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Abstract
This paper discusses the possibility to use spaceborne X-band radar interferometry for forest
height mapping. In our previous works was shown that airborne X-band SAR interferometry
combined with accurate ground elevation model can provide good estimates of boreal forest
height. In order to apply this technique to spaceborne SAR images, temporal variability of the
scattering and lower signal to noise ratio of speceborne images should be taken into acount.
In this work, a set of 10 TanDEM-X SAR satellite image pairs, acquired during summer and
autumn 2011 over southern Finland, was used to evaluate the potential tree height retrieval
performance and temporal stability of the method. The obtained results are compared to our
previous studies on tree height retrieval with airborne E-SAR instrument of DLR in the same
area. Our results show, that spaceborne TanDEM-X and TerraSAR-X satellite image pairs are
suitable for forest height retrieval, but as expected, the accuracy of the method is lower than
in the case of airborne measurement. Also the radar signal penetration depth into the forest
varies seasonally and this variation should be taken into account when estimating tree height
with SAR interferometry.

1 Introduction

Remote sensing of forest is economically significant for todayŠs world and also becoming more
significant due to the acceleration in climate and ecosystem changes. In forestry, most SAR studies
focus on retrieving forest parameters related to the 3D structure such as tree height, biomass, ver-
tical and horizontal heterogeneity from the observed quantities such as backscattering coefficient
and interferometric and polarimetric parameters [1, 2].

The most important forest parameter for retrieval is probably forest biomass. Above-ground
biomass and stem volume are closely related parameters which have been estimated usually from
observed SAR backscatter and interferometric SAR coherence. Forest biomass related parameters
can be accessed also through height measurements and allometry equations . In this area new
techniques known as SAR polarimetric interferometry are providing new more accurate means to
obtain desired parameter estimates. It has been demonstrated that tree heights that are retrieved
by single baseline polarimetric interferometric SAR (PolInSAR), or multibaseline PolInSAR, in-
crease the accuracy of biomass estimation [2]. If an external digital elevation model is available,
even X-band single-pol interferometric coherence can also be used to retrieve the forest heights.
This was demonstrated in our previous work where airborne E-SAR interferometric images and
accurate LIDAR measured ground elevation model were used [3].

However, the usability of spaceborne radars for the same task was not tested and the variability
of the X-band radar signal penetration depth to the forest due to seasonal changes remained un-
known. In this work, we present results on both of those topics by using TanDEM-X/TerraSAR-X
satellite measured image pairs to retrieve forest height and monitor the variability of penetration
depth [4, 5]. It should be mentioned that the TanDEM-X mission is the first single-pass polarimet-
ric interferometric radar in space and as such could provide entirely new application possibilities.
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Fig. 1: Spaceborne TanDEM-X SAR interferometric phase center in relation to an accurate ground
and forest model. The image shows X-band VV polarization coherence phase (blue line) along
the range shown with the LIDAR-based ground (black line) and canopy top phase (green circles)
estimate.

2 Material

The test site of this study is located in southern Finland close to Kirkkonummi and Helsinki. The
interferometric image dataset gathered for the study consists of 10 TanDEM-X images, acquired
over the area. The acquisition period was selected to cover conditions from fully leaved forest in
summer to totally leafless deciduous forest in late autumn. The images are acquired from August
2011 to January 2012. A complementary InSAR dataset for comparison included airborne ESAR
data acquired over the same area in 2003 by DLR. Though temporal distance between the datasets
is large, inter-comparison of results is important for assessment of relative performance in tree
height estimation, forest delineation and other potential capabilities of space-borne SAR imagery
compared to airborne. As a accurate ground elevation data the LIDAR scanning was performed
by Finnish National Land Survey in 2008 was used. The classified point cloud in 2x2 m resolution
was used to produce elevation models. Forest class information was derived from the CORINE
land cover database.

