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ABSTRACT

Tropical rainforests have been established by the SAR com-
munity as well-known calibration sites for the estimation and
monitoring of the radar antenna pattern shape in elevation.
Here, according to the hypothesis of isotropic scattering, the
backscattering coefficient in terms of unit area perpendicular
to the antenna, called gamma nought, is assumed to remain
constant with respect to the incidence angle. Nevertheless,
several studies using X- and C-band sensors have shown a
slight dependency of the rainforest backscatter on the inci-
dence angle, as well as on the ground target properties and
meteorological conditions. The aim of this work is to present
a statistical characterization of radar backscatter at X-band
over the equatorial Amazon rainforest using TanDEM-X data,
and to provide insights on how to best utilize radar backscat-
ter data in this region for SAR calibration and modelling pur-
poses.

Index Terms— Synthetic Aperture Radar (SAR), SAR
Calibration, Amazon Rainforest, TanDEM-X.

1. INTRODUCTION

The radiometric calibration of spaceborne SAR products
plays a key role for ensuring a good performance of the
whole end-to-end system and requires a precise knowledge
of both the radar system and the illuminated target [1, 2]. For
example, the shape of the antenna pattern in elevation can be
directly estimated by analyzing SAR detected images in pres-
ence of a homogeneous backscatter profile in the slant range
dimension. This is accomplished by acquiring SAR data over
homogeneous distributed targets, under the assumption of
isotropic scattering. This is the case of tropical rainforests,
such as the Amazon and Congo forests, which have been
established by the SAR community as well-known test sites
for SAR calibration [3–7], thanks to their homogeneous and
almost isotropic signature.
Nevertheless, several studies conducted in C-band, e.g. using
the ASCAT C-band scatterometer [8] and the RADARSAT-2
C-band SAR sensor [9], and in X-band with the TanDEM-X
mission [10], have shown a slight dependency of the backscat-
ter on the incidence angle as well as on ground target proper-
ties and meteorological conditions [11–13].

Typically, the quantity used for measuring and analyz-
ing backscatter levels in SAR data over rainforests is the
backscattering coefficient gamma nought γ0(θl), which can
be expressed as:

γ0(θl) = β0(θ) tan θl, (1)

being β0(θ) the radar brightness, θ the slant range-dependent
incidence angle, which monotonically increases from near to
far range and θl the local incidence angle. A precise knowl-
edge of the underlying topography is required in order to
precisely estimate the local incidence angle as θl = θ − α,
with α being the local terrain slope in the slant range direc-
tion. Under the assumption of isotropic scattering, the γ0

profile over the local incidence angle should be flat.
In this paper we present a characterization of the radar
backscatter at X-band over the Amazon rainforest using
TanDEM-X data at large scale. In particular, we concentrate
on the backscatter dependency on the day time of acquisition
and orbit direction, whereby ascending and descending orbit
acquisitions are generally acquired in the morning and in the
evening, respectively. Moreover, we analyze the seasonal
variability of the radar backscatter, concentrating on dry and
wet seasons.

2. THE AMAZON RAINFOREST DATA SET

The vast majority of TanDEM-X acquisitions has been ac-
quired using HH polarization, i.e. horizontal polarization
in transmit as well as in receive. Overall, we processed
1998 detected SAR images, acquired in StripMap mode in
HH channel, at almost-full resolution, i.e. 6 m x 6 m, us-
ing the experimental TanDEM-X interferometric processor
(TAXI) [14]. We absolutely calibrated each image in order
to retrieve β0 and we generated the corresponding local in-
cidence angle map θl using the TanDEM-X global edited
DEM [15] and the annotated satellite orbit position. After-
wards, we computed γ0 by applying eq. (1). Both γ0 and
θl are then geocoded and interpolated on a common lati-
tude/longitude grid in order to generate large-scale mosaics.
Unlike previous works concerning TanDEM-X backscatter
analysis [10, 16], which made use of quicklook images at 50
m resolution [17] in order to limit the computational burden



Fig. 1: γ0 mosaic over the equatorial Amazon rainforest, visualized in GoogleEarth.

when considering large data sets, the present investigation
relies on the use of high-resolution data, which allow for a
reliable estimation of the complete signal dynamics as ex-
plained in [10].
In the following analysis, we focus on the equatorial Amazon
rainforest between [−71◦,−58◦] longitude and [−1.5◦, 1.5◦]
latitude, which comprises images acquired using all twenty
nominal TanDEM-X beams used for the generation of the
global DEM [18, 19]. Here, we characterize the backscatter
dependency on orbit direction and seasonality utilizing the
full data set of stripmap, HH polarization data acquired from
December 2010 to September 2014. The area is depicted in
Fig. 1.

