (θ3dB being the half-power
antenna beamwidth). Typical improvements brought by
the ICENEW retracker for the NRCS estimate are shown
in Figure 1. AltiKa waveforms are presented in a 2D
view and are corrected from the altimeter Automatic
Gain Control in order to represent the actual power
variation of the return signal in the waveform amplitude.
The segment was chosen because AltiKa has overflown
a rain cell between latitudes 3.22 and 3.34. The rain
impact is clearly visible on Ka echoes in spite of a
strong attenuation of the signal amplitude which has
been divided by 2. At the bottom, the corresponding
backscatter coefficient estimates are plotted in output
of the ICENEW and the MLE-4 algorithms. The difference between the two algorithms is significant and
can be as large as 1 dB in the middle of the rain cell
(latitude 3.275). The ICENEW NRCS estimate shows a
decrease of about 3 dB consistent with the waveform
amplitude in the top figure, which is not the case for
the MLE-4 estimate. Another method has been used in
[18] to correct the MLE-4 NRCS from the unwanted
effects of the waveform trailing edge perturbations. This
method is based on an empirical solution using the
trailing edge slope and the pointing angle and has been
found to be very consistent with the ICENEW retracker.
A systematic comparison (not shown here) of the σ 0
estimates derived from the two methods using the oneyear Jason-2 Ku data set yields a quasi-perfect linear
relationship y = Ax + B with coefficients A = 1.001
and B = 0.011. In the present work, we made the choice
to use the ICENEW retracker in order to apply a robust
and physical solution to Ku and Ka bands with no further
empirical adjustment.
B. Data selection and editing
In this study, we used 20 Hz Jason-2 data in Ku
band from SGDR products ([19]) extended with addi-

Fig. 1: Top figure: AltiKa waveforms corrected from the altimeter
Automatic Gain Control represented in 2D: the X-axis is the
latitude and Y-axis the waveform bin number. Bottom figure:
comparison between along-track ICENEW σ 0 estimate in
black, MLE-4 σ 0 estimate in magenta and the difference in
blue. The σ 0 difference can be read on the right Y axis.

tional parameters computed in the frame of the CNES
PISTACH project ([20]). One year of Jason-2 data has
been selected from June 20th , 2013 to July 22nd , 2014
(cycles 183 to 222). For the Ka band we have considered
40 Hz AltiKa data from CNES value added PEACHI
products ([21], [22]) from June 27th , 2016 to July 17th ,
2014 (cycles 4 to 14). This period has been chosen to
avoid the first AltiKa cycles where numerous platform
maneuvers have been performed and to avoid SARAL
mispointing issues which occurred in late summer 2014.
The ICENEW retracker has been applied to both the Ku
and Ka band missions and the Significant Wave Height
(SWH) and the NRCS have been evaluated. The output
estimates have been compressed to a 1 Hz rate in order
to correct them from atmospheric perturbations derived
from radiometer measurements. The wind speed at ten
meter above the sea surface (U10 ) is also provided in
the altimetry products for both missions. However, we
found it preferable in our analysis not to use these values
as they are related to the backscatter coefficient under
assessment. For the sake of consistency, the wind speed
values have instead been extracted from the ECMWF
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model interpolated on the two mission orbits.
A specific editing has been implemented to be able
to compare and characterize altimeter data associated
to these two different missions and three frequency
bands. A first step is the selection of ocean data by
combining the surface type flag (for removing land data),
the ice flag and a latitude restriction between ±60◦ (for
removing sea ice). To eliminate the possible influence
of the additional fetch parameter, radar cells located at
less than 200 km from the coast have been discarded.
As such a large fetch, we may reasonably assume the
sea state to be fully developed for a large proportion of
data, even through we have no indication on how long
wind has been blowing. Then a quality editing has been
applied to remove retracking errors and/or polluted data
(by atmospheric events or surface heterogeneities) using
Cal/Val criteria defined in [23] and [24], respectively, for
Jason-2 and SARAL/AltiKa data. It should be noted that
the retracking quality has been accounted for during the
compression step (the step that builds 1 Hz data) where
a criterion has been applied on the mean quadratic error
between the retracked model and the radar echo.

