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ARTICLE INFO ABSTRACT

Avrticle History: Mangrove environments have garnered attention in recent years as a
Received: Nov. 2, 2024 result of their substantial contribution to the earth's dynamic. Its function in
Accepted: Nov. 17,2024  carbon sequestration within coastal sediments helps alleviate climate
Online: Nov. 18, 2024 change. Mangrove ecosystems, characterized by various tree species, face
numerous threats and require continuous monitoring for conservation

efforts, which can be facilitated by remote sensing. Biodiversity monitoring

QZ%W%T; and the detection of different species demand highly specific techniques.
Halo%hytes’ This study introduces a comprehensive analysis of in situ spectral signatures

for two mangrove species found in Egypt. We assessed these spectral
signatures and organized them into a spectral library to classify high-
resolution Pleiades Neo satellite images using linear unmixing techniques to
differentiate the mangrove species. The results were significant, allowing us
to distinguish five halophyte coastal species and accurately identify the two
mangrove species, Avicennia marina and Rhizophora mucronata, with an
accuracy assessment of 89.83%.

Spectral signatures,
Unmixing classification,
Egyptian Red Sea

INTRODUCTION

Mangroves are the primary type of coastal vegetation distributed along the eastern
and western shores of the Red Sea, found at tropical and subtropical latitudes, reaching
the Nabg area in Egypt, which represents the northernmost extent of mangroves
worldwide (Shaltout et al., 2005). Mangroves are type of halophytes plants that survive
in the harsh environmental conditions of semi-arid areas and form aggregations to forests
along coastal. According to tidal range, they are situated from narrow to wide belt in the
Red Sea (Hickey et al., 2017).

IUCAT

in (Scopus He Q s
Indexed in P s .&.“LI | EVIER



618 Mohammed et al., 2024

Mangroves play a vital ecological role as one of the most productive marine
habitats. The mangroves trees are important shelters and feeding nursery for both land
and marine dwellers. The stands of mangroves protect the coastal from erosion and
storms (Afefe et al., 2019). Globally, mangrove forests play a crucial role in the carbon
cycle, being one of the most carbon-rich ecosystems. Their average total carbon storage
per unit area is five times greater than that of other forest types. There are approximately
56 mangrove species worldwide (Spalding, 2010). In the Red Sea, about 4 species can be
found (Kassas & Zahran, 1967; PERSGA, 2004). In addition, Avicennia marina is the
most abundant mangrove species, followed by small areas of well-grown Rhizophora
mucronata, which have been recorded in several Red Sea countries: Egypt (Kassas &
Zahran, 1967; Galal, 2003), Djibouti (Kassas & Zahran, 1967; Witsen, 2012), Yemen
(PERSGA, 2004), Eritrea (Hailemichael, 2015), and Saudi Arabia (Almahasheer et al.,
2016). Except in Sudan, where Avicennia marina is the only mangrove species present
(Sabeel, 2015), the two species, Rhizophora mucronata and Bruguiera gymnorrhiza, are
considered extinct (Sabeel, 2015). Additionally, two other species, Ceriops tagal and
Bruguiera gymnorrhiza, have been recorded but are very limited in the southern Red Sea,
specifically in Djibouti (Kassas & Zahran, 1967; Galal, 2003; PERSGA, 2004; FAO,
2007) and Eritrea (Hailemichael, 2015).

According to the NARSS project (Mohammed, 2023), which mapped the current
mangrove areas along the Egyptian Red Sea shores, 35 locations of mangrove trees cover
about 600 hectares. The coverage ranges from small, scattered trees to large stands with
complete ecosystems. Avicennia marina is common at all sites, while Rhizophora
mucronata coexists with Avicennia spp. in the southern sector of Halayeb and Shalateen
(Galal, 2003; Mohammed, 2023). Additionally, terrestrial halophyte plants grow
adjacent to the mangroves.

Remote sensing technology has been employed to identify and map mangrove forest
distribution. Due to the nature of mangrove mud sedimentation, remote sensing is more
effective for observing and monitoring these areas than traditional fieldwork (Green et
al., 1998; Fouda, 2009). One technique involves establishing a spectral library for
coastal vegetation, which aids in discriminating between different mangrove species
(Kamaruzaman & Kasawani, 2007; Ajithkumar et al., 2008; Xu et al., 2019). The
reflectance of vegetation depends on the reflectance and transmittance of leaves, which
are responsible for the main spectral signatures. Healthy leaves have different reflectance
properties, especially in the visible and near-infrared regions, compared to unhealthy
ones. These differences are crucial for distinguishing between species using the spectral
library (Kamaruzaman & Kasawani, 2007; Wang & Sousa, 2009).

