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Factors Affecting L-Band Alos Palsar
Backscatter on Tropical Forest Biomass

Hamdan O.%, Mohd Hasmadi I.°, Khali Aziz H.%, Norizah K.° & Helmi Zulhaidi M.S.°

Abstract- Above ground biomass (AGB) is one of the key
parameters for carbon accounting in a forest area. However,
estimating this parameter by using remote sensing approach
has been challenging as the interpretation of remotely sensed
data are constrained by various factors, especially in a
complex tropical forest ecosystem. Synthetic aperture radar
(SAR) sensor system has its potential in obtaining acceptable
AGB estimation but several issues such as complex forest
structure and saturation at certain biomass levels remain
unanswered and continuously being studied. This study was
carried out to identify factors that contribute to the variation of
backscattering properties on forest biomass. The sensitivity of
L-band backscatter from Alos Palsar satellite with a
wavelength of about 23 cm to the forest biomass was
examined. Natural and logged forests of Dungun Timber
Complex in Terengganu, Peninsular Malaysia were selected as
the study area. AGB at a number of sample plots were
measured on the ground in the study area. Both aspects of
forestry and remote sensing comprised several variables
namely tree allometry, vertical forest strata, tree diameter
classes, radar polarimetry, and spatial variability were
examined in four experiments. AGB was calculated based on
these parameters and tested by using statistical backward
elimination method to identify the most significant factor that
infer the backscatter. The study revealed that the L-band Alos
Palsar backscatter interacts only with canopies of forest at
certain size of trees.

Keywords: alos palsar, aboveground biomass, tropical
forests, saturation.

I. INTRODUCTION

ynthetic aperture radar (SAR) is well known

because of its capability to penetrate cloud

cover has beenrecognized as the most signif-
ycant advantage compared to optical sensor system.
The advantages of obtaining cloud-free, wall-to-wall
images are greater for a tropical region, like Malaysia.
Studies that concentrated on the uses of SAR data
for biomass estimations indicated that the system is
probably the best option available for a landscape as
well as regional studies, at reasonable spatial resolution
(Saatchi et al. 2011). However, because tropical forests
contain large amount of biomass, special attention
needs to be paid conceming the limitation of
backscattering intensity in complex forest structures.
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Previous research indicated that long-wavelength radar
data have the advantage in estimating aboveground
biomass (AGB) on complex forest stand structures.
Specifically, SAR L-band data have proven to be
valuable for biomass estimation, particularly AGB
(Quinones and Hoekman, 2004; Hamdan et al. 2011; Le
Toan, 2011). While L-band SAR systems offer some
advantages in estimating forest biomass, the saturation
problem is common in radar data (Imhoff, 1995b). It
means that the sensitivity of the backscattering intensity
will cease at certain threshold of biomass. This has been
identified as a critical challenge in the last decade (Lu,
2006). The saturation levels depend on the polarization
and the structure of the forests. However, the sensitivity
of the backscatter and the saturation level seem to be
rather site dependent, since forest structure influences
the relative contribution of the scattering mechanism
(Imhoff, 1995a, Lucas et al. 2010).

When a SAR sensor transmits the radar pulse,
the transmitted energy is called forward scattering and
the returned signal after it interacts with a forest is
known as backscatter. The forest stand structure will
cause attenuation of the signal and the forest structure
itself is referred to as scatterers or scattering
mechanism. It is much influenced by the dielectric and
structural properties of the forest structure, which
consist of canopy, leaves, branches and trunk of trees.
In this situation, the forest medium can be considered
as a homogenous medium containing a large number of
scatterers of a single category. The backscatter intensity
depends mainly on the orientation, size and dielectric
constant distribution of the backscattering and forward
scattering functions (Chen et al. 2009).

Backscatter is normally low (approximately -25
to -18 dB) in non-vegetated areas such as clear-cuts or
burnt areas (Santoro et al. 2009). In addition, the
individual contribution to the total forest backscatter is
also dependent on the environmental conditions (i.e.
weather conditions, moisture conditions, and weather
dynamics) because it can affect the dielectric properties
of the vegetation and ground surface. However, a similar
forest ecosystem in a specific area can yield different
backscatters because SAR can propagate through
varying wavelength, polarization and incidence angle.
The interactions between the radiation and the plant’s
internal properties (e.g. moisture content influencing the
dielectric constant of a material and cell structure) and
external components (e.g. size, geometry and
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orientation of leaves, trunks, branches, and aerial or stilt
roots) also result in specific backscatter values (Kuenzer
etal. 2011).