Fig. 2: Distribution of the NRCS (in dB values) for the Ku- and Kabands after dedicated data selection and editing. The Ku-band
σ 0 are taken from reprocessed Jason-2 measurements and the
Ka-band σ 0 from reprocessed SARAL/AltiKa measurements.
The probability density function is given in linear scale on
the left panel and semi-log scale on the right panel.

IV. JASON -2/A LTI K A COMPARISON
Figure 2 shows the probability density function of σ 0
(in dB) over one year for the two radar frequencies,
regardless of the oceanic conditions. The mean value of
the NRCS is found to be σ 0 = 11.14 dB in Ka band
and σ 0 = 13.65 dB in Ku band with standard deviations
2.09 dB and 1.83 dB, respectively. A clear evolution
of the distribution with the radar frequency is visible.
As expected, the central value decreases as the radar
frequency is increased (with a mean difference of 2.5
dB) , which is consistent with the fact that the surface
is rougher at smaller EM wavelength. The dispersion of
the NRCS about its mean value augments with the radar
frequency. This is related to the increased dynamical
range undergone by the Ka band NRCS as the main
oceanic parameters vary (see Section IV).
The dispersion of the NRCS in different bands is
known to be due to the variability of wind and waves
conditions (e.g., [25], [26], [27]). Wind speed is the
dominant parameter while SWH is a secondary parameter which becomes increasingly important at low wind
speed. Figure 3 shows the evolution of the mean NRCS
for a given wind speed U10 as well as the mean NRCS
for a given SWH at small wind speed (U10 < 3 m/s),
for both the AltiKa and Jason2-Ku band data sets. The
Ka band NRCS shows an enhanced sensitivity to wind
speed (especially at low wind speed) with an increased
dynamical range with respect to the Ku band NRCS
(9 dB versus 7 dB). As small wind speed, a larger

Fig. 3: Mean AltiKa and Jason-2 Ku NRCS as a function of wind
speed alone or as a function of SWH, averaged over small
wind speeds (U10 < 3 m/s). The plots share the same x-axis,
which indicates either U10 or SWH values.

sensitivity to the SWH is also found in the Ka-band,
with a dynamical range of 8 dB versus 6 dB for the Ku
band counterpart.
In earlier works [25], [26], [27] it was found that the
use of dual frequency makes it possible to diminish the
sea state dependence in the NRCS and helps improving
the wind speed estimation. This is confirmed by Figure
4, which displays the difference (in dB) between the
Ku-band and Ka-band mean NRCS ((σu0 )dB − (σa0 )dB )
in the wind-wave diagram. This NRCS variation has
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Fig. 4: Difference (in dB) between the Ku- and Ka-band mean
NRCS. The Pierson-Moskowitz relationship SWH =
2
0.025 U10
for fully developed seas is shown in dashed black
lines and limits the available SWH − U10 domain.

indeed little dependence on SWH and increases with
wind speed.
To make a consistent comparison of the NRCS measured at different frequencies and eliminate discrepancies which could be due to different sea states, we
have computed the σ 0 difference at crossovers points
between Jason-2 Ku and AltiKa. Such a comparison
has already been performed over 15 months of mission
in [5]. However, this analysis will be redone in the
present context with a consistent use of the IceNew
retracking for the two datasets. The crossovers should
be computed with a short time lag between the two
satellites to avoid differences due to the evolution of sea
state. Since, however, the number of selected crossover
points is dramatically reduced as a stringent constraint
on the time lag is imposed, a compromise must be
found. A sufficient number of crossover points should
be available in order to have a statistically representative
result while the maximum authorized time lag should
be short at the scale of the sea state variations. We
found this optimal value of the maximum time lag to
be about 30 minutes, where 1627 crossover points could
be selected and well distributed over oceans. As expected
the difference between Ka and Ku bands NRCS has be
found higher at high latitudes where wind speeds are in
general stronger. We found a quasi-linear increase of the
Ku/Ka NRCS offset, from about 2.2 dB at the smallest
wind speeds to about 3.1 dB at 15 m/s. This is consistent
with the findings of [5] (his Figure 2d) who found an
increasing offset from about 2.3 dB at small wind speed
to 3.2 dB at large wind speed.

