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Abstract 
Woody biomass information is an important component in the inventory process and 
management of tropical wetland environments. Quantifying above-ground woody 
biomass of wetland forests in tropical regions using traditional methods is a difficult 
task. Remote sensing offers a means of obtaining this information, however the use of 
optical data for this task is limited in tropical environments. This study investigated the 
use of TopSAR data (collected during NASA’s PACRIM 2000 mission) for quantifying 
Melaleuca biomass on the Lower Mary River Floodplains, northern Australia. Two field 
sampling strategies were implemented: 1. 5mx5m plots along a transect; and 2. 30mx30, 
50mx50m and 70mx70m plots located by using a spatial statistic. The results clearly 
demonstrate that the P-HV channel (R2=0.9215) is most suitable for mapping Melaleuca 
biomass in the range of 20-605 tonnes/hectare, in the study area. This result was entirely 
dependent on utilising an optimal field sampling strategy generated by the 
implementation of a spatial statistic. Further investigations will examine the limit of L-
band image data for estimating fresh weight biomass, and the effect of the understorey 
composition and flooding within plots on the P-HH channel. 

1. Introduction 
 
The ability to repetitively quantify biomass of woody vegetation is a critical component 
of a natural resource management framework for tropical wetland environments. A 
relatively accurate assessment of biomass is particularly valuable for the carbon 
accounting process and is also useful for quantifying changes in landscape structure and 
processes over time. However, there are obstacles in quantifying woody biomass in 
tropical wetlands. Tropical floodplains are characterised by their remoteness, 
inaccessibility and strong seasonal variation, thus field surveys are logistically difficult 
and expensive. Due to the physical properties of these ecosystems, remote sensing 



provides wetland managers with one of the only effective tools for assessing large-scale 
management objectives. Yet, the use of optical remote sensing technologies is limited to 
predominantly cloud- and smoke-free acquisition times. More importantly, optical data 
is unlikely to be able to provide an accurate measure of woody biomass due to its 
reduced sensitivity at the high overall biomass levels characteristic of tropical wetlands 
and forests. 
 
The genus Melaleuca is a Gondwanan group of trees belonging to the family Myrtaceae, 
and contains approximately 150 described species, with the possibility of undescribed 
species existing in remote northern Australia (Boland et al. 1984). The name 
“Melaleuca”  originates from the Greek melas (black, dark) and leucon (white), a 
reflection of the bark colouring (white with a black stocking), which is the result of fire 
(Boland et al. 1984). The common name for the larger species of this genus is 
“paperbark” , reflecting the papery appearance of the bark. The distribution of 
paperbarks varies greatly between floodplains in the Top End (Cowie et al. 2000). Some 
of these floodplains support extensive wooded swamps (e.g., the Mary River Plains and 
the Arafura Swamp), whilst others contain paperbark fringing forests. The floodplain 
paperbark forests of tropical regions are inaccessible for the majority of the year due to 
flooding and the presence of crocodiles. Therefore, monitoring of these habitats is 
difficult using traditional field survey techniques. Airborne and satellite imaging radar 
systems have the potential to overcome the inaccessibility of the tropical floodplain 
paperbark forests.  
 
The relationship between polarimetric SAR backscatter and total aboveground biomass 
has been investigated by many researchers for monospecific pine forests, coniferous 
forests, and mixed deciduous and coniferous forests in North America and Europe, and 
primary and secondary tropical rainforests in central Africa, central and South America 
and Indonesia. Radar backscatter has been successfully employed to estimate biomass 
(Hussin et al. 1991; Rauste et al. 1994; Ranson and Sun 1994; Rignot et al. 1994a; 
Kasischke et al. 1994; Wang et al. 1995; Miguel-Ayanz 1996; Harrell et al. 1997; 
Foody et al. 1997; Ranson et al. 1997), to discriminate forest and grassland 
communities according to structural variation (Dobson et al. 1992; Rignot et al. 1994b; 
Miguel-Ayanz 1996; Rosenqvist 1996; Kasischke et al. 1997; Rignot et al. 1997; 
Saatchi et al. 1997; Harrell et al. 1997; Yanasse et al. 1997; Imhoff et al. 1997), and to 
estimate leaf area (Imhoff et al. 1997). The results indicate that the sensitivity of radar 
backscatter to variation in biomass varies with polarization and radar wavelength and is 
limited by a saturation level. The saturation level increases with wavelength and the HV 
polarization shows the greatest range of response to high biomass levels. Saturation 
level at L-HV has been placed as high as 300 tonnes per hectare (Kasischke et al. 1997). 
Moghaddam et al. (1994), however, reported that no unique relationship between radar 
backscatter and biomass existed for their study area. Similarly, only a weak relationship 
between backscatter and biomass was found for regenerating tropical rainforest in 
Brazil (Foody et al. 1997). The strength of the relationship was found to increase for 
ratios between the backscattering components HV and HH at L-Band. The L-HV / C-
HV ratio, was found to be weakly correlated against expectations from previous 
research (Dobson et al. 1995). These results were attributed to the mixture of species 
contributing to variability in canopy geometry as a more significant relationship could 
be achieved upon separation of the species.  



