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ABSTRACT

The land emissivity model used in the Aquarius
data processing has been updated for the latest
data release (V5.0). In order to improve the
estimates of the brightness temperatures of
frozen regions, the new model uses values of
surface emissivity that have been estimated from
the Aquarius measurements averaged over the
entire duration of the mission. The retrieved
emissivities depend on the geographic location,
but they depend only marginally on time,
temperature and snow cover.

Index Terms— Aquarius, frozen soil,
modeling

1. INTRODUCTION

The land emissivity model used by the Aquarius
mission to estimate the antenna temperatures
over land was updated for the latest data release
([1], Appendix B). This update addressed several
issues in the previous land model (e.g. the
presence of discontinuities in the time series of
expected antenna temperatures in an orbit) and
improved the consistency between the land
models used by the Aquarius and the Soil
Moisture Active/Passive (SMAP) mission [2].
One of the goals was to improve the estimated
brightness temperatures of frozen regions.

In the previous land model ([3], Appendix B)
land was considered frozen if the surface
temperature was below zero. In that case, the
surface was modelled as a homogeneous half-
space with the dielectric constant of snow from
[4] (section E-6.1) and the emissivity was
computed using this dielectric constant in
Fresnel’s equations for reflectivity.

Although there are other models for the dielectric
constants of frozen surfaces, dry conditions
correspond to large wave penetration depths,

which make it difficult to model the surface
emissivity.

The new land model uses a different approach: it
considers the actual measurements made over
frozen regions and uses them to retrieve the
emissivities. This contribution describes this new
approach and presents some of its results.

2. METHOD

In the updated model, the emissivity when the
ground is frozen (defined below) is obtained by
definition as:

TB
E=— 1)
where TB is the surface brightness temperature
measured by Aquarius, T is the thermodynamical
temperature of the surface, and E is the
emissivity. Where the scene observed by the
instrument is not entirely made up by frozen
land, Eg. 1 needs to be modified to account for
the contributions of other types of surfaces and
becomes:

TB — Y, E;Tif;
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where the summation is made on the different
types of surface (water, sea ice, non-frozen land)
and f denotes the fraction of each type of surface
within the footprint of the instrument. In Eq. 2,
the emissivities of the other types of surfaces are
computed as in Appendix B of [1].
The emissivities of frozen regions were retrieved
using Eq. 2 for the entire Aquarius dataset, i.e.,
from August 25, 2011, to June 7%, 2015,
whenever all the following conditions were met:
e The surface temperature is lower than -2 °C
(avoids thawed soil);
e The percentage of land is higher than 99%
(avoids coastlines);



0.9

0.8

num of samples
num of samples

0.7

1 10% V2 ©10%

0.6 10

-150 -100 -50 1] 50 100 150

Figure 1: Retrieved emissivities using the Aquarius inner
beam and horizontal polarization

e The retrieval of the surface brightness
temperature was successful.

The retrieved emissivities have then been binned
(i.e., drop in a bucket averages) into a 1x1 degree
grid.

Since emissivities depend on the incidence angle
and on the polarization, the binning was done
separately for each of the six Aquarius channels
(three incidence angles and two polarizations)

[6].
3. RESULTS

The results of this approach are six latitude-
longitude tables with the average retrieved
emissivities. Figure 1 shows one of these maps
for the inner beam (beam 1) and horizontal
polarization.

The blank spaces correspond to cells where the
criteria in section 2 did not occur often enough to
obtain a meaningful average (i.e., less than 5
valid observations).

3.1. Comparison with values used by SMOS
and Aquarius

Previous studies have provided estimates of the
dielectric constant of frozen soils, ice and snow.
Some of these wvalues have been used
operationally by the SMOS mission [7] (i.e.,
frozen soil from [8] and ice from [9]), and by the
Agquarius mission [3] (i.e., snow from [4],
section E-6.1). We have compared the
emissivities obtained from these values and the
Fresnel’s equations against the emissivities
retrieved by this method.

Figure 2 shows that none of the theoretical
values matches well the measurements for all
channels. Also, the use of only one fixed value
would be ill-suited to represent the spatial
variations in Figure 1.

3.2. Temporal stability
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Figure 2: Histograms of the retrieved emissivity over
North America, Europe and Asia (January 2012) for
all the Aquarius channels. (Greenland is excluded)

The retrieved emissivities vary with the
geographic location. However, for a particular
location, the retrieved emissivities are quite
stable. For every month of the Aquarius dataset,
we binned the retrieved emissivities to form
maps similar to Figure 1. Then, for each grid
cell, we computed the standard deviation
between different months. The standard
deviations for each cell are shown in Figure 3.
The high standard deviations in Greenland
appear to be associated with an unusual melt
event that occurred in 2012 [10]. The isolated red
dots in China and in the Andes correspond to
grid cells where few points were used to
compute the standard deviation.

3.3. Effect of snow cover

Frozen regions are often covered in snow.
Therefore, the retrieved emissivities might
depend on the amount of accumulated snow at
the time of the measurements. Figure 4 shows,
for every channel, the retrieved emissivities as a
function of the Snow Water Equivalent (SWE),
as predicted by the NCEP (National Centers for
Environmental Prediction) GFS (Global Forecast
System) model. The color is proportional to the
density of measurements. In every plot, is also
indicated the straight line that best fits the data
along with its equation.

The emissivities for vertical polarization show
little to no variation with the SWE. Values for
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Figure 3: Map of the standard deviations of retrieved
emissivities

the horizontal polarization appear to be more
dependent on the SWE, consistently with the
findings of previous studies, e.g. [11]. Higher
incidence angles also appear to be more
dependent on the SWE, for the horizontal
polarization.

4. CONCLUSIONS

This study considered a new approach to
improve the estimates of brightness temperatures
of frozen regions. This approach uses the surface
emissivities  retrieved from the  actual
measurements. The retrieved  emissivities
showed spatial variations, but were mostly stable
over time. Also, the effect of the snow layer
covering the frozen soil appears to be small,
especially in vertical polarization or at low
incidence angles.

This approach was developed for the Aquarius
mission at a time when the mission was no
longer operational. However, given the stability
in time of the retrieved emissivities, it would be
reasonable to implement the same approach in an
operational mission, after a sufficient amount of
data (at least one year) has been collected, and
frozen soil in different parts of the globe has
been observed.
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