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Abstract
The study was conducted to determine whether the vegetation in the mangrove ecosystem, can be contrasted with
another objectt, using Spectroradiometer HR-1024. The data used is data visible spectrum(400-700 nm)  which resulted in
204 bands. The analysis used is the integrated analysis with three levels. First, using ANOVA to determine significant
differences in spectral reflectance between vegetation with water, wet soil and dry soil. Second, using Step wise Canonical
Discriminant Analysis to identify the most sensitive band for discrimination reflection spectrum. This analysis which
resulted in six bands are considered practical to distinguish vegetation with another object namely  401.5 nm, 416.9 nm,
508.2 nm, 599.3 nm, 660.3nm and 689.2 nm. Third using the Jeffries-Matusita separability index which resulted in the
separation index of mangrove vegetation, water, wet soil and dry soil is 1.414.
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Abstrak
Penelitian dilakukan untuk mengetahui apakah vegetasi di ekosistem mangrove dapat dibedakan dengan obyek yang lain
dengan menggunakan Spectroradiometer HR-1024. Data yang digunakan adalah data spektrum tampak (400 – 700 nm)
yang menghasilkan 204 band. Analisis yang digunakan adalah analisis terpadu dengan tiga tingkatan. Pertama, menggunakan
ANOVA  untuk mengetahui perbedaan signifikan pantulan spektrum antara vegetasi dengan air, tanah basah dan tanah
kering.  Kedua, menggunakan Canonical Stepwise Discriminant Analysis untuk mengidentifikasi band paling sensitif
untuk diskriminasi pantulan spektrum. Analisis ini menghasilkan enam band yang dianggap praktis untuk membedakan
vegetasi dengan obyek yang lain yaitu 401.5 nm, 416.9 nm, 508.2 nm, 599.3 nm, 660.3 nm and 689.2 nm.  Ketiga, menggunakan
indeks keterpisahan Jeffries-Matusita yang menghasilkan indeks keterpisahan vegetasi mangrove dengan air, tanah basah
dan tanah kering  yaitu 1,414.

Kata kunci: Ekosistem mangrove, Obyek, Spektroradiometer HR-1024, Canonical Stepwise Diskriminan Analisis, Jeffries-
Matusita
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Introduction

Generally, mangroves are typical species found in
the intertidal and sub-tropics in the whole world.
Mangroves form a habitat for many species of flora
and fauna ,with high density (Murray et al. 2003;.
Sheridan & Hays, 2003;. Liu et al., 2008;.
Nagelkerkenetal, 2008). Mangroves have also an
important role for humans for various reasons,
including fisheries, agriculture, forestry, building
material resources, protection against coastal erosion
and storm, the absorption of pollutants, and supporting
coastal fisheries (Hogarth 1999; Manson et al., 2005;
Waltersetal, 2008;  Howari et al., 2009).

In recent decades, mangroves loss have significantly
influential in the world although in some parts of the
world their areas are still very large (Spalding 1998;

Alongi, 2002). Knowledge to obtain information
about the mangrove ecosystem is very important
especially in term of mapping to detect the level of
degradation and its change. Remote sensing
technology is a potential approach for the rapid and
efficient management (Dimiliki et al., 2003). This
statement is strongly supported by a large number of
researches using remote sensing application,
especially in the provision of resources and mangrove
forest change detection (Berlanga-Robles and Ruiz-
Luna, 2002; Manson et al.. 2003). Those researches
include researches on mangrove mapping and
monitoring using multi-spectral sensors and
hyperspektrum (Demuro and Chisholm, 2003; Dimiliki
et al., 2003 ; Hirano et al., 2003). Multispectral
sensors on the satellite platform, including SAR,
Landsat TM, and SPOT are the most popular
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application with the advantages in cost and
effectiveness, but they are mainly confined to the
district scale because of the relatively coarse space
and spectral resolution (Aschbacher et al, 1995 ;
Ramsey and Jensen, 1996; GAO, 1999, Green et al.,
2000 ; Sulong et al., 2002; Vaiphasa et al., 2005).

Classification of the various environment features
using remote sensing particularly for the object in
the mangrove ecosystem requires an understanding
of the nature of spectral features and response in
different parts of the electromagnetic spectrum
region. Knowledge of the spectral response of objects
and materials leads to the guidance to determine the
characteristics of objects and materials. Research
on spectral provides options select a specific
bandwidth or bandspektral to distinguish various
environmental features (Ajithkumar et al., 2008; Chun
et al., 2011).

