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Abstract: Benthic ecosystem is a crucial component of coastal 

ecosystems, making its protection essential for maintaining ecosystem 

health. This study presents a comparative analysis of benthic mapping 

in the Pagai Islands, West Sumatra Province. It utilizes two different 

satellite imagery sources: the Allen Coral Atlas, derived from Planet 

Labs' Dove satellites with a spatial resolution of 3-5 meters, and 

Sentinel-2 imagery from ESA's Copernicus program, with a resolution 

of 10 meters, both acquired from 2024. The Allen Coral Atlas data were 

processed using Google Earth Engine and visualized in QGIS, while 

Sentinel-2 data were processed in Snap and QGIS, covering the same 

period. In situ validation used secondary field data from six stations 

across North and South Pagai Islands. This data was used to validate 

seagrass, mangrove and coral reef presence and identify species in 

their natural habitats. The analysis revealed strong similarity between 

both maps, particularly for seagrass habitats, though minor 

discrepancies occurred in cloud-covered and sediment-affected areas. 

This highlights the reliability of both datasets for benthic mapping, 

with greater potential than simple validation. They can be applied to 

track annual fluctuations in seagrass distribution, monitor mangrove 

extent and recovery, and evaluate coral reef area and degradation. 

Such analyses provide robust support for ecological research and 

management in the dynamic Pagai Islands. 
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1. Introduction 

Benthic ecosystems, such as seagrass, mangroves, and coral reefs, are important components 

of coastal ecosystems, playing a key role in maintaining biodiversity, stabilizing sediments, and 

supporting fisheries (Ampou et al., 2018). Seagrass provides habitat and food for various marine 

species, including commercially important fish and endangered species such as dugongs and sea 

turtles (Belinda et al., 2022). Indonesia is one of the regions with the largest seagrass coverage in 

the world (Umawaitina et al., 2023). North and South Pagai Islands, located in the Mentawai 

Archipelago, have significant seagrass meadows that are important for both the ecosystem and 

local communities. These ecosystems are increasingly threatened by human activities such as 

coastal development, pollution, and climate change, which require effective monitoring and 

conservation efforts to ensure their preservation (Dimara et al., 2020). This study discusses benthic 

ecosystems in the coastal areas of the Mentawai Archipelago, using remote sensing techniques 

and spatial data analysis. 

Satellite imagery offers an effective and efficient way for large-scale environmental 

monitoring, providing a means to observe and map coastal ecosystems such as seagrass meadows 

over long periods of time (Nur et al., 2021). The Allen Coral Atlas, developed by Planet Labs and 

Arizona State University, uses high-resolution satellite data from Planet Labs’ Dove satellites 

(Wen et al., 2021). These satellites provide imagery with a spatial resolution of up to 3–5 meters, 

enabling detailed mapping of coral reefs and seagrass habitats (White et al., 2021). Meanwhile, 

the Sentinel-2 satellite, owned by the European Space Agency (ESA), is part of the Copernicus 

program, with imagery at 10-meter spatial resolution, covering larger areas (Nur & Nurdjaman, 

2025). Both of these satellite imagery sources function for benthic habitat mapping, but they vary 

in resolution, coverage, and temporal range, which sometimes leads to differences in the resulting 

maps (Roca et al., 2025). 

In-situ observation, or ground truth, is important for validating data obtained from satellites, 

ensuring that the imagery accurately represents conditions in the field (CoreMap-LIPI, 2014). This 

is crucial in dynamic environments such as coastal areas, where factors like cloud cover, water 

clarity, and sediment movement can affect satellite imagery. By conducting validation, the 

accuracy of imagery-based maps can be assessed and reliable data can be provided for 

conservation efforts (Abdul-Rahman & Pilouk, 2008). In this study, validation was carried out at 

six stations on North and South Pagai Islands, Mentawai Archipelago, to verify the presence of 

seagrass locations and identify species in their natural habitat. The main objective of this research 

is to conduct a comparative analysis of seagrass mapping using data from the Allen Coral Atlas 

and Sentinel-2 imagery, focusing on coastal areas of the Mentawai Archipelago. This study aims 

to evaluate the similarities and differences between the two datasets, particularly in terms of 

spatial accuracy and the ability to detect seagrass habitats. By combining satellite data with in-

situ validation, this research seeks to improve the reliability of benthic habitat maps and 

contribute to better conservation strategies for seagrass ecosystems in the Mentawai Archipelago. 
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2. Materials and Methods 

The research was conducted using satellite data, from October 2024. Meanwhile, field 

validation was carried out also in October (transition season 2) of 2024 in the waters of North 

Pagai and South Pagai Islands, Mentawai Archipelago. Geographically, the area is located 

between Longitude of 100°04’E to 100°10’E and Latitude of 2°45’S to 3°00’S, with a land area of 

1,564 km² and a water area of 2,045 km² (Mutmainah & Putra, 2018). The field validation data 

used in this study were obtained from direct in-situ observations conducted in October 2024 by 

the research team, in collaboration with the Marine and Fisheries Research and Human Resources 

Agency (KKP).The research location was consist of 6 observation stations, with 4 stations in North 

Pagai Island and 2 stations in South Pagai Island, which were considered representative of the 

seagrass conditions in both North and South Pagai Islands (Figure 1). 

 

Figure 1. Geographic location of the study area and observation stations in North and South Pagai 

Islands, Mentawai Archipelago, Indonesia 

The tools used in this study were divided into satellite image processing tools and direct 

observation tools. The tools for satellite image processing included the Allen Coral Atlas, accessed 

and processed through Google Earth Engine (GEE). Sentinel-2 imagery was processed using 

SNAP, and both datasets were then visualized and compared using QGIS. Meanwhile, the tools 

for direct observation consisted of a Global Positioning System (GPS) for coordinate 

measurement, quadrat transects for seagrass observation, a measuring tape, fixed measuring 

tools, a seagrass species identification guide (Seagrass Watch), an underwater camera, and 

snorkeling equipment (Arselan et al., 2025). 