 
A study conducted in the Northern Territory of Australia found that C-HV was highly 
correlated to leaf area index (LAI), and L-VV and P-VV to a normalized measure of 
biomass (surface area over volume) of branches and stems respectively (Imhoff et al. 
1997). These results are contrary to other studies as the VV polarization is generally 
seen as being the least responsive to biomass variation. The correlation to LAI is also 
unique. The study was primarily aimed at the discrimination of three distinct vegetation 
communities across two well-defined boundaries. The correlation may, therefore, be at 
least partially attributable to changes in canopy geometry rather than vegetation 
parameters between the three communities. 
 
This paper focuses on the use of L-band and P-band multipolarised SAR data for 
estimating Melaleuca biomass in a tropical wetland environment typical of northern 
Austalia.  
 

2. Study Area 

 

The LMRF (Lower Mary River Floodplain) system, located 100 km east of Darwin (see 
Figure 1), is a coastal floodplain-tidal wetland complex encompassing 127 600 ha 
(Whitehead and Chatto 1996).  The climate is monsoonal with mean daily maximum air 
temperatures exceeding 300 C throughout the year. The region is characterised by a 
distinctive wet and dry season. The average annual rainfall is 1 306 mm (Lynch 1996) 
with most of this occurring during the four month wet season from December to March. 
The dry season extends from June to August and is a prolonged period of minimal to nil 
rainfall and low humidity. April-May and September-November are transitional months 
dominated by wet-dry and dry-wet weather respectively (Taylor and Tulloch 1985). 
 
The floodplain is seasonal (becoming inundated during the wet season), with the 
exception of some deep channels and sedge swamps holding water throughout the year. 
The distribution of grasses and sedges varies inter-annually due to the timing and 
amount of rainfall, which in turn influences the water table (Lynch 1996). This results 
in a dynamic mosaic of wetland habitats, giving rise to a dry season refuge for water 
birds and a major breeding ground for Magpie Geese (Anseranas semipalmata) and 
Saltwater Crocodiles (Crocodlyus porosus) (Whitehead and Chatto 1996; Whitehead et 
al. 1990). The Mary River Floodplain supports one of the largest areas of wooded 
swamp (dominated by Melaleuca) in the Northern Territory (Whitehead and Chatto 
1996) and possibly Australia. The major environmental threats to the freshwater 
wetlands are saltwater intrusion and weed infestation. The immediate coastal area is 
dominated by mudflats and saline flats that are tidally inundated twice daily. This 
estuarine environment supports samphire communities and mangroves. 
 
 

 

  
 
 



 

 

 

 

 

 

 

 

 

 

                       

 

 

                     Figure 1: Location of the Lower Mary River Floodplains. 

 

3. Methodology 
 
The SAR data for the LMRF were acquired in TopSAR mode. These data were acquired 
by NASA JPL (Jet Propulsion Laboratories) over the Mary River as part of the 
PACRIM 2000 campaign in September 2000 at the end of the dry season. The TOPSAR 
system is a synthetic aperture radar (SAR), which operates, in a mixed mode. It collects 
all four polarisations (HH,HV, VH and VV) for two frequencies: L-band (l  ~ 24 cm) 
and P-band (l  ~ 68 cm), while operating as an interferometer at C-band (VV 
polarisation) to generate topographic height data. 
 
The backscatter intensity at HH, VV, and HV polarisations recorded by TopSAR were 
extracted from the compressed stokes matrix for the L and P band images together with 
the backscatter intensity at VV polarisation for the C-Band. The data were subjected to 
a 3x3 low pass filter to further suppress speckle (Menges et al. 2001a). A methodology 
for the reduction of the effect of incidence angle on backscatter characteristics was 
applied that is based on a histogram matching process between lines of constant angle 
(Menges et al. 2001b, c). The TopSAR data were registered to a topographic map with 
an RMS error of 10m. 
 
A spatial statistic to determine an optimal location and size for field plots, based on 
dominant scale of spatial patterns in an image (see Menges et al. 2002) was applied to 
the TopSAR L- and P-Band polarimetric data. As a result of the optimisation process 



the locational accuracy for field plots was within one pixel and a maximum plotsize of a 
31 pixels  was required for field-sampling.  
 
Two methods of field data collection were conducted for the LMRF to develop a 
relationship between Melaleuca and radar backscatter. The first method is outlined by 
Menges et al. (2001d). Coinciding with the acquisition of Landsat 7 ETM imagery 31 
monitoring sites (50x50m) and 11 transects were sampled. These previously established 
sites represent the major floodplain habitats and areas that have been subject to change 
(e.g. invasion of weeds or saltwater). Records in monitoring sites included general habitat 
description, vegetation parameters (plant cover, species composition and abundance), 
disturbance attributes, environmental measures (water level, soil parameters), records of 
woody vegetation (canopy density, basal area, tree height, DBH). Sampling along 
transects, ranging from a few 100m to over 6km in length, allowed the large-scale 
assessment of wetland health. Records were made at regular intervals and at any 
significant change in vegetation cover. The measurements of all transect points included a 
subset of the site measures over a 5x5 m area. The basal area data collected for Melaleuca 
sites were regressed against the intensity values for that location from the TopSAR data. 
 
