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ABSTRACT

A fully polarimetric model is implemented to simulate
backscatter from boreal forest. The aim is to correct for
topography on a sub-stand level during the recovery of
forest properties from P-band SAR data, specifically
directed at the upcoming BIOMASS mission. The model
incorporates the direct, double-bounce and triple-bounce
scattering from tree stems on a sloping ground. Topography
is introduced by assigning an independent and arbitrarily
oriented local ground plane to each tree. Simulated SAR
images are produced from in-situ measurements and a high
resolution digital topography model (DTM) based on
LiDAR data. These were obtained during BioSAR 2010
together with the corresponding SAR images, which are
used for validation.

Index Terms—Forestry, scattering, synthetic aperture
radar (SAR)

1. INTRODUCTION

There is a pressing need of improved mapping of global
forest biomass which, due to its importance in Earth’s
carbon cycle, is one of the key parameters for future climate
predictions. This need is reflected in the recent selection of
BIOMASS for the European Space Agency’s (ESAs)
seventh Earth Explorer mission. BIOMASS will use a fully
polarimetric and interferometric P-band Synthetic Aperture
Radar (SAR) and one of the primary objectives is to provide
global data on above ground forest biomass with an
accuracy of <20% and a resolution of 100-200 m [1].

The high target accuracy will require an advancement
of the state of the art for P-band SAR and is subject to an
ongoing research effort. Previous studies have found that it
is necessary to correct for topographic effects when
obtaining boreal forest biomass from the measured
backscatter [2-3], with the best model using both the
average ground slope and multiple polarizations (HV and
the HH/VV ratio) [2]. The results in [3], where the ground-
stem interaction for vertical stems and an undulating ground
surface  was computed wusing a physical-optics

approximation, suggested that even the topography on the
sub-stand level is of importance for the resulting SAR
image.

This paper uses a slightly modified version of the
model in [4] to investigate the influence of the detailed
topography on the backscatter from hemi-boreal forest and
the relative importance of the different polarizations when
determining biomass. Data from the BioSAR 2010
experiment is used to provide forest and ground input data
as well as polarimetric SAR data for validation of the
simulations.

Figure 1: The geometry used, showing incident angles 0i, ¢i and a
sloping ground plane with ground angles 6q, ¢g and normal ng.

2. METHODOLOGY

The model simulates the backscatter from a collection of
dielectric cylinders above an infinite dielectric half-space
using the infinite cylinder approximation. Tree stems are
modelled as tapering stacks of 10 cylinders following a
profile based on a Norway spruce from [4], see Figure 1 and
2. The stems are scaled to individual height and radius, with
an option to use fewer cylinders for smaller trees if desired.
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Figure 2. A profile representing a 30 m high Norwegian spruce
using a tapered stack of 10 cylinders. The diameter at breast height
(dbh) of the tree is 35 cm.

It is also possible, although not used in this work, to
vary the orientation of each cylinder. Cylinder-cylinder
interactions such as shadowing or multiple reflections are
not included.

A varied topology is approximated with a local ground
plane for each cylinder (usually kept the same for all
cylinders in each tree), which can be based on a ground
model or fitted to a DTM. The specular point is then
calculated and is, if within a specified range, used to obtain
the double- and triple-bounce contribution in addition to the
direct scattering from each cylinder. The incident and
scattered waves are separated into polarizations for each
part of the calculations, resulting in the possibility to extract
the HH, VV and HV components of the backscatter.

SAR images are produced by simulating the response
for each tree in the scene separately with a simplified PFA
routine followed by coherent addition, averaging and down
sampling if required.

3. BIOSAR2 2010 DATA

The BioSAR 2010 campaign was a follow up and expansion
of BioSAR 2007, again focusing on the hemi-boreal forest
site. Remnngstorp in the south of Sweden (58 30’ N, 13
40°E). The experiment was funded by ESA to study how
forest changes over time (such as growth, thinning, clear
cuts and storm damage) are reflected in P-band SAR data as
well as topographic effects. See [5] for further details.
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Figure 3. BioSAR 2010 data for plot 1017 (80 m by 80 m): The
DCM with individual trees marked by black dots (top left) and the
DTM (top left). The two angular lines to the right in the DTM are
ditches. The local slope (bottom left) and aspect angles (bottom
right) were calculated by fitting a plane to the DTM data in a 10 m
by 10 m square centered on each pixel.

