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ABSTRACT. Coral reef ecosystems are vital for marine biodiversity, coastal protection, and local livelihoods, yet environmental
and anthropogenic stressors increasingly threaten them. Accurate and timely mapping of these habitats is essential for
effective management and conservation planning. This study aims to evaluate and compare the spatial distribution and
extent of coral reef habitats around Liang and Rakit Islands, as well as to assess the classification accuracy of Sentinel-2 Level-
2A and the SPOT-7 satellite imagery for the years 2016 and 2021. Both datasets were pre-processed through atmospheric
and sun-glint corrections, with SPOT-7 imagery further enhanced by water column correction using the Lyzenga algorithm.
Supervised classification in ENVI was used to map four shallow-water habitat classes (coral reef, seagrass, sand, and rubble),
and classification accuracy was assessed using confusion matrices to compute Producer Accuracy (PA), User Accuracy (UA),
and Overall Accuracy (OA). Across both islands, coral reef and seagrass each occupied roughly one quarter of the mapped
shallow-water area, while sand and rubble together accounted for about half of the area, indicating a heterogeneous mosaic
of fringing reefs and seagrass meadows interspersed with sandy and rubbly substrates. Maps derived from SPOT-7 imagery
produced higher overall accuracies (84% for Liang and 82% for Rakit) than those derived from Sentinel-2A imagery (76%
and 70%, respectively). SPOT-7-based classifications consistently delineated larger and more detailed extents of coral reef
and seagrass habitats, demonstrating the value of higher-resolution imagery for representing fine-scale features in optically
complex coastal environments, whereas Sentinel-2A imagery was more suitable for broad-scale habitat discrimination but
tended to underestimate narrow or fragmented patches.
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INTRODUCTION

Saleh Bay, located in West Nusa Tenggara Province, is a
marine body situated between the Sumbawa and Dompu
Regencies (Kusumawati et al. 2019). Liang and Rakit Islands
are among several small islands within Saleh Bay. Mapping
coral reef habitats provides essential data to guide regional
development and ensure sustainable exploitation of these
resources. However, studies on these specificislands remain
limited. Saleh Bay’s waters host a diverse array of marine
and coastal organisms and feature favorable environmental
parameters such as cool water temperatures, high salinity,
strong currents, high light penetration, neutral pH
levels, and elevated concentrations of nutrients notably
phosphorus (PO,4) and nitrogen (NOs) (Yulius et al. 2019;
Rahman et al. 2025). Liang and Rakit Islands were selected
as study sites due to the lack of comprehensive studies on
their coral reef ecosystems, which are vital for maintaining
marine biodiversity and ecological sustainability.

Conducting field assessments and analyzing coral
reef conditions in these areas can generate scientifically
groundedrecommendationsnotonlyforsustainablemarine
tourism development but also to support local community
empowerment and inform national coastal management
policies. For instance, coral reef habitat assessments in Raja
Ampat, West Papua, have contributed to the establishment
of community-based marine protected areas that balance
ecological conservation and tourism (Atmodjo et al. 2020).
Similarly, integrated reef monitoring in Bunaken National
Park, located north of Manado City, North Sulawesi has
informed adaptive management strategies that align with
both biodiversity objectives and socioeconomic benefits
for local communities (Farhum et al. 2021). These examples
underscore how site-specific ecological research, such
as that conducted in Saleh Bay, can provide evidence-
based inputs for multi-level governance and long-term
sustainability planning.

Marine study and exploitation activities are ongoing
in Saleh Bay (Azzahra et al. 2025). However, due to coral
reef degradation in some areas, including the waters
surrounding Moyo, Medang, Rakit, and Ganteng Islands,
Saleh Bay is increasingly recognized as a priority area for
habitat restoration and ecological enrichment. In light
of the long-term consequences of ecologically harmful
fishing techniques, reassessing the condition of coral reef
environments has become a pressing concern. One of
the key goals of this study is to provide a comprehensive
inventory of coral reef resources in the area (Edrus et al.
2017), which includes geo-referenced habitat maps, species
composition data, live coral cover percentage, substrate
types, and reef health indicators such as bleaching level
and presence of macroalgae.

