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Abstract 
The research sought to establish the potential of the ALOS 
PALSAR, either singularly or in combination with optical 
data, for retrieving the biomass and structure of wooded 
savannas typical to northern Australia.  This paper 
provides an overview of the results obtained, first using 
airborne remote sensing data acquired near Injune in 
Queensland, and focusing on the retrieval of biomass and 
the mapping of woody regrowth, dead standing timber and 
forest structural types. The transferability of several 
approaches developed using airborne SAR to ALOS 
PALSAR and other datasets is outlined.     
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1.  INTRODUCTION 
 
Within Australia, information on forest biomass and the 
distribution of structural types is required to support  
national scale assessment and monitoring of carbon stocks 
and indicate biodiversity values.  In the knowledge that 
the ALOS PALSAR was to be launched, a major airborne 
campaign was conducted near Injune in central east 
Queensland (Figure 1) in 2000 with a view of establishing 
the potential of this sensor for retrieving biomass and 
mapping forest structural types, including those associated 
with native vegetation, but also regeneration. The 
following sections provide an overview of the airborne 
campaign and major research outcomes and then establish 
the utility of ALOS PALSAR for characterising and 
mapping wooded savannas.   
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Figure 1. The Injune Study Area in central east 
Queensland, Australia 

 
2. THE INJUNE LANDSCAPE COLLABORATIVE 

PROJECT 
 
2.1 Acquisition of remote sensing datasets 
 
The Injune datasets were acquired over the 40 x 60 km 
area between July and September 2000 and included fully 
polarimetric AIRSAR data. Aerial photography, airborne 
LiDAR and hyperspectral data were also acquired for 10 x 
15 500 x 150 m primary sampling units (PSUs) located ~ 4 
km apart in the north-south and east-west directions [1].  
Each block was subdivided into 30 50 x 50 m plots, giving 
a total of 4500 secondary sampling units (SSUs) for the 
study area.  Field data, including plot-based inventories of 
forests and biomass (through destructive harvesting), were 
obtained for 34 of the SSUs to support the interpretation of 
the airborne datasets.    
 
2.2. Derived data sets and SAR backscatter modelling 
From these finer spatial resolution data, key datasets that 
were derived have included: 
 
a) Estimates of total above ground biomass generated by a 
stepwise regression between above ground biomass and 
both the number of LiDAR returns at different height 
levels and also LiDAR-derived crown cover [2]. 
 
b) Maps of individual tree crowns/clusters of crowns 



generated from both LiDAR and hyperspectral data, with 
each crown/cluster differentiated to species type and 
associated with an estimate of height [3, 4] 
 
c) Maps of leaf, branch, trunk and total biomass generated 
by integrating tree size and species information [5]. 
 
The airborne datasets have been derived with reference to 
ground data and have been used subsequently to support 
the retrieval of forest structure and biomass from AIRSAR 
data.  Furthermore, these data together with those 
collected in the field (e.g., measures of leaf and branch size, 
vegetation moisture content), have also been used to 
parameterize and develop a range of microwave simulation 
models [6, 7, 8], thereby allowing increased understanding 
of the interaction of microwaves of different frequency and 
polarization with the different plant components (e.g., 
leaves, branches, trunks) and growth forms (e.g., excurrent, 
decurrent and regrowth). 
 
2.3 Main outcomes 
Analysis of the field and fine spatial resolution datasets in 
conjunction with the AIRSAR data has established the 
following: 
 
a) The retrieval of biomass from SAR data is dependent 
upon the frequency, polarization and also incidence angle 
of the radar, with best retrieval obtained using L-band HV 
data acquired at higher (generally > 35o) incidence angles.  
The saturation level in this channel is typically around 80 
Mg ha-1 [2]. 
 
b) Differential interaction of microwaves with different 
forest components occurs.  In particular, and in wooded 
savannas, L-band microwaves at HH and HV polarisation 
were shown to interact primarily with the trunks and larger 
branches respectively [6; based on simulation modelling].  
Information on the leaf and small branches can be obtained 
using C-band HV data, and a close correspondence with 
Landsat-derived Foliage Projected Cover (FPC; [9]) is 
observed.   
 
c) In areas of woody regrowth, L-band HH returns do not 
become significant until stands of trees exceed about 2.5 m 
in height when their stem size is sufficient to evoke a 
response [9].  A lag in the increase in L-band HV returns 
is also evident suggesting that the structural development 
of regrowth (particularly that dominated by Acacia species) 
might be traced using a combination of these data.  
Furthermore, as woody regrowth supports a high FPC but a 
low L-band return in the early stages of growth, mapping 
using airborne data can be achieved by simply integrating 
these data within a rule-based classification.   
 
d) L-band data might provide an optimal radar-based 
approach to the empirical estimation of biomass in woody 
savannas as the lower frequency P-band microwaves were 
observed not to interact with all components of the woody 
biomass and hence were not sensitive to the entire mass.  