Radar backscatter increases approximately
linearly with biomass until it saturates at a level that
depends on the radar frequency. However, L-band
backscatter cannot measure biomass directly since the
backscattered waves interact mostly with the canopy
layer (leaves/needles and branches), which contains
only a fraction of the total tree biomass (Imhoff, 1995a).
Canopy biomass however is often a reliable indicator of
total tree biomass, allowing for indirect relationships to
be formed between radar and forest inventory data.
Estimation of stem volume, biomass, basal area and

other forest stand parameters are possible by
developing regression models between  stand
parameters and radar backscatter.

Investigations (i.e. Pullianen et al. 1999;

Watanabe et al. 2006; Watanabe and Shimada, 2006;
Narvaes et al. 2007; Sandberg et al. 2011) reported an
increase of L- band backscatter with increasing forest
growing stock volume or aboveground biomass and
with increasing canopy density and height. In this
situation, the backscatter contribution from the forest
floor declines and the volume scattering contribution
from the canopy increases. However in many cases
saturation will occur. Saturation has been reported to
occur in biomass ranges of 80 to 150 Mg ha-1 for
savanna (Lucas et al. 2010), 40 to 150 Mg ha-1 for
boreal and temperate forests (Sandberg et al. 2011) and
40 to 150 Mg ha-1 in the tropics (Saatchi et al. 2011).
Luckman et al. (1997) found that the longer-wavelength
(L-band) SAR image was more suitable to discriminate
different levels of forest biomass up to a certain
threshold. L-band backscatter shows no sensitivity to
increased biomass density after the threshold, such as
40 Mg ha-1, has been met, indicating that it may be
suitable for estimating biomass of regenerating forests
in tropical regions.

Saturation level varies with the type and
structure of the forest. It was demonstrated that the
sensitivity of polarimetric SAR is depending on the
structure, density and the tree elements (i.e. trunk/stem,
branches and leaves) of the forests (Imhoff, 1995a). The
accuracy is mostly influenced by the tree density, tree
sizes, soil surface roughness, soil moisture, and the
layering effects of the SAR itself (Quinones and
Hoekman, 2004). Factors such as orientation of the
trees, polarimetry, incidence angle, and crown structure
also play an important role in the biomass estimation
(Watanabe et al. 2006; Guo et al. 2009). Tree height was
the prominent factor that affected backscattering.
Nevertheless variations in the floristic composition,
forest structure and management practices can have an
important effect on the results (Narvaes et al. 2007).
Using backscatter values, Beaudoin et al. (1994) found
that the horizontal-horizontal (HH) polarization return
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was related to both trunk and crown biomass, and the
vertical-vertical (VW) and horizontal-vertical ~ (HV)
polarizations returns were linked to crown biomass.
Kuplich et al. (2000) used JERS1 data for AGB
estimation of regenerating forests and concluded that
these data had the potential to estimate AGB for young,
regenerating forests following block logging rather than
selective logging.

However, these studies were conducted in
forest types and ecosystems different from Malaysia. In
Malaysia there are limited studies on the applications of
SAR for estimating biomass. Out of many studies
conducted worldwide, very few have been done in
Malaysia (viz. Morel et al. 2011; Morel et al. 2012;
Hamdan et al. 2011; Hamdan et al. 2013). This indicates
that the potential, limitations and advances of L-band
SAR in estimating tropical forest in Malaysia are not
explored extensively. Methods to apply this SAR system
are also scarcely exploited.

There are several issues that can be related to
the biomass estimations using L-band SAR data in
Malaysia’s forests. These issues can be generalized into
three major groups, which are (i) the natural conditions
of the forest that is native to Malaysia, (ii) the forest
management system being practiced, and (i) the
technical issues related to the remote sensing system
being used. Therefore this study was conducted to
address these issues that arise from the technical
configurations of the polarimetric L-band SAR as well as
the circumstances of forests in Malaysia. The study
allowed all possible parameters that can be generated
from both imagery and forestry aspects to be tested.
The objectives of this study are to identify the most
significant factors that contribute to the variation of the
L-band Alos Palsar backscattering on the tropical forest
biomass of Malaysia.

I1. MATERIALS & METHODS

a) The study area

The study area is located within 4.95°N,
102.90°E (upper left) and 4.50°N, 103.25°E (lower right).
It is part of the Dungun Timber Complex (DTC), which is
located about 120 km to the southwest of the State
capital Kuala Terengganu, in the administrative district
of Dungun (Figure 1). The study area consists of six
Permanent Reserved Forests (PRFs) namely Besul,
Besul Tambahan, Jengai, Jerangau, Pasir Raja Barat,
and Pasir Raja Selatan, which made up a total areal
extent of 60,187 ha. It is currently being managed by
Kumpulan Kayu Kayan Terengganu Sendirian Berhad
(KPKKT), a forest concessioner appointed by the
Terengganu State Government.