The presence of 28 ornamental coral genera in Saleh Bay,
including Euphylliaglabrescens, Euphylliacristata, Echinoporasp.,
Gonioporasp., and Lobophyllia sp., all of which are commercially
valuable species, demonstrates a more even distribution in
the mid-shore zones compared to other locations (Herdianti
et al. 2025). Overall, the condition of coral reefs in Saleh Bay is
considered good, with average live coral cover measured at
53.4%, based on in-situ benthic surveys using Line Intercept
Transect (LIT) methods across 12 sampling stations. Better
reef health tends to be observed further offshore, likely due
to reduced sedimentation. Nevertheless, destructive fishing
methods, such as blast fishing and chemical poisons, are still
reported in certain locations and continue to compromise
coral resilience and recovery (Johan et al. 2018). Accordingly,
satellite remote sensing has become an indispensable tool for
large-scale and repeated assessment of coral reef conditions,

enabling objective detection of spatial and temporal
ecological changes. Satellite imagery offers the advantage
of wide spatial coverage and frequent revisit times, enabling
efficient monitoring and timely detection of changes in reef
conditions. Moreover, this method is more cost-effective
than extensive field surveys, particularly in large or remote
marine areas, making it an effective tool for sustainable coral
reef management (Ji et al. 2024). It also facilitates habitat
classification and change detection with improved precision,
supporting early warnings, restoration planning, and marine
spatial management in ecologically sensitive areas.

Computer-based image processing plays a critical role in
satellite-based coral reef habitat mapping. Both pixel-based
andobject-based approachesare commonlyappliedinremote
sensing data analysis. Pixel-based analysis involves classifying
each pixel based on spectral values (e.g., color or intensity)
without considering spatial relationships among neighboring
pixels. This method is widely used for various remote sensing
applications, including land use classification and coral
reef identification. Its main advantage lies in its simplicity
and suitability for high-resolution imagery. However, a key
limitation is the lack of contextual spatial information, which
can reduce classification accuracy compared to object-based
methods that consider pixel groupings and spatial patterns
(Agus et al. 2024). One algorithm commonly employed in
pixel-based classification is the Lyzenga algorithm (Pratomo
etal. 2024).

The Lyzenga algorithm is a well-established technique in
satellite image analysis for estimating water depth in shallow
marine environments, particularly for seafloor mapping,
including coral reef habitats (Borfecchia et al. 2018). Originally
developed by Donald Lyzenga in the 1980s, this method is
frequently utilized in coral reef mapping based on optical
satellite data (Irawan et al. 2017; Tanis & Lyzenga 1981).
However, the primary motivation of the present study is not
the algorithm itself but the need to better characterize coral
reef habitats that are undergoing rapid ecological change in
Saleh Bay, an under-studied region with high conservation
value. In this context, the objective of this study is to evaluate
and compare the spatial distribution and extent of coral reef
habitats around Liang and Rakit Islands, as well as to assess
the classification accuracy of Sentinel-2 Level-2A and SPOT-7
satellite imagery for mapping shallow-water benthic habitats
in this area.

This study offers a novelty by providing the first
quantitative comparison of coral reef habitat classification
accuracy between SPOT-7 and Sentinel-2A imagery in Saleh
Bay, an underexplored region with high ecological potential.
This finding advances coral reef mapping practices in turbid
and spatially heterogeneous coastal environments and
supports the integration of multi-resolution remote sensing
for targeted reef conservation planning. It is important to note
that the available imagery consists of a 2016 scene for Liang
Island and a 2021 scene for Rakit Island. Therefore, this study
does not perform a formal change-detection analysis at the
same site but rather compares coral reef habitat mapping and
classification accuracy between two representative islands
and dates.

METHODS
Study Area

The study was conducted in the Saleh Bay region of
West Nusa Tenggara, specifically on Rakit Island, located
at 118.0°k, 8.4°S, and Liang Island, located at 117.4°E, 8.3°S.
These islands were selected as the study sites due to limited
existing research on coral reef habitats in this region, which
are critical to the sustainability of marine ecosystems.
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Additionally, the region has been identified as a potential
site for coral reef ecosystem restoration. According to Arifin
et al. (2025), temperature, salinity, and pH in Saleh Bay are
interconnected parameters that reflect ecosystem stability,
while nitrate (NOs;) and ammonia (NH;) concentrations
serve as indicators of elevated anthropogenic influence,
all of which directly affect coral reef health by controlling
growth, calcification, and susceptibility to bleaching in the
bay. These environmental factors can significantly affect
the distribution and extent of coral reef habitats, as well as
marine biological productivity, both of which are essential
for supporting socio-economic activities such as fisheries
and coral restoration. For more details, see the map in Fig.
1 below.

