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Abstract—Focusing on woody vegetation in Queensland, Aus-
tralia, the study aimed to establish whether the relationship
between Advanced Land Observing Satellite (ALOS) Phased
Array L-band SAR (PALSAR) HH and HV backscattering coeffi-
cients and above ground biomass (AGB) was consistent within and
between structural formations (forests, woodlands and open wood-
lands, including scrub). Across these formations, 2781 plot-based
measurements (from 1139 sites) of tree diameters by species were
collated, from which AGB was estimated using generic allometric
equations. For Queensland, PALSAR fine beam dual (FBD)
50 m strip data for 2007 were provided through the Japanese
Space Exploration Agency’s (JAXA) Kyoto and Carbon (K&C)
Initiative, with up to 3 acquisitions available for each Reference
System for Planning (RSP) paths. When individual strips acquired
over Queensland were combined, ‘banding’ was evident within
the resulting mosaics, with this attributed to enhanced L-band
backscatter following rainfall events in some areas. Reference
to Advanced Microwave Scanning Radiometer-EOS (AMSR-E)
data indicated that strips with enhanced L-band backscatter
corresponded to areas with increased effective vegetation water
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content �kg m �� and, to a lesser extent, soil moisture �g cm ��.
Regardless of moisture conditions, L-band HV topographically
normalized backscattering intensities backscatter � �� increased
asymptotically with AGB, with the saturation level being greatest
for forests and least for open woodlands. However, under condi-
tions of relative maximum surface moisture, L-band HV and HH
� was enhanced by as much as 2.5 and 4.0 dB respectively, par-

ticularly for forests of lower AGB, with this resulting in an overall
reduction in dynamic range. The saturation level also reduced at
L-band HH for forests and woodlands but remained similar for
open woodlands. Differences in the rate of increase in both L-band
HH and HV � with AGB were observed between forests and the
woodland categories (for both relatively wet and dry conditions)
with these attributed, in part, to differences in the size class distri-
bution and stem density between non-remnant (secondary) forests
and remnant woodlands of lower AGB. The study concludes that
PALSAR data acquired when surface moisture and rainfall are
minimal allow better estimation of the AGB of woody vegetation
and that retrieval algorithms ideally need to consider differences
in surface moisture conditions and vegetation structure.

Index Terms—Above-ground biomass, ALOS PALSAR, Aus-
tralia, forests, K&C initiative, Queensland.

I. INTRODUCTION

A. Requirement for Biomass Information

K NOWLEDGE of the spatial distribution and amounts
of carbon stored within woody vegetation is remaining

an important requirement for national and international gov-
ernments and organizations charged with reducing greenhouse
gases emissions [1]. For this purpose, baseline maps of biomass
contained within the world’s forests and woodlands are required
as these provide increased knowledge of a) carbon losses and
gains associated with vegetation clearance or regeneration, b)
the restoration potential of vegetation (e.g., based on biomass
estimates for mature (remnant) forests occurring in proximity
or within the same environmental envelope), and c) vegeta-
tion carbon dynamics if used as input to carbon models, and
particularly those associated with national or regional carbon
accounting systems.

A component of increasing knowledge of carbon stored
in vegetation is the advancement of methods for spatially
retrieving and reducing uncertainty in the estimates of biomass
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[2] on a routine basis and at a global level. Such methods
can contribute to international efforts to conserve and restore
vegetation for mitigating the effects of climate change (e.g., the
Kyoto Protocol and Reducing Emissions from Deforestation
and Degradation (REDD) initiative).

Many studies have seen a role for lower frequency L ( 1.25
GHz) and P-band ( 0.45 GHz) Synthetic Aperture Radar
(SAR) for retrieving the above ground biomass (AGB) of
forests (e.g., [3]–[7]). However, generalized algorithms for the
retrieval of AGB from SAR intensity data, across a range of
structural formations and at a regional or global level have not
been forthcoming for several reasons:

a) Many studies have reported saturation of SAR data
when AGB exceeds approximately 60–100 Mg ha and
100–150 Mg ha for L-and P-band respectively, al-
though reported levels vary considerably [4]. This has led
to the perception that SAR data are limited for retrieval,
particularly in many higher biomass forests.

b) Many algorithms developed have not been evaluated more
widely as studies have used narrow swath width airborne
SAR data acquired over localized areas.

c) For regional mapping, L-band SAR data have only been
available (often intermittently) from the Japanese Earth
Resources Satellite (JERS-1) SAR and Shuttle Imaging
Radar (SIR) missions of the 1990s. Studies using space-
borne SAR data have typically focused on one or several
scenes acquired under varying meteorological conditions
and vegetation states.

d) Variability in relationships between SAR backscatter and
AGB has been observed as a function of sensor param-
eters, including incidence angle [8] and environmental
factors (e.g., freeze-thaw cycles; [9]), which has compro-
mised retrieval.

e) The majority of studies have focused on a single biome
(e.g., temperate forests) and often a specific forest type
(e.g., even-aged monospecific plantations, semi-natural
forests) or structural formation (e.g., [10], [11]), although
studies are increasingly focusing on more complex and
diverse ‘natural’ forests.

The collation of relationships between SAR intensity data
and AGB for a range of forest biomes can allow variations
within and between structural formations to be evaluated.
However, consistency issues arise between SAR datasets (in
terms of calibration, accounting for environmental variability)
and the amount, distribution, time stamp and inter-compa-
rability of the field data sets used to calibrate and validate
algorithms. As a result, transferability of algorithms within
and between different forest structures is limited and does
not yet allow reliable and consistent retrieval of AGB. For
this reason, alternative approaches (e.g., SAR interferometry,
polarimetric interferometry or the inclusion of LiDAR or other
environmental data) have been considered, with investigations
continuing (e.g., [12]–[14]).

In 2006, the Japanese Space Exploration Agency (JAXA)
launched the Advanced Land Observing Satellite (ALOS)
Phased Arrayed L-band SAR (PALSAR) and the JAXA Kyoto
and Carbon (K&C) Initiative aimed to advance and demon-
strate the use of these data for regional applications. As part of

the K&C, 50 m fine-beam dual polarization (FBD) strip data
were provided for northern Australia and presented a unique
opportunity to better examine the variability in the relationship
between SAR intensity data and the AGB of woody vegetation.
As a regional study area, the State of Queensland was ideally
suited because large environmental gradients, anthropogenic
and natural disturbance regimes (e.g., deforestation, droughts,
fire and regrowth) have resulted in a wide range of structures
and AGB. The primary aim of the research was therefore to
establish the consistency of relationships between L-band HH
and HV backscatter and field-based measures of AGB within
and between structural formations, focusing specifically on
the broad classes of forests, woodlands and open woodlands.
L-band SAR backscatter is also influenced by moisture on
and contained within the vegetation and soil (herein referred
to as surface moisture) [15]. Therefore, a secondary aim was
to assess the influence of surface moisture on the relationship
between L-band backscatter and the AGB of woody vegetation.