Lowland dipterocarp forest is dominant in the
study area, with a small extent of hill dipterocarp forest.
Most of the areas are dedicated for timber production
where logging activities has been active since the early
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1970s. More than 80% of the study area has been
logged in the last 30 years. Being part of the Main
Range of Peninsular Malaysia, the topography in the
study area is heterogeneous, and comprises flat river
plains and swamps, undulating hills and mountainous

areas, especially in the western areas. Its western
boundary is dominated by steep, rugged mountains; the
foothills which occupy most of the remaining land are
less rugged than the mountains, separated by flat to
gently undulating riverine flood plains.
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Fig. 7. Location of the study area

b) Field inventory data

A total of 41 sample plots, measuring 60 x 60 m
were established in early 2012, in which 10 and 31 plots
were located in natural and logged forests, respectively.
The reason why the sample plots were divided into
logged and natural conditions was to observe the effect
of harvesting system on the SAR sensitivity. The fact that
timber extraction reduces the density of harvested
production forest decrease in the total AGB has driven
the sampling design of this study. This reduction can
alter the strength of L-band SAR backscatter compared
to the natural forest.

In each plot, every tree with a diameter at breast
height quarters with a dimension of 30 x 30 m each. It
was designed in such a way to facilitate the mobility of
inventory work at the field. Location (i.e. coordinates) of
the plot centre was recorded by using Global
Positioning System (GPS).

c) Satellite and supporting aata

The satellite images used in this study were
acquired by the Alos Palsar L-band (1270 MHz, 23.62
cm wavelength), in dual-polarized mode. The images
were 1-degree mosaic product that came with two
polarizations, HH and HV, and were obtained from the
Japan Aerospace Exploration Agency (JAXA). The
images were acquired on 1 October 2010 and were
every stand was also recorded. A plot was divided into 4
geometrically and topographically corrected, with a
spatial resolution of 25 m.
The Alos Palsar image that was used in this study was
built on a 16-bit data type and all pixels have digital
numbers (DN) ranging from 0-65535. These DNs
however do not represent the radar signal of features or
objects on the ground. Therefore, the DNs have to be
converted to backscatter coefficients (radar signals)
known as Normalized Radar Cross Section (NRCS) and
represented in decibels (dB). The equation that was
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used for the calculation of NRCS for Palsar are slightly
different from other sensors in that the usual sine term
has already been included in the DN values. Thus, for
the data stored in Level 1.5 products, the equation for
NRSC of any of the polarization component can be
obtained by the following formula with single calibration
factor (CF), which can be expressed as equation 1 for
distributed scatterers (Shimada et al. 2009).

NRCS (dB) = 10 x logo(DN?) + CF (1)

where CF = -83.0

Supporting data comprised compartment
boundaries in shapefile (.shp) format was acquired from
the KPKKT. The data contains attributes that consist of
the name of forest reserve, compartment number, areal
extent, and record of logging year, which are important
for the study.
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Fig. 2 Palsar images over the study area. The image
are displayed in RGB colour composite with
combination of HH, HV & HH polarizations. The
polygons indicate compartment boundaries of the study

area

a) Methodology

This study was conducted in experimental
approach to examine the sensitivity of L-band SAR
signals to the forest biomass at different aspects. The
experiment covered both aspects of forestry and remote
sensing. Several parameters were tested to investigate
the most influential factors that attribute to the accuracy
of biomass estimation by using L-band SAR images.

© 2014 Global Journals Inc. (US)

The tested variables and parameters are summarised in
Table 1. All parameters were tested by stepwise
backward elimination method. This method compares a
series of selected parameters and identifies the
significant interaction effect between each other, while
parameters which are not significant to the response
variable will be dropped. It started with all candidate
variables, testing the deletion of each variable using a
chosen model comparison criterion, deleting the
variable (if any) that improves the model, and iterating
this process until no further improvement is possible.

Dummy variables with treatment codes of 0 and
1 were assigned to respective variables prior to perform
this comparison. Fitting the parameters of backward
elimination was done with linear regression of RExcel
(Heirberger and Neuwirth, 2009). In the first run, the
resulted significance values of >0.05 was eliminated
and the analysis proceeded to next iteration with the
remaining variables until a significance values of <0.05
is achieved. The selected parameters which identified to
have significant interaction were then checked with
analysis of variance (ANOVA) to determine the main
contribution of each parameter. Eventually, the best
parameter that influences most to the variation of L-
band SAR was selected by looking at the returned
coefficient of determination (R?, standard error of
residuals, F-statistic, and p-value. A variable that has p-
value of 0.05 or smaller determined the feasibility of the
relationship to the L-band SAR backscatter.