Classifying remotely sensed data into thematic maps remains a challenge due to
various factors, such as landscape complexity, selected remote sensing data, and the
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algorithms used for image processing and classification. One advanced classification
method is linear spectral unmixing, which assumes that the reflectance of a pixel is the
sum of the end-member spectra, scaled in proportion to the coverage of each end-member
within the pixel, based on spectral derivatives and hyperspectral data (Kutser et al.,
2005; Wang et al., 2017; Taureau et al., 2019).

This study aimed to determine the spectral properties of two mangrove species and
alternative vegetation to identify significant wavelengths for distinguishing between the
mangrove species along the Egyptian coast. Additionally, it employed linear unmixing
classification techniques (sub-pixel) for further mapping of mangroves using high-
resolution Pleiades Neo satellite images and an in-situ spectral library, representing a
novel approach for mapping mangroves in Egypt.

MATERIALS AND METHODS

1. Study area

The study location was chosen in Shalateen Province due to the presence of both
mangrove species, Avicennia marina and Rhizophora mucronata. The area is located
between 22° 58' and 22° 53" North and between 35° 40" and 35° 44' East of Shalateen City
(Fig. 1). This remote region is inhabited by the local Ababda community, who utilize it
for grazing purposes.
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Fig. 1. Location of the study area
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2. Collecting in-situ spectral measurement for mangrove species

The spectral signatures for five different halophyte vegetation species including two
different mangrove species were measured as reflectance. The measurements were
obtained by using a portable “ASD Field Spec 4 instrument” (Fig. 2). The portable
Spectro-radiometer is capable to record spectral range of 350-2500nm by a rapid data
collection time of 0.2 second per spectrum. It has spectral resolution of three nm in
visible wavelength range (350-700nm) and NIR and SWIR from 750 to 2500nm. In
addition, leaf pigments were measured using an in situ chlorophyll meter (SPAD).

Chlorophyll meter

2.1.  Analysis for filed measurements

First, the spectral signatures of different species were organized and aligned with
the corresponding wavelength ranges. In this study, the following scale ranges were used:
coastal range (350-450nm), blue (451-510nm), green (511-580nm), yellow (581-
630nm), red (631-690nm), red-edge (691-750nm), NIR (751-1040nm), and SWIR1 and
SWIR2 (1040-2500nm). These end-member wavelengths were arranged according to
their respective color ranges.

2.2.  Statistics analysis

The spectral variability of two mangrove species and three other vegetation
species was analyzed using ANOVA to identify regions of the electromagnetic spectrum
where the colors differ significantly. The one-way analysis of variance (ANOVA) was
conducted, followed by Tukey's post hoc test across each band to verify differences
among species means (Tukey, 1977; Mason et al., 2003).
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3. Satellite imagery

The Pleiades Neo image was acquired on January 20, 2024 (Fig. 2). The dataset has a
spatial resolution of 50cm for panchromatic images and approximately 1.8 meters for
multispectral images. The spectral bands range from Deep Blue (400-450nm), Blue
(450-520nm), Green (530-590nm), Red (620-690nm), Red Edge (700-750nm), to Near-
Infrared (770-880nm), with a panchromatic range of 450-800nm.

3.1.  Preprocessing analysis

The pre-processing steps included: A) re-projection of the imagery product to rectify
the coordinates to WGS84, zone 37; B) layer stacking to fuse the panchromatic image
with the six multispectral bands, resulting in a pixel spatial resolution of 0.50m. Finally,
the image was subset using ENVI software version 5.3.

3.2.  Linear spectral unmixing classification

The linear spectral unmixing technique, has been applied on calibrated Pleiades
image of Shalateen area by using the linear spectral unmixing model of ENVI 5.3. The
classification was based on the in-situ spectral library of coastal mangrove vegetation.
Spectral unmixing is the process of decomposing the measured spectrum of a mixed pixel
into a set of distinct endmember spectra and their corresponding fractions (abundances),
which represent the proportion of each endmember in the pixel (Horwitz, 1971).

