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ABSTRACT 

Research undertaken as part of the Japanese Space 
Exploration Agency (JAXA) Principal Investigator (PI) and 

Kyoto and Carbon (K&C) program has focused on the 
regional characterization (growth stage as a function of 
biomass and structure) and mapping of forests across 

northern Australia and mangroves (including wetlands) in 
selected tropical regions (northern Australia, Belize, French 
Guiana and Brazil) using Advanced Land Observing 

Satellite (ALOS) Phased Array L-band SAR (PALSAR) 
data, either singularly or in conjunction with other remote 

sensing (e.g., optical) data.  Comparison against existing 
baseline datasets has the use of these data for detecting 
change in these tropical and subtropical regions.  Regional 

products (e.g., forest growth stage, mangrove/wetland 
extent and change) generated from the K&C dual 
polarimetric strip data are anticipated to benefit 

conservation of these ecosystems and allow better 
assessments of carbon stocks and changes in these as a 
function of natural and anthropogenic drivers, thereby 

supporting key international conventions.   
 

Keywords: Forests, mangroves, wetlands, structure, 
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1.  INTRODUCTION 
Increasing concern regarding the state of global terrestrial 
ecosystems has highlighted the need for timely, regular, 

systematic and reliable information on their extent and 
condition.  The Advanced Land Observing Satellite 
(ALOS) Phased Array L-band SAR (PALSAR) is in a 

unique position to provide such information, particularly 
when integrated with other regional (e.g., Landsat, Shuttle 
Radar Topographic Mission; SRTM) data and/or data 

products.  In particular, the ALOS PALSAR provides 
detailed and multi-dimensional information on the structure 

of vegetation regardless of weather or illumination 
conditions.  Furthermore, the ALOS observation strategy 
is facilitating the provision of consistent and multi-temporal 

global datasets, which allow detection of change.   
 
Ecosystems that are vulnerable to both natural and 

anthropogenic change, and which are globally extensive, 
include wooded savannas and mangroves as well as 
associated wetland areas.  By using Japanese Space 

Exploration Agency (JAXA) Kyoto and Carbon Initiative 
(K&C) 50 m spatial resolution dual polarimetric strip data, 
this paper demonstrates how these ecosystems can be 

characterised, in terms of growth stage (as a function of 
biomass and structure), mapped and monitored.  The study 
focuses primarily on forests in northern Australia and 

mangroves (including wetlands) in selected tropical regions 
(northern Australia, Belize, French Guiana and Brazil). 
 

2.  DATA AND PRE-PROCESSING 
For the study regions, regional mapping of forests and 

wetlands (including mangroves) was undertaken using the 
K&C strip data acquired in 2007.  A second coverage of 
these regions was also obtained in 2008 and will be 

processed to facilitate detection of change within these 
ecosystems.  To support the interpretation of the strip data 
and the development of biophysical retrieval, mapping and 

change detection algorithms, a range of single and dual 
polarization data were also obtained.  
 

Orthorectification of the ALOS PALSAR (including the 
K&C strip) data was undertaken using Gamma SAR 

processing software [1,2].  For South America and 
western Australia, a SAR image simulated from 90 m 
spatial resolution SRTM data provided geocoding errors of 

< 1 pixel.  The errors were reduced for Queensland, 
however, by integrating 15 m Landsat panchromatic data in 
the orthorectification procedure.  In Queensland, low 

geocoding errors were particularly essential for allowing 
integration of Statewide layers including Landsat derived 
Foliage Projected Cover (FPC), land cover change datasets 

and Queensland Herbarium Regional Ecosystem 
(vegetation) maps with the ALOS PALSAR strips and 

mosaics of these.  Procedures developed by the Joint 
Research Centre (JRC) were utilized to correct for cross-
track variations across the strip data prior to 

orthorectification and to allow rapid mosaicing of 
orthorectified strips.    
 



 
 

3.  FOREST CLASSIFICATION, AUSTRALIA 

 
Within Australia, national and statewide datasets relating 
to the distribution of forests and associated structural 
types are already available through programs such as the 

National Forest Inventory and the Queensland Regional 
Ecosystem Mapping.  Detailed and up-to-date 
information on growth stage (described as a function of 

structure and biomass) of forests and changes in these 
attributes over time are, however, needed to better 

understand how forests are responding to natural and 
anthropogenic change and the associated impact on, for 
example, carbon cycling and biodiversity.   