Experiment 1: Effect of allometric functions

This experiment was conducted to investigate is
there any relationship between SAR polarimetry and
AGB. Instead of one allometric function, five different
functions were used to calculate the AGB as listed in
Table 2. In this experiment, AGB was calculated for all
trees measuring dbh of =5 cm. Independent variables
comprised AGB (in Mg ha-1) calculated from all five
allometric functions while dependent variables were
consisted of HH and HV polarizations. Therefore two
analyses were conducted to study the effects of these
polarizations on AGB.



Table 7 . Experimental variables used in the study

Aspects of study Variables category

Experimental parameters

Allometric functions

Forestry aspect

AGB from Kato et al. (1978)
AGB from Katterings et al. (2001)
AGB from Chave et al. (2005)
AGB from Basuki et al. (2009)
AGB from Kenzo et al. (2009)

(Stand variables)

Diameter (dbh) classes

AGB in trees at dbh = 10 cm
AGB in trees at dbh = 20 cm
AGB in trees at dbh =30 cm

Biomass components

Canopy biomass of trees at dbh = 5cm
Canopy biomass of trees at dbh = 20 cm
Canopy biomass of trees at dbh = 30 cm

SAR polarimetry

HH polarization
HV polarization

Remote sensing aspect
(Image variables)

Pixel resampling S0x50m
100 x 100 m
3x3

Pixel enhancement (GLCM) 5x5
X7

Table 2 : Allometric functions that were developed from various study sites for estimating aboveground biomass

No. Source Allometric functions Site
1. Kato et al. 1/H = 1/(2.0*D) + 1/61 Primary forest, Peninsular
(1978) from the values of D and H, the dry mass of stem, Malaysia
branches, and leaves of the tree is estimated
M,=0.0313*(DH)
1.070
M,=0.136*M,
0.794,
1/M=1/(0.124M, )+1/125
2. Katterings et In(W,) = 2.59 x< In(D) - 2.75 Secondary forest, Sumatra,
al. (2001) Indonesia
3. Chave et al. W1:p*exp(-1.499+2.148*In(D)+0.207*(In(D))2— Pasoh 50 ha plots and other
(2005) 0.0281*(In(D))%) Center for Tropical Forest
Sciences (CTFS) plots
4, Basuki et al. In(W,) = 2.196 x In(D) - 1.201 Secondary forest, Kalimantan,
(2009) In(M,) = -1.472 + 2.180*In(D) Indonesia
In(M,)=-0.097 + 1.361*In(D)
In(M)) = -1.392 + 1.250*In(D)
5. Kenzo et al. W, = 0.0829 x D% Secondary forest, Sarawak,
(2009) Malaysia

Note. H is the fotal tree hejght: D is the stern diarmeter at breast height (dbh); Ms, Mb, and M/ denote the dry mass of
sterm, branches and Jleaves respectively, Wt is the aboveground biomass of standing trees,; and p is the wood

density.

Experiment 2: Effects of sizes of frees

Variations in total living AGB in a given forest
area is highly depending on the size of the trees. Many
small trees can contribute to a certain level of biomass,
which is probably low but a few large trees can yield
higher biomass. Aboveground biomass in each
sampling plot was calculated based on varying
diameters to investigate the response of SAR
backscatter to the AGB at varying levels. Trees within a

plot were segregated into several diameter classes
namely i) 10 cm and above, ii) 20 cm and above, and iii)
30 cm and above. Aboveground biomass for each plot
was calculated based on these diameter classes. It
means that a sample plot consisted of three different
values of AGB as illustrated in Figure 3 and the
variations were determined by the number of trees in a
diameter class.
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Analysis for this experiment was conducted
similar to experiment 1 but used only one dependent
variable, which was the backscatter from HV
polarization.

Aboveground biomass
(Stem, branches and leaves)

* » 5cmand above

10 cm and above
20 cm and above
30 cm and above

F'y
r vy

Fig. 3 - Aboveground biomass was calculated based on
several dbh classes.

Experiment 3: Interaction of SAR signal with canopies

A natural tropical forest is generally divided into
four vertical strata, which are emergent, canopy,
understory and forest floor. These strata are related also
to the sizes of trees and influence much to the sensitivity
of SAR backscatter. The strata, which often referred as
forest structure can influence the relative contribution of
the scattering mechanism (Lucas et al. 2010). In this
regard biomass of the forest canopy was treated
separately to examine how it affects the SAR
backscatter. Canopy biomass, illustrated in Figure 4,
which comprises the top component of a tree (i.e.
branches and leaves), was calculated for each sampling
plot. The biomass was broken into three classes, which
are canopy biomass that belong to trees measuring 5
cm and above, 20 cm and above, and 30 cm and
above. Therefore, a plot will have three values of canopy
biomass which were set as independent variables for
this experiment. These biomass values were correlated
against backscatter of HV polarization, also the same
approach used for experiment 2.