Data
SPOT-7 Satellite Imagery

This study utilized SPOT-7 satellite imagery due to its
high spatial resolution of 1.5 m in the panchromatic band
and 6 m in the multispectral bands. However, the SPOT-7
imagery obtained for this study was not fully pre-processed,
particularly with regard to sun glint and atmospheric
correction. SPOT-7 imagery is typically available in several
processing levels, including Level 1A, Level 1B, and Level
2A (Xie et al. 2008; Turker & Ozdarici 2011). At Level 1A, the
imagery undergoes only basic radiometric correction, with
no geometric oratmosphericadjustments. In contrast, Level
1B and Level 1C imagery includes geometric corrections
but still lacks atmospheric correction, leaving elements
such as haze or clouds unaddressed (Amran 2024). For
advanced analytical purposes, particularly those requiring
accurate surface reflectance data, further corrections must
be performed manually. A commonly used method is Dark
Object Subtraction (DOS), a straightforward atmospheric
correction technique designed to mitigate the effects of
atmospheric scattering in imagery. This correction process
was performed using the Environment for Visualizing
Images (ENVI) 5.3 software.
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Study Workflow

The workflow of this study began with downloading
the satellite imagery, followed by image mosaicking
using ArcMap. Subsequently, atmospheric and sun
glint corrections were applied using ENVI. The DOS was
employed for atmospheric correction, and the Band Math
tool was used to implement the sun glint correction
equation. Next, the Lyzenga algorithm was applied in ENVI
to correct for the water column, enhancing the spectral
differentiation of benthic features. The corrected images
were then classified using the classification workflow tool.

Following the classification process, the extent of coral
reef habitat distribution was quantified using polygon
area calculations within ArcMap, with the measurements
extracted from the attribute table (Poursanidis et al. 2018).
This study also utilized Sentinel-2A Level-2A satellite
imagery, which has a coarser spatial resolution than
SPOT-7. Sentinel-2 provides 13 spectral bands with spatial
resolutions of 10 m for the visible and near-infrared bands,
20 m for the red-edge and short-wave infrared bands,
and 60 m for the coastal aerosol, water-vapor, and cirrus
bands. The Level-2A product has undergone systematic
atmospheric correction, producing surface reflectance
data that are suitable for direct analytical applications.
Sentinel-2 imagery is available in several processing levels,
such as Level-1C, which is geometrically and radiometrically
corrected but still expressed as top-of-atmosphere
reflectance, and Level-2A, which includes full atmospheric
correction using surface-reflectance algorithms. The
Level-2A product corrects for haze, aerosols, and other
atmospheric interferences, significantly enhancing data
quality and reliability (Flament et al. 2021). As a result,
Sentinel-2A Level-2A imagery is widely used for detailed
environmental assessments, including mapping coral reef
habitat distribution. For more details, see Fig. 2 below.
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Fig. 1. Map of the study area in Liang and Rakit Islands, Saleh Bay, Indonesia
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Fig. 2. Workflow of coral reef mapping using SPOT-7 and Sentinel-2A imagery

Atmospheric and Sun Glint Correction

Atmospheric correction was applied using the Dark
Object Subtraction (DOS) method implemented in ENVI
(Darweesh et al,, 2021). Sun-glint was corrected using an
empirical line-of-sight correction (ELSC) based on a linear
regression between the near-infrared (NIR) band and the
visible bands (Hedley et al, 2005; Bernardo et al, 2017,
Simarmata et al,, 2024), as , as expressed in Eqg. (1) (Hedley
et al. 2005; Bernardo et al. 2017):

R'l_:Ri—bl,(RNlR—MinNIR> )

where R’ is the deglinted (corrected) pixel value in
band ;R is the original reflectance value in visible band /; b,
is the slope of the linear regression between band jand the
NIR band; Rygis the NIR band reflectance for the same pixel;
and MinNIR is the minimum NIR value within the selected
deep-water sample used to estimate sun glint.