 
For differentiating forest growth stages using ALOS 
PALSAR data, three different approaches were 

considered: 
 

a) Retrieval of forest biomass, with progressively 

lower biomass forests (relative to the maximum 
for the forest type) assumed to be in the earlier 

stages of growth.   
 
b) Implementation of a technique developed by [3] 

for mapping early regrowth stages through the 
combination of L-band SAR HH backscatter 
and biomass. 

 
c) Classification of forest structural types, through 

consideration of relationships with structural 

attributes or by using a rule-based classification 
combining ALOS PALSAR data with other data 
layers (e.g., Landsat-derived Foliage Projected 

Cover; FPC). 
 

To support the development of these algorithms, species, 
biomass and structural attributes were retrieved directly 
from ground measurement (e.g., forest inventory and 

locational information) or by scaling up these 
measurements using fine spatial resolution (< 1 m) 
airborne LiDAR and/or hyperspectral data [4, 5, 6, 7]. 

Attention focused primarily on open to closed forests 
(e.g., primarily wooded savannas) as these represent over 
80 % of the national forest estate. 

 

3.1. Biomass retrieval  
For biomass estimation, a number of existing algorithms 
were trialed using airborne SAR data acquired over the 
Injune Landscape Collaborative Project study area 

including those based on Bayesian inversion [8], semi-
empirical estimation [9] and estimation from SAR 
simulation models [10].   For above ground biomass 

(B) estimation, the algorithm of [9] which was 
parameterized for Australian (open to closed canopy) 
forests, provided a close correspondence between actual 

and observed biomass and was able to be modified to 

include only the L-band HH and HV backscatter such 
that: 

 
Ln (B) = a0 + a1σ

oHH + a2σ
o(HV)2 + a3σ

oHV + a4σ
o(HV)2  (1) 

 

where a0 to a4 represent and equation coefficients.  The 
algorithm was re-parameterized by including measures of 
biomass collected for regrowth [11] and intact forest 

(permanent plot data acquired as part of the TRAPS 
network [12]).   Using 10-fold cross validation, this 
model has initially yielded a root mean square error of 

28.5 Mg ha
-1
 and a coefficient of determination between 

observed and predicted of 0.48 although further 

refinement of the model is anticipated to lead to better 
retrieval.   
 

An example of the mapping for two strips is given in 
Figure 1.  The algorithm can also be applied to the 
JAXA mosaic of Australia, which is to be produced in 

late 2008.  Further refinement and validation of the 
algorithm is ongoing and is anticipated to lead to a robust 
method for biomass estimation across the region.  

 

 
 

Figure 1.  Biomass map generated using a combination of 
L-band HH and HV backscatter data, Queensland, 

Australia.   

3.2. Classification of early regrowth stages  



The combined use of ALOS PALSAR and Landsat FPC 
for mapping the extent of regrowth forest on unmanaged 

agricultural land was demonstrated using airborne SAR 
data and modeling studies [3] and subsequently ALOS 

PALSAR data [13].   This approach is based on the 
premise that, whilst forests in the early stages of growth 
support a high canopy cover, they have to attain a certain 

stem size and density in order to evoke a response at L-
band.   For mapping, a rule-based classification was 
undertaken within Definiens Developer image 

segmentation and classification software whereby areas 
defined as forest (FPC threshold > 12 %; equating to a 
canopy cover of ~ 20 %) and with a low (< ~ 12 dB) L-

band HH backscatter were defined as regrowth.  Within 
this mapped area, relative stages of regrowth were 

defined by binning biomass values obtained using a 
relationship established with L-band HV backscatter (for 
low biomass forests).  An example of the regrowth 

mapping is presented in Figure 2. 
 