Nur et al., 2025. Coastal and Ocean Journal, (9)2: 16-33.  https://doi.org/10.29244/coj.v9i2.363710 19 of 17 

 
e-ISSN : 2549-8223 https://journal.ipb.ac.id/index.php/coj 

Table 1. Geographic coordinates of observation stations in the waters of North and South Pagai 

Islands, Mentawai Archipelago, Indonesia 

Research Station Location Coordinates 

Station 1 Saumangaya Village, North Pagai Island   2°32'21.85"S - 100° 2'7.57"E 

Station 2 Matoba Village, North Pagai Island   2°36'41.12"S - 100° 6'54.93"E 

Station 3 Sikakap Village, North Pagai Island   2°44'44.64"S - 100°13'19.07"E 

Station 4 Taikako Village, North Pagai Island   2°48'16.24"S - 100° 8'51.92"E 

Station 5 Makalo Village, South Pagai Island   2°47'14.14"S - 100°12'21.78"E 

Station 6 Sinaka Village, South Pagai Island   3°12'41.96"S - 100°24'30.28"E 

Source: Agency for Marine and Fisheries Research and Human Resources 

2.1. Processing Allen Coral Atlas Data 

The Allen Coral Atlas uses high-resolution satellite imagery from PlanetScope (Dove) 

satellites to create global benthic habitat maps (Serge et al., 2024). his imagery has a pixel size of 

up to 3.1 meters with 5 spectral bands, including the NIR band. PlanetScope imagery is processed 

through Top of Atmosphere Radiance (TOAR), flat-surface correction, geometric correction, 

radiometric calibration, atmospheric correction, and mosaicking (Jones et al., 2025). The imagery 

focuses on coral reefs at depths of less than 20 meters and located between 30° north latitude and 

30° south latitude in clear waters (Simpson et al., 2024). The mosaicking process uses the “best 

scene on top” technique, which integrates all imagery into a mosaic. For habitat mapping, the 

Atlas applies machine learning and Object-Based Analysis (OBA) to classify geomorphic zones 

of coral reefs and benthic habitat composition. This classification is based on Planet Dove 

imagery, water depth data from Sentinel-2 and Landsat, as well as additional factors such as 

waves, texture, and slope (Elma et al., 2024). Mapping is carried out regionally, taking into account 

regional differences in coral reef structure, size, and water quality. This process combines these 

factors to produce detailed and globally accurate benthic maps. 

 

Figure 2. Coral reef benthic habitat mapping by the Allen Coral Atlas derived from PlanetScope 

imagery in shallow waters less than 20 m depth using machine learning and object-based analysis 



Nur et al., 2025. Coastal and Ocean Journal, (9)2: 16-33.  https://doi.org/10.29244/coj.v9i2.363710 20 of 17 

 
e-ISSN : 2549-8223 https://journal.ipb.ac.id/index.php/coj 

The satellite data processed in the Allen Coral Atlas has undergone calibration of sensor 

radiance units (W sr⁻¹ m⁻² s⁻¹) as orthorectified spatial mosaic data. The data is then processed 

using the GDCS algorithm to generate surface, subsurface, and benthic habitat reflectance data 

from the imagery. To obtain high-quality imagery, additional corrections are applied, such as 

water column correction with NDWI, sun glint effect correction, depth calculation, and 

estimation of underwater reflectance. 

Normalized Difference Water Index (NDWI): 

The sea surface area recorded by the imagery has undergone correction using the Normalized 

Difference Water Index (NDWI) with the following equation (Gao, 1996): 

  𝑁𝐷𝑊𝐼 =
𝑅𝑟𝑠𝐺𝑟𝑒𝑒𝑛−𝑅𝑟𝑠(𝑁𝐼𝑅)

𝑅𝑟𝑠𝐺𝑟𝑒𝑒𝑛+𝑅𝑟𝑠(𝑁𝐼𝑅)
 

where: 

• Green = reflectance value in the green band 

• NIR = reflectance value in the near-infrared band 

This correction is used to enhance water features while suppressing noise from land and 

vegetation, improving the accuracy of benthic habitat mapping  (Simpson et al., 2024). 

 

Sun glint Correction: 

The sea surface area recorded by the imagery has also been corrected to remove the reflection 

effect of sunlight using the equation (Wabnitz et al., 2008): 

  𝑅𝑟𝑠,0+ = 𝑅𝑟𝑠 − 𝑅𝑟𝑠(𝑁𝐼𝑅) 

Where Rrs,0+  is the reflectance of the image measured just above the water surface in the red, green, 

and blue bands (Zhang et al., 2025). Rrs is the water-leaving reflectance (R, G, and B), and Rrs(NIR) 

is the reflectance in the NIR band. After sun-glint correction, the below-surface reflectance is 

obtained as: 

  𝑟𝑠(𝜆) =
𝑅𝑟𝑠(𝜆)

0.52+1.7𝑅𝑟𝑠(𝜆)
  

where: 

• Rrs,0+  =  reflectance just above the water surface in the red, green, and blue bands. 

• Rrs  =  water-leaving reflectance (R, G, and B). 

• Rrs(NIR)=  reflectance in the NIR band. 

After the sun glint correction, the subsurface reflectance is obtained as: 

  𝑅𝑟𝑠
− =

𝑅𝑟𝑠0+

0.52+1.7𝑅𝑟𝑠0+  

This correction allows for more accurate estimation of underwater reflectance by minimizing 

surface reflection disturbances (Simpson et al., 2024). 

 

Depth Calculation: 

A band ratio algorithm is used to obtain depth data by utilizing the Blue (B), Green (G), and Red 

(R) bands from Dove imagery (Congalton & Green, 2010). 