Fig. 5: Wind speed dependency of the reprocessed σ 0 in Ku and
Ka bands for 3 different SST values: 5◦ C, 15◦ C and 25◦ C.

It has been recently observed ([28]) that the SST can
have an important impact on the NRCS level in Ka band,
contrarily to the more conventional Ku band. In order to
highlight this dependency in the reprocessed data set, we
have interpolated the Reynolds sea surface temperature
(SST) ([29]) data to Jason-2 and AltiKa measurement
time-tag. The σ 0 wind speed dependency has then been
recalculated for 3 different SST values: 5◦ C, 15◦ C and
25◦ C in both Ka and Ku bands. The result is plotted on
Figure 5. The impact of SST is clearly visible on the Ka
band (red curves) where the differences between 5◦ C and
25◦ C curves can reach up to ∼0.5 dB while the Ku band
(blue curves) is almost not affected.When averaged over
all available wind speeds and sea states, the difference
between the Ku- and Ka-band NRCS is found to vary
by ∼0.7 dB, from 3 dB at 0◦ C to 2.3 dB at 30◦ . This is
consistent with the findings of [28].
V. A SSESSMENT OF THE K U /K A EXTRAPOLATION
We will evaluate the GO4 extrapolation formulas (7)
and (12) in the light of the combined Jason2 and AltiKa
data sets. Even though the variations of NRCS caused by
SWH are much smaller than those due to wind speed,
they are far from being negligible and it is important
to incorporate them in the analysis, that is to correct
the GO4 model with an extra SWH parameter. To do
this, we assume that the sea surface at a given wind
speed is described by a superposition of wind-generated
waves and a swell component with mean square slope
msssh and mssl , respectively (the subscript “sh” and “l”
standing for short- and long-waves), so that the total
mean square slope is mss = mssl + msssh . We further
assume that the long waves do not significantly modify
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the effective msc, which is dominantly affected by short
waves. On differentiating the GO2 formula (2) with
respect to the mss parameter we obtain the variation of
NRCS ∆σ 0 induced by an extra long wave component
in the mean square slope, mssl .
mssl
∆σ 0
=−
σ0
mssl + msssh

(17)

The resulting variation in dB is 10 log10 (σ0 + ∆σ 0 ) −
10 log10 (σ0 ), that is:


msssh
0 dB
(18)
(∆σ ) = 10 log10
mssl + msssh
Note that this bias is independent on the radar frequency
at this level of approximation. This is consistent with
the observation of Figure 3 with the aforementioned
limitations. For developed wind seas, the mss as a
function of wind speed at 12.5 m above the sea surface
U12.5 is given by the well-known Cox and Munk (CM)
relationship ([30]).
mss = 0.003 + 0.0052 U12.5

(19)

Note that this relation depends on the sole wind speed
parameter and is therefore averaged over possible SWH.
The offset 0.003 in this relation can thus be considered
as the mean contribution of swell to the mss, so that
msssh = 0.0052 U12.5 . To incorporate the explicit
dependence of the total mss on the SWH, we assume
a simple linear relationship mssl = α SWH. The
coefficient α is found by requiring that the NRCS at
a given wind speed, once corrected for the long wave
bias (18), is independent on the SWH. With an empirical
investigation of the AltiKa and Jason2 data binned by
wind speed and SWH, we found the following estimation
for the SWH dependence of the swell mss:
mssl = 0.003 SWH