The paper is structured as follows. Section II provides a
brief description of the physical environment and vegetation
(including classification schemes) of Queensland. Sections III
outlines the ALOS PALSAR and field (plot) data used for the
study. Section IV describes the allometric equations used for es-
timating AGB from tree size and extraction of ALOS PALSAR
data from plot locations. Section V examines the relationships
observed between L-band SAR and AGB as a function of
polarization, structural formation and surface moisture content.
Section VI discusses the reasons for differences observed in
the relationships and outlines the significance and implications
of the results for regional to global mapping of forest biomass
from L-band SAR data. Conclusions, recommendations and
future work are given in Section VII.

II. STUDY AREA

A. Vegetation in Queensland: Mapping and Monitoring

The State of Queensland ( 1,730,000 km 173 million
ha) is located between 10 and 29 S and 137 and 154 E
(Fig. 1). The large latitudinal and longitudinal extent results in
significant climatic variability and gradients extending from the
eastern coastal areas to the western interior. Such variability,
together with a diversity of soils and geological types, results in
a wide range of vegetation types including desert scrub, grass-
lands, wooded savannas and tropical rainforests. A detailed
classification of vegetation has been undertaken through the
Queensland Herbarium Regional Ecosystems (RE) mapping,
which is based on field information and aerial photograph
interpretation [16]. Descriptions and illustrations of ecosystems
can be found in [17]. A broader classification is based on the
scheme of [16] (modified from [18]) which assigns vegetation
to structural formations according to foliage projected cover
(FPC) and canopy height. Forests (open and closed), woodlands
and open woodlands are defined as supporting a FPC of 30%,
10–30% and 10% respectively [19]. The distribution of these
broad classes is given in Fig. 1, which is a collage of best
available structural mapping.

Across the state, woody vegetation exists in varying stages
of degradation and regeneration and is defined as non-remnant
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Fig. 1. The location of the state of Queensland, Australia, and distribution of forests, woodlands and open woodlands.

where there is evidence of prior disturbance through mechanical
or chemical means (e.g., logging, clearing, poisoning), with this
obtained through interpretation of satellite imagery, historical
aerial photography or field survey. Woody vegetation is defined
as remnant and mapped as such where the dominant canopy has
greater than 70% of the height and 50% of the cover relative to
the undisturbed height and cover of that stratum and is domi-
nated by species characteristic of undisturbed vegetation. Nat-
ural events (e.g., fires) and processes (e.g., drought, flooding)
also lead to variability in the structure of woody vegetation.
Change in remnant ecosystems and vegetation in Queensland
are reported in [20].

B. Distribution of AGB Within Queensland

Several regional estimates of AGB have been generated for
Queensland, either as part of a global or national effort or specif-
ically for the State. These have been based on:

a) Associations between ecosystems or broad vegetation
types and estimates of carbon in live vegetation (globally
[21], for Australia [22]),

b) Empirical relationships with coarse ( 1 km) spatial reso-
lution satellite sensor data (for Australia [24]).

c) Relationships between Landsat-derived FPC and basal
area and then AGB (for Queensland [23]).

These and more locally-based studies observe that, for remnant
vegetation, the highest density of AGB is generally associated
with the coastal tall closed forests, which include the subtropical
and tropical rainforests in the Wet Tropics of Far North Queens-
land and higher mountain areas along the east coast. Estimates
of AGB reported here often exceed 400 Mg ha and can be
greater than 1000 Mg ha [25]. The AGB of woodlands is vari-
able but most support an AGB of Mg ha [26], [27]
and AGB densities generally decline with increasing aridity al-
though this is likely to be impacted by soil type, position in the
landscape and past disturbance [28].

III. DATA

A. ALOS PALSAR Data

For Queensland, dual polarization ALOS PALSAR L-band
HH and HV 50 m strip data for 2007 (PALSAR Reference
System for Planning (RSP) # 359 to 390) were provided as part
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of the K&C Initiative. All data were acquired in fine beam dual
mode at a viewing angle of 34.4 and delivered in single-look
complex (SLC) as the normalized backscattering coefficient
(sigma0; ) in slant-range geometry by JAXA. The across
track swath width approximated 70 km. For each RSP and in
2007, up to three strips were acquired over Queensland during
the observation cycle [29].

The SAR data were processed using GAMMA SAR
processing [30], [31] and in-house software. Following ra-
diometric calibration using updated JAXA calibration factors
[32], geocoding of the strip data was undertaken within the
Gamma Differential Interferometry and Geocoding (DIFF &
GEO) modules and involved the use of a look-up table to
transform the SAR data from the slant-range/azimuth geometry
to map projection geometry. The geocoding involved initial
determination and then refinement of the geometric transfor-
mation and subsequent resampling of the image(s) from radar
coordinates to map geometry. For geocoded terrain corrected
(GTC) products, the initial determination of the geometric
transformation was based on orbital state vectors and used a
30 m Digital Elevation Model (DEM) provided by the Shuttle
Radar Topography Mission (SRTM) [33], [34]. Refinement of
the transformation is typically undertaken by establishing off-
sets between the actual SAR image and one simulated from the
SRTM-derived DEM (transformed to radar geometry) through
an automated cross-correlation analysis. This refinement is
generally successful over hilly and mountainous areas. How-
ever, as much of Queensland has very little topographic relief,
particularly in the interior, there were often insufficient features
for cross-correlation. For this reason, refinement was under-
taken based on a regional Landsat Enhanced Thematic Mapper
(ETM+) panchromatic mosaic as more features could be used to
support determination of the geometric transformation. Finally,
the strip data were transformed to a UTM projection for zones
54, 55 and 56 using a look-up table. Geocoding errors were
typically less than 50 m. As the Landsat panchromatic data
were pivotal in the orthorectification of the ALOS PALSAR
data, a high level of co-registration ( 1 pixel) with statewide
datasets, including land clearing and RE mapping as well as
Landsat-derived foliage projected cover (FPC) mosaics, was
achieved.