© 2014 Global Journals Inc. (US)
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Fig. 4. Biomass was divided into components of
trees (stem & canopy).

Experiment 4: Effects of spatial variations

This experiment was slightly different from the
above experiments, where dependent variables were
derived from the satellite images and the independent
variables were the most  significant  variables
resulted from experiments 1-3. Studies (e.g. Saatchi
et al. 2011; Cartus et al. 2012; Robinson et al. 2013)
indicated that different pixel size affected the biomass
estimations. Original pixel size of 25 x 25 m was
degraded to 50 x 50 m and 100 x 100 m pixel
dimensions, which averages of 4 x 4 and 16 x 16 pixels
that produced pixels of areal extents of 0.25 and 1 ha,
respectively. Three images (including original image)
derived from this process were used as dependent
variables. Pixel values for these images were remained
as backscatter (¢°, dB). Studies (e.g. Kuplich et al. 2003;
Sarker et al. 2012) also demonstrated that the image
with incorporation of texture measure improved the
accuracy of forest biomass estimations. Texture
measure or known as grey-level co-occurrence matrix
(GLCM) uses a grey- tone spatial dependence matrix
to calculate texture values. This matrix will calculate
relative frequencies with which pixel values occur in two
neighbouring processing windows separated by a
specified distance and direction, with a central pixel at
the centre of the windows. For this purpose texture has
been defined as repeating pattern of local variations in



image intensity which is too fine to be distinguished as
separate class at the observed resolution. Thus, a
connected set of pixels satisfying a given gray-level
properties which occur repeatedly in an image region
constitute a textured region. It shows the number of
occurrences of the relationship between a pixel of row (i)
and column (j) and its specified neighbour. Mean-type
GLCM, with a window sizes of 3 x 3, 5x 5, and 7 x 7
pixels were then applied to the original image. The
GLCM can be defined as

N-1
p= ) i) @

The equation produced three images that
contained unitless pixel values that were no longer in
backscattering coefficient unit (co, dB). Altogether five
dependent variables (two with varying pixel sizes and
three textures from different window sizes) were used for
this experiment. These variables were paired with three
independent variables that comprised most influential
parameters resulted from experiments 1 to 3. This
experiment determined the best image and biophysical
variable that have the best interaction between each
other.

I11. RESULTS & DIsSCUSSION

a) Summary of sampling plots

Sampling plots were consisted of natural forest
(where have not been logged before) and logged forest,
which were logged within 30 years before, under the
selective harvesting system. A total of 14,774 trees were
measured in all sampling plots comprised 10,862 and
3,912 in logged and natural forests, respectively. It was
estimated that an average of 1,001 and 1,358 trees
standing in a hectare of logged and natural forests,
respectively for trees measuring doh = 5cm. Table 3
summarises the measured trees in the sampling plots,
divided into several dbh classes. Figure 5 shows
average number of trees in a hectare, also divided into
dbh classes. Referring to the Table 3 and Figure 5, it is
obvious that the small trees (i.e. dbh 5 — 10 cm)
dominated the forests, which accounted for around 54%
of the total in term of numbers. However, in terms of
biomass, these trees comprised only around 6% from
the total AGB in a hectare both for logged and natural
forests.

Under the current logging practices, only huge
trees above cutting limits (i.e. dbh > 55 for non-
dipterocarp and > 65 cm for dipterocarp species) can
be removed from the forest. In one hectare of logging
unit, about 12- 15 trees are felled and the remaining
trees are left for the next harvesting cycle (i.e. 30 years).
Figure 6 summarises the basal area calculated from all
the sampling plots. Basal area (BA), which is measured
in square meter per hectare (m2 ha-1) is often used to

show the density of trees in a forest area. Figure 6
presents conditions of logged and natural forests; which
in almost all cases, the basal area of logged forest was
lower that the natural forest.

Table 3 :Number of trees measured in the sampling
inventory, divided into diameter classes

Diameter class No. of tree
(cm) Logged forest Natural forest
5-99 5,825 2,094
10-19.9 2,997 1,017
20-29.9 1,067 390
30-39.9 506 171
40 - 49.9 229 106
> 50 238 134
Total 10,862 3,912

Fig. 5 : Average numbers of trees in a hectare of the
sampling plots.

50

451

0. 27.72

35-

30+

Basal area (m? ha'')

25+

20 1

Loglged

Natural

Fig.6 . Boxplots showing average basal area of all
sampling plots. The figures indicate the average values
as represented by the bolded line. The basal area is
ranging from the minimum and maximum values, as
indicated by lower and upper bars, respectively.
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b) Results from experiment 1

Estimated AGB by using different allometric
functions showed considerable differences among each
other, especially for trees measuring more than 30 cm in
diameter. However Kato and Chave produced almost
similar AGB along with the increasing dbh (Figure 7).
Figure 8 summarises the estimated AGB at all sampling
plots, where logged forest showed lower AGB than the
natural forest.