𝐻 = 𝑀1

ln(𝑟𝑟𝑠𝜆1)

ln (𝑟𝑟𝑠𝜆2)
− 𝑀0 
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where: 

• H = depth, 

• 𝑟𝑟𝑠𝜆 1, 𝑟𝑟𝑠𝜆 2  = remote sensing reflectance values at two selected wavelengths (bands), 

• 𝑀1 𝑎𝑛𝑑 𝑀0 = adjustable constants calibrated according to the study region and local water 

column depth conditions. 

The constants (M1 dan M0) could be adjusted according to the study region and local water 

(Jones et al., 2025). For validation of water column depth products, reference data were measured 

in the field and compared with the same region in the map products to calculate regression values 

(Elma et al., 2024). Field-measured depth data were obtained from datasets previously collected 

through established programs (Kennedy et al., 2021). 

 

Bottom Reflectance Estimation 
In shallow waters, the water-leaving reflectance recorded by optical imagery sometimes 

consists of both water column reflectance and sediment reflectance from the seabed (Wan & Nur, 

2023). The reflectance can be expressed using the following equation (B. Lyons et al., 2020): 

𝑟𝑟𝑠 = 𝑟𝑐 + 𝑟𝑟𝑠
𝑏 = 𝑟𝑟𝑠

𝑑𝑝(1 − 𝑒−𝐷𝑐(𝑎𝑡+𝑏𝑏)𝐻) + 𝐵𝑒−𝐷𝑐(𝑎𝑡+𝑏𝑏)𝐻 

where: 

• 𝑟𝑟𝑠
𝑐  = contribution from the water column, 

• 𝑟𝑟𝑠
𝑏  = contribution from the seabed, 

• 𝐻 = estimated depth, 

• 𝐵 = bottom reflectance to be derived, 

• (𝑎𝑡 +  𝑏𝑏)= light attenuation caused by absorption and backscattering of the water column, 

• 𝐷𝑐= coefficient for light in the water column component, 

• 𝐷𝑏  = coefficient for light from the bottom component 

This formulation helps separate the influence of the water column from the true bottom 

reflectance, which is essential for accurate benthic habitat mapping (Roelfsema et al., 2021). 

The processing of Allen Coral Atlas imagery data was carried out through several steps, 

namely the acquisition of classified datasets such as the benthic map and geomorphic map, along 

with additional reference layers including labels, marine protected areas, maritime boundaries, 

and base maps (Li et al., 2019). These datasets were then input into Google Earth Engine using 

code scripts for masking, clipping, and exporting. The exported data were subsequently arranged 

and laid out in QGIS (James et al., 2023). 

2.2. Processing Sentinel-2 Data 

The processing of Sentinel-2 imagery was carried out through several steps, including 

geometric correction, radiometric conversion and atmospheric correction, image segmentation, 

and image enhancement (Anggraeni et al., 2019). Geometric correction is the process of adjusting 

the position of satellite imagery to match the Earth’s surface (Green et al., 2000). For Sentinel-2, 

geometric correction was performed using the Rational Polynomial Coefficient (RPC) model 

(Kalacska & Sanchez-Azofeifa, 2008). Atmospheric correction was applied to reduce atmospheric 

effects in order to obtain surface spectral reflectance from the imagery (Thomasberger et al., 2023). 

Radiometric correction is a technique used to refine satellite imagery by eliminating atmospheric 
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effects. In this study, image enhancement was carried out using water column correction with the 

Depth Invariant Index (DII). The DII equation is as follows (Manuputty et al., 2015). 

Depth-invariant indexij = ln(𝐿𝑖) − [(
𝐾𝑖

𝐾𝑗
) ln(𝐿𝑖𝑗)] 

𝐾𝑖

 𝐾𝑗
=  𝑎 +  √(𝑎2 + 1) 𝑑𝑎𝑛 𝑎 =  

𝜎𝑖𝑖 − 𝜎𝑗𝑗

2𝜎𝑖𝑗
 

Where: 

Li and Lj = reflectance values of band-i and band-j.  

Ki/Kj = attenuation coefficient ratio of band-i and band-j.  

σii = variance of band i.  
σjj = variance of band j.  

σij = covariance between bands. 

This correction allows the separation of bottom reflectance from water column effects, 

improving the accuracy of benthic habitat mapping (Roca et al., 2025). These parameters are used 

in the Depth Invariant Index (DII) calculation to minimize the effect of water column attenuation 

and to extract more accurate bottom reflectance information for benthic habitat mapping 

(Ambomasse et al., 2024). 

2.3. In-Situ Observation (Ground Truth) 

In-situ observation is the monitoring of an ecosystem, usually conducted to respond to 

changes. This activity is carried out to manage and protect the resources within the system 

(McKenzie et al., 2003). Seagrass meadow monitoring is performed repeatedly in benthic 

ecosystems within a specific area, observing the status and condition of the benthic ecosystem, 

whether it is stable, improving, or declining (Carpenter et al., 2022). Seagrass monitoring can be 

carried out using various methods, such as Seagrass-Watch (Komatsu, 2015). 

The in-situ observation data were obtained from surveys conducted by the Agency for 

Marine and Fisheries Research and Human Resources (Mutmainah & Putra, 2018), which were 

adapted into primary data to support the processing of Allen Coral Atlas and Sentinel-2 imagery.