Radar backscatter varies across a scene because of differences
in pixel area and local incidence angle caused by changes in sur-
face topography and look angle across the swath. Therefore, to
allow comparability of data within and between scenes, topo-
graphic and incidence angle correction were undertaken, using
the procedures outlined by [33] and [34], providing units of to-
pographically normalized backscattering intensities, , such
that

(1)

where is the true pixel area and the local pixel area
for a theoretical flat surface. The local incidence angle and refer-
ence angle (39 ; the average local incidence angle at mid swath)
for the normalisation of the backscatter are represented by
and respectively. In the case of vegetation, the exponent
relates to the optical depth but, as with [33], was set to 1 because

of the difficulty in obtaining values for the diversity of vegeta-
tion structures encountered.

The orthorectification and topographic correction procedures
were applied to each individual strip. The resulting archive of or-
thorectified ground range strip images (up to three per RSP)
was then available to generate 50 m mosaics of ALOS PALSAR
L-band HH and HV data for 2007. However, when strips from
some dates were combined, ‘banding’ was observed within the
resulting mosaic which was attributed to enhanced L-band
following rainfall events over some areas (as determined ini-
tially through reference to SILO [35] meteorological data).

B. Rainfall and Soil Moisture

To better establish the influence of rainfall and surface
moisture on the L-band response and the implications for AGB
retrieval, the amount of rainfall (mm) on the day of ALOS strip
data acquisition was extracted for the area of each RSP from
surfaces ( spatial resolution) interpolated from
meteorological station data (SILO). Daily effective vegetation
water content kg m and near surface ( 1 cm depth) soil
moisture g cm estimates derived from the Aqua Advanced
Microwave Scanning Radiometer-EOS (AMSR-E; launched
May 2002) were also sourced through the National Snow and
Ice Data Center (NSIDC) by CSIRO Land and Water, Canberra.
AMSR-E is a passive microwave sensor operating at 6.925,
10.65 and 18.7 GHz at a nominal spatial resolution of 25 km.
Soil moisture estimates are derived using the algorithm of [36],
[37] which exploits the polarization ratio of the 10.65 GHz
(X-band; 3 cm wavelength) brightness temperature of the
vertically and horizontally polarized AMSR-E. Variation in
this ratio is interpreted as the short-term dynamics in the soil
moisture signal. Estimates of soil moisture are most reliable in
areas with minimal vegetation. AMSR-E estimates of vegeta-
tion water content are not decoupled from the effects of surface
roughness because both have the same influence on the polar-
ization ratio used in the retrieval algorithm (Njoku and Chan,
2005). Thus, the estimates are termed effective vegetation water
content and are used as a correction factor in the AMSR-E soil
moisture retrieval algorithm as well as for the interpretation of
the soil moisture estimates. Soil moisture and effective vegeta-
tion water content estimates derived from the ascending Aqua
passes were used to select ALOS PALSAR strips acquired
under relatively dry conditions. Ascending Aqua passes were
used because comparison of the AMSR-E data with SILO daily
rainfall surfaces suggested greater sensitivity than descending
passes to rainfall events and the subsequent retention of surface
moisture. These results are not presented for brevity. The use of
ascending passes is consistent with other soil moisture research
in Australian savanna environments [38]. To balance reducing
noise in the data with preserving short-term variability, a 5-day
boxcar average filter was applied to the AMSR-E time-series
for 2007 prior to extraction. This procedure also ensured there
was complete ‘daily’ spatial coverage for all of Queensland.

C. Field Data

Field-based measurements of tree size (all trees 5 cm
diameter at breast height; dbh) and species type were collated
from 19 studies conducted in Queensland (Table I). Most of the
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Fig. 2. The location of sites in Queensland with available field-based measure-
ments of tree size. See Table I for more information on the study sites.

data were collected between 2005 and 2009 and over a similar
time-frame as the ALOS data acquisitions. However, one study
(C) was conducted in 1997 as part of the North Queensland
Drought Survey. The plots were widely distributed across
Queensland (Fig. 2) and located within a range of ecosystems
(e.g., savannas, coastal woodland, sub-tropical and tropical
rainforest) and structural formations (open woodland to closed
forest).

In total, individual tree measurements from 2781 plot-based
measurements (herein, referred to as plots) from 1139 sites were
obtained and used to generate a ‘biomass library’. For each plot
location, a polygon of correct size and orientation was generated
using GPS coordinates of the lower centre of the plot and orien-
tation data. In five studies (F, G, H, D and L; Table I; Fig. 2), sev-
eral plots were established to represent a site in terms of its struc-
ture and species composition. With reference to Landsat sensor
data and other mapping (e.g., derived from aerial photographs
and SPOT HRG data), larger polygons were drawn around clus-
ters of these ‘plot’ polygons. For these five studies, and where
plots were within 50 m of each other, these larger polygons or
the pixels intersecting the plots were used for subsequently ex-
tracting ALOS PALSAR data. In several studies (N,B), single
plots smaller (e.g., 20 20 m) than the 50 m spatial resolu-
tion of the ALOS PALSAR were located within relatively ho-
mogeneous contiguous tracts of closed forest, with these often
being in mountainous areas. To reduce the impact of misregis-
tration due to poor GPS accuracy under the closed canopy, the

dimensions of these plots were extended to 200 m by 200 m.
To investigate the relationships between L-band HH and HV
and AGB, data were extracted initally from 2781 plot locations.
However, each plot location was individually checked against
Landsat reflectance and FPC data and Statewide Landcover and
Trees Study (SLATS) woody vegetation clearing histories [59]
to ensure that these were contained entirely within a contiguous
section of vegetation and that change (e.g., clearing, fire, natural
tree death) had not occurred between the dates of acquiring field
and ALOS PALSAR data. Where plot locations were affected,
these were omitted from further analyses. A number of plot lo-
cations were also excluded as they had were located in areas
of radar shadow/layover, at the edge of the swath, within strips
of vegetation smaller in width than the resolution of the ALOS
data, or on the border with another vegetation type. This reduced
the number of plots to 1815. A number of individual plots were
then aggregated to the site level because they were too close to
each other to be considered independent (i.e., the same or adja-
cent pixels were contributing to the average backscatter values
for different sites). The final number of site level observations
used for analysis was 1018. Several plots for which data had
been collected prior to the ALOS PALSAR data acquisitions
were included, such as the 1997 North Queensland Drought
Survey. At the time of measurement, all plots associated with
this survey were located within remnant vegetation and while
some changes were likely [42], the AGB was assumed to re-
main relatively similar up to the time of ALOS data acquisition.