 
Figure 2.  Example map of regrowth generated using 

K&C Strip data and Landsat-derived FPC 

 
Further validation of the algorithm was undertaken with 
reference to field surveys of regrowth [11], which 

suggested some confusion with similarly structured 
vegetation (e.g., shrub understorey, healthland).  Further 
work is therefore focusing on minimizing this confusion 

through integration of other data layers or derived 
datasets.  As regrowth on unmanaged land is confined to 
areas that have been historically cleared of vegetation, 

mapping using ALOS PALSAR and Landsat FPC was 
confined to areas assigned previously using combinations 

of land cover change datasets and Regional Ecosystem 
mapping.   

 

3.3. Classification of forest structural types 
Broad comparisons with Regional Ecosystem mapping 
suggested that differences in the structure of forest types 
across Queensland were manifested within the ALOS 

PALSAR strip products.   These differences were 
explained partly by considering relationships established 
between LiDAR derived FPC, height and density and 

ALOS backscatter data [7]. This knowledge together 
with scaled-up tree-level species and structural 

information from airborne datasets acquired over the 
Injune Landscape Collaborative Project area then 
supported the development of a rule-based approach 

(again within Definiens Developer) to the classification 
of broad forest genera/structural types (including dead 
standing timber [6]) that combined ALOS PALSAR strip 

data and both Landsat FPC and also reflectance data 
(Figure 3). The inclusion of class membership images 
was advantageous as gradients of forest structures typical 

within Australian woodlands were captured.  Tiling 
procedures within Definiens Developer software allow 

the classification to be extended to the strip data.  The 
resulting maps compare broadly with Regional 
Ecosystem mapping, although further validation beyond 

the test areas is required.   
 

   Regrowth stage I 

  Regrowth stage II 

  Regrowth stage III 

  Callitris (pine) forest 

Figure 3. Left) Classification 
of forest structural types. 

Right (Landsat ETM+ 
composite; near infrared, 



  Eucalyptus forest 

  Eucalyptus ironbark forest 

  Acacia forest 

  Dead standing trees 

  Non forest 

shortwave infrared and red  
in RGB) 

  
 

4.  MANGROVES 
For characterizing mangrove extent and structure and 
changes in these attributes over time, the focus was on 

areas in Central and South America (namely Belize, 
Brazil, French Guiana and Australia).  As with the 

classification of the forest ecosystems, a combination of 
ALOS PALSAR and other remote sensing datasets was 
deemed essential. 

 

4.1 Mangrove extent 
In each study region, the nature of the land cover 

adjoining the mangroves presented different challenges, 
with the difficulty of separation being greatest where 
mangroves were bordered by forest.   For this reason, 

existing mangrove datasets were used for all regions to 
establish a historical baseline, which was then adjusted 

using a rule-based segmentation and classification 
approach developed within Definiens Developer and 
(where appropriate) independent remote sensing (e.g., 

Landsat, JERS-1 SAR) data as input.  Existing vector 
coverages used to guide the classification included the 
Belize Ecosystem Mapping and the Regional Ecosystem 

Mapping (Queensland).   

 

4.2 Structure and relative biomass  
For characterizing mangrove structure within the mapped 
area, the rule-based approach to classification was 

extended by including combinations of Shuttle Radar 
Topographic Mission (SRTM), Landsat-derived Foliage 
Projected Cover (FPC) and ALOS PALSAR K&C strip 

mosaic products.  More specifically, the SRTM height 
data were used to differentiate mangroves that were less 
than or greater than 10 m (low and high biomass 

mangroves respectively).  Within the high biomass 
category, segments with an L-band HH below a specified 
threshold were associated with mangroves supporting 

extensive prop root systems.   Within the low biomass 
category, relative biomass classes were defined using a 

relationship established between L-band HV backscatter 
and biomass.   A fuzzy classification scheme was used 
and the rule sets were defined with reference to field and 

airborne (including SAR) observations at sites in 
Australia (e.g., Kakadu and Daintree National Parks [14, 
15] Belize and French Guiana and with reference to 

published studies (e.g., [16].  
 
The method of classification was designed to be 

applicable within and between regions.  An example 
classification of mangroves for Australia is given in 

Figure 4.   The same mapping is currently being 
implemented and evaluated for Belize and the Amazon 
Coast. In proximal areas and extending inland, the K&C 

strip data were also integrated within the same rule-based 
approach to map the extent of open water and flooded 

vegetation (wetland types).   