3. Results 

3.1. Allen Coral Atlas Image 

The Allen Coral Atlas map shows a benthic habitat map that provides detailed depictions of 

ecosystems for North and South Pagai Islands. Seagrass areas are clearly displayed in green, 

highlighting the density of coverage along the coastal regions. The 3–5 meter spatial resolution 

from Planet Labs’ Dove satellites enables high detail, even capturing smaller seagrass patches. The 

distribution of seagrass appears extensive, covering shallow waters to moderately deeper areas, 

consistent with seagrass habitat preferences in tropical regions. By identifying other benthic 

habitats such as seagrass beds (light green), coral reefs (red), sediments (brown), and mangroves 

(dark green), the map offers a comprehensive overview of coastal ecosystems. 
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Figure 3. Spatial distribution of coastal benthic habitats, including seagrass beds, coral reefs, 

sediments, and mangroves, in North and South Pagai Islands based on 2024 Allen Coral Atlas 

mapping 

In addition to seagrass distribution, the Allen Coral Atlas map effectively illustrates coral 

reef areas, providing insights into the overall health of the marine environment. Coral reefs are 

concentrated around the island’s fringes, where the waters are shallow and clear, conditions that 

support coral growth. The proximity of coral reefs to seagrass beds indicates a healthy marine 

environment, as these habitats often support one another. The distinctions between different 

benthic habitats are clearly visible thanks to the high-resolution imagery and advanced 

processing techniques, such as the machine learning algorithms applied in the Allen Coral Atlas. 

 

Figure 4. Pagai Islands Benthic Ecosystems Area in Allen Coral Atlas 
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By examining sediment and sand areas, which are often found in coastal regions where water 

movement is highly dynamic, the deposition of these materials can be observed. The distribution 

of sediments in such areas can serve as an indicator of potential seagrass growth, since seagrass 

often thrives on soft, sandy, or muddy substrates, for example. The presence of macroalgae in 

certain areas may indicate nutrient-rich waters, which are also conducive to seagrass 

proliferation. The clear distinction between different habitats in the Allen Coral Atlas map allows 

for a better understanding of their spatial relationships, which is crucial for marine conservation 

efforts. 

The use of Dove satellites by Planet Labs not only provides high spatial resolution but also 

good temporal coverage, enabling the Allen Coral Atlas to capture dynamic changes in benthic 

habitats over time. This temporal aspect is crucial for monitoring the health and distribution of 

seagrass, which can be influenced by various environmental factors such as water quality, 

temperature, and human activities. Overall, the Allen Coral Atlas maps offer a detailed and 

accurate representation of seagrass distribution and other benthic habitats in North Pagai and 

South Pagai Islands, serving as a valuable tool for marine conservation and management. 

3.2. Sentinel-2 Imagery 

The Sentinel-2 imagery maps, consisting of Sentinel-2A and Sentinel-2B, provide an 

alternative perspective on benthic habitats in North Pagai and South Pagai Islands. Seagrass 

distribution is once again prominently displayed in green, covering much of the coastal areas. 

With Sentinel-2’s spatial resolution of 10 meters, the level of detail is slightly lower compared to 

the Allen Coral Atlas. Smaller seagrass patches visible in the Allen Coral Atlas may be less 

recognizable in Sentinel-2 imagery, resulting in a more generalized representation of seagrass 

distribution. Nevertheless, Sentinel-2 maps are still able to effectively capture the overall extent 

of seagrass habitats, making them a reliable source for broader-scale studies. 

The results from Sentinel-2 imagery also reveal other benthic habitats, including coral reefs 

(purple), mangrove forests (dark green), and sediments (brown), similar to the Allen Coral Atlas 

maps. Mangrove areas, in particular, appear more clearly in the Sentinel-2 imagery, likely due to 

the spectral bands available on the Sentinel-2 satellites, which are highly suitable for vegetation 

detection, with NDVI being used to distinguish vegetation. Coral reefs are displayed in slightly 

different locations compared to the Allen Coral Atlas maps, which may be attributed to 

differences in image acquisition time, cloud cover, or the processing techniques applied in SNAP. 

Cloud cover, represented in light blue, is more clearly visible in the Sentinel-2 map. This is a 

significant factor that can affect the accuracy of benthic habitat mapping. The presence of clouds 

can obscure important details on the Earth’s surface, leading to data gaps or habitat 

misclassification. The fact that cloud cover is more noticeable in the Sentinel-2 map may indicate 

that the data were acquired on a day with higher cloud cover, which could have influenced the 

overall accuracy of seagrass mapping. 

The use of Sentinel-2 data from multiple spectral bands, including near-infrared, allows for 

better differentiation between water and vegetation, which is crucial for accurate seagrass 

mapping. However, the larger pixel size may limit the detection of smaller or sparse seagrass 

beds, potentially leading to less accurate estimates of seagrass coverage. Nevertheless, Sentinel-2 

data provide a valuable overview of benthic habitats and serve as a complementary dataset to the 

higher-resolution Allen Coral Atlas. 
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Figure 5. Spatial distribution of coastal benthic habitats in North and South Pagai Islands derived 

from 2024 Sentinel-2A and Sentinel-2B imagery, illustrating seagrass beds, coral reefs, 

mangroves, sediments, and cloud cover at 10-m spatial resolution 

3.3. Data In-Situ Observation 

It is important to note that the field validation data were collected in 2024, consistent with 

the period of the satellite imagery acquisition. The in-situ observations conducted on North Pagai 

and South Pagai Islands are an integral part of this study, serving as the basis for validating the 

benthic ecosystem maps derived from the Allen Coral Atlas and Sentinel-2 imagery. This research 

was carefully designed, with six observation stations strategically placed to capture the diversity 

of coastal environments in the region. Four stations are located on North Pagai Island, specifically 

in Saumangaya Village, Matoba Village, Sikakap Village and Taikako Village while the other two 

stations are situated on South Pagai Island, in Makalo Village and Sinaka Village. 
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Table 2. In-situ observations of mangrove, coral reef, and seagrass habitats at each observation 