IV. ANALYSIS

A. Allometrics for AGB Estimation

Allometric equations for estimating AGB for a range of
Australian tree species were collated from published sources,
from which eight were selected for application to the plot data
(Table II). Selection was based on the relative behavior of the
functions across the likely range of sizes, wood densities [69]
and structural forms. Generic forms of equations published by
[64] and [26] were used to estimate the AGB of forest/wood-
lands and rainforest species respectively. For common genera,
species-specific allometrics (e.g., [68]) were also considered
but similar estimates were obtained as when using generic
equations. This was expected given the similarities in the
form and wood density of many species (e.g., Eucalyptus and
Corymbia). Furthermore, the [26] data were included in the
derivation of the [64] generic equations. The equation of [64]
predicted slightly higher values of AGB compared to [25]. For
palms, an equation generated outside of Australia [66] was
used. Some species-specific equations were used for brigalow
(Acacia harpophylla), mulga (Acacia aneura) and sandalwood
box (Eremophila mitchelli) because of the uniqueness in form
of these species. For Xanthorrhoea spp. and cycads, which do
not necessarily develop a large height with diameter and have
low wood density, the equation of [62] was used. Banksia has
a lower height-to-diameter ratio and lower wood density com-
pared to trees with more closed crowns, which was reflected in
the lowest predictions of AGB using the equation of [63]. Equa-
tions used either diameter at 30 cm or 130 cm above ground
level as the independent variable. The AGB was estimated for
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TABLE I
SOURCES OF AGB DATA, QUEENSLAND, AUSTRALIA

TABLE II
ALLOMETRIC EQUATIONS USED FOR THE ESTIMATION OF AGB

individual trees, summed and then scaled to units of Mg ha .
The AGB of dead trees, which were measured in most plots,
was also estimated using correction factors (Table III), with
these depending on their health category (determined qualita-
tively in the field).

As all allometric equations used were of exponential form, the
AGB of trees outside of the diameter range for which the equa-
tions were derived can be substantially overestimated and the
presence of large trees can therefore lead to bias in the estimates.
For this reason, equations for Australian trees that encompassed
larger individuals in their formulation [26], [68]–[70] were col-
lated and compared with the estimates generated using the equa-

TABLE III
CORRECTION FACTORS FOR THE HEALTH CATEGORY OF A TREE AND THE

EXTENT OF DISINTEGRATION OF A DEAD TREE. THE FACTORS WERE

DERIVED FROM STUDIES THAT PRESENT ALLOMETRICS FOR DIFFERENT TREE

COMPONENTS [58], [59], [61], [65], [66]

tions in Table II. The forest-woodland equation performed ad-
equately up to 130 cm but then appeared to over-predict where
diameter exceeded 150 cm. Therefore, for some sites containing
large trees, the AGB may be over-estimated.

B. Extraction of ALOS PALSAR and Other Data

For the 1815 locations, L-band HH and HV ( intensity)
were extracted for all strips acquired in 2007 using STARSPAN
[73] and then converted to decibels (dB). For each date, effec-
tive vegetation water content and soil moisture were derived
from AMSR-E and rainfall (mm) from the SILO data [15].
AMSR-E effective vegetation water estimates exhibited a closer
correspondence with rainfall events identified in the SILO rain-
fall surfaces and with areas of enhanced L-band (particularly
at HH polarization). In both cases, the correspondence with soil
moisture, as estimated from AMSR-E, was less although varied
across the State. Pre-clearing RE codes were also extracted and
each polygon was associated subsequently with a structural
formation (forest, woodland or open woodland; [16]). Within



582 IEEE JOURNAL OF SELECTED TOPICS IN APPLIED EARTH OBSERVATIONS AND REMOTE SENSING, VOL. 3, NO. 4, DECEMBER 2010

these formations, further division into height classes (e.g.,
tall, medium and low) was not considered for several reasons.
First, in the remnant state, few forests in the upper height class
support a low AGB and vice versa and so only a partial range
of AGB would be considered when formulating relationships
with L-band SAR data. Second, regional mapping of height
is less certain compared to cover, which can be determined
from both aerial photography and optical (e.g., Landsat) sensor
data. Polygons associated with field plots were also assigned as
remnant or non-remnant.

C. Empirical Comparisons of Surface Moisture Conditions
and Structural Formations

For Queensland, regional ALOS PALSAR mosaics as well
as AMSR-E effective vegetation water content and soil mois-
ture and SILO 5-day rainfall composite mosaics were generated
using combinations of data from different dates, including sev-
eral from 2008 for which some strip data were also available.
An overview of the approach to generating the mosaics is given
in [15]. For multiple acquisition dates, L-band HH and HV
strips data were compared as a function of effective vegetation
water content, soil moisture and rainfall, thereby allowing the
magnitude of differences in L-band as a function of these
environmental variables to be compared.

Relationships between L-band HH and HV were gener-
ated initially using strips acquired under conditions of relatively
minimal surface moisture, as determined through reference to
effective vegetation water content and, to a lesser extent, soil
moisture and rainfall (see Section V). Through this approach,
any remaining variation in backscatter was assumed to be re-
lated more to differences in surface (e.g., vegetation, ground)
structure and roughness. Comparisons were then made with re-
lationships established under relatively wet conditions to inves-
tigate the effects of increased surface moisture content. To quan-
titatively compare the relationships between and AGB for
different structural formations and under these different mois-
ture conditions, the backscatter model of [74] was used where:

(2)

is level at which the relationship becomes asymptotic (in dB),
is the gradient of the curve at low biomass and relates to

the nominal backscatter from bare soil. Other published equa-
tions (e.g., [8]) were also evaluated but (2) was considered to
provide the best fits for all relationships. The objective of the
fitting was to simply establish whether relative differences in a
defined asymptote (referred to in many studies as the ‘satura-
tion’ level) occurred between structural formations rather than
to establish the level of AGB that might be retrieved by inverting
a fitted equation. Scatter in the relationships compromises re-
trieval and options for AGB estimation are considered in a forth-
coming paper. The AGB associated with the saturation level was
defined, in this case, from the first derivative and as the lowest
AGB where there was a change in 0.01 dB for 1 Mg ha
AGB. This method was selected as it could be used consistently
for all backscatter models tested. The value of the derivative as
a function of AGB can be adjusted but was selected, in this case,
for comparative purposes only. Estimates of the dynamic range

were also derived, and expressed as the difference between the
saturation level in dB and the dB predicted by the fitted model
for 0 AGB. The lowest values of associated with non-vege-
tated areas were also established.

