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Abstract: This study examines shoreline dynamics in the Banyuasin Estuary, 
South Sumatra, Indonesia, by integrating multi-decadal satellite imagery 
(1989-2019) with field-based sedimentation measurements. The research 
employs Google Earth Engine (GEE) for satellite data processing, FES 2014 
tidal corrections to address tidal variations, and the Digital Shoreline 
Analysis System (DSAS) for precise shoreline change analysis. The primary 
objective is to comprehensively understand coastline shifts and sediment 
deposition in stabilising coastal zones. The findings reveal significant 
shoreline accretion, with net accretion of 2,012 hectares and prominent 
shoreline advancements at Anakan Island (2,012.33 meters, 118.98 
meters/year), while regions such as Sembilang National Park and southern 
Payung Island exhibited notable erosion (322.71 meters, 10.8 meters/year). 
The Banyuasin River estuary shifted from notable to extreme accretion 
phases, contrasting with the more stable shoreline dynamics in the Musi 
River estuary, where accretion remained stable to intense. The integrated 
methodology, combining GEE, tidal corrections, and DSAS, offers an 
innovative approach to monitoring shoreline changes. These findings 
provide valuable insights for developing sustainable coastal management 
strategies, particularly in areas facing the dual challenges of climate change 
and human-induced pressures. 
 
Keywords: Accretion; Banyuasin estuary; Digital shoreline analysis system 

(DSAS); Google earth engine (GEE); Shoreline change 

  

Introduction  
 

Estuaries are highly dynamic transitional 
ecosystems between land and sea. They are crucial in 
maintaining biodiversity and providing vital ecosystem 
services such as shoreline protection, fish habitat, and 
carbon sequestration (Dyer, 1997; McLeod et al., 2011; 
McLusky & Elliott, 2004; Turekian & Holland, 2013). 
However, these systems are increasingly vulnerable to 
the pressures of global climate change and human 
activities, including land-use changes and port 
development (Nicholls et al., 2021; Vitousek et al., 2017). 
Understanding the dynamics of shoreline changes and 

sedimentation in estuarine regions is essential for 
effective coastal management and environmental 
protection (Vitousek et al., 2017). 

The Banyuasin Estuary in South Sumatra, 
Indonesia, represents a complex estuarine system 
shaped by the confluence of the Banyuasin and Musi 
Rivers. While previous studies have explored shoreline 
changes and sedimentation patterns in the region 
(Aritonang et al., 2016; Barus et al., 2020; Surbakti et al., 
2011), there is a significant gap in the literature regarding 
the integration of long-term satellite imagery with field 
data to comprehensively monitor these processes. 
Existing research often suffers from limited temporal 
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coverage, a lack of systematic tidal corrections, and 
insufficient incorporation of field measurements into 
long-term satellite observations, undermining shoreline 
dynamics modelling accuracy (Surbakti et al., 2011; 
Handayani et al., 2024b). 

Globally, remote sensing technology employing 
satellite systems has become critical for monitoring 
coastline changes over vast spatial and temporal scales 
(Luijendijk et al., 2018; Turner et al., 2021; Vitousek et al., 
2017, 2023). However, significant challenges remain, 
including tidal influences, atmospheric disturbances, 
and image resolution constraints that limit mapping 
accuracy (Hoang et al., 2016; Pardo-Pascual et al., 2012; 
Vos et al., 2019). Studies also indicate that without field 
validation and application of tidal corrections, 

estimation errors in shoreline changes may reach 15–
25% (Del Río & Gracia, 2013; Eliot & Clarke, 1989; Turner 
et al., 2021).  

This study seeks to address this gap by offering a 
novel methodology integrating multi-decadal satellite 
imagery (1989–2019) with sediment trap measurements 
to monitor coastal changes in the Banyuasin Estuary. 
The approach incorporates tidal corrections using the 

FES 2014 model (Vos et al., 2019). Thus, this research 
overcomes the challenges associated with tidal 
influences and improves the precision of shoreline 
extraction. Combining field data with remote sensing 
techniques provides a more accurate and reliable 
framework for monitoring shoreline changes over 
extended periods. 

In addition, this study provides new insights into 
the role of mangrove ecosystems in coastal protection 
and sediment deposition dynamics. The results 
demonstrate how mangrove areas contribute to 
shoreline stabilisation by trapping sediments, 
significantly influencing sediment accretion in 
vulnerable coastal regions (Ghufran & Kordi, 2012; 

Wolanski & Elliott, 2015). These findings underscore the 
importance of mangrove conservation as a natural 
barrier to coastal erosion and a key component of 
sustainable coastal management strategies. 

Through this integrated approach, this research 
makes a significant contribution to the field of coastal 
monitoring, offering a robust methodology that can be 
adapted for use in other coastal regions facing similar 
challenges. Furthermore, the findings of this study 
provide a comprehensive understanding of shoreline 
dynamics in the Banyuasin Estuary, offering valuable 
insights for the sustainable management of estuarine 
environments and highlighting the critical role of 
mangrove ecosystems in maintaining coastal resilience 
in the face of climate change (Vitousek et al., 2017). 