3.1. In-situ and LiDAR data

Data from field plot 1017 was chosen for this study, out
of seven field plots measuring 80 m x 80 m available. In-
situ data for these plots include species, individual tree
positions and diameters for all trees with a dbh of at least 5
cm as well as height for a subset of trees. Estimations of
biomass, both total and separated by species and structure
(stem, branches, needles...), are given as averages for each
plot.

LiDAR data collected by the helicopter-mounted
TopEye MKIII system from 200 and 400 m was used to
produce a digital topography model (DTM) and a digital
canopy model (DCM) with vegetation/structure height
above ground. Both the DTM and the DCM were rasterized
to a 0.5m x 0.5m resolution [5]. The DTM is in this work
used to provide the surface topography as well as the z-
position of the stems. The DCM is used to get the height of
trees when unavailable as shown by the example data shown
in Figure 3.

3.2. SAR data

The main focus of BioSAR 2010 was the acquisition of P-
band SAR images and 8 different images were acquired on
23 September following the flight paths used in 2007 as
closely as possible, with the addition of one heading (270°).
The processed P-band bandwidth was 277-443 MHz, the
incidence angle 24-62° and the altitude just below 4 km.
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Figure 4. The backscatter from a 10-cylinder single tree with the
dimensions specified in Figure 1 and a dielectric permittivity of
12.4-2.1i. The frequency is 435 MHz, the incidence angle 37°, the
ground slope 10° (dielectric permittivity 11.0-0.3i) and the aspect
angle is varied from 0° to 180°.

The end result relevant for this paper was three calibrated
images containing HH, VV and HV components of ¢° from
the headings 199°, 178° and 270°, with a subset of plots
visible in all three images.

4. RESULTS

The results of a representative simulation of a single tree
can be seen in Figure 4. The HH and V'V components are of
the same magnitude and show a similar dependence on the
aspect angle except for slopes parallel to the incident
direction. The HV component is generally weaker and
varies much more with the geometry. This contradicts the
claim that HV is the least affected polarization found in
many previous studies; however, a large portion of the HV
backscatter might be attributed to other mechanisms (such
as scattering of large branches) when the angle between the
stem and the ground is close to 90°.

Figure 3 shows that there is an area in the center of plot
1017 with an average slope of about 10° to the east. The
illumination is parallel to this slope for the 178° flight but at
a right angle to it for the 270° flight. The simulation then
suggest that all polarizations should increase for this area,
HH and VV to the same degree with a stronger effect for
HV. This is in good agreement with the actual SAR images
for this plot (Figures 5 and 6) that have similar intensity for
the flat areas and a marked increase in the central area,
especially for HV.

Figure 5 and 6 also show simulated SAR images for
plot 1017, using the data displayed in Figure 3 to determine
the three dimensional position of the trees and the
corresponding ground angles. Each tree was split into 10
cylinders and assumed to be straight and vertical. The 178°
heading (with the radar looking east, i.e. to the right in the
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Figure 5. Backscattering amplitude for plot 1017 from the 178°
flight, i.e. looking east. All images are down sampled to 5m x 5m
resolution from 81-look equivalent images spanning 10 dB in
amplitude. Top: Measured backscatter for different polarizations.
Bottom: Simulated backscatter.
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Figure 6. Backscattering amplitude for plot 1017 from the 270°
flight, i.e. looking south. All images are down sampled to 5m x 5m
resolution from 81-look equivalent images spanning 10 dB in
amplitude. Top: Measured backscatter for different polarizations.
Bottom: Simulated backscatter.
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image) show a good agreement with the backscatter
decreasing significantly on the central slope away from the
radar. Also visible in the simulated image is the marked
increase in HV backscatter for slopes at close to right angles
with the look direction (at the bottom right and top left
corners). For heading 270° (i.e. radar looking south, or
down in the image) the model produces a fairly



homogenous response for the flat areas, but does not display
the slightly lower backscatter from the central eastward
slope seen for all the polarizations in the actual SAR data. It
instead exhibits the theoretically expected stronger HV
backscatter from this region with HH and VV being less
affected. The simulated images also show a decreased
backscatter in the lower right and upper left corners, both
areas where the ground is now sloping towards the radar.

5. CONCLUSIONS

The model is able to reproduce a large part of the variation
attributed to topography seen in the BioSAR P-band SAR
images. Further work includes simulating more plots for
which data are available as well as a deeper investigation in
the contribution of the different scattering mechanisms to
the variation in total backscatter.
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