Image Mosaic

Image mosaicking is a key image processing technique
used to merge multiple satellite images into a composite
image, offering a more comprehensive spatial view of
the study area (Febriandi et al. 2025). Prior to mosaicking,
images must be geometrically corrected to ensure spatial
accuracy within the same coordinate system. Radiometric
adjustments are performed to harmonize color and
brightness across tiles, avoiding visible seams (Putra et
al. 2026). This process was conducted using Esri ArcGIS
Desktop software (ArcMap), which provides a dedicated
toolbox for mosaicking and raster processing.

Lyzenga Algorithm
The purpose of water column correction is to enhance

satellite imagery by reducing optical interference caused
by varying water depths, thereby making submerged

objects more distinguishable (Panjaitan et al. 2025). This
correction uses the Depth Invariant Index (DlII), formulated
through the Lyzenga algorithm (Tanis & Lyzenga 1981),
expressed as Eq. (2):

Yl.j=ln(Ll.)—[(k./k.)ln(L.)] 2

where L is the reflectance value of spectral band i L
is the reflectance value of spectral band j; k, and k/are the
attenuation coefficients for bands i and j, respectwely

The attenuation ratio (k//k/) is derived from Egs. (3) and (4):

3)

(4)

where ¢, is variance or variant of channeli; of is variance
orvariance of channel j; 0;is the covariance between bands
iandj.

Supervised Classification

Supervised classification is an image-processing
technique in which pixels are assigned to classes based
on spectral signatures derived from training samples with
known labels (Indey et al. 2024). In this study, a supervised
classification approach was implemented using the
Classification Workflow tool in ENVI to map four benthic
habitat classes, namely coral reef, seagrass, sand, and
rubble. This approach has been widely applied for coral
reef habitat mapping in recent remote-sensing studies
(Suasti et al. 2020; Rahmaddeni et al. 2024). Regions of
interest representing each class were delineated using
field information and visual interpretation of the corrected
imagery, and these regions were used to derive class
signatures (Putra et al. 2023). The resulting supervised
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classifier was then applied to the atmospherically and
water-column-corrected SPOT-7 and Sentinel-2A images
to produce the final habitat maps.

Accuracy Test

An accuracy assessment was conducted to evaluate
the effectiveness of the classification results in mapping
shallow marine habitats. The confusion matrix (or error
matrix) is a standard tool for assessing classification
performance by comparing the predicted classes with
reference data (llyas et al. 2020). The following accuracy
metrics were computed, namely 1) Producer Accuracy (PA):
the proportion of correctly classified reference pixels; 2)
User Accuracy (UA): the reliability of the classified map from
the user’s perspective; and 3) Overall Accuracy (OA): the
total proportion of correctly classified pixels as expressed
in Egs. (5) to (7).

PA = (5)
bong,
i
UA = (6)
i~ n.
i+
K
=i )
OA = x 100 %

where k is the number of classes in the confusion matrix,

n is the total number of reference samples, n, is the number of

correctly classified samples for class i (the i-th d|agonal element);

n, is the marginal row total for class /i (reference samples of

class i); and n, is the marginal column total for class i (samples
classified as class i).

RESULTS

Classification accuracy assessment

To evaluate the classification performance of coral reef
habitat mapping, an accuracy assessment was conducted
using satellite imagery from Sentinel-2A Level-2A and
SPQOT-7 for Liang Island in 2016. The assessment was based
on a confusion matrix that compares the classified satellite
image with reference data from Google Earth. Three key
metrics were used to measure classification performance:
UA, PA, and OA. These metrics indicate how well each
habitat class was identified by the classification algorithm.
For more details, see Tables 1 and 2 below.

Based on Table 1 above, the Sentinel-2A Level-2A
classification for Liang Island achieved an OA of 76%.
The Coral Reef class recorded the highest UA of 85.71%,
indicating strong agreement between the classified and
reference data. The Sand class had the highest PA of 81.81%,
suggesting the classifier successfully captured the actual
sand features on the ground. However, the Seagrass class
showed a relatively low UA of 66.66%, indicating higher
misclassification in that class. In contrast, Table 2 shows the
classification accuracy results from SPOT-7 imagery. This
classification achieved a higher OA of 84%. The Sand class
recorded the highest UA of 91.66%, while the Seagrass
class achieved the highest PA of 90%. These results
highlight SPOT-7's superior performance in detecting sand
and seagrass features. The comparative analysis of both
tables above indicates that SPOT-7 imagery outperformed
Sentinel-2A Level-2A in terms of classification accuracy
for coral reef-related habitats on Liang Island. The higher
spatial resolution of SPOT-7 (up to 1.5 meters) enhances
its capability to capture detailed habitat boundaries,