station 

No Location Station Ecosystem Species 

1 Saumangaya Village, North Pagai Island Station 1 Seagrass Enhalus sp. 

2 Matoba Village, North Pagai Island Station 2 Seagrass Enhalus sp. 

3 Sikakap Village, North Pagai Island Station 3 Coral Reef Acropora sp. 

4 Taikako Village, North Pagai Island Station 4 Coral Reef Acropora sp. 

5 Makalo Village, South Pagai Island Station 5 Mangrove Rhizophora sp. 

6 Sinaka Village, South Pagai Island Station 6 Mangrove Avicennia sp. 

The stations were selected for their ecological significance as well as their representativeness 

of the diverse coastal habitats found in the Pagai Islands. The in-situ observations focused 

primarily on mangrove, coral and seagrass habitats, a key component of benthic ecosystems that 

play a vital role in coastal protection, carbon sequestration, and serving as nursery grounds for 

marine life. During the field survey, the research team conducted detailed assessments of the 

seagrass meadows, mangrove, and coral reef documenting the species present, their density, and 

the coordinates of these habitats. Findings from these observations provided highly valuable 

ground-truth data, which were then used to evaluate the accuracy and reliability of the maps 

derived from satellite imagery. 
Field surveys revealed that seagrass meadows were present at all six observation stations, 

although there were striking variations in the extent and composition of these habitats. For 

example, in North Pagai Island, the seagrass beds observed in Saumangaya Village and Matoba 

Village were dense and healthy, dominated by species such as Enhalus acoroides. These dense 

meadows play an important role in stabilizing sediments and providing habitat for a wide variety 

of marine organisms. On the other hand, the seagrass beds in Matoba Village, while still 

significant, were more fragmented, likely due to the complex coastal topography and human 

activities in the area. 

 

Figure 6. Seagrass transect at Station 2 

The in situ observations were then compared with the benthic ecosystem maps derived from 

the Allen Coral Atlas and Sentinel-2 imagery. The Allen Coral Atlas, provided a detailed and 
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accurate representation of seagrass habitats, which closely matched the field data. The maps 

produced from this dataset successfully captured the continuity and density of seagrass 

meadows, particularly in areas such as Taikako Village, where the meadows are more 

fragmented. This level of detail is crucial for understanding the small-scale dynamics of seagrass 

ecosystems, especially in regions with complex coastal environments such as the Pagai Islands. 

Conversely, Sentinel-2 imagery, provides a more general overview of seagrass distribution. 

While this dataset is effective in mapping larger and more continuous seagrass meadows, it tends 

to generalize smaller patches and is less accurate in areas with high sedimentation or cloud cover. 

These limitations are evident in Makalo Village on South Pagai Island, where in situ observations 

confirmed the presence of seagrass, but the habitat was not accurately captured in the Sentinel-2-

derived maps. Despite these discrepancies, the overall  between two datasets and the field 

observations remains relatively high, particularly in larger seagrass meadows. 

The integration of in situ observations with satellite-derived maps provides a comprehensive 

understanding of the benthic ecosystems in the Pagai Islands. Field data not only validate the 

accuracy of satellite imagery but also highlight the importance of ground-truthing in remote 

sensing studies. Findings from this research demonstrate the effectiveness of utilizing multiple 

data sources to achieve detailed and accurate benthic habitat mapping, which is crucial for proper 

management and conservation efforts in this ecologically sensitive region. By combining the 

strengths of the Allen Coral Atlas and Sentinel-2 imagery, this study establishes a robust 

framework for future ecological research and supports the sustainable management of coastal 

resources in the Pagai Islands. 

3.4. Image Comparison 

The comparison between the Allen Coral Atlas and Sentinel-2 imagery reveals clear 

differences as well as complementary strengths that are important for understanding seagrass 

habitats in the region. The resolution and level of detail provided by the Allen Coral Atlas are 

among its key advantages. The Allen Coral Atlas offers a more detailed and accurate depiction 

of seagrass meadows and other benthic features. This level of detail is particularly useful for 

capturing smaller and fragmented seagrass patches, which are often found in areas with complex 

coastal topography. The higher resolution also allows for more precise delineation of mixed 

habitats, where seagrass may coexist with other benthic communities such as coral reefs or 

mangroves. This precision is crucial for identifying and mapping habitat boundaries, which is 

often challenging in regions with diverse and overlapping ecosystems like the Pagai Islands. 

Table 3. Comparison of benthic habitat area estimates derived from Sentinel-2 and Allen Coral 

Atlas 

No Benthic Ecosystem Area in Sentinel-2 (Km2) Area in Allen Coral Atlas (Km2) 

1 Mangrove 6,83 7,13 

2 Seagrass 8,01 8,16 

3 Coral 113,4 73,47 

4 Rubble 82,3 37,56 

On the other hand, Sentinel-2 imagery, provides a broader view but with less detail of 

seagrass habitats. While this coarser resolution is sufficient for large-scale monitoring and 
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mapping, it tends to generalize seagrass distribution, which may overlook smaller patches or 

misrepresent areas with mixed habitats This makes Sentinel-2 imagery a practical choice for 

sustainable environmental assessment, where the primary focus is on tracking changes in 

seagrass distribution over time rather than capturing fine-scale details. 

For Accuracy test of the benthic habitat classification with a matrix confusion on North Pagai 

Island and South Pagai Islands has a value of more than 68,5% each station, with the best one of 

77,2% accuracy from Sentinel-2 data and more than 68,2% each station with the best accuracy at 

84,3% from Allen Coral Atlas which means it has a high accuracy value.  