V. RESULTS

A. Regional ALOS PALSAR Mosaics

For Queensland, regional ALOS PALSAR mosaics as well as
AMSR-E soil moisture and effective vegetation water and SILO
rainfall mosaics are shown in Fig. 3. When strips acquired in the
2007 cycle were randomly selected, banding within the ALOS
PALSAR mosaic was observed and was attributed to enhanced
L-band (particularly HH) in all or part of some strips but not
in others. Reference to the AMSR-E and SILO rainfall data in-
dicated that this banding was the result of adjoining strips being
acquired under different surface moisture conditions. In partic-
ular, areas of enhanced corresponded with those of higher
effective vegetation water content and, to varying degrees, rain-
fall and soil moisture. In one case, rainfall was not recorded on
the five days before the ALOS PALSAR acquisition but the ef-
fective vegetation water content and soil moisture was slightly
higher compared to adjoining strips. The increased L-band
for this strip, which extended from the tip of Cape York south-
wards, was attributed to the retention of moisture from rainfall
events occurring in the days proceeding. By using data acquired
in 2007 during relatively dry periods (based primarily on effec-
tive vegetation water content), a relatively seamless mosaic was
obtained. Even so, some areas (e.g., in south central Queens-
land) were still associated with elevated surface moisture and
rainfall.

The variation in as a function of moisture conditions is
illustrated using RSP 374, which was selected as a range of
moisture conditions were observed and for which 2008 strip
data were also available. The driest date on which ALOS ac-
quisitions occurred was the 21st July 2007 and similar levels
of effective vegetation water content were observed on the 21st
October 2007 and also the 23rd October 2008 resulting in a 1:1
relationship between for both dates. However, where greater
amounts of effective vegetation water content occurred at the
time of image acquisition, L-band HH was enhanced by up
to 4–5 dB and L-band HV by a lower amount. This was at-
tributed largely to localized rainfall, which occurred on the 5th
September 2007, but also generally wetter conditions across the
imaged area (e.g., as observed on the 7th September 2008). The
consistency plots support the use of AMSR-E effective vege-
tation water content in particular for providing a relative indi-
cation of surface moisture conditions at the time of the ALOS
PALSAR acquisitions and optimizing selection of dates for mo-
saic generation and data extraction (e.g., for establishing rela-
tionships with AGB). Even so, consideration also needs to be
given also to soil moisture and rainfall surfaces when generating
mosaics.

B. Relationships Between ALOS PALSAR Backscatter and
AGB

The distribution of AGB between different structural for-
mations is given in Fig. 5. The AGB of woodlands and open
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Fig. 3. ALOS PALSAR mosaics generated for Queensland using strips acquired a) on random dates of acquisition in 2007 and b) following periods where surface
moisture was at a relative minimum. The soil moisture and effective vegetation water content (derived from AMSR-E) and rainfall over the periods of the ALOS
PALSAR acquisitions are also provided (© JAXA/METI).

Fig. 4. Consistency of a) L-HH and b) L-HV � for multiple acquisition dates in RSP 374. All data are compared to a reference date (21st July 2007) for
which minimum effective vegetation water content was observed, averaged across all AGB plots within RSP 374. The effective vegetation water content estimates
�kg m � were derived from AMSR-E ascending orbits (Section III-B).
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Fig. 5. Frequency of AGB and Landsat-derived FPC by structural formation for both remnant and non-remnant vegetation.

woodlands was up to 250 Mg ha , with most being less than
150 Mg ha and 120 Mg ha respectively. Most non-remnant
woodlands supported an AGB of Mg ha . Relatively few
non-remnant open woodlands were inventoried, but the AGB of
these was generally Mg ha . Most forests supported an
AGB of Mg ha , although for some, this exceeded 1000
Mg ha . Non-remnant forests generally supported an AGB

Mg ha and were associated largely with regenerating
secondary forests. While non-remnant vegetation was identified
within all structural formations (and particularly forests), these
were often structurally distinct from their mature counterparts.
For example, regrowth establishing on cleared agricultural land
in the Brigalow Belt Bioregion of eastern central Queensland
is typically dominated by Acacia harpophylla which, in the

early stages of growth, forms dense stands (often exceeding
10,000 individuals ha ). However, in their mature state, stem
densities are lower (2000–4000 stems ha ) and AGB can
approximate 250 Mg ha (live and dead; [75]). An indication
of the Foliage Projected Cover (FPC) derived from Landsat
sensor data is also provided in Fig. 5 and conveys the greater
amount of canopy cover associated with the higher biomass
remnant forests compared to non-remnant. For woodlands and
open woodlands, differences in FPC between remnant and
non-remnant formations were less evident. Illustrations of these
structural formations are also given in Fig. 6.

Relationships established between L-band HH and HV and
AGB are given in Fig. 7, with these based on extractions of
PALSAR data acquired during periods of relative minimum and
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Fig. 6. Examples of (a) closed forest, (b) Eucalyptus spp. woodlands and (c) Acacia aneura (mulga) open woodlands.

maximum effective vegetation water content. For all structural
types, increased asymptotically with AGB from the min-
imum values associated with areas supporting no woody veg-
etation. The minimum value was least under drier conditions
and for areas associated with open woodlands, and approxi-
mated 27 dB and 32 dB for L-band HH and HV respec-
tively. As indicated earlier, the asymptote was defined with re-
spect to a change in 0.01 dB for 1 Mg ha AGB and is
termed hereon in as the saturation level. Here, it is important to
re-emphasize that the saturation level does not refer to the level
at which AGB can be retrieved but rather is used as a basis for
comparing fits established for the different structural formations
under different surface moisture conditions.

Using data extracted from strips associated with minimal
effective vegetation water content, the dynamic range (from
the minimum and maximum associated with bare ground and
closed forest respectively) at L-band HH was 17 dB and satu-
ration for forests was observed at approximately 170 Mg ha
(Table IV(a)). For woodlands and open woodlands, satura-
tion was observed at 120 and 67 Mg ha respectively.
By comparison, the equivalent dynamic range at L-band HV
was 22 dB, suggesting greater potential for resolving a
greater number of AGB levels. For forests, L-band HV
saturated at 272 Mg ha , although a slight upward trend up
to 400–500 Mg ha was suggested thereafter. For woodlands
and open woodlands, saturation at L-band HV was observed
at comparatively low levels of AGB (139 and 65 Mg ha
respectively).