Table 1. Sentinel Level 2-A classification accuracy test at Liang Island in 2016

Sentinel-2A Level-2A 2016 Liang Island
Rubble Sand Coral Reef Seagrass Total UA (%)
Rubble 9 2 2 0 13 69.23
Sand 1 9 0 1 11 81.81
Google earth Coral Reef 1 0 12 1 14 85.71
reference
Seagrass 0 2 2 8 12 66.66
Total 11 13 16 10 50
PA (%) 81.81 69.23 75 80
OA (%) 76
Table 2. SPOT-7 classification accuracy test at Liang Island in 2016
SPOT-7 2016 Liang Island
Rubble Sand Coral Reef Seagrass Total UA (%)
Rubble 10 1 1 0 12 83.33
Sand 1 11 0 0 12 91.66
Gfgfgiﬁsgh Coral Reef 1 0 12 1 14 85.71
Seagrass 0 2 1 9 12 75
Total 12 14 14 10 50
PA (%) 83.33 7857 85.71 90
OA (%) 84
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leading to improved accuracy especially in detecting
sand and seagrass areas, which often require finer spatial
differentiation. While both datasets performed well
in identifying coral reef habitats, Sentinel-2A Level-2A
showed limitations in discriminating seagrass, likely due
to lower resolution (10-20 m) and mixed pixel effects.
The lower user accuracy for seagrass in Sentinel imagery
suggests that pixels classified as seagrass often included
other substrates like sand or rubble. Therefore, SPOT-7
imagery is more suitable for detailed habitat classification,
especially when precision is critical for marine resource
management and conservation planning. Similar accuracy
assessment was performed for Rakit Island in 2021, using
both Sentinel-2A Level-2A and SPOT-7 imagery. For more
details, see Tables 3 and 4 below.

Based on Table 3 above, the Sentinel-2A Level-2A
classification for Rakit Island achieved an OA of 70%. The
highest UA was found in the rubble class of 75%, while
the highest PA was recorded in the coral reef class at
83.33%. However, the seagrass class showed a notably
low UA of 64.28%, indicating classification difficulty in this
category. In contrast, Table 4 shows that SPOT-7 imagery
again demonstrated superior classification performance,
achieving an overall accuracy of 82%. The rubble class
maintained the highest UA of 84.61%, and the seagrass
class achieved the highest PA of 88.88%, reflecting strong
detection consistency for both benthic habitats. The
comparative results from Tables 1 to 4 clearly show the
consistent superiority of SPOT-7 imagery over Sentinel-2A
Level-2A in classifying benthic habitats, particularly sand,
seagrass, and coral reef areas. In both spatial contexts, Liang
Island (2016) and Rakit Island (2021), SPOT-7 yielded higher
OA (84% and 82%, respectively), compared to Sentinel-2A
Level-2A (76% and 70%). SPOT-7's enhanced accuracy is

largely attributable to its higher spatial resolution (1.5-6
m), which enables better separation of narrow or spectrally
similar benthic features. This was evident in its ability to
classify seagrass beds and coral reefs more effectively,
as indicated by its consistently higher PA and UA values
across both sites. Meanwhile, Sentinel-2A Level-2A, with its
coarser resolution (10-20 m), struggled especially with the
seagrass category, where spectral confusion with adjacent
sandy or rubble substrates led to lower classification
reliability. Despite offering broad coverage and corrected
reflectance data, its utility appears to be more appropriate
for larger-scale or generalized habitat mapping rather than
fine-scale coastal ecosystem assessments. In conclusion,
the combined accuracy assessment from all four tables
confirms that SPOT-7 is a more reliable source for detailed
mapping of coastal and shallow marine habitats, making
it the preferred option for conservation planning, habitat
monitoring, and environmental management in spatially
heterogeneous reef environments (Agus et al. 2018).

Spatial Distribution of Coral Reef Habitats

To provide a clear spatial understanding of benthic
ecosystem conditions around Liang Island, a comparative
analysis of coral reef habitat distribution was conducted
using two satellite imagery sources from 2016, namely
Sentinel-2A and SPOT-7. These products were selected to
evaluate the effectiveness of each in detecting the extent
and diversity of shallow marine habitats, particularly coral
reefs, seagrass beds, sand, and rubble. This comparison
also serves to assess the influence of image resolution
and correction techniques on classification accuracy in
complex coastal environments. For more details, see the
map in Fig. 3 below.