This was in contrast to L-band where interaction with these 
components did occur.  Little increase in backscatter was 
observed above 80 Mg ha-1 for both L and P-band and 
these observations differ from those typical for more 
closed canopy forests where the saturation level is 
generally higher at P-band (e.g., 150 Mg ha-1) compared to 
L-band.      
 
e) Areas of dead standing timber could be mapped as these 
exhibited a high L-band return at all frequencies and 
polarizations but a low FPC, which reflected the absence of 
leaves/small branches in the canopy (Figure 2). 
 
f) The integration of data acquired at different frequencies 
and polarizations with optical data can increase 
opportunities for discriminating and mapping forest 
structural types because of sensitivity to different 
components of the forest volume.   
 

 
Figure 2. Areas of dead standing timber(in blue)  

observed using) L-band SAR (left) and Landsat-derived 
FPC (right). 

  
 
The analysis of the airborne and field datasets at Injune 
provided considerable insight into the potential of the 
ALOS PALSAR for forest characterization and mapping.   
To fully investigate this potential using the ALOS 
PALSAR data themselves, a number of acquisitions at 
various polarizations and incidence angles were requested 
over Injune and the following section provides an 
overview of preliminary results associated with analysis of 
these data.   
 

3. ALOS PALSAR FOR FOREST 
CHARACTERISATION AND MAPPING 

 
3.1 Biomass retrieval 
As observed using the airborne datasets, saturation of L-
band backscatter was observed at about 75 – 80 Mg ha-1, 
with considerable scatter observed as a function of the 
structural complexity of the forests, particularly towards 
the saturation point.  These observations highlighted the 
potential of the data for estimating biomass below the 
saturation level and also the viability of using the ALOS 
PALSAR data acquired at 34o viewing angle.  The study 
also re-emphasized the requirement for developing 
methods that overcome the saturation problem and this is 
the subject of ongoing research. 



 
3.2 Woody regrowth mapping 
Through integration of ALOS PALSAR and Landsat-
derived FPC, maps showing woody regrowth extent were 
generated using a rule-based classification.  Furthermore, 
different regrowth stages could be mapped (Figure 3). 
Some confusion between the older stages of regrowth and 
shrubs occurring within the forest area (in gaps) was 
evident, which suggested the potential of integrating these 
data for retrieving information on the structure of ‘intact’ 
forest.  Comparisons of regrowth maps generated using 
JERS-1 SAR and Landsat-derived FPC from 1995 and 
ALOS PALSAR/FPC data from 2007 indicated substantial 
increases in the extent of regrowth on previously cleared 
land and highlighted the potential of combining historical 
datasets for quantifying changes in the extent of 
regeneration over time. 
 
 

 

 

 
Figure 3. Landsat-derived FPC image (top), ALOS 
PALSAR L-band HH image (centre) and a map of 

regrowth extent and relative stage (bottom, yellow to red 
representing younger to older regrowth) derived through 

integration of these data. 
 
 
3.3 Mapping of forest structural types 
The integration of Landsat-derived FPC and reflectance 
data and L-band HH and HV data allows for enhanced 
mapping of forest structural types.  For example, forest 

stands dominated by White Cypress Pine (C. glaucophylla) 
exhibited a higher FPC compared to Eucalyptus species 
with more open canopies.  C-glaucophylla stands were 
further distinguished as they exhibited a higher L-band HH 
SAR backscatter because of strong double bounce 
interactions with the more vertically orientated stems.   
Forests dominated by poplar box (E. populnea) and silver-
leaved ironbark (E. melanaphloia) could also be separated 
using near infrared and short-wave infrared reflectance 
whilst the combination of the L-band HH/HV and FPC 
data allowed for the discrimination of Acacia-dominated 
regrowth forests at different stages of growth.  The 
classification (Figure 4; here based on airborne SAR) was 
trained using maps of tree species generated using 1 m 
hyperspectral data [10]. 
 