The increases in with increases in effective vegetation
water content led to differences in the saturation level as a func-
tion of AGB and/or the degree of scatter observed in the rela-

tionships with AGB. At L-band HH and for forests, the AGB at
which saturation occurred was reduced to 97 Mg ha , the
level of at the asymptote increased by 1 dB to 9 dB
and the dynamic range (defined using the curve fit) reduced
from 5.4 to 2.7. For woodlands and, to a lesser extent, open
woodlands, slight decreases in the AGB at which saturation oc-
curred and increases in both the saturation level and RMSE
were observed (Table IV(a)). At L-band HV, and for forests,
the AGB at which saturation occurred 270 Mg ha , the
level of at the defined asymptote ( 14 dB) and the RMSE
( 2.15 dB) were similar but the dynamic range associated with
the line fit was reduced (from 8.3 to 5.9 dB). For woodlands
and open woodlands, the characteristics of the saturation curve
remained similar to those under drier conditions although the
RMSE increased slightly, which was attributed to variation in
the amounts of moisture in vegetation. Whilst under dry condi-
tions, the upper values of L-band HH were not as high as
observed for dense closed forests in regions such as Amazonia
( 6.5 dB with the standard deviation of 0.5 dB; [76]), those ob-
tained under wetter conditions were more comparable. At the
saturation point, L-band HV was as high as 9.8 dB in wet
and dry conditions and levels were similar to those reported by
[33].

The median differences in L-band HH and HV between
the maximum and minimum observed effective vegetation
water content are given in Fig. 8 at 10 (woodlands and open
woodlands) to 20 (forests) Mg ha bins of AGB. Only bins
with greater than three observations are shown. For non-rem-
nant forests supporting an AGB of Mg ha , the median
difference in was 3–4 dB and 2–3 dB for L-band HH
and HV respectively. The difference decreased to 1 dB for
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Fig. 7. Relationships between AGB and L- band HH and HV � for forests, woodlands and open woodlands (up to 300 Mg ha ), based on ALOS PALSAR
data acquired during periods of relative minimum and maximum vegetation water content (VWC). Remnant and non-remnant forests are indicated in blue and red
respectively. Remaining points in the dataset that were not used to generate the curve fits for forests, woodlands or open woodlands are shown in grey.

most remnant forests with an AGB Mg ha . The
impact of vegetation water content was therefore most apparent
for the non-remnant forest category, which is predominantly
composed of brigalow-dominated forests. A suggested reason
for the comparatively greater increase for non-remnant forests
with lower AGB was that attenuation by the canopy is least
and hence there is a greater likelihood of interaction between
the woody vegetation and soil layer. For woodlands and open
woodlands with an AGB of Mg ha , an increase of
1–3 dB was observed, with this being consistently greater for
L-band HH.

Differences in were also evident between remnant and
non-remnant vegetation, particularly where the AGB was

Mg ha , with non-remnant forests generally supporting
higher values of L-band HH and HV (by several dB) com-
pared to remnant woodland categories of similar AGB (Fig. 9).
For forests, remnant vegetation is generally associated with
mature stands. Hence, unless disturbance (e.g., through cyclone
damage) has occurred, extensive stands of naturally occurring
forests of lower AGB are uncommon. Therefore, for many
remnant forests (e.g., in the Wet Tropics of far north Queens-
land), AGB was consistently high (e.g., Mg ha ).
Forests with lower levels of AGB were typically associated
with non-remnant vegetation that had been cleared previously
and was now in regeneration. Many of the non-remnant forests
(colored in red in Fig. 7) of lower AGB were associated with
brigalow (Acacia harpophylla) regrowth following clearance.
By contrast, lower levels of AGB were more typical to remnant
woodlands and open woodlands (e.g., those dominated by A.
aneura within the Mulga Bioregion) occurring in the more arid

areas, where growth is limited by the adverse climatic and other
environmental conditions.

By only considering remnant vegetation for all structural
formations combined, a single relationship between AGB and
L-band can also be formulated, with the saturation level (for
relatively wet and dry conditions) being only slightly lower
than that observed for forests (For L-band HV and to a lesser
extent HH; Fig. 9; Table IV(b)). This observation exemplifies
the difficulty in developing empirical relationships with SAR
data, particularly as the AGB retrieved will be different de-
pending upon the approach used to divide the vegetation into
different structural formations (e.g., forests, woodlands and
open woodlands or remnant and non-remnant).

VI. DISCUSSION

A. Influence of Vegetation Structure

Observed differences in L-band between forests, wood-
lands and open woodlands can be attributed, in part, to the
different levels of AGB supported within stands but also their
overall structure. Within all three structural formations, a
greater proportion of the AGB was associated with stands

150 Mg ha . However, within this AGB range, a larger
number of forests were categorised as non-remnant while
most woodlands and open woodlands were categorised as
remnant. At AGB levels below 150 Mg ha , differences
in between structural types were most evident. Within this
range, the comparatively higher values of L-band HH and HV

observed for forests (mainly non-remnant) was attributed
largely to greater scattering from the higher density of stems
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TABLE IV
(A) CHARACTERISTICS OF THE RELATIONSHIPS BETWEEN AGB �Mg ha � AND L-BAND � FOR FORESTS, WOODLANDS AND OPEN WOODLANDS UNDER

CONDITIONS OF MINIMUM (DRY) AND MAXIMUM (WET) AMSR-E SOIL MOISTURE. (B) CHARACTERISTICS OF THE RELATIONSHIPS BETWEEN AGB �Mg ha �
AND L-BAND � FOR FORESTS, ALL WOODLAND CATEGORIES AND REMNANT VEGETATION

of a similar size class, with this being a characteristic of re-
generating vegetation. The overall range of AGB was greatest
for forests which resulted in the least squares regression fit
trending higher compared to woodlands and particularly open
woodlands, for both L-band HH and HV (under dry and, to
a lesser extent, wet conditions). As a consequence, the level of
saturation was also comparatively greater for forests and least
for open woodlands.

The greater rate of increase in with AGB observed for
non-remnant forests was similar to that reported for secondary
forests in other regions (e.g., in the tropics). In these cases, the
rapid growth of stands supporting a high density of individ-
uals of smaller size leads to forests supporting an AGB equiv-
alent to that of mature (remnant) open woodlands 60

Mg ha , within as short a period as 5–10 years. The rapid
closure of the forest canopy and the higher density of scattering
elements (branches and stems) leads to greater scattering of mi-
crowaves (e.g., [5], [74]) and hence a greater rate of increase of

with AGB. Within woodlands and open woodlands, compar-
atively lower levels of were observed at the same levels of
AGB because of the lower densities (canopy cover between 10
and 30%) and heights ( 30 m) of trees, with this collectively
translating to a reduced number of scattering elements. Atten-
uation of microwaves is also less and greater scattering away
from the sensor occurs, leading to comparatively lower values
of L-band HV and HH .

