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ABSTRACT

Three L-band radiometers have been observing the Earth in
order to retrieve soil moisture and ocean salinity. They use
different instrument configurations and calibration and
retrieval algorithms. In any case, the brightness temperature
retrieved at the Earth surface should be consistent between
all instruments. One reason for inconsistency would be the
use of different approaches for the instrument calibration or
the use of different models to retrieve surface brightness
temperature. We report on the different approaches used for
the SMOS, SMAP and Aquarius instruments and their
impact on the observations consistency.

Index Terms— L-band, calibration, passive microwave,
SMQOS, SMAP, Aquarius

1. INTRODUCTION

Observations at L-band (measurements in the spectral
window around 1.413 GHz set aside for passive use only)
are particularly well suited to measuring soil moisture and
sea surface salinity from space. The sensitivity of thermal
emission from ocean water to changes in salt content peaks
near this window and decays very rapidly with increase in
frequency. The response of soil to changes in water content
is also strong in this frequency band and the frequency is
sufficiently low to permit penetration through modest
vegetation canopy. The longer wavelength permits deeper
penetration into the vegetation canopy and also into the soil,
increasing the sensitivity to soil moisture over more varied
landscape than at higher frequencies for which vegetation
quickly becomes opaque. New applications are also
developing and recent research suggests that the large
penetration depth of L-band can be used to retrieve the
thickness of thin sea ice [1] and some snow properties [2; 3].

There is now data from three L-band Earth remote
sensing missions in space, SMOS, Aquarius and SMAP.
The SMOS mission was first, launched by the European
Space Agency (ESA) in 2009 [4]. Aquarius followed in
2011 with the launch of Aquarius/SAC-D [5; 6]. The recent
launch in 2015 of the Soil Moisture Active/Passive (SMAP)
mission by NASA [7] completed the triumvirate. The

Aquarius/SAC-D observatory was lost in June, 2015;
however, it collected nearly 4 vyears of quality data
overlapping both SMOS and SMAP, and the data is
continuing to be process and refined (the Aquarius mission
will officially end in June, 2017). Ideally, it would be
possible to combine the data from these three missions to
obtain enhanced science products. But, each mission was
designed with different main objectives (e.g. Aquarius was
focused on retrieving sea surface salinity and SMAP was
focused on retrieving soil moisture) and this resulted in
differences in the sensors which complicates inter-
comparison and combining of the data.

In this presentation we will report on the consistency of
the calibration between the SMOS, SMAP and Aquarius
sensors. We will assess the differences in the models used
for their calibration and the retrieval of surface brightness
temperature. We will report on approaches to allow for
comparison of TB despite difference in observation
geometry (e.g. incidence angle).

2. DIFFERENCES IN FORWARD MODEL

We report on the differences between the forward model and
ancillary data used by the three missions. The forward model
is used in the calibration process of the measured antenna
temperatures (TA) or to correct for various effects (e.g.,
reflected galaxy, atmospheric effects) to transform the
measured TA into the surface TB. SMAP and Aquarius use
comparisons between measured TA and simulated TA (so
called 'expected' TA) to correct for average global bias and
its temporal drift [8; 9]. The calibration is also assessed
using monthly observation of the celestial sky [10] which is
an independent scene and uses a simpler model for expected
TA (e.g., negligible atmospheric effects between the Sky and
the instrument). For SMOS, the level 1 uses only the cold
sky for its calibration. However, the bias and temporal drift
are then evaluated using a forward model for the Earth
emission (oceans). Namely, its calibration is not directly
adjusted based on the comparisons with the forward model,
but the model is used as a metric of the calibration
performance [11; 12]. In addition, the SMOS level 2 product
for oceans directly uses the forward model to adjust the TB
calibration before the retrieval of SSS is applied, applying a



so-called Ocean Target Transformation (OTT) [13; 14].
Therefore, the details of the forward model used by each
mission are a critical part of ensuring consistency in the
calibration between the various sensors. Among the issues to
be addressed regarding the use of the forward model, are the
differences in ocean surface roughness, dielectric constant,
sea surface temperature, reflected galaxy, land and sea ice
contributions, and atmospheric corrections (including
Faraday rotation).

3. EXAMPLES OF TB COMPARISONS
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Fig. 1 Comparison of SMAP and Aquarius surface TB in
vertical polarization. SMAP TB are reported as a function of
collocated Aquarius TB (middle beam) with colors reporting
the reflected galaxy correction on the SMAP data in Kelvin.

Fig. 1 shows a comparison of TB measured by SMAP and
Aquarius (middle beam only) collocated over oceans and
land. The collocations for a one week period (from May 15,
2015) use a distance radius of 20 km around Aquarius
observations and a time windows of 40 minutes. Only
observations with at least 99% of land (TB > 200K) or at
least 99.9% of ocean (TB < 130 K) in the field of view are
reported. The color scale reports the correction in Kelvin for
the galaxy reflection applied to SMAP TA observations as
part of the process of retrieving surface TB. Aquarius
middle beam is used because of its proximity in incidence
angle (38.5°) to SMAP observations (40°). Over land
(middle and top right corner) TB are close between both
instruments with an average difference of the order of 1 K
only. Over ocean (lower left corner) the match between
SMAP and Aquarius is very dependent on the amount of
correction for the reflected galaxy correction. This shows
that the reflected galaxy is a source of uncertainty that needs
to have a consistent correction between all missions.

SMAP - Aquarius interp @ 40 TbV (K)

e Vi,
W v
E i
B " i N
w, My 6
. W o
: P 2.
'y H * .
» . .
e
B -

Fig. 2 TB difference between SMAP and Aquarius
(interpolated at 40° incidence angle) averaged over one
week in May 2015 over Antarctica.

Fig. 2 shows the comparison of brightness temperatures over
Antarctica. (Note: differences reported over the ocean are
not meaningful because they are not collocated in time,
which is an issue over ocean because of fast changing TB,
contrary to Antarctica where TB at L-band is very stable,
[15]). Agquarius observations were interpolated to an
incidence angle of 40° to match SMAP by using collocated
observation from Aquarius middle (38.5°) and outer beam
(46.8°). The correction for incidence angle difference is
small (~0.5 K) because TB is slowly varying with incidence
angle in this range, and the incidence angle difference is
small. In this comparison, the average difference between
SMAP and Aquarius TB over Antarctica is of the order of 4
K — 5 K, which is larger than the difference observed over
land (1 K). The difference between land and Antarctica can
be traced to differences in the atmospheric model used to
compute surface TB from the observed TA. This is shown in
Fig. 3. The atmospheric correction is similar between
SMAP and Aquarius over most of the globe, but differs
significantly (ATB ~ 3.5K) over Greenland and Antarctica.
This is an illustration that difference in models and ancillary
data used in the retrievals can impact the calibration and
inter-comparison of surface TB.
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Fig. 3 Atmospheric correction applied to observed TA to
compute TB for (top) Aquarius and (bottom) SMAP. The
correction differs significantly (ATB ~ 3.5 K) over
Antarctica and Greenland.

4. CONCLUSIONS

We report on the differences in models and ancillary data
used by SMOS, SMAP and Aquarius missions, and assess
their impact on the surface TB inter-consistency between the
three L-band radiometers.
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