 
4.3  Changes in the coastal environment 
Changes in mangroves can be attributed to anthropogenic 
causes (e.g., deforestation, pollution, urbanization) or 

natural or oceanographic-sedimentary processes 
controlling the physiognomy of coastal landscapes. Such 
processes include both coastal erosion associated with 

wave action (e.g., storms, tsunamis, mud mobilization), 
which results in a decrease in mangrove extent, and 
coastal mud accretion, which results in a seaward 

movement of mangroves.   This is particularly the case 
on the Amazon-influenced coasts, which extend from 
Amapá, Brazil, to Venezuela, and where accretion and 

erosion alternate between sections.  
 
In the study regions, anthropogenic disturbance of 

mangroves was both relatively small and confined and 
most change was associated with natural or indirect 

anthropogenic causes (e.g., climate and sea level 
fluctuation).   Furthermore, the available baseline 
datasets of mangroves were generated largely in the past 

decade and comparison with the K&C strip data 
indicated that the change in mangrove extent was often of 
a magnitude lower than the 50 m spatial resolution of the 

data and hence was undetectable.   Differences in the 
spatial resolution and geolocational accuracy of the 
JERS-1 and ALOS SAR data also complicated the 

detection of change.    
 

 

 
  Low Biomass 

  Med-High Biomass 
Figure 4. Classification of 

mangrove structure/biomass, 
Queensland, Australia.   High Biomass (root systems) 



The lack of anthropogenic disturbance was attributable 
largely to the protection measures imposed by the 

countries involved and also the relative isolation of many 
mangroves (particularly in northern Australia).  

Nevertheless, significant areas of natural change were 
observed, particularly in French Guiana.  The mapping 
of such change (Figure 5) was undertaken by comparing 

the extent of mangroves observed within the ALOS 
PALSAR data against the baseline coverage and applying 
a rule-base based approach to classify areas of mangrove 

colonization and loss.  Areas of mudflat were 
particularly evident within the K&C Strip data (when 
acquired at mid to low tide) and allowed classification of 

potential areas of future mangrove colonization (Figure 
5).  Additional areas of wetland (open water and 

flooded forest) were also classified.   
 

5.  DISCUSSION AND CONCLUSIONS 
 
The provision of ALOS PALSAR strip data through the 
JAXA K&C Initiative has significantly increased the 

capacity to map the extent, quantify the biophysical 
attributes (e.g., structure, biomass), and detect change in 
forested and wetland ecosystems at regional levels.  

This has been facilitated also by the provision of data 
acquired consistently and in a systematic manner across 

the study regions.  The provision of data for larger areas 
has also made more effective use of the available ground 
truth data, which is often widely distributed and typically 

beyond the area of one fine beam scene.  The use of 
airborne remote sensing data to scale-up field-based 
measurements of forest attributes has also been pivotal in 

formulating algorithms and validating output.  The 
regional products generated (e.g., forest growth stage, 
mangrove/wetland extent and change) from the same 

K&C datasets are diverse and are anticipated to benefit 
conservation of the ecosystems involved and allow better 

understanding of carbon stocks and cycling in response 
to environmental change.   As such, the products are 
expected to give support in meeting the obligations of 

many international agreements.   
 
 

Acknowledgements 

 
This research is conducted under the agreement of JAXA 
Research Announcement titled ‘Radar remote sensing of 
Australian forests’ (JAXA-PI P0650001) and the Kyoto 

and Carbon (K&C) Initiative. The authors would like to 
thank all staff involved from the Queensland Department of 
Natural Resources and Water (QDNRW), the Queensland 

Herbarium, the Queensland Environmental Protection 
Agency (EPA), University of Queensland, the Australian 
Research Council (ARC), the Australian Commonwealth 

Scientific and Research Organisation (CSIRO), the 
University of New South Wales (UNSW), Australia, and 
the University of Edinburgh, UK. JAXA is particularly 

thanked for their provision of the ALOS PALSAR data. 
 

 Mangrove expansion 

 Mangrove loss 
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Figure 5. Classification of 
change in mangrove extent 
based on comparison of 

JERS-1 SAR (2006) and 
ALOS PALSAR (2007) 
data, French Guiana. 
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