Table 4. Comparison of overall accuracy of benthic habitat classification using Sentinel-2 and 

Allen Coral Atlas data 

No 
Research 

Station 
Location 

Overall 

Accuracy 

(OA) of 

Sentinel-2 

(Km2) 

Overall 

Accuracy 

(OA) Area in 

Allen Coral 

Atlas (Km2) 

1 Station 1 Saumangaya Village, North Pagai Island 68,5% 72,4% 

2 Station 2 Matoba Village, North Pagai Island 66,1% 71,1% 

3 Station 3 Sikakap Village, North Pagai Island 78,8% 68,2% 

4 Station 4 Taikako Village, North Pagai Island 72,1% 79,8% 

5 Station 5 Makalo Village, South Pagai Island 77,2% 81,2% 

6 Station 6 Sinaka Village, South Pagai Island 69,6% 84,3% 

In contrast, Sentinel-2 classification, while robust and versatile, may not be specifically tuned 

for particular benthic habitats. This can lead to potential misclassifications, particularly in regions 

where habitats are mixed or where environmental conditions, such as sedimentation or cloud 

cover, obscure the satellite’s view. 

4. Discussion 

The integration of satellite imagery with in-situ observations highlights the importance of a 

multi-source approach for accurately mapping benthic habitats, particularly seagrass meadows 

in the Pagai Islands. The Allen Coral Atlas, proved superior in capturing the complex details of 

benthic habitats, including small and fragmented seagrass patches. This high precision is 

especially useful for distinguishing boundaries between adjacent habitats, such as seagrass, coral 

reefs, and mangroves. In contrast, Sentinel-2, tends to provide a broader overview but with lower 

levels of detail. These results indicate that spatial resolution plays a key role in mapping 

effectiveness, particularly in coastal areas with complex topography and high biodiversity. 

Nevertheless, Sentinel-2 still provides significant added value. Its main advantage lies in the 

wide availability of data and high image acquisition frequency, which is extremely useful for 

long-term monitoring and detecting temporal changes in benthic habitats. In the context of 

sustainable coastal management, Sentinel-2 serves as an important tool for observing seagrass 

dynamics in response to environmental changes such as sedimentation, water quality variations, 

and human activities. However, Sentinel-2’s accuracy in detecting small and scattered seagrass 

meadows is limited, as seen in Sinaka Village, where the satellite imagery failed to represent the 
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seagrass observed directly in the field. Field observations reinforce the importance of validating 

satellite data through ground-truthing approaches. In-situ observations can capture real 

variability in the field, including seagrass species composition and habitat conditions that are not 

fully depicted by satellite imagery. The combination of high-resolution data from the Allen Coral 

Atlas and the broad coverage of Sentinel-2, when validated with field data, provides a strong 

foundation for data-driven conservation strategies. Therefore, the integration of these three 

approaches forms a crucial basis for more adaptive and scientifically informed mapping, 

management, and protection of benthic habitats in the Pagai Islands and other coastal areas. 

5. Conclusions 

A comparative analysis of benthic ecosystem mapping in the Pagai Islands, West Sumatra, 

using the Allen Coral Atlas and Sentinel-2 imagery reveals the strengths and limitations of each 

in monitoring seagrass habitats. The Allen Coral Atlas, with its higher resolution, provides more 

detailed maps, which are essential for accurate conservation planning, particularly for detecting 

small and fragmented seagrass patches. Meanwhile, Sentinel-2, with its wider spatial coverage 

and more frequent revisit times, excels in monitoring changes in seagrass habitats over time, 

albeit at a coarser resolution. The integration of both datasets, combined with in-situ validation, 

successfully enhances the reliability of benthic habitat maps, supporting more effective 

conservation strategies in the Mentawai Islands. 

Future research and conservation efforts in the Pagai Islands should integrate satellite data 

from both the Allen Coral Atlas and Sentinel-2 to maximize the combined strengths of these 

sources. This approach will provide a more accurate understanding of benthic ecosystems, aiding 

better decision-making for habitat conservation. Regular monitoring with Sentinel-2 is 

recommended to track changes in seagrass habitats and to adjust conservation strategies in 

response to emerging threats. Routine in-situ validation is crucial to improve the accuracy of 

maps derived from satellite imagery, especially in areas affected by cloud cover or sedimentation. 

Detailed maps from the Allen Coral Atlas should serve as a guide in the design and management 

of Marine Protected Areas, ensuring that critical habitats are safeguarded. Engaging local 

communities in conservation efforts and raising awareness about the importance of seagrass 

ecosystems will enhance the effectiveness of these initiatives and support the sustainable use of 

coastal resources. 

Acknowledgments:  Special mention to Marine Research Center, Marine and Fisheries Research 

and Human Resources Agency, Ministry of Marine Affairs and Fisheries for providing primary 

data for field validation. 

References 

Abdul-Rahman, A., & Pilouk, M. (2008). Spatial data modelling for 3D GIS. In Spatial Data 

Modelling for 3D GIS. https://doi.org/10.1007/978-3-540-74167-1 

Ambomasse, Y. M., Irawan, A., & Paputungan, M. S. (2024). The Estimation of Carbon Stock in 

Seagrass Biomass of Kedindingan Island, East Kalimantan. Coastal and Ocean Journal, 8(1), 1–

14. 

Ampou, E. E., Radiarta, I. N., Hanintyo, R., & Andrefouet, S. (2018). Benthic Habitat on Coral Reef 

Ecosystem in Menjangan Island. Jurnal Kelautan Nasional, 13(3). 

https://doi.org/10.15578/jkn.v13i3.6655 



Nur et al., 2025. Coastal and Ocean Journal, (9)2: 16-33.  https://doi.org/10.29244/coj.v9i2.363710 30 of 17 

 
e-ISSN : 2549-8223 https://journal.ipb.ac.id/index.php/coj 

Anggraeni, D., Fauzi, M. N., & Ngesti H., C. N. (2019). Pemetaan Sebaran Padang Lamun 

Menggunakan Citra Satelit Landsat 8 Di Kepulauan Tanimbar Kabupaten Maluku Tenggara 

Barat Provinsi Maluku. Seminar Nasional Geomatika, 3, 871. 