Table 3. Sentinel-2A Level-2A classification accuracy test on Rakit Island in 2021

Sentinel-2A Level-2A 2021 Rakit Island

Rubble Sand Coral Reef Seagrass Total UA (%)
Rubble 9 2 1 0 12 75
Sand 1 7 0 2 10 70
Google earth Coral Reef 1 2 10 1 14 7142
reference
Seagrass 1 3 1 9 14 64.28
Total 12 14 12 12 50
PA (%) 81.81 75 50 83.33 75
OA (%) 76 70
Table 4. SPOT-7 classification accuracy test on Rakit Island in 2021
Sentinel-2A Level-2A 2021 Rakit Island
Rubble Sand Coral Reef Seagrass Total UA (%)
Rubble 11 1 1 0 13 84.61
Sand 1 10 1 0 12 83.33
Gfgfgiﬁgh Coral Reef 1 0 12 1 14 85.71
Seagrass 0 2 1 8 11 72.72
Total 13 13 15 9 50
PA (%) 81.81 84.61 76.92 80 88.88
OA (%) 76 82
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Fig. 3. Spatial distribution of coral reef habitats in Liang Island in 2016 based on Sentinel-2A (left panel) and SPOT-7
(right panel) satellite imagery

Based on the map in Fig. 3 above, a comparison of
benthic habitat distribution around Liang Island in 2016,
derived from Sentinel-2A imagery (left panel) and SPOT-7
imagery (right panel), shows classification accuracy and
habitat detail across coral reef, seagrass, sand, and rubble
zones. Both images reveal similar coastal ecosystem
patterns, indicating general agreement in habitat
identification. However, key differences in spatial precision
are evident. The Sentinel-2A image shows broader coral
reef coverage, especially along the northern and eastern
shores, possibly due to its spectral sensitivity to large-area
reflectance. In contrast, SPOT-7's sharper resolution allows
for more detailed mapping in complex habitats, as seen in
the clearer depiction of seagrass beds along the southern
and eastern coasts, which are less visible in Sentinel-2A.
SPOT-7's ability to capture smaller and patchier features
makes it more effective for mapping fine-scale ecosystemes,
such as narrow seagrass corridors or fragmented beds.
Rubble zones, typically linked to reef degradation, are more
concentrated and clearly defined in SPOT-7, supporting
accurate identification of disturbed areas. Such detail is vital
for restoration planning and reef health monitoring. These
findings are consistent with the work of Fakan et al. (2025),
who demonstrated that high-resolution satellite imagery,
such as SPOT-7, significantly improves the detection of
degraded reef structures and enhances the delineation
of coastal habitat transitions. While Sentinel-2A is suited
for broader regional assessments, SPOT-7 performs better
for local-scale analyses where habitat complexity and
degradation are management priorities. The datasets are
thus complementary: Sentinel-2A for regional trends and
SPOT-7 for detailed habitat mapping and conservation
planning.

This contrast is further evident in the 2021 classification
results over Rakit Island (Fig. 4). Sentinel-2A offers wide
regional coverage but lacks spatial detail, while SPOT-7
delivers clearer delineation of reef, seagrass, and rubble
features, highlighting its utility for fine-scale habitat
monitoring and degradation detection. For more details,
see the map in Fig. 4 below.

Based onthe mapin Fig.4 above, a comparison of benthic
habitat distribution around Rakit Island in 2016, derived from
Sentinel-2A imagery (left panel) and SPOT-7 imagery (right
panel), is presented. Similar to Fig. 3, both maps delineate
four habitat types, namely coral reef, seagrass, sand, and
rubble, enabling a visual evaluation of classification accuracy
and habitat detail between the two satellite datasets. Both
images reveal similar coastal ecosystem patterns, indicating
general agreement in identifying habitat zones. In the
Sentinel-2A image, the distribution of benthic habitats
appears more fragmented and diffusely scattered along
the coastline. Although the image provides broad regional
coverage and captures seagrass and sand areas relatively
well, the delineation of coral reefs in several locations is
less distinct, particularly in areas with complex substrate
transitions or narrow reef formations. This limitation reflects
the moderate spatial resolution of Sentinel-2A, which may
not fully capture fine-scale ecosystem variability. By contrast,
SPOT-7 imagery offers a more precise and detailed depiction
of coastal habitats. Coral reefs and seagrass beds appear more
clearly defined and spatially concentrated in certain sections
of the coastline, particularly along the eastern and southern
fringes. The higher spatial resolution of SPOT-7 allows for
enhanced detection of smaller and more heterogeneous
features, such as fragmented seagrass patches or narrow
reef corridors, which are often overlooked in coarser
imagery. Additionally, rubble zones, often associated with
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Fig. 4. Spatial distribution of coral reef habitats in Rakit Island in 2021 based on Sentinel-2A (left panel) and SPOT-7
(right panel) satellite imagery

