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ABSTRACT 

 

Estimation of forest biomass using spaceborne SAR 

data is an active field of investigation. C-band 

backscatter is known to provide little information on 

biomass because of the weak sensitivity to forest 

biophysical properties. However, if a large multi-

temporal dataset is used, it should be possible to 

improve the estimation. This assumption has been tested 

with ENVISAT ASAR Wide Swath (WS) data over a 

400.000 km
2
 large region in Central Siberia. Forest 

biomass, expressed as growing stock volume, has been 

retrieved using an approach based on a Water-Cloud 

like model and a multi-temporal combination of 

estimates. To avoid any dependence of the modelling 

procedure upon in situ training data, a novel training 

approach based on the information content of the 

MODIS Vegetation Continuous Fields tree canopy 

cover product has been developed. Biomass has been 

estimated at 1 km resolution to be comparable both to 

the inventory data and the coarse-scale biomass 

simulations by the LPJ Dynamic Vegetation Model. The 

patterns of biomass estimated from ASAR WS and from 

the inventory compare well. This result is far beyond 

initial expectations. Compared to LPJ-based simulated 

biomass, the WS-based biomass presents a much higher 

degree of detail making comparison difficult. ENVISAT 

ASAR WS data appear as a potential candidate for 

estimation of large-scale forest biomass for a wide range 

of applications. 

 

1. INTRODUCTION 
 

Forest biomass information is required at different 

levels and scales, ranging from polygon level as used in 

forest inventory (high resolution, order of hectares) to 

grid level as used in Dynamic Global Vegetation 

Models (DGVMs) (low resolution, order of several km). 

DGVMs like the Lund-Potsdam-Jena (LPJ) are 

powerful tools to study the ecosystem response to 

changes in environmental conditions like warming. This 

is reached by process-based simulation of vegetation 

structure and function. The dominance of a certain 

vegetation type and the size of pools like vegetation or 

soil carbon content are obtained by the integration of 

fast processes like carbon assimilation but also slow 

processes like carbon allocation to plant compartments, 

mortality, litterfall, and fire disturbances.  

 

Evaluation of the fast processes by using flux 

measurements, e.g. by the eddy covariance technique, 

has improved knowledge concerning the representation 

of fast responses of the ecosystem. On the contrary, the 

evaluation of pool sizes is still an open issue. It is 

essential to determine slow processes that might still not 

be represented in the model, and to know about the 

validity of the model over a long time period. For this, 

the spatial distribution of biomass over a large transect 

that comprises several climatic conditions is required. 

For instance, in [1] biomass simulated by LPJ was 

compared to inventory data collected during the last 30 

years over a 3 Million km² transect in Central Siberia 

(SIBERIA-II Project study area). Although the north-

south gradient of biomass obtained from LPJ and the 

inventory showed good agreement, differences occured, 

in particular at high latitudes.  

 

In their current state both the LPJ and the inventory-

based estimates suffer from errors and uncertainties in 

particular in this region. On one hand well known 

processes which limit biomass in permafrost regions are 

not represented in the model yet. On the other hand 

inventory data from very remote regions have become 

obsolete. For this reason it is necessary to obtain 

accurate and up-to-date biomass information from other 

sources, which could serve both for inventory purposes 

and as driver in vegetation modelling. 

 

Spaceborne SAR data are a potential candidate for the 

retrieval of forest biomass since the SAR backscatter 

coefficient can be directly related to the forest above-

ground biomass. The sensitivity of the backscatter to the 

biomass increases for increasing wavelength. 

Furthermore, the importance of multi-temporal 
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and VCF tree canopy cover. The spatial details of 

biomass retrieved from ASAR WS are important to 

validate current DGVMs and are the basis for more 

detailed retrieval of parameters used in DGVMs. 

Discrepancies with inventory data were found at the 

local scale, the reasons being multiple (e.g. obsolete 

reference data, distorted estimate of the model 

parameter, time difference between VCF and ASAR 

data, imperfect compensation for topographic effect due 

to coarse DEM available). The results are without any 

doubt far beyond what commonly expected from C-

band SAR backscatter and are likely to open a new field 

of investigation on forest biomass estimation using SAR 

data for regional to global applications.  
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Figure 3. (a) WS-based, (b) forest inventory, (c) LPJ-based growing stock volume [m³/ha], and (d) MODIS VCF 

tree canopy cover [%]. 