Statistical analysis found that the HH
polarization has no significance between all the AGB
calculated from the allometric functions. However, HV
interacted well with the AGB calculated from all
allometric functions, except from Chave'’s function as it
was eliminated in the first iteration. The results of this
experiment are summarised in Table 4. The significance
values indicated that the Kato’s function gave a
significant effect to the backscatter on HV polarization
but this result did not determined the most affective
factor until ANOVA test was carried out.
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-@-Kato et al. (1978)

16000 —@—Kenzo et al. (2009)

= 14000 —&—Katterings et al. (2001)

12000 ~3=Basuki et al. (2009)

10000 =—#=Chave et al. (2005)
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Fig.7 . Aboveground biomass calculated from different

allometric functions.
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Fig.8 : Average AGB at all sampling plots. The line-bar
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c) Results from experiment 2

About only 6% of the total AGB was in small
trees with dbh 5 — 10 cm, and about 20% were in trees
with dbh 10 — 20 cm (Figure 9). The class contributing
most to the AGB was trees with dbh = 30 cm for natural

forest but 20 — 30 cm for logged forest. This indicated
that logged forest consisted of many intermediate size

trees as the larger trees were extracted during logging.

© 2014 Global Journals Inc. (US)

An experiment has been made to assess how
the tree size influence the backscattering intensity and
found that only trees with diameter at dbh larger than 15
cm that dominating higher canopies gave the best
response to backscatter at HV polarization of L-band
Palsar (Hamdan et al. 2013). This study also indicated
about similar results where AGB in trees with dbh = 10
cm and = 30 cm characterised the HV backscatter.
Therefore these two variables were considered as
potential factors for this experiment. The experiment
showed that AGB in trees with dbh = 20 cm did not give
any response to the backscatter, as it was eliminated in
the first iteration. The results of this experiment is
summarised in Table 5.

300
30 cm and above

M20-299cm
250 - mm10-19.9¢cm
HW5-99cm

41.
200 1.5%

35.3%

150

AGB (Mg ha'?)

100 37.8%

50
5.8%
0

Logged
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Fig. 9. Average AGB for logged and natural forests at
different dbh classes. Values indicate proportion of
biomass at corresponding dbh classes.

d) Results from experiment 3

Biomass component in tree canopy comprised
about 20% of the total AGB. It is indicated in Figure 10,
which both natural and logged forests have about
similar condition. However, different sizes of trees have
different amount of biomass, both in stems and
canopies. The experiment proved that biomass in
canopies at different sizes of trees gave significant effect
to the backscatter from L-band SAR. Table 6
summarises the results from the experiment, which is
showing that canopy biomass at all sizes of trees gave
response statistically to the HV backscatter at different
significance levels.

e) HResults from experiment 4

This experiment was designed to observe the
effect of spatial variations on the AGB. The most
significant  independent variables resulted from
experiments 1-3 were used as pairing variables in this
experiment. In this case, the independent variables were
obtained from ANOVA test results, as listed in Table 8,
which were determined prior to this experiment. The



variables are (i) AGB calculated from Kenzo's allometric
function, (i) AGB in trees = 10 cm, and (i) canopy
biomass in trees = 30 cm. Results of this experiment
show that certain image variables have significant effect
on AGB but some are absent. Table 7 summarises the
statistical values returned from the analysis. The p-value
(ie. Pr(>]t])) of larger than 0.05 for the images
variables of GLCM 3 x 3 and 7 x 7 indicated that these
variables have no interaction with biomass in all
conditions. Image with pixel size degraded to 50 x 50 m
indicated good correlation with AGB as compared to the
other image variables. This agreed well with results
obtained from the studies that were conducted earlier
(e.g. Saatchi et al. 2011; Robinson et al. 2013).
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Fig. 70 . Proportion of AGB at all sampling plots in the
study area.

Table 4 : Significance variables found from multiple linear regression in Experiment 1