3. γ0 ANGULAR DEPENDENCY

In this section, we present a large-scale analysis by charac-
terizing the γ0 radar backscatter at X-band with respect to
the local incidence angle θl. The full span of nominal lo-
cal incidence angles θl, which span from near (about 25◦) to
far range (about 51◦), has been sampled with angular inter-
vals of 1◦. γ0 samples which belong to each single inter-
val are then grouped together, allowing for the derivation of
distribution statistics. Moreover, we applied the TanDEM-X
Forest/Non-Forest (FNF) map [20] in order to select the for-
est pixels only. Given the very different resolution of the FNF
map (50 m × 50 m) compared to γ0 backscatter data, we
eroded forested areas with a square kernel of 5 x 5 pixels,
in order to avoid misclassification at the borders. For each
incidence angle interval, possible outliers have been then re-
moved by taking only the backscatter distribution between the
1st and 99th percentiles.
The obtained results are presented in Fig. 2 for both data ac-
quired in the morning, i.e. ascending orbit acquisitions, and
in the evening, i.e. descending orbit ones. The boxes extend
from the lower to upper quartile values of the data distribu-
tion, i.e. from the 25th to 75th percentiles, with whiskers

Fig. 2: γ0 backscatter dependence on local incidence angle.
Data distributions are shown for both data acquired in the
morning, i.e. ascending orbit acquisitions, and in the evening,
i.e. descending orbit ones.

reaching the 5th and 95th percentiles. The solid lines within
each box identify the distribution mean value. Here, it is im-
portant to mention that all the statistics are computed in linear
scale and only afterwards converted to dB. The figure demon-
strates the non-fully-isotropic nature of the Amazon rainfor-
est, as the backscatter profiles are not completely flat over the
full range of incidence angles. Moreover, ascending and de-
scending orbit acquisitions show a different behavior: acqui-
sitions performed in the morning present lower backscatter
values, with a bias of about 0.5 dB, when compared to the
ones acquired in the evening. This could be explained by a
dependency of the X-band γ0 backscatter on the level of hu-
midity in the air [13,21], which can be related to the day-time.

4. γ0 SEASONAL VARIABILITY

A characterization of the seasonal variability of the radar
backscatter over the equatorial Amazon rainforest is pre-
sented in the following, by comparing dry and wet seasons.



Fig. 3: Seasonal variability of the γ0 radar backscatter with
respect to local incidence angles, by comparing dry and wet
seasons. Data distributions are shown for both ascending
(top) and descending (bottom) orbit acquisitions.

The statistical analysis relies on the same procedure described
in Section 3 and is performed for ascending and descending
orbit acquisitions, separately. The two derived data sets are
then sub-sampled by considering data acquired during dry
and wet seasons, only. For this scope, we assume as dry the
months between June and September, while wet acquisitions
are collected starting from December till March.
Fig. 3 shows the resultant γ0 seasonal variability, with re-
spect to local incidence angles. The analysis confirms that
no significant difference between the two seasons behavior is
detectable. Whereas, it is worth noting that the main driver
of the γ0 radar backscatter over the Amazon rainforest seems
to be the day-time of acquisition, as an overall offset of about
0.5 dB can still be seen between ascending and descending
orbit data.

5. CONCLUSIONS

In this paper, we presented a statistical characterization of
γ0 radar backscatter at X-band over the equatorial Amazon
rainforest using TanDEM-X detected data. Despite the Ama-
zon rainforest appears to be a quite stable and isotropic tar-

get, analyses demonstrated its non-fully-isotropic nature, as
backscatter profiles slightly decrease with respect to local in-
cidence angles. Moreover, γ0 properties are influenced by the
day time of acquisition, where images acquired in the morn-
ing, i.e. in ascending orbit direction, present lower backscat-
ter values, with a bias of about 0.5 dB, when compared to the
ones acquired in the evening, i.e. in a descending orbit ge-
ometry. We also provided a statistical characterization of γ0

backscatter depending on seasonality, by comparing dry and
wet seasons. In this case, we did not observe significant dif-
ference between the two seasons behavior. The work provides
useful insights on the properties of SAR distributed scattering
mechanisms in the Amazonas, showing different behaviours
depending on the day time of acquisition. This information
can guide users in a proper exploitation of the area for, e.g.,
SAR calibration purposes or for the monitoring of the radar
antenna pattern. A series of X-band backscatter models for
the investigated scenarios are being derived, based on the an-
alyzed TanDEM-X data. To this aim, we rely on the same for-
mulation introduced by Ulaby and Dobson in [22]. The pro-
posed parametric models will be presented at the conference
and could then be used for a variety of applications, ranging
from SAR system design to physical modelling.
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