Spectral response measurements in the field can be
done by hand spectroradiometer, which can be
operated easily. Measurement of Reflectance directly
in the field can be used to get more detailed
information about the spectral behavior of object
(Danoedoro, 2012). Kamaruzaman and Kazawani
(2007) have conducted a research in Tok Bali,
Kelantan and Setiu, Terengganu, Malaysia, to
determine the spectral properties (reflectance in the

visible and NIR wave) using spectroradiometer, but
this only identifies significant wave length in
distinguishing five mangrove species. Meanwhile, this
study was conducted to determine the reflectance
response of mangrove ecosystems, including
mangrove species, water, wetlands and dry land using
HR-1024 Spectroradiometer.

Research Method

This study emphasizes the object of the mangrove
ecosystem consisting of vegetation in the mangrove
ecosystems (Avicennia marina, Rhizophora apiculata,
Rhizophora mucronata and Sonneratia alba), water,
wet soil and dry soil. The tools used are
Spectroradiometer HR-1024 (Figure 1). At data
retrieval, distance between objects with
Spectroradiometer HR1024 is ± 0.5 m. For high
vegetation, healthy leafy branches are selected and
cut, then immediately measured to maintain the quality
of the leaves. Reflectance data are measured in the
outdoor areas in a good weather condition and on a
sunny day.

Spectral analysis method is based on three integrated
levels. In the first level, ANOVA is used to test a
significant difference between the average

Figure 1. Spectroradiometer HR-1024
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reflectance of vegetation (V) and the three other
bodies of water (W), wet soil (WS), dry soil (DS).
The hypothesis of this study is that the reflectance
between the vegetation pairs and each objects (W,
WS and DS) is significantly different at each wave
length which is measured 400-700 nm. Zero
hypothesis, Ho: µ1 = µ2, µ1 = µ3, µ1 = µ4 versus the
alternative hypothesis, Ha: µ1 = µ2, µ1 =  µ3, µ1 = µ4
where: µ1, are the values of the average reflectance
of vegetation and µ2, µ3, µ4 are the reflectance values
of water, wet soil and dry soil. Furthermore, ANOVA
is tested with a 95% confidence level (p <0:05).

Canonical Step wise Discriminant Analysis is
conducted on the reflectance range 400-700 nm. This
analysis identifies the variables which maximizes the
difference among the species groups, but at the same
time minimizes the difference within the groups. On
this analysis, independen spektral variabels are put
into the model if those four variables fulfill a significant
level  together (F-test).

Distance analysis is needed to identify the best band
or combination of bands which can be used for
spectral separation of vegetation with water, wet soil
and dry soil. The separateness index which is used is
the analysis of JEM distance (Jeffries Matusita)
(Schmidt and Skidmore 2003;. Ismail et al., 2007;
Vaiphasa, et al, 2007;. Adam and Mutanga, 2009).
The band used in the JEM analysis is the band resulted
from a process using Stepwise Discriminant
Canonical Analysis. JEM has upper and lower limits
that vary between 0 and v2 (= 1.44). Higher values
indicate a total separation of the couple classes in
the band which is used (Richards, 1993; Erdas Field
Guide, 2005). JEM distance calculations in this study
are based on the equation (1).

In the equation, i and j are the spectral responses of
the two objects which are compared; C is the
covariance matrix of the spectral response; m is an
average vector of spectral response; 1n is the natural
logarithm function; T is a transposition functions; and
| C | is the determinant of C.

Results and Discussion

Discrimination object using spetroradiometer in
mangrove ecosystems at visible wavelengths (400 -
700 nm) is still rarely performed. However, the use
of field spectroradiometer to discriminate species has
done for many times for field and laboratory
measurements (Schmidt and Skidmore, 2003
Bellucoetal, 2006; Brown, 2004; Rossoetal, 2005;

Pengraetal, 2007; Kamaruzaman and Kasawani
2007; and Mutanga Adam, 2009; Vaiphasa et al., 2005;
Enrica et al., 2006). In this research, the elimination
of redundant data and the identification of relevant
data uses discriminant analysis in a condition that the
dimensional reduction does not cause loss of
information related to the object of the research
(Adam and Mutanga, 2009)

ANOVA test result at the 95% confidence level (p
<0:05) indicates that there are significant differences
in spectral reflectance between all pairs of classes
(V vs W, V vs. WS, and V vs DS) at n = 412
wavelengths. Highlighted significant wavelength uses
a histogram for each individual class pairs. ANOVA
test result for each pair of classes (V vs W, V vs.
WS, and V vs DS) is shown in Figure 2 (a, b, and c).
The shaded areas show the wavelength where the
spectral reflectance of vegetation were statistically
different from the three other objects, with a 95%
confidence level (p-value <0:05).