Dependent variable Independent variable Coefficient Std. error tvalue Pr(>]t])
AGB from Kato 0.009 0.002 5.779 2.9E-08
HY AGB from Katterings 1.213 0.363 3.341 1.0E-03
AGB from Basuki 1.043 0.347 3.007 3.0E-03
AGB from Kenzo 1.731 0.421 4,109 5.8E-05
Table 5 : Significance variables found from multiple linear regression in Experiment 2
Dependent variable Independent variable Coefficient Std. Error t value Pr(>|t])
HV AGB of trees at dbh = 10 cm -0.621 0.327 -1.899 6.0E-02
AGB of trees at dbh = 30 cm 0.012 0.003 4.469 1.8E-05
Table 6 Significance variables found from multiple linear regression in Experiment 3
Dependent
variable Independent variable Coefficient  Std. Error tvalue  Pr(=|t])
Canopy biomass of trees at dbh = 5 cm 0.105 0.018 5.69 9.3E-08
HV Canopy biomass of trees at dbh = 20 cm 1.526 0.424 3.595 4.7E-04
Canopy biomass of trees at dbh = 30 cm 2.465 0.544 4.532 1.4E-05
Table 7 : Significance variables found from multiple linear regression in Experiment 4
Dependent variable  Independent variable Coefficient Std. Error tvalue Pr(>]t])
HV (50 x 50 m) AGB from Kenzo 0.015 0.003 5.427  3.0E-07
Canopy biomass of trees at dbh = 30 cm 1.864 0.402 4.636 9.1E-06
HV (100 x 100 m) AGB from Kenzo 0.009 0.002 3.995 1.1E-04
Canopy biomass of trees at dbh = 30 cm 1.061 0.311 3.413 8.8E-04
AGB from Kenzo 0.013 0.011 1.159 2.5E-01
HV (GLCM 3x3) AGB in trees = 10 cm -0.045 0.991 -0.045 9.6E-01
Canopy biomass of trees at dbh = 30 cm 1.611 1.707 0.944 3.5E-01
AGB from Kenzo 0.007 0.002 2.828 5.5E-03
HV (GLCM 5x5) Canopy biomass of trees at dbh = 30 cm 0.841 0.348 2415 1.7E-02
AGB from Kenzo 0.003 0.002 1.662 9.9E-02
HV (GLCM 7x7) AGB in trees = 10 cm -0.011 0.166 -0.065 9.5E-01
Canopy biomass of trees at dbh = 30 cm 0.387 0.286 1354 1.8E-01

1 Summary of all experiments

One way ANOVA was used to determine factors
(i.e. independent variables, which are biomass) that
influenced most to the image variables. A factor in an
experiment was selected by looking at an outstanding
correlation, which has the smallest p-value and the
largest F-value. Table 8 summarises the results of

ANOVA test that was conducted for all experiments.
Experiment 1 found that the AGB calculated by using
Kenzo’s allometric function affected the HV backscatter
most compared to other allometric functions.

© 2014 Global Journals Inc. (US)
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Experiment 2 decided that the AGB in trees at
dbh = 10 cm has influenced most to the HV backscatter
compared to the trees of dbh = 30 cm. The canopy
biomass in trees with dbh = 30 cm prevailed in all cases
in experiments 3 and 4. From the summary, it was also
observed that the image with pixel size of 50 x 50 m was
outstanding among all image variables. This image was

then correlated individually with canopy biomass of
trees at dbh = 30 cm by using simple linear regression
and it was found that the returned R? was attained at
0.63. Textured images with GLCM 5x5 were also
significant in the interaction but less powerful as
compared to other image variables.

Table 8 : ANOVA of tested variables

Experi- Dependent Mean F- p- Level of
ment variable Independent variable square value value  Significance
AGB from Kato 36.14 15.07 1.4E-04
HY AGB from Katten.ngs 1.90 0.79 3.7E-01 AGB from Kenzo
AGB from Basuki 1.57 0.65 4.2E-01
AGB from Kenzo 40.48 16.88 5.8E-05
1 AGB from Kato 2.59 2.46 1.2E-01
AGB from Katterings 0.14 013  7.2E-01
HH AGB from Chave 0.41 0.39 5.3E-01 No significance found
AGB from Basuki 0.03 0.02 8.8E-01
AGB from Kenzo 2.60 2.47 1.2E-01
AGB of trees at dbh =
10 cm 39.27 16.37 9.3E-05
2 HV AGB of trees at dbh = AGB of trees at dbh = 10 cm
30cm 8.65 3.61 6.0E-02
Canopy biomass of
trees at doh > 5 cm 25.97 11.70 8.6E-04
Canopy biomass of i Canopy biomass of trees at dbh
3 Hv trees at dbh = 20 cm 031 0.14 71E-01 > 30cm
Canopy biomass of
trees at dbh > 30 cm 45.56 20.53  1.4E-05
HV égr?ofggmbioK;gzz of 9.51 7.96 5.6E-03 Canopy biomass of trees at dbh
50 x50 m - > 30cm
( ) irees at dbh = 30 om 25.67 21.49  9.1E-06
(10(;4;/100 égr?ofggn;isggzz of 3.08 431 4.0E-02 Canopy biomass of trees at dbh
- > 30cm
m) trees at dbh > 30 cm 8.32 1165 8.8E-04
AGB from Kenzo 7.28 0.36 5.5E-01
AGB of trees at dbh =
HV 1.79 0.09  7.7E-01 -
A (GLCM 3x3) é(;gg’npy ormass of No significance found
trees at dbh = 30 cm 17.90 0.89 3.5E-01
HV égr?ofggmbioK;gzz of 1.94 2.16 1.4E-01 Canopy biomass of trees at dbh
GLCM 5x5 - > 30cm
( ) rees at dbh > 30 om 5.23 5.83  1.7E-02
AGB from Kenzo 0.42 0.75 3.9E-01
AGB of trees at dbh =
HV 0.10 0.18  6.7E-01 -
(GLCM 7x7) éo cm y f No significance found
anopy biomass o 1.03 183  1.8E-01