 
Method  
 
Research Location 

This study was conducted in the Banyuasin 
Estuary, located in South Sumatra, Indonesia, where the 
confluence of the Banyuasin and Musi Rivers creates a 
complex estuarine environment (Figure 1). The region is 
characterised by dynamic hydrodynamic conditions 
influenced by river discharge, tidal processes, and 
sediment transport. This estuarine system plays a critical 
role in maintaining local biodiversity and supporting the 
coastal livelihoods of surrounding communities. The 
study area was chosen due to its high vulnerability to 
sedimentation and coastal erosion, which are 
compounded by human activities such as port 
development and land-use changes (Y. Handayani et al., 
2024; Surbakti et al., 2011). Data processing and analysis 
were conducted at the Oceanography Laboratory and 
the Marine Remote Sensing and GIS Laboratory at 
Sriwijaya University. 

 

 
Figure 1. Map of data collection location, bottom sediment, and DSAS analysis area boundary in Banyuasin Estuary 
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Sedimentation Rate Measurement 

Sediment traps were strategically deployed at 12 
representative sites within the estuary to measure 
sedimentation rates (Figure 2). The sites were selected 
based on factors such as proximity to river mouths, 
varying hydrodynamic conditions, and areas with 
suspected high sedimentation rates (Aritonang et al., 

2016; Barus et al., 2020; Y. Handayani et al., 2021). 
 

 
Figure 2. Sediment traps used in the research 

 
Each site was equipped with four PVC sediment 

traps (5 cm diameter, 11.5 cm height), deployed near the 
seabed. The traps were replaced weekly, and the 
collected sediments were dried at 60°C for 24 hours 
before being weighed. Replicate measurements and 
oven-drying consistency tests estimated an uncertainty 
of ±5% in sediment weights. Dry weights were 
measured to calculate sediment deposition rates 
expressed in kilograms per square meter per day 
(kg/m²/day) using the formula adapted from Kozerski 
(2002): 

 

𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 =
𝐴−𝐵

𝑠𝑒𝑑𝑖𝑚𝑒𝑛 𝑡𝑟𝑎𝑝 𝑎𝑟𝑒𝑎/𝑤𝑒𝑒𝑘
            (1) 

𝑆𝑒𝑑𝑖𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 =
𝐴−𝐵

𝜋.𝑟2/𝑤𝑒𝑒𝑘
               (2) 

 

Where A is the weight of aluminium foil + sediment 
after 105 °C heating (gram); B is the initial weight of 
aluminium foil after 105 °C heating (gram); π is 3,14, and 
r is the radius of the sediment trap circle. 
 
Shoreline Change of Banyuasin Estuary 
Satellite Data Acquisition  

Landsat 5, 7, and 8 images spanning 1989 to 2019 
were obtained from the Google Earth Engine (GEE) data 
catalogue for multi-temporal shoreline analysis. Images 
with minimal cloud cover were selected to ensure the 
highest possible accuracy (Gorelick et al., 2017). 
 
Image Preprocessing 

Each image underwent geometric correction to 
improve spatial accuracy and cloud masking to remove 
cloud cover. Geometry correction is performed using a 

Digital Elevation Model (DEM) to adjust distortions 
caused by terrain variations, ensuring accurate 
alignment of each pixel with real-world coordinates 
based on elevation data (Dave et al., 2015). Atmospheric 
correction is applied to mitigate the effects of scattering 
and absorption in the atmosphere, which can distort 
satellite imagery and compromise the accuracy of 
surface reflectance measurements. The atmospheric 
correction method utilised is Dark Object Subtraction 
(DOS), which subtracts the radiance of the darkest 
objects in the scene to compensate for atmospheric 
interference. Additionally, sensor calibration coefficients 
correct radiometric distortions, transforming digital 
numbers into surface reflectance values. This procedure 
ensures consistency in time series analysis and data 

comparison across different sensors. These correction 
steps are executed through automated scripts in Google 
Earth Engine (GEE), providing an efficient and 
streamlined approach to processing remote sensing 
data. 

The Modified Normalized Difference Water Index 
(MNDWI) was applied to extract the shoreline from 
satellite imagery. MNDWI has been shown to 

outperform the traditional Normalized Difference Water 
Index (NDWI) in delineating water from land in 
estuarine areas (Xu, 2006). The equation used to 
calculate MNDWI is as follows (Xu, 2006): 

 

𝑀𝑁𝐷𝑊𝐼 =
(𝐺𝑟𝑒𝑒𝑛−𝑆𝑊𝐼𝑅)

(𝐺𝑟𝑒𝑒𝑛+𝑆𝑊𝐼𝑅)
            (3) 

 
Where NDWI is nilai Modified Normalized 

Difference Water Index; Green is band green (band 2 for 
Landsat 5 and Landsat 7, and band 3 for Landsat 8); 
SWIR is band Short Wave Infrared (band 5 for Landsat 5 
and Landsat 7, and band 6 for Landsat 8). 