ANOVA test result presented in Figure 2 shows that
there is a significant difference between the average
reflectance of vegetation and each of the three
objects studied (W, WS and DS). In the next test
that is Tukey Test, the significant difference is only
at a wavelength of 400 - 450.8 nm. For vegetation
and wet soil, the reflectance is significantly different
at a wavelength of 507 nm - 533.5 nm and 568 nm -
697.4 nm or for blue spectrum area. Furthermore,
for vegetation and dry soil, the reflectance is
significantly different at a wavelength of 400-700 nm
or blue, green and red spectrum areas. Spectral
reflectance curve for healthy green vegetation almost
describes the peaks and valleys. Valley as a part of

Equation 1. JEM distance calculations
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Figure 2. The significances between average reflectance: (a) Vegetation(V) with water (W), (b) Vegetation
(V) with wet soil (WS), (c) Vegetation (V) with dry soil (DS)

the spectrum is determined by the pigment in the
leaves of plants. Chlorophyl, for example, strongly
absorbs energy in a wavelength band centered
around 0.450 and 650 nm. Meanwhile, some of the
factors that influence the soil reflectance are the
water content, the soil texture (proportions of sand,
silt, and clay), the surface roughness, the presence
of iron oxide, and the content of organic metter
(Lillesand and Kiefer, 1970).

Canonical Stepwise Discriminant Analysis may help
to identify the most sensitive wavelengths in
distinguishing objects in mangrove ecosystems (Zhao
and Maclean, 2000; Thenkabail et al., 2004; Van
Aardt and Wyne, 2007; Kamaruzaman and
Kasawani, 2007; Al et al., 2010 ; Pu et al., 2011). In
this research, Canonical Stepwise Discriminant
Analysis is also applied to each class of object pairs

(V vs W, V vs. WS, and V vs DS) so that the
misclassification error rate is very low (Zhao and
Maclean, 2000; Thenkabail et al, 2004; Van Aardt
and Wyne, 2007; Kamaruzaman and Kasawani, 2007;
Al et al., 2010; Pu et al,. 2011). Discriminant analysis
will help to analyze the differences between groups
and/or provide a means to determine (classify) any
cases (Klecka, 1980).

Canonical discriminant analysis is gradually
performed over a range of 400nm to 700nm
reflectance (visible wavelengths) to determine the
spectral separation among objects. Gradual
Discriminant analysis with a-level of 0.05 results in a
list of six wavelengths 401.5 nm, 416.9 nm, 508.2
nm, 599.3 nm, 660,3 nm and 689.2 nm. From this
analysis, six wavelengths potentially distinguish
vegetation of all three objects.
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JEM is applied to reveal the spectral separation
between each pair of objects in the mangrove
ecosystem. Based on Table 1, it can be seen that the
separation between high object is that all values reach
1,414. JEM distance method provides value between
0-v2 (= 1,414), so the square distance provides a
number between 0 and 2 (Thomas et al., 2003). In
conclusion, the object of discrimination in the
mangrove ecosystem is quiet good.

Conclusion

Field spectrometer measurements at the level of the
canopy can be used to distinguish vegetation from
water, wet soil, and dry soil. It means that the average
spectral reflectance of vegetation is different from
other objects related to it in the same ecosystem

(mangrove). The application of Stepwise
Discriminant Analysis Canonical has revealed that
the greatest discrimination power of the vegetation
is the wavelength of 401,5nm, 416.9 nm, 508.2 nm,
599.3 nm, 660.3 nm and 689.2 nm. It is found from
the analysis that the separation of objects in the
mangrove ecosystem (V vs W, V  vs WS, dan V vs
DS) is quite high. Thus, the object of discrimination
in the mangrove ecosystem can be adequately
conducted using this technique.
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