trees at dbh = 30 cm

This has proven that of all image variables
used, the response of biomass came only from the
canopy of these trees, which characterised the

© 2014 Global Journals Inc. (US)

backscattering intensity of L-band Alos Palsar. This
statement is supported by R? and F-statistic as
depicted in Figures 11 and 12 for experiments 1-3 and 4
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respectively. It was observed that the biomass in
canopies of trees larger than 30 cm has the most
significant inference to the L- band data. The study
demonstrated that the L-band, which has a wavelength
of about 23 cm, has the ability to penetrate the forests at
certain levels of vertical forest strata. In this case, the
SAR waves at HV polarization penetrated well
through the upper canopies but due to the leaves, twigs
and branches scattering, the penetration ceased
beyond this level. Saturation was then occurred and the
backscatter that was returned to the sensor represented
only the biomass of the canopies of the forest. The R?
returned from all the experiments were considerably low
because the analysis took into account multiple
variables in a single model and represented by an R®.
This also implied the time difference between image
acquisition and the establishment of sample plots on the
ground, which was more than 1 year. The size of the
sample plots also played roles in the estimation results.
Even though only the canopy biomass of trees larger
than 30 cm indicated the best correlation, this variable
can be used as an indicator to estimate the total AGB by
using L-band Alos Palsar data. By using information
from large tress (i.e. dbh = 30 cm), the AGB of smaller
trees (i.e. doh < 30 cm) can be estimated if the
proportion is known (Imhoff, 1995b). Through this
approach, the saturation level of biomass can be
avoided to produce more reliable estimates on tropical
forests.

In order to demonstrate the results, a sample
plot in logged forest was selected and the distribution of
trees within this plot was visualised by using stand
visualization system (SVS) (McGaughey, 1997).
Locations of trees (dbh = 5 cm) were distributed
randomly in a square plot measuring 60 x 60 m. Visual
of this forest is seen in Figure 13, where structure of the
stands and canopies can be seen clearly in the system.
The system also allows trees to be removed and
threshold at a given dbh. Despite of unreal forest
structure, the systemm can be used to visualise the
response of SAR interaction with forest biomass,
especially when the small trees (dbh < 30 cm) were
removed (Figure 14).
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Fig. 13  Structure of forest stands visualised by using

SVS.
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Fig. 74 . Structure of forest at different threshold of tree sizes. Trees are visualised at dbh classes of (a) = 5cm,
(b) = 10cm, (c) = 20 cm, and (d) = 30 cm.
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IV. CONCLUSION
The study has successfully identified the most
significant factors that attributed the scattering

mechanism in tropical forest. The study found that
allometric functions did affect the AGB estimation. In this
case, Kenzo's allometric function (Kenzo et al. 2009)
played a significant role in estimating AGB by using L-
band Alos Palsar. Size of trees and biomass in canopy
component also gave significant effects to the L-band
backscattering intensity. Aboveground biomass in trees
with doh = 10 cm gave greater impact, which can
improve biomass estimation by using L-band data. The
fact that SAR penetrates through the forest canopy has
proven that only the emergent canopies interact with the
L-band backscatter. In this study biomass in canopies of
trees with dbh = 30 cm gave the greatest response. The
study also noticed that there were no significant
differences in terms of L-band interaction with AGB in
logged and natural forests.

Pixel degradation from 25 m to 50 m was found
most appropriate image enhancement technique for
estimating biomass in Malaysia’s forests by using Alos
Palsar images. When the images were correlated to the
biomass in canopies of trees with dbh = 30 cm, the
correlation was improved significantly. Therefore the
study suggests that the L-band Alos Palsar image with
spatial resolution of 50 m can used to estimate canopy
biomass. The estimation can be expanded to obtained
total AGB provided that the proportion between canopy
and stem biomass is identified.

The study proved that L-band Alos Palsar was
relevant for AGB estimation in a complex tropical forest
such as Malaysia. The results allowed understanding
the effects of the structural aspects at the L-band
response, confirming that this is a very important study
to characterize and monitor the tropical Malaysian
landscape.
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