3 Methods

Five sets of dual-pol (HH/VV) TanDEM-X/TerraSAR-X data set, which were acquired in bistatic
mode, were used in the study. Dates of acquisitions of SAR images are September 4th, September
15th, October 18th, October 29th and November 9th of 2011. The center frequency is 9.65 GHz
for all acquisitions. The raw Coregistered Single look Slant Range Complex (CoSSC) were used
in processing in order to achieve maximum resolution possible. The SAR images were prepro-
cessed, which included data reading, interferogram flattening, unwrapping, vertical wavenumber
calculation, elevation map generation and the results were converted to UTM coordinates. UTM
coordinates were chosen as the common system, because LIDAR measured digital elevation model
and other ancillary data were already in UTM coordinates. Accurate SAR scattering phase center
height in relation to LIDAR measured ground model was calculated. Phase center height was com-
pared with LIDAR measured tree height and phase center height temporal variability was analyzed
seasonally for different forest types separately.

4 Results and discussion

In Figure 1 is shown a typical scattering center height profile. The black line represents ground
level and green circles show tree top measurements, both measured by LIDAR. The blue line
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(a) Airborne E-SAR measurement (b) Spaceborne TanDEM-X measurement

Fig. 2: 2D histograms indicating the relationship between the interferometric phase center height
[m] and the LIDAR measured tree height [m] for the test site. The image (a) shows the X-band
airborne measurement and the image (b) X-band spaceborne measurement. The solid and dashed
lines correspond to treetop and 50% of the tree height locations measured by LIDAR, respectively.
One unit on the color bar corresponds to 1000 samples.

show the interferometric phase center location inside the forest in comparison. As shown, the the
scattering phase center is located typically around the top half of the canopy height. In Figure 2 the
SAR scattering center height is compared with LIDAR measured height in a 2D histogram, both
for airborne measurement and spaceborne measurement. As it is seen, the airborne measurement
is able to provide much more accurate estimates for tree height and the correlation between the
LIDAR and SAR measurement are much higher than in the case of spaceborne measurement.
However the spaceborne measurement is in the agreement with the earlier results obtained for
airborne data. The scattering phase center is 25% lower than LIDAR measured canopy height and
the correlation is there, however much lower due to lower signal to noise ratio of the spaceborne
instrument [5].

The variability of the scattering phase center height in different forest types is presented in
Figure 3, where mean scattering phase center height and mean penetration depth variation with
respect to date of acquisitions and forest classes are presented. The pattern observed in the tempo-
ral variations of mean penetration is in agreement with expectations. Leaf-on conditions of early
September and middle September resulted in lower penetration depths since the X- band SAR sig-
nals are strongly attenuated by the leaves and needles. Again the mean penetration depth variation
for all classes is highest from September 4 to October 18 which indicates that major part of leaf
or needle drop occurred in this interval. Deciduous forest has the most sensitive penetration depth
statistics since it is the class most affected by leaf drop. Coniferous forest penetration depth has the
lowest temporal variations as expected. One interesting observation about the average penetration
depth is that, even though deciduous forest loses its leaves during autumn, the average penetration
is still lower than coniferous forest in November acquisition. This observation suggests that the
deciduous forest in the test site is relatively dense and branches are effective scattering elements
in absence of leaves. The accuracy of penetration depth statistics are also affected by the accuracy
of the Corine CLC2006 database as well as the scattering phase center height statistics [4].

5 Conclusions

Our results show that spaceborne X-band interferometry can provide information about forest
height, when combined with an accurate external terrain elevation model. Inspection of interfer-
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(a) Scattering phase center (b) Penetration depth

Fig. 3: Mean SPC heights with respect to dates of acquisitions and forest classes (a) and mean
penetration depth with respect to dates of acquisitions and forest classes (b).

ometric scattering phase center location shows also expected temporal variations. These results
indicate that X-band space borne imaging radar can be exploited in forest remote sensing in re-
gions where ground elevation model is accurately known. However, the temporal variation in
SAR signal penetration depth into forest canopy should be taken into account. The best results are
achieved when the variation is accounted for each forest class separately.
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