 
Shoreline Extraction  

After the initial shoreline delineation, Canny edge 
detection and Otsu thresholding techniques were 
employed to refine the boundaries of the shoreline. 
These methods significantly enhanced the precision of 
shoreline extraction by reducing noise and improving 
the clarity of edge detection (Hu & Wang, 2022). The 
fundamental principle behind this approach involves 
selecting an optimal threshold value to maximise inter-
cluster variance and distinguish between the 
background and the target object.  

The integration of Canny edge detection and Otsu’s 
method for coastline extraction begins by applying 
Otsu’s method, which automatically determines the 
optimal threshold based on the pixel intensity 
distribution of the selected band, effectively segmenting 
the image into two classes: land and water. This 
segmentation process facilitates identifying foreground 
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(coastline) and background regions. Subsequently, 
Canny edge detection is utilised to refine the boundaries 
by highlighting sharp transitions between land and 
water. The resulting edge map from Canny detection is 
integrated with the segmented regions obtained from 
Otsu’s method, improving the delineation of the 
coastline. Finally, morphological operations remove 
noise and close gaps, ensuring the extracted coastline 
remains continuous and accurate. This methodology is 
fully automated using Google Earth Engine scripts, 
optimising edge detection and image segmentation to 
achieve highly accurate shoreline extraction. 
 
Shoreline Correction to Tides 

Given the significant tidal influence on the study 
area, tidal corrections were applied to adjust shoreline 
positions based on tidal heights at the time of satellite 
overpass. CoastSat is a tool that extracts and measures 
coastline data from satellite imagery by integrating tidal 
corrections. CoastSat is an open-source software toolkit 
written in Python that enables users to obtain a time 
series of shoreline positions on any coastline worldwide 
for 40 years (Vos et al., 2019). The tool processes satellite 
imagery to identify and delineate coastlines, adjusting 
the shoreline position based on the time of high and low 
tides.  

This correction is applied using the FES 2014 tidal 
prediction model, which ensures that the shoreline data 
accurately reflects tidal variations at the time of image 

acquisition. The shoreline was adjusted per a mean sea 
level (MSL) reference. Tidal corrections ensure a more 
accurate representation of shoreline positions and 
mitigate bias caused by varying tidal stages during 
satellite image acquisition (Cham et al., 2020). Seasonal 
and monthly tidal variations were incorporated by 
applying averaged tidal corrections for each image date, 
minimising positional bias caused by tidal stage 
differences. Each shoreline obtained will be shifted 
towards the sea during high tide and towards land 
during low tide (Suhana et al., 2017).  
 
Analysis of Shoreline Change 

The shoreline corrected with tidal data is then used 
to analyse shoreline changes and the shoreline’s average 
annual rate of change using DSAS (Digital Shoreline 
Analysis System) tools. Digital Shoreline Analysis 
System (DSAS) was employed to calculate shoreline 
change metrics, including the Net Shoreline Movement 
(NSM) and the End Point Rate (EPR), to assess the rate 
of shoreline change over time (Thieler et al., 2009). These 
methods provide quantitative shoreline accretion and 
erosion measurements over the past 30 years. This 
method begins with making transects to determine the 
size of the shoreline change. The distance of change of 
each shoreline point is analysed using the NSM method. 
NSM calculates the total distance of shoreline change by 
measuring the displacement of shoreline points between 
the oldest and most recent shoreline positions.

 

 
Figure 3. Flowchart of shoreline data processing using GEE and DSAS tools
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EPR calculates the average annual rate of shoreline 
change by dividing the displacement distance by the 
period in years (Baig et al., 2020; Himmelstoss et al., 
2018; Seto et al., 2002; Thieler et al., 2009; Thinh & Hens, 
2017). The equation used in the EPR method follows 
(Thieler et al., 2009): 

 

𝑅𝑠𝑒 =
𝑥𝑜

𝑡
                     (4) 

 
Where Rse is EPR change (m/year), xo is the distance of 
shoreline change (m), and t is the period of shoreline 
position (year). 

Areas experiencing erosion were identified with 
negative NSM and EPR values, while areas with 
accretion were identified based on positive values (Seto 
et al., 2002; Baig et al., 2020). The results of the DSAS 
analysis reveal the rate and total shoreline change over a 
specific period. Analysis of shoreline changes using the 
DSAS method in each transect, where changes of less 
than 30 meters were categorised as no change because 
they were smaller than the Landsat image’s spatial 
resolution (30 meters). Figure 3 provides an overview of 
the entire process of image data processing and coastline 
change analysis. 
 

Results and Discussion 
 
Sedimentation Rate in Banyuasin Estuary 

The sedimentation rates measured at various sites 
in the Banyuasin Estuary reveal significant variations in 
sediment deposition across the region (Figure 4). 
Sediment traps deployed at sites near river mouths, such 
as the Banyuasin River and Anakan Island, exhibited the 
highest sedimentation rates. Specifically, the eastern side 
of the inner Banyuasin River mouth recorded 
sedimentation rates ranging from 5.59 to 7.31 
kg/m²/day, while the western side showed lower rates 
of 2.56 kg