3.3.  Accuracy assessment

The final thematic results were assessed using a confusion matrix comparing the
observed data from the field with the classified map classes. The agreement between the
map and the ground truth is represented by the diagonals of the matrix, indicating
commission and omission errors (Tharwat, 2018). Additionally, the error matrix can be
used to compute statistical measures such as the Kappa standard deviation, Kappa
variance, and Kappa coefficient of agreement, defined by the formula:

K= (observed accuracy - chance agreement)/(1-chance agreement)

RESULTS

The spectral properties of two existing mangrove species, Avicennia marina and
Rhizophora mucronata, were studied using a spectroradiometer (ASD). The chlorophyll
concentration in the leaves of different mangrove species varied between 0.41 and
0.67mg g', with the minimum found in Avicennia marina and the maximum in
Rhizophora mucronata. Rhizophora mucronata exhibited high reflectance in the visible
range, which then decreased in the SWIR range. In contrast, Avicennia sp. showed higher
reflectance in the SWIR bands (Fig. 3).
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Fig. 3. The spectral signature of two mangrove species

The mangrove trees in many areas are surrounded by other vegetation and shrubs,
which were also measured to distinguish the different spectral signatures of all elements
in the area, including mangrove trees, natural vegetation, and the background of water
and sand. Fig. (4) shows the spectral signatures of different end members of coastal
halophytes, highlighting the two mangrove species, which exhibit different reflectance
compared to other vegetation. Specifically, Atriplex sp. and Limonium sp. reflect lower
values than the mangroves, while Zygophyllum sp. also shows low reflectance.
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Fig. 4. The spectral signature of coastal halophytes with mangrove species
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The spectral signatures of the two mangrove species were analyzed using a one-
way ANOVA to calculate the significant differences between them according to
wavelength ranges. Fig. (5) shows the significant differences between the two mangrove
species across various spectral bands, from visible light to the shortwave infrared
(SWIR1 and SWIR2). Notably, Rhizophora sp. exhibited high significance in the Red
Edge and SWIR1 bands.

Interval Plot of Avicennia marina, Rhizophora mucronata
95% Cl for the Mean

0

Data
(=
a

Fig. 5. The interval plot of two mangrove species

According to Tukey’s ANOVA analysis, the mean reflectance values between the
mangrove species were significantly different across several bands, including green,
yellow, red, red edge, NIR, SWIR1, and SWIR2. The mean values were 0.170 for
Avicennia and 0.157 for Rhizophora, respectively, with a standard deviation of 0.14, as
shown in Table (1). The T-value and simultaneous tests, represented in Fig. (6), indicate
the significance between the two mangrove species. Additionally, Fig. (7) confirms the
differences between the two mangrove species based on the pooled standard deviation
interval.

Table 1. Tukey pairwise comparisons, one-way ANOVA

Factor N Mean|  Grouping
Avicennia marina 1951 0.17027| A
Rhizophora mucronate 1743 0.15714 B
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Fig. 6. Tukey simultaneous tests for differences of means of two mangrove species
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Fig. 7. The pooled standard deviation interval of two different mangrove species

The results of classified high resolution satellite image

Based on the linear spectral unmixing of the classified image of the study area,
which contains the two mangrove species, results are plotted in Fig. (8). The
discrimination of different mangrove species is enhanced by linear spectral unmixing,
utilizing in situ endmember spectral signatures. Fig. (9) illustrates the stand of Avicennia
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sp., showcasing various growth forms of trees. The classification tool differentiates larger
trees from smaller ones and assesses the density of stands, ranging from high to low
density of scattered trees. Furthermore, Fig. (10) demonstrates the capability of high-
resolution satellite imagery to analyze mangrove density and species differentiation. The
lower figure shows that both mangrove species are separated by different values,
alongside other halophyte shrubs.
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Fig. 8. Mangroves mapped from Pleiades Neo image using unmixing classification
technique
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Fig. 9. Avicennia sp. mangroves as shown in the Pleiades Neo image at the top, with the
lower portion depicting the same area mapped using unmixing classification
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Fig. 10. Two mangroves’ species interpreted from Pleiades Neo image at top, and lower
mapped by using unmixing classification technique