(20)

so that the total mss has the following joint dependency
to the wind and SWH parameters:
mss = 0.0052 U12.5 + 0.003 SWH

(21)

The simplifying assumption than the msc does not depend on long waves might break down at low wind
speed, where the relative contribution of long wave
to the fourth moment of the wave spectrum (eq. (8))
might be non-negligible with respect to the wind-wave
contribution. Hence we do not except the simple relation
(21) to hold at the lowest wind speeds. Figures 6 show
the Altika as a function of wind speed for different SWH
(set of red curves). Once the swell-induced bias (∆σ 0 )dB
has been substracted, the different plots collapse to a
single plot with little dispersion, except at small wind

Fig. 6: AltiKa NRCS binned by SWH (from 0.5 to 14 m) as a
function of wind speed (solid red lines). Once detrended from
the swell effect (18), the different plots practically merge
together (dashed blue line)

speed for the aforementioned reason. A very similar
pattern is observed for Jason2 NRCS.
The mss as been evaluated as a function of both wind
speed and SWH using the improved formula (21) and
converting the U10 value in U12.5 value by means of a
standard von Karman logarithmic profile. The variation
of radar-mss from Ku to Ka band has been recently
estimated with help of the dual-frequency GPM data
([13], figure 4 ) with the following estimate:
mssa − mssu = 5.8e − 5 (U10 − 1.9)2 + 7.5e − 4 (22)

Note that this radar-filtered mss correspond to the mss
shape parameter in the angular fit of the scattering
diagram and is therefore free of calibration issues. The
complex permittivity entering in the reflectivity has been
calculated with the modern model by [31] using a mean
value of 15 degree Celsius for the SST and 35 PSU
for the salinity. The corresponding bounds (7) and( 12)
for the Ka band NRCS have been calculated, using the
Jason-2 NRCS as the reference Ku band value. Figure 7
shows the extrapolated and actual Ka band NRCS using
the Jason2 as a reference data as a function of wind
speed for different values of the SWH. An excellent
agreement is found at moderate and large wind speed
(above 4 m/s) with less than 0.25 dB relative error while
a more important discrepancy (up to 2 dB) is observed at
small wind speeds. This deterioration of the prediction is
consistent with the limitations of the GO4 model, which
is not expected to hold at the smallest wind speeds.
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[2]
[3]

[4]

[5]

[6]

[7]
Fig. 7: AltiKa data (dots) and predicted bounds (solid lines with
error bars) for the Ka band NRCS using Jason-2 reference
data for SWH= 2 m (blue plots) and 7 m (red plots).

[8]

VI. C ONCLUSIONS

[9]

In this work we have made a systematic investigation
of the variations of the Ku- and Ka-band backscatter
from the sea surface with different oceanic parameters.
For this we used one full year of AltiKa and Jason-2
altimeter data reprocessed with the same improved retracking method, namely IceNew. We proposed a simple
Ku/Ka band extrapolation scheme based on the GO4
scattering model to assess the consistency of the two
sets of data. We found that the Ka band NRCS has an
increased sensitivity (when compared to the conventional
Ku band) to wind speed and significant wave height.
In addition, it has a non-negligible dependence on sea
surface temperature, contrarily to the Ku band. The long
waves or swells have a significant impact on the level of
NRCS, for the same wind speed. Based on the GO2/GO4
model a simple expression could be obtained for the variation of NRCS induced by swell in terms of long wave
mss. From this we have derived an elementary empirical
relationship between the long wave mss and the SWH
which can be used to improve Cox and Munk relation. At
last we compared the Ku/Ka band extrapolation scheme
derived from the GO4 with the actual Jason-2/AltiKa
data and showed that this extrapolation is consistent with
the model prediction except at very small wind speeds.
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