The influence of tree density on SAR backscatter has been
reported in other studies. Simulation modelling and empirical
studies undertaken by [77] suggested that P-band backscatter

(from coniferous stands in Canada) varied largely because of
differences in stem number density, an observation supported
by [78]. However, the size of scattering elements also influ-
ences the return. For example, [79] observed an L- and P-band
backscatter for A. harpophylla regrowth that was similar to that
of non-woody vegetation (e.g., cleared), with this attributed to
stems being of insufficient size for double-bounce trunk-ground
scattering to take place. In many open woodlands and wood-
lands, a proportion of the AGB is contained within the under-
storey and sub-canopy and similarly may not be of a size and
density detectable by the SAR. This may further explain the rel-
atively lower rate of increase in with AGB observed for these
structural formations compared to forests.

The research has demonstrated that the structure of vegeta-
tion influences the SAR backscatter at L-band but has resisted
formulating relationships for retrieving AGB or stating the level
of AGB that can be retrieved as this requires further research. In-
stead, the study highlights the need to develop more robust ap-
proaches to retrieval from SAR data that give consideration to
vegetation structure as well as soil and vegetation moisture. The
study also advocates the inclusion of other remote sensing data
(e.g., Landsat FPC or LiDAR-derived height) in retrieval algo-
rithms based on empirical relationships and also the advance-
ment of alternative approaches to AGB retrieval.

B. Influence of Rainfall and Surface Moisture

Where ALOS PALSAR data were acquired during relatively
wet periods, increases in were most significant at L-band
HH (by up to 4 dB) and particularly for non-remnant forests
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Fig. 8. Median differences in L-band HH and HV � between the maximum and minimum observed effective vegetation water content by structural formation.

of lower AGB. The enhanced return at HH polarisation can be
attributed to increased scattering from the wetter surface, pri-
marily through double bounce interactions between the trunks
and ground and direct ground returns (particularly where stem
densities are relatively low). With increases in canopy cover,
attenuation of microwaves is greater and hence the contribu-
tion from these scattering mechanisms is progressively reduced
such that the enhancement is less prominent in forests of higher
AGB. Within the woodlands and open woodlands, increases in

were comparatively less but still greatest at L-band HH.
Within Queensland, forests occur in the wetter regions where

rainfall generally exceeds 700 mm per year and the moisture
content of both the vegetation and soils is consistently greater
compared to drier regions. Hence, is maintained at a higher
and more constant level. By contrast, woodlands and open
woodlands typically occur in drier areas and while increases
in are observed following rainfall events, these tend to be
short-lived because of high rates of evapotranspiration. Further-
more, the rainfall amounts inland are generally less compared
to those towards coastal areas and hence the enhancement of
backscatter may not be as great unless a large storm event
occurs. Whilst the AMSR-E data reflect the increase in soil and
vegetation moisture associated with rainfall events, some strips
(e.g., for southeast Queensland) exhibited enhanced brightness
under conditions of relatively low surface moisture conditions.
Whilst this was attributed to rainfall occurring more than 5 days
before the ALOS PALSAR data acquisitions, the combination
of, soil moisture, effective vegetation water content and rainfall
information may be more appropriate for selecting ALOS
PALSAR data as they may better reflect the surface moisture
conditions, particularly in areas that are densely vegetated.

C. Retrieval of AGB

Differences in the AGB level at which L-band HV and, to a
lesser extent HH, saturated were generally small between dry
and wet conditions. However, the range of for forests of
lower AGB was reduced under wetter conditions, particularly
at HH polarisation, and hence discrimination between levels of
AGB was less. A few studies (e.g., [82]) have indicated poten-
tial for retrieval at high levels of AGB but most (e.g., [83]) have
reported saturation at 60 Mg ha , with this varying
as a function of polarisation. This low level of saturation has

often been quoted as a major limitation to the retrieval of AGB
from L-band SAR data. Many of these studies, however, were
undertaken in tropical, temperate and boreal regions where pre-
cipitation generally exceeds evaporation, rainfall is temporally
more frequent, and moisture is retained on the vegetation and
within the soil for longer periods. Hence, many studies would
have utilised data acquired after periods of rainfall where soil
and vegetation moisture was relatively enhanced. As a conse-
quence, L-band backscatter and scatter in the relationship would
have been increased (particularly at HH polarisation), the dy-
namic range and saturation levels lowered and the ability to dis-
criminate classes of AGB from the SAR data reduced. The re-
trieval of AGB and subsequent comparisons of data/results from
different studies would therefore have been compromised, as
would the formulation of a regional or global algorithm. For this
reason, moisture on the surface of the vegetation and ground and
within the soil should be considered when retrieving AGB from
SAR data, regardless of frequency. Similarly, studies focusing
on the retrieval of moisture itself from satellite sensor data need
to take account of the influence of vegetation and soil character-
istics. The two are, however, intricately linked and so retrieval
of one needs to consider the other. For this reason, algorithms
that couple both vegetation structure and surface moisture con-
ditions should be advanced in parallel.

Relative differences in L-band backscatter at similar levels
of AGB and between forests, woodlands and open woodlands
became apparent because field-based estimates of AGB from
a wide range of structural types were integrated with ALOS
PALSAR data acquired and consistently processed across a
large region. Through this approach, the common limitation of
focusing on single biomes or structural forms and comparing
results undertaken independently at different locations and
times and often using different sensors were largely overcome.
The capacity to identify and develop relationships for the dif-
ferent structural types has allowed some of the scatter observed
in previous studies to be explained and, as a result, conveyed
greater potential for retrieving AGB from L-band SAR inten-
sity data. Establishing an algorithm to retrieve the AGB that
considers different structural types is nevertheless complicated,
particularly where gradients (e.g., between woodlands and open
woodlands) occur, and most likely needs to consider continuous
variables such as FPC, rainfall or soil nutrients. Furthermore,
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Fig. 9. Least squares fits between L-band HH and HV � and AGB based on remnant forest only and ALOS PALSAR data acquired during periods of relative
minimum and maximum effective vegetation water content (VWC). Points associated with non-remnant forest are also indicated but were not used in the fitting.

in regions outside of Queensland (including within Australia)
supportive mapping (e.g., equivalent to the RE data) may not
be available to inform decisions relating to a priori classifica-
tion of the landscape and appropriate application of retrieval
algorithms.