https://doi.org/10.24895/sng.2018.3-0.1078 

Arselan, A., Haryanto, R. R. R., Tanaya, K. M. J., Fitri, R. R., Sianturi, L. N. E., Azzahra, R. Y., 

Putra, C. A. W., Abimanyu, D. H., & Sunuddin, A. (2025). Diversity and community 

structure of seagrass ecosystem at Menjangan Island, West Bali National Park. BIO Web of 

Conferences, 168, 1–12. https://doi.org/10.1051/bioconf/202516801008 

Lyons, M. B., Roelfsema, C. M., Kennedy, E. V., Kovacs, E. M., Borrego-Acevedo, R., Markey, K., 

Roe, M., Yuwono, D. M., Harris, D. L., Phinn, S. R., Asner, G. P., Li, J., Knapp, D. E., Fabina, 

N. S., Larsen, K., Traganos, D., & Murray, N. J. (2020). Mapping the world’s coral reefs using 

a global multiscale earth observation framework. Remote Sensing in Ecology and Conservation, 

6(4), 557–568. https://doi.org/10.1002/rse2.157 

Belinda, C. A., Pribadi, R., & Ulumuddin, Y. I. (2022). Konektivitas Mangrove dan Terumbu 

Karang Berdasarkan Komunitas Ikan Karang (Studi Kasus: Kepulauan Mentawai dan 

Belitung). Journal of Marine Research, 11(4), 738–751. https://doi.org/10.14710/jmr.v11i4.32346 

Carpenter, S., Byfield, V., Felgate, S. L., Price, D. M., Andrade, V., Cobb, E., Strong, J., Lichtschlag, 

A., Brittain, H., Barry, C., Fitch, A., Young, A., Sanders, R., & Evans, C. (2022). Using 

Unoccupied Aerial Vehicles (UAVs) to Map Seagrass Cover from Sentinel-2 Imagery. Remote 

Sensing, 14(3), 477. https://doi.org/10.3390/rs14030477 

Congalton, R. G., & Green, K. (2010). Assessing the Accuracy of Remotely Sensed Data: Principles 

and Practices. In The Photogrammetric Record (Second Edi, Vol. 25, Issue 130). CRC Press. 

https://doi.org/10.1111/j.1477-9730.2010.00574_2.x 

CoreMap-LIPI. (2014). Panduan monitoring padang lamun. In Pusat Penelitian Oseanografi 

Lembaga Ilmu Pengetahuan Indonesia (Issue 1). 

Dimara, A., Hamuna, B., & Bay, H. (2020). Pemanfaatan Citra Satelit Sentinel-2A Untuk Pemetaan 

Habitat Dasar Perairan Dangkal ( Studi Kasus : Teluk Humbolt , Kota Jayapura ). m(2014). 

https://doi.org/10.31957/acr.v3i1.1213 

Elma, E., Gaulton, R., Chudley, T. R., Scott, C. L., East, H. K., Westoby, H., & Fitzsimmons, C. 

(2024). Evaluating UAV-based multispectral imagery for mapping an intertidal seagrass 

environment. Aquatic Conservation: Marine and Freshwater Ecosystems, 34(8), 1–14. 

https://doi.org/10.1002/aqc.4230 

Gao, B.-C. (1996). NDWI A Normalized Difference Water Index for Remote Sensing of Vegetation 

Liquid Water From Space. Journal of Experimental Education, 23(4), 359–363. 

https://doi.org/10.1080/00220973.1955.11010524 

Green, E. P., Mumby, P. J., Edwards, A. J., & Clark, C. D. (2000). Remote Sensing Handbook for 

Tropical Coastal Management. In Coastal Management Sourcebooks 3 (Issue April). 

James, R. K., Keyzer, L. M., van de Velde, S. J., Herman, P. M. J., van Katwijk, M. M., & Bouma, 

T. J. (2023). Climate change mitigation by coral reefs and seagrass beds at risk: How global 

change compromises coastal ecosystem services. Science of the Total Environment, 857(October 

2022), 159576. https://doi.org/10.1016/j.scitotenv.2022.159576 

Jones, B. L. H., Coals, L., Cullen-unsworth, L. C., & Lilley, R. J. (2025). Mapping global threats to 

seagrass meadows reveals opportunities for conservation Mapping global threats to seagrass meadows 



Nur et al., 2025. Coastal and Ocean Journal, (9)2: 16-33.  https://doi.org/10.29244/coj.v9i2.363710 31 of 17 

 
e-ISSN : 2549-8223 https://journal.ipb.ac.id/index.php/coj 

reveals opportunities for conservation. 

Kalacska, M., & Sanchez-Azofeifa, G. A. (2008). Hyperspectral remote sensing of tropical and 

subtropical forests. Hyperspectral Remote Sensing of Tropical and Sub-Tropical Forests, 1–323. 

https://doi.org/10.1201/9781420053432 

Kennedy, E. V., Roelfsema, C. M., Lyons, M. B., Kovacs, E. M., Borrego-Acevedo, R., Roe, M., 

Phinn, S. R., Larsen, K., Murray, N. J., Yuwono, D., Wolff, J., & Tudman, P. (2021). Reef 

Cover, a coral reef classification for global habitat mapping from remote sensing. Scientific 

Data, 8(1), 1–20. https://doi.org/10.1038/s41597-021-00958-z 

Komatsu, T. (2015). A manual for seagrass and seaweed beds distribution mapping with satellite images. 

March, 46. 

Li, J., Knapp, D. E., Schill, S. R., Roelfsema, C., Phinn, S., Silman, M., Mascaro, J., & Asner, G. P. 