Accuracy assessment

The overall accuracy of the classification results is 89.83%, with Avicennia sp.
achieving a higher detection accuracy of 89.9% compared to Rhizophora sp., which has
an accuracy of 88.8% (Table 2). Additionally, the Kappa coefficient is 0.847, indicating a
reasonable level of agreement for the output classes.
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Table 2. The accuracy assessment table (confusion matrix)

Avicennia | Rhizophorasp | Other Classification Producer

Classes sp halophytes | overall accuracy
Avicennia sp 107 5 7 119 89.9%
Rhizophora sp 5 104 8 117 88.8%
Other 98
halophytes 7 3 108 90.7%
Truth overall 119 112 113 344
User accuracy 89.9% 92.8% 86.7% 89.83%

DISCUSSION

Given that the chlorophyll pigmentation concentrations were high on Rhizophora
sp. than Avicennia sp., resulting from the absorbtion of more amount of sunlight for
photosynthetic processes, the species with high pigmentation absorb more light
and reflect less. The studies by Kamaruzaman and Kasawani (2007), Ajithkumar et
al. (2008) and Xu et al. (2019) measured spectral reflectance for different mangrove
species and indicated that chlorophyll concentration is one of the major factors
responsible for determining the reflectance pattern of the plant communities. In addition,
Rhizophora sp. has larger leaves compared to Avicennia sp., which indicates a
distribution of different pigments, including chlorophyll, within the main wavelength
ranges from 525 to 750nm, reflecting the physical activities of the leaves (Gitelson et al.,
2003; Zhu et al., 2020; Rahmandhana et al., 2022). The effect of salinity on Avicennia
sp. leaves increases their thickness, which in turn affects the spectral signatures in the red
and NIR ranges, resulting in decreased reflectance (Al-Jubouri & Wheib, 2020).

Other halophytes, such as Atriplex sp., exhibit higher reflectance than mangroves,
which is related to lower chlorophyll content in their leaves due to salinity (Grasi¢ et al.,
2017; Al-Jubouri & Wheib, 2020). The spectral signatures of mangrove trees show
different reflectance compared to the background water, related to the pigment bio-
content in the trees (Wang & Sousa, 2009; Lee et al., 2019).

The spectral unmixing technique provides fractional images of the two mangrove
species (endmembers), offering specific details about image composition because the
analysis operates at a sub-pixel level. This approach is helpful for distinguishing different
species and their various growth forms. The classification results specify distinct spectral
signatures for different mangrove species, enabling accurate mapping based on their
spectral properties (Thayn, 2020; Devy et al., 2022). Spectral unmixing offers numerous
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benefits for the assessment, monitoring, and management of coastal ecosystems (Kamal
& Phinn, 2011; Taureau et al., 2019) because fractional endmember images provide
more detailed information about stand composition than traditional interpretations or
pixel-scale classifications.

Different mangrove species have unique reflectance characteristics (Arfan et al.,
2015; Tran et al., 2022), particularly in the visible and SWIR ranges. Various indices are
employed to extract vegetation in general and mangroves specifically, which are effective
for mapping but do not differentiate between species. Furthermore, linear unmixing
confirms high accuracy in discriminating the two mangrove species within the same area.
A variety of classification methods have been used for mangroves (Sanjot et al., 2022;
Armanda et al., 2024; Felegari et al., 2024), ranging from pixel-based classification to
spectral angle mapper algorithms and artificial intelligence tools. The linear unmixing
classification method is considered highly precise for mapping mangroves (Kanniah et
al., 2007; Ghosh & Chakravortty, 2020; Thayn, 2020; Lombard & Andrieu, 2021).

CONCLUSION

This study identified five species of halophytes based on their spectral signatures
along the Red Sea coastline. Field measurements of spectral signatures enabled linear
unmixing classification to distinguish between the two types of mangroves present on the
southern Egyptian Red Sea coast. The spectral signatures of the two mangrove species,
Avicennia sp. and Rhizophora sp., exhibited significant differences, particularly in the
red, NIR, and SWIR ranges. The high-resolution satellite imagery from Pleiades Neo
demonstrated the capability for mapping and species-specific mangrove discrimination
with an accuracy of about 90%. Future research should focus on evaluating the impact of
salinity accumulation on the leaves of mangrove species and its effects on mapping
results.
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