coral degradation or disturbance, are more distinct and
localized in the SPOT-7 image. This enhanced detectability is
important for identifying areas impacted by natural changes
or anthropogenic activities, such as coastal development,
destructive fishing, or sedimentation (Putra et al. 2023). The
ability to capture such subtle topographic and ecological
variations highlights the value of high-resolution imagery for
targeted reef monitoring and restoration.

The comparison between Sentinel-2A and SPOT-7 in
this context clearly illustrates how differences in resolution
and image acquisition techniques can significantly influence
habitat mapping outcomes. While Sentinel-2A remains
useful for regional-scale monitoring, it may lack the spatial
detail required for precise habitat delineation. SPOT-7, on the
other hand, offers sharper imagery that enhances accuracy
in detecting ecosystem boundaries and degradation zones.
These findings support the study by Cruz et al. (2024), who
emphasized that combining medium- and high-resolution
satellite imagery improves the accuracy and reliability of
coastal habitat assessments. This approach is particularly
relevant for conservation planning and monitoring
ecosystem responses to climate change and human
pressures. The integration of Sentinel-2A and SPOT-7 datasets
provides complementary benefits, balancing regional
coverage and spatial detail to enhance the effectiveness of
coastal ecosystem monitoring and management.

Quantitative Comparison of Habitat Classification from
Sentinel-2A and SPOT-7 Satellite Imagery

Tosupportthevisualinterpretationsof habitatdistribution
presented in the previous figures (Figs. 3 and 4), Table 5 and
Table 6 provide a detailed quantitative assessment of the
classified benthic habitat areas derived from Sentinel-2A

Level-2A and SPOT-7 satellite imagery. These tables represent
the area (in hectares/ha) and percentage coverage of four
dominant coastal ecosystem classes, namely rubble, sand,
coral reef, and seagrass, as mapped in two different years and
locations. Table 5 shows data from Liang Island in 2016, while
Table 6 shows similar classification results for Rakit Island in
2021.

By comparing the area values derived from Sentinel-2A
and SPOT-7, these tables highlight the degree of agreement
and difference between medium- and high-resolution
satellite imagery in mapping the spatial extent of each
habitat class. The data also reveal consistent patterns, with
coral reef and seagrass generally occupying the largest
proportion, followed by rubble and sand. These two tables
allow a cross-site comparison of habitat classification
accuracy between Liang Island (2016) and Rakit Island
(2021), thus strengthening the evaluation of satellite image
performance in varying ecological and geomorphological
settings. For more details, see Tables 5 and 6 below.

These classification results from Liang Island in 2016
(Table 5) are further complemented by similar analyses
conducted for Rakit Island in 2021, as shown in Table 6
below, allowing spatial comparisons between two different
coral reef ecosystems within Saleh Bay that were observed
in different years.

Based onTables5and 6 (also Fig. 5) above, a comparison
was made between habitat classifications for Liang Island
(2016) and Rakit Island (2021) using Sentinel-2A Level-
2A and SPOT-7 imagery. Each dataset reflects the spatial
extent (in hectares/ha and percentages) of four key benthic
habitat types: rubble, sand, coral reefs, and seagrass. This
comparison offersinsightinto how spatial resolution affects
habitat delineation outcomes across both locations. In the
case of Liang Island, Sentinel-2A estimated rubble at 1.14
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Table 5. Area of classification class in Liang Island Sentinel-2A Level-2A and SPOT-7 2016

