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ABSTRACT 
 
Retrieval of forest growing stock volume (GSV) has been 
shown to be feasible with C-band backscatter data using 
hyper-temporal stacks. In this paper, we report on the 
generation of pan-boreal estimates of forest GSV 
representative for the year 2010 using Envisat ASAR 
ScanSAR backscatter measurements. More than 67,000 
image strips acquired between October 2009 and February 
2011 over the north American and the Eurasian continent 
have been multi-looked to 1 km pixel size, terrain geocoded 
to a pixel size of 0.01 degree, speckle filtered and corrected 
for slope-induced effects on the backscatter. Then, GSV has 
been retrieved with the BIOMASAR algorithm on a pixel-
by-pixel basis. First results show the strong thematic 
accuracy of the GSV estimates due to the very large number 
of backscatter observations available and retained for 
retrieval.  
 

Index Terms— Envisat ASAR, ScanSAR, boreal 
forest, growing stock volume, multi-temporal 
 

1. INTRODUCTION 
 
The feasibility of mapping forest parameters, such as 
growing stock volume, aboveground biomass or canopy 
height, at regional to global scale with spaceborne remote 
sensing data has increased in recent years because of the 
availability of gap-free datasets, which are furthermore 
repeatedly acquired within short periods of time (see e.g., 
[1-3]). Synthetic Aperture Radar (SAR) intensity is suitable 
for retrieval of forest parameters because forest structural 
properties affect the response of the radar signal. At C-
band, the estimation from single SAR backscatter 
measurements can be very uncertain because of the weak 
sensitivity of the forest backscatter to forest structural 
parameters and the strong effect of the environmental 
conditions on the backscatter. Stacking estimates of a forest 
parameter from several measurements of the backscatter 
can in turn increase the contribution of the signal from the 
forest and reduce the the temporally variable effect from 

other backscatter sources on the retrieval [4-6]. The 
availability of large stacks of backscatter measurements 
acquired by Envisat ASAR in ScanSAR mode has favored 
the development of an approach, referred to as 
BIOMASAR, to retrieve forest growing stock volume 
(GSV) from hyper-temporal datasets of C-band backscatter 
[6]. The retrieval accuracy was reported to be on the order 
of 40% at the resolution of the two types of ScanSAR 
datasets (100 m and 1 km) and below 25% when GSV has 
been aggregated with a factor 10 or greater [6]. In this 
paper, we present ongoing activities towards the generation 
of pan-boreal estimates of forest GSV for the year 2010 
with the BIOMASAR algorithm. The estimates are 
obtained at 1 km spatial resolution and are based on hyper-
temporal measurements of Envisat ASAR ScanSAR 
backscatter. 
 

2. METHODOLOGY 
 
The BIOMASAR algorithm [6] exploits a Water Cloud-like 
model linking the forest backscatter to the growing stock 
volume and a weighted combination of GSV estimates from 
individual backscatter measurements (see Figure 1). The 
stacks of backscatter measurements are obtained from 
Envisat ASAR ScanSAR data in Global Monitoring and 
Wide Swath mode after radiometric calibration, multi-
looking, terrain geocoding, multi-channel speckle filtering 
and radiometric normalization for slope-induced effects on 
the backscatter. The entire processing chain runs 
automatically without the need of training data for the 
forest backscatter model. Unknown forest backscatter model 
parameters are estimated from central tendency statistics of 
the backscatter image for unvegetated areas and areas with 
high canopy cover. This information is provided by the 
MODIS Vegetation Continuous Fields (VCF) product [7]. 
The estimation of the model parameters and the inversion 
of the model to retrieve the GSV are implemented at pixel 
level. The retrieval is constrained within a range of realistic 
GSV values. The highest GSV that can be retrieved is 
obtained by interpolation of values representative for a 2×2 
grid cell. These values are derived from different sources 
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(inventory data, inventory reports, other EO datasets of 
GSV). The weights of the multi-temporal combination 
associated to each individual GSV estimate correspond to 
the difference of the backscatter estimated in dense forest 
and unvegetated areas. 

 
3. STUDY AREA AND SATELLITE DATA 

 
The study area covers the north American and Eurasian 
continent, roughly corresponding to land masses above 30° 
N latitude. The area therefore includes the boreal and hemi-
boreal forest zones, as well as temperate forests to a large 
extent.  

To obtain the map of GSV representative for the year 
2010, Envisat ASAR ScanSAR data acquired between 
October 2009 and February 2011 has been used in order to 
maximize the contribution of winter/frozen data to the 
retrieval. The frozen conditions were shown to be most 
suitable for the retrieval in the boreal zone [6]. 
Unavailability of ASAR ScanSAR data over Japan until 
March 2011, forced us to fill the gap with images acquired 
afterwards until March 2012. In total, more than 67,000 
image strips were selected for processing. 

The entire processing chain (i.e., SAR data processing 
and retrieval of GSV) has been implemented on the 
European Space Agency (ESA) Grid Processing on 

Demand (G-POD) environment (http://gpod.eo.esa.int/). To 
optimize computing resources on the G-POD platform, the 
study area had to be divided into processing sub-regions 
shown in Figure 2. 

The SAR data were multi-looked to 1 km and then 
geocoded to equiangular projection and a pixel spacing of 
0.01 degree. Screening of the geocoded SAR data showed 
high radiometric consistency and geometric accuracy at 
sub-pixel level. The individual image strips were then tiled 
according to a 2 × 2 degrees grid for flexible management 
of the large dataset.  

Figure 3 shows the pan-boreal false color composite of 
the SAR dataset, herewith referred to as hyper-temporal 
RGB. The image combines the average SAR backscatter 
(red), the minimum SAR backscatter (green) and the 
temporal variability, i.e., the standard deviation of the SAR 
backscatter (blue). Forest land cover appears in green 
because of the high minimum backscatter compared to 
other land cover classes. Areas with short vegetation appear 
in violet because of the low minimum backscatter and 
average backscatter while the temporal variability is strong. 
Blue represents water bodies because of the strong temporal 
variability of the backscatter. Bare areas present low 
average backscatter and minimum backscatter and certain 
temporal variability, thus appearing as dark blue.  

 
Figure 1. Flowchart of BIOMASAR algorithm [6]. 

 

�
 

Figure 2. Processing regions on G-POD. 
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Figure 3. Hyper-temporal RGB of Envisat ASAR ScanSAR images (Red: Average backscatter; Green: Minimum 
backscatter; Blue: Temporal variability of backscatter). 

 
 

4. PAN-BOREAL GSV 
 

Figure 4 shows the pan-boreal GSV map masked for non-
forest areas with the GlobCover land cover 
(http://ionia1.esrin.esa.int/). Figure 5 shows the 
corresponding map of the number of backscatter 
observations used in the multi-temporal combination. In 
[6], it was reported that estimates of GSV based on less 
than 20 observations can be affected by significant errors 
and uncertainties. According to Figure 5, the number of 
backscatter measurements per pixel retained for the 
retrieval is mostly greater than 100, which guarantees the 
thematic accuracy of the estimated GSV. For southwest 
U.S. and Japan, the retrieved GSV seems to be 
characterized by a certain offset. Verification and validation 
of the estimates will be pursued in future investigations. 
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Figure 4. Pan-boreal map of forest GSV representative for the year 2010. 

 
Figure 5. Number of SAR backscatter measurements used to retrieve the GSV shown in Figure 4. 
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