(2019). Adaptive bathymetry estimation for shallow coastal waters using Planet Dove 

satellites. Remote Sensing of Environment, 232(July), 111302. 

https://doi.org/10.1016/j.rse.2019.111302 

Manuputty, A., Lumban Gaol, J., & Agus, S. B. (2015). Seagrass Mapping Based on Satellite Image 

Worldview-2 by Using Depth Invariant Index Method. ILMU KELAUTAN: Indonesian Journal 

of Marine Sciences, 21(1), 37. https://doi.org/10.14710/ik.ijms.21.1.37-44 

McKenzie, L., Campbell, S., & C, R. (2003). Seagrass-Watch: Manual for Mapping and Monitoring 

Seagrass Resources (2nd ed., Issue April 2003). Department of Primary Industries Queensland. 

Mutmainah, H., & Putra, A. (2018). Potensi sumber daya dan kerentanan pesisir pulau pagai utara 

kabupaten kepulauan mentawai. 

Nur, S., & Nurdjaman, S. (2025). Temporal Assessment of Seagrass Degradation on Singkep and 

Lingga Islands , Riau Islands Province , Indonesia (2016-2020). Coastal and Ocean Journal, 9(1), 

20–33. https://journal.ipb.ac.id/index.php/coj/article/view/61813 

Nur, S., Nurdjaman, S., Dika Praba P Cahya, B., & Haidar Dzar Al-Ghifari, K. (2021). Integrating 

sentinel-2 spectral-imagery and field data of seagrass coverage with species identification in 

the coastal of Riau Islands, Indonesia. Borneo Journal of Marine Science and Aquaculture 

(BJoMSA), 5(2), 78–82. https://doi.org/10.51200/bjomsa.v5i2.2710 

Roca, M., Lee, C. B., Pertiwi, A. P., Blume, A., Caballero, I., Navarro, G., & Traganos, D. (2025). 

Subtidal seagrass and blue carbon mapping at the regional scale: a cloud-native multi-

temporal Earth Observation approach. GIScience and Remote Sensing, 62(1). 

https://doi.org/10.1080/15481603.2024.2438838 

Roelfsema, C. M., Lyons, M., Murray, N., Kovacs, E. M., Kennedy, E., Markey, K., Borrego-

Acevedo, R., Ordoñez Alvarez, A., Say, C., Tudman, P., Roe, M., Wolff, J., Traganos, D., 

Asner, G. P., Bambic, B., Free, B., Fox, H. E., Lieb, Z., & Phinn, S. R. (2021). Workflow for the 

Generation of Expert-Derived Training and Validation Data: A View to Global Scale Habitat 

Mapping. Frontiers in Marine Science, 8(March), 1–13. 

https://doi.org/10.3389/fmars.2021.643381 

Serge, A., Maële, B., Stéphane, G., & Antoine, G. (2024). Evaluation of the Allen Coral Atlas 

benthic habitat map product for New Caledonia using representative habitat observations 

from a multi-species fishery assessment. Coral Reefs, 43(3), 523–540. 

https://doi.org/10.1007/s00338-024-02481-0 

Simpson, J., Davies, K. P., Barber, P., & Bruce, E. (2024). Mapping fine-scale seagrass disturbance 



Nur et al., 2025. Coastal and Ocean Journal, (9)2: 16-33.  https://doi.org/10.29244/coj.v9i2.363710 32 of 17 

 
e-ISSN : 2549-8223 https://journal.ipb.ac.id/index.php/coj 

using bi-temporal UAV-acquired images and multivariate alteration detection. Scientific 

Reports, 14(1), 1–16. https://doi.org/10.1038/s41598-024-69695-8 

Thomasberger, A., Nielsen, M. M., Flindt, M. R., Pawar, S., & Svane, N. (2023). Comparative 

Assessment of Five Machine Learning Algorithms for Supervised Object-Based 

Classification of Submerged Seagrass Beds Using High-Resolution UAS Imagery. Remote 

Sensing, 15(14). https://doi.org/10.3390/rs15143600 

Umawaitina, A., Billy, I., Wagey, T., Sinjal, C. A. L., Inneke, F. H., Tilaar, S. O., Kumampung, D. 

R. H., Kepulaun, K., & Maluku, P. (2023). Struktur Komunitas Padang Lamun Di Perairan Desa 

Bajo Kecamatan Sanana Utara Kabupaten Kepulauan Sula Provinsi Maluku Utara. 11(2), 160–169. 

Wabnitz, C. C., Andréfouët, S., Torres-Pulliza, D., Müller-Karger, F. E., & Kramer, P. A. (2008). 

Regional-scale seagrass habitat mapping in the Wider Caribbean region using Landsat 

sensors: Applications to conservation and ecology. Remote Sensing of Environment, 112(8), 

3455–3467. https://doi.org/10.1016/j.rse.2008.01.020 

Wan, D., & Nur, S. (2023). Research Progress on Degradation Factors and Restoration 

Technologies of Seagrass Beds. OAJRC Environmental Science, 4(1), 40–44. 

https://doi.org/10.26855/oajrces.2023.06.006 

Wen, W., Bambic, B., & White, A. (2021). Allen Coral Atlas For Coral Reef Management In 

Indonesia: A Brief Review. Academia Letters, November. https://doi.org/10.20935/al4145 

White, E., Mohseni, F., & Amani, M. (2021). Coral Reef Mapping Using Remote Sensing 

Techniques and a Supervised Classification Algorithm. Advances in Environmental and 

Engineering Research, 02(04), 1–1. https://doi.org/10.21926/aeer.2104028 

Zhang, J., Liu, C., Ling, J., Zhou, W., Wang, Y., Cheng, H., Huang, X., Yang, Q., Zhang, W., Liang, 

T., Zhang, Y., & Dong, J. (2025). Revealing the potential of biochar for heavy metal polluted 

seagrass remediation from microbial perspective. Ecotoxicology and Environmental Safety, 

292(October 2024), 117991. https://doi.org/10.1016/j.ecoenv.2025.117991 

 