More detailed analysis is required to incorporate the errors
associated with field measurements of AGB. The field data em-
ployed for this study were collected at a range of resolutions,
and the hiatus between field measurements and remote-data cap-
ture was sufficient in some cases to include natural disturbances.
The structure of the vegetation will also require finer discrimi-
nation (e.g., by dominant species) than the coarse stratification
employed here. To standardize across studies, all stems less than
5 cm dbh were deleted from the AGB estimates. This size class
(i.e., 5 cm dbh) can represent a large proportion of AGB for
some vegetation types and structures (e.g., regrowth), and the
density of small trees may have a distinctive influence on the
radar return signal. Canopy health may also be influential and
could be modeled using surrogates such as rainfall deficit [40],
fire scar distributions [84] and FPC mapping [85]. The estimates
of AGB generated included both live and dead trees. A number
of studies (e.g., [86]) have indicated sensitivity of L-band SAR
to dead standing timber and so the inclusion of these trees con-
siders their contribution to the overall backscatter at L-band.
Measurement of dead trees when standing is therefore consid-
ered essential when formulating relationships between L-band
SAR data and AGB. Whilst rainfall and canopy closure are fac-
tors that impact on the capacity to retrieve AGB, other factors
include the surface roughness, the underlying geology and the
presence of surface water below the canopy. The areas affected

can often be identified through reference to the imagery them-
selves or ancillary layers (e.g., geology maps).

D. Implications for Mapping AGB From ALOS PALSAR
Mosaics and Detecting Change

For retrieving AGB across Queensland based on empirical
regression-based techniques, mosaics generated from ALOS
PALSAR data acquired during relatively dry periods are essen-
tial. For Queensland, up to three images were acquired in any
one year. However, the capacity to acquire ALOS PALSAR
of sufficient temporal frequency, such that data are acquired
during dry periods, will vary regionally and be dictated by
the ALOS observation strategy. To ensure the provision of
sufficient data for generating mosaics for AGB estimation, a
more frequent repeat period or the use of data from other years
is desirable. However, techniques such as scattering-based
inversion [e.g., [87]] may provide an alternative for retrieval as
these consider the moisture content of vegetation and the soil.

The use of AMSR-E data to inform on the optimal combina-
tion of ALOS PALSAR data when ordering or compositing is
advantageous as these are available globally and on a daily basis.
At the higher frequencies used by AMSR-E data, soil mois-
ture retrieval is more successful over non-vegetated or sparsely
vegetated areas but may be compromised over vegetated areas.
Conversely, the retrieval of effective vegetation moisture con-
tent may be better in forests with a greater degree of canopy
closure. For this reason, both the AMSR-E soil moisture and ef-
fective vegetation water content data should be used to provide
a relative indication of high or low moisture conditions to guide
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the selection of ALOS PALSAR data (e.g., for biophysical re-
trieval, classification), Whilst the selection and use of ALOS
PALSAR data for local areas can be undertaken with reference
to AMSR-E estimates of surface moisture for individual (25 km)
pixels, these values should be treated with some caution because
of, for example, uncertainty associated with sensor calibration
and the presence of vegetation. Where available, rainfall sur-
faces for the days leading up to data acquisition would also be
useful as they provide an indication of moisture potentially re-
tained on the surface of vegetation and the soil. However, for
many regions, the frequency of ALOS PALSAR data acquisi-
tion rates may be insufficient to obtain dry images, particularly
where rainfall is frequent through the year. A solution would be
to provide greater repeat coverage of ALOS PALSAR or other
L-band SAR data and should be considered in the design of sen-
sors and future observation strategies.

Predictive models for retrieving AGB from ALOS PALSAR
data have not been provided, although these will be the topic of a
forthcoming paper. Despite a close correspondence between the
L-band HV and AGB, considerable scatter still occurs and the
potential for retrieval is reduced at higher levels of AGB. In ad-
dition to structural variability, this can be attributable to factors
including errors associated with geolocation of plot and image
data, measurement error and bias in field measurements and the
allometric equations for estimating the AGB of tree species con-
tained, relative differences in minimum moisture conditions for
different regions, and SAR speckle noise. For this reason, re-
search is focusing on developing a robust approach to AGB re-
trieval, either using ALOS PALSAR data alone or in combina-
tion with other remote sensing datasets (e.g., Landsat-derived
FPC time-series, climate variables).

VII. SUMMARY AND CONCLUSIONS

By utilising ALOS PALSAR and field data acquired across
a range of structural vegetation types in Queensland, Australia,
this study has obtained a unique insight into the relationships be-
tween SAR backscatter and AGB. The research has established
the following.

• Relatively seamless mosaics of ALOS PALSAR L-band
HH and HV data can be generated when using strip data
acquired during periods when surface moisture is rela-
tively low. Such an approach has led to a mosaic of ALOS
PALSAR data being successfully generated for Queens-
land for 2007 without the need for complex correction
algorithms.

• Differences in the relationship between AGB and L-band
were observed between forests, woodlands and open

woodlands, with these attributed to differences in structure,
namely density and size class distributions. Lower returns
from woodlands and open woodlands was also attributable
to lower interaction of L-band microwaves with smaller
stems and branches and, by virtue of the open canopy, in-
creased ground scattering away from the sensor.

• Levels of saturation were comparatively greatest for forests
and least for open woodlands and differed largely because
of differences in the naturally occurring levels of AGB be-
tween structural formations and overall structure as a func-
tion of growth stage.

• During wetter conditions, the saturation level remained
similar for forests at L-band HV but was reduced at L-band
HH. However, at both HH and HV polarisations and for all
structural formations, the dynamic range was reduced, with
this then limiting ability to discriminate different levels of
AGB. Greater sensitivity of L-band HH to surface moisture
conditions was also evident, with this attributed primarily
to enhanced double-bounce scattering from trunk-ground
interactions.

• Spatial information on moisture conditions is necessary
to guide the selection of ALOS PALSAR data in the
development and application of algorithms for biophysical
retrieval (e.g., AGB) or classifying landscapes. In situ
measurements of soil and vegetation moisture should ide-
ally be taken at the time of the satellite overpass to support
such retrieval. However, given the practical limitations of
obtaining such measurements over large areas, the use of
AMSR-E or interpolated rainfall data is recommended.
These data are widely available and should be consulted
when selecting scenes for many applications, regardless
of whether these are directed towards local areas or large
regions.

Final conclusions regarding the potential and limitations of
ALOS PALSAR for estimating AGB at a regional level require
more detailed analysis, but this study indicates some potential
for calibrating these data using field measurements and incor-
porating information on the structural attributes of vegetation.
Whilst limitations in the use of ALOS PALSAR for estimating
AGB at a regional level still remain, this research has shed new
light onto why retrieval from L-band SAR data using regres-
sion-based techniques has been compromised in the past. New
avenues for utilizing these data have been highlighted with po-
tential benefits at a global level.
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