The second approach utilised the results of the spatial statistical analysis and an 
allometric equation for Melaleuca biomass. Biomass of Melaleuca can be calculated in 
the field by measuring the Diameter at Breast Height (DBH) of the trees. The 
relationship between DBH and biomass (FW = fresh weight) of Melaleuca is described 
by the allometric equation Log (FW) = 2.266 x ln(dbh) - 0.502 (Finlayson et al. 1993: 
5).This is a single combined regression for both M. cajaputi and M.viridiflora, where 
biomass is calculated from fresh weight. Field data collection in the LMRF was 
conducted in accordance with the results from the spatial statistic. A total of 22 field 
plots composed predominantly of M. cajaputi and M.viridiflora were accessed during 
the wet season when the study area was at maximum inundation using an airboat. These 
field plots varied in inundation levels (some sites were completely dry) and understorey 
composition. 
 

4. Results and Discussion 
 
Figure 2 shows the results from regression of the P-HV Band from the TopSAR data 
against Melaleuca basal area (A) and fresh weight biomass (B). The P-HV channel has 
been demonstrated to correlate highly with above-ground woody biomass (Israelsson et 
al. 1994; Rauste et al. 1994; Hoekman and Quinones 1998). There is a very weak 
correlation (R2=0.1538) for the regression between intensity value and basal area. The 
regression between biomass calculated on fresh weight and intensity value obtained 
from field plots using the spatial statistic was quite strong (R2=0.9215). Fresh weight 
biomass values shown in Figure 2B ranged from approximately 20 tonnes/hectare to 
605 tonnes/hectare. The implementation of the spatial statistic resulted in sampling field 
plots 30mx30m, 50mx50m and 70mx70m at various locations. The differences in plot 
size are the result of image variance and locational error. 
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Figure 2: Linear regression results for the P-HV channel of the TopSAR data. 2A 
represents the transect basal area data and 2B represents the fresh weight field plots 
obtained from implementing the spatial statistic to locate the plots and suggest an 
appropriate plot size. 

 

There was no meaningful relationship for the basal area data as shown by the following 
channels: L-HH (R2=0.0056); L-HV (R2=0.0251); and P-HH (R2=0.1432). These results 
are attributed to inadequacies in the field sampling strategy, with sample plots not 
representing the prominent Melaleuca. Stand variations in the environment and a 
locational mis-match between image and field data. The L-band results for the fresh 
weight biomass regression also demonstrated weak correlations: L-HH (R2=0.2385); L-
VV (R2=0.2938); and L-HV (R2=0.2266). The poor correlation for the fresh weight vs 
L-band data is most likely due to loss of sensor response beyond a certain biomass 
level, i.e. the saturation effect. It has been recognised from previous studies in tropical 
rainforests that a saturation point exists from 40 to 60 tonnes/hectare for the L-band  
(Hoekman and Quinone 1998). 

The correlation for the P-HH channel with fresh weight biomass is R2=0.6839. The 
interaction of this channel with the field plots needs to be examined in further detail as 
it shows considerable potential for quantifying above-ground woody biomass of 
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Melaleucas. The understorey composition may be a determinant in this channel as there 
is most likely a double bounce interaction between the trunk and surface. Some of the 
field plots were situated on dry ground with an understorey composed of leaf litter, 
whilst others were inundated and composed of an aquatic grass understorey. Hoekman 
and Quinone (1998) showed that there is increased backscatter for under canopy 
flooding. Further work will investigate the differences in understorey of these plots and 
the regression between fresh weight biomass and the P-HH channel. 

The P-HV channel results, utilising the field plots suggested by the spatial statistic, 
displayed the highest correlation over the entire range of biomass values sampled. 
Above-ground woody biomass for Melaleuca was mapped using the P-HV channel and 
regression equation (see Figure 3). 

 

 

 

 

 

 
 

 

 

 

Figure 3: Melaleuca biomass map for the Lower Mary River Floodplains estimated  
from AirSAR data collected in September 2000. 

 



5. Conclusions 
It is clear from this study that the P-HV channel is suitable for mapping above-ground 
woody biomass of Melaleuca in tropical wetland environments. This study also 
demonstrated that quantifying biomass is heavily dependent on accurately locating sites 
and determining an appropriate plot size. The poor results obtained from the 
transect/point data highlight the importance of plot size and location.  Further work will 
investigate: the saturation point of the L-Band, as this has important implications for 
using JERS-1 data for this application; and the effect of the understorey composition 
and flooding on utilising the P-HH channel.  
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