 
 
Figure 4. A rule-based classification of forest communities 

dominated primarily by E. populnea (orange), E. 
melanaphloia (blue), C. glaucophylla (dark green) with E. 
melanaphloia (light green) or E. populnea (yellow), and 

Acacia harpophylla (in the early (pink) and later 
(magenta) stages of regrowth). 

 
More advanced approaches to classification using the 
ALOS PALSAR data are being implemented to establish 
the potential of integrating these with optical data for 
refining classifications of forest structural type and also 
species composition.   
 

5.  DISCUSSION AND CONCLUSIONS 
The establishment of a long-term research site and 
comprehensive remote sensing and field dataset near 
Injune in central east Queensland has provided a unique 
opportunity to develop an understanding of the information 
content of L-band SAR data acquired over wooded 
savannas.  The study highlighted the potential and 
limitations of ALOS PALSAR prior to the launch of the 
sensor but also provided the evidence to support the use of 
these data across the wider landscape once data came on 
stream.  As a consequence, the utility of PALSAR for 



quantifying biomass but also mapping forest formations 
(e.g., woody regrowth, dead standing timber, species and 
structural types) is now well established in Queensland.     
 
Further work is being conducted at other sites in 
Queensland to better establish whether algorithms and 
understanding developed at Injune can be applied 
elsewhere where vegetation types and the physical 
environment differ (e.g., in terms of soils, geology and 
topography).  The outcomes of this research are being 
used to support the development of algorithms for regional 
characterisation, mapping and monitoring of forests in 
Queensland and subsequently across northern Australia.  
 
   
Acknowledgements 
 
This research is conducted under the agreement of JAXA 
Research Announcement titled ‘Radar remote sensing of 
Australian forests’ (JAXA-PI P0650001).  All scientists 
and support staff involved in the Injune Landscape 
Collaborative Project are also thanked as are the 
Queensland Department of Natural Resources and Water 
(QDNRW), the Queensland Herbarium, the Environmental 
Protection Agency (EPA) and the Australian Research 
Council (ARC).  JAXA is particularly thanked for their 
provision of the ALOS PALSAR data. 

  
References 
 
[1] P.K. Tickle, A. Lee, R.M. Lucas, J. Austin and C. Witte, 
“Quantifying Australian forest and woodland structure and biomass 
using large scale photography and small footprint LiDAR.  For. Ecol. 
Management, 223, 379-394, 2006. 
[2] R.M. Lucas, N. Cronin, A. Lee, C. Witte and M. Moghaddam, 
“Empirical relationships between AIRSAR backscatter and forest 
biomass, Queensland, Australia”.  Rem. Sens. Environ., 100, 388-406, 
2006. 
[3] P. Bunting and R.M. Lucas “The delineation of tree crowns within 
CASI data of Australian mixed species forests”.  Rem. Sens. 
Environment, 101, 230-248, 2006. 
[4] R.M. Lucas, P. Bunting, M. Paterson and L. Chisholm, 
“Classification of Australian forest communities using aerial 
photography, CASI and HyMap data.”  Rem. Sens. Environ. (in press), 
2008. 
[5] R.M. Lucas, A.C. Lee and P.J. Bunting, “Retrieving forest biomass 
through integration of CASI and LiDAR data”.  Int. J. Rem. Sens. (in 
press), 2008. 
[6] R.M. Lucas, M. Moghaddam and N. Cronin, “Microwave scattering 
from mixed species woodlands, central Queensland, Australia.”  IEEE 
Trans. Geosci. Remote Sensing, vol. 42, pp. 2142-2159, 2004 
[7] P. Liang, M. Moghaddam, L.E. Pierce and R.M. Lucas, “Radar 
backscattering model for multilayer mixed-species forests”, IEEE Trans. 
Geosci. Remote Sensing, 43, 2612-2626, 2005. 
[8] R.M. Lucas, A. Lee and M. Williams, “The role of LiDAR data in 
understanding the relationship between forest structure and SAR 
imagery.”  IEEE Trans. Geosci. Remote Sensing, 44, 2736-2754, 2006. 
[9] R.M. Lucas, N. Cronin, M. Moghaddam, A. Lee, J. Armston, P. 
Bunting and C. Witte, “Integration of radar and Landsat-derived 
Foliage Projected Cover for woody regrowth mapping, Queensland, 
Australia.  Remote Sens. Environ., 100, 407-425, 2006. 
[10] P. Bunting 2007. “Integration of remote sensing data for the 
characterisation of Australian forests”. Ph.D. thesis Aberystwyth 
University 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