No Class Level-2A ?ﬁ;)tmd Area Percerc(t?a\l/géizSAer(];)r;el—zA SPOT-7 area (ha) Percentage SPOT-7 (%)
1 Rubble 1.14 24.8 1.19 251
2 Sand 1.12 243 1.16 245
3 Coral Reef 1.21 26.3 1.19 251
4 Seagrass 113 24.6 12 253
Table 6. Area of classification class on Rakit Island Sentinel-2A Level-2A and SPOT-7 2021
No Class Level-2A %E;)tmel Area Percezéizle_zsAerg{;;eliA SPOT-7 area (ha) Percentage SPOT-7 (%)
1 Rubble 1.13 256 1.192 25.2
2 Sand 1.19 27.0 1.193 252
3 Coral Reef 1.18 26.8 1.197 253
4 Seagrass 091 206 1.15 24.3
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Fig. 5. Class area differences between Sentinel-2A and SPOT-7 habitat classifications for Liang Island (2016, panel a) and
Rakit Island (2021, panel b)

ha (24.8%), sand at 1.12 ha (24.3%), coral reefs at 1.21 ha
(26.3%), and seagrass at 1.13 ha (24.6%). Meanwhile, SPOT-
7 recorded slightly higher values for rubble (1.19 ha), sand
(1.16 ha), and seagrass (1.20 ha), with coral reefs slightly
lower at 1.19 ha. These marginal differences suggest that
SPOT-7's finer resolution enables better discrimination of
habitat boundaries, especially for features that are spatially
limited or irregular in shape. In the Rakit Island 2021
dataset, discrepancies became more distinct. Sentinel-2A
identified seagrass at only 0.91 ha (20.6%), compared to
1.15 ha (24.3%) in the SPOT-7 image. Coral reef, sand, and
rubble classes also showed minor differences, but the most
pronounced gap remained in seagrass detection. This
suggests that Sentinel-2A’s resolution may be insufficient
to accurately capture narrow, fragmented, or submerged
vegetation, particularly in optically complex coastal
environments.

Fig. 5 visually supports these findings through side-
by-side bar graphs, reinforcing that SPOT-7 consistently
maps larger areas of seagrass and coral reefs at both
sites. These results point to the superior ability of high-
resolution imagery to detect fine-scale spatial patterns
and benthic complexity, which are often underestimated
by medium-resolution sensors. This outcome aligns with
the findings of Eugenio et al. (2017), who emphasized
the advantages of high-resolution data for improving
benthic ecosystem classification. Further supporting this,
Caras et al. (2017) highlighted the importance of fine
spatial resolution in capturing narrow reef features that are
frequently missed by coarser sensors. Similarly, Purkis et al.

14

(2018) noted that SPOT-7 is more effective at identifying
transitional substrates and degraded reef zones, which are
crucial indicators of ecological condition. The integration
of multiple spatial resolutions has also been shown to
enhance classification performance. For example, Hedley
etal. (2018) demonstrated that combining Sentinel-2A with
higher-resolution imagery improves mapping accuracy
in heterogeneous benthic environments. DeVries et al.
(2017) further reported that medium-resolution sensors
tend to underestimate submerged vegetation in turbid or
shallow waters. Meanwhile, Lyons et al. (2014) concluded
that classification error rates significantly decrease when
imagery resolution is below 5 meters, a condition satisfied
by SPOT-7. These results affirm the value of SPOT-7 for
detailed, site-specific habitat mapping, particularly in
areas where precision is essential for coastal management,
reef restoration, and conservation zoning. When used in
tandem with broader-coverage platforms like Sentinel-
2A, high-resolution imagery becomes a vital component
of a multi-scale remote sensing strategy, yielding more
comprehensive and reliable information for benthic habitat
monitoring and spatial planning.

CONCLUSIONS

This study confirms that SPOT-7 satellite imagery offers
significant advantages over Sentinel-2A in the classification
and spatial delineation of coral reef habitats, particularly in
capturing seagrass beds, coral structures, and rubble zones
with greater clarity. The comparative analysis conducted
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for Liang Island (2016) and Rakit Island (2021) revealed
consistent patterns in which SPOT-7 detected larger and
more fragmented habitat patches, reflecting its ability
to resolve fine-scale ecological features often missed by
coarser-resolution sensors. Although Sentinel-2A provided
broader regional coverage and slightly higher estimates
for sand areas, it tended to underrepresent seagrass and
coral reef extents, especially in areas with complex benthic
configurations. In contrast, SPOT-7 consistently produced
more accurate and spatially detailed classifications, with
overall classification accuracies of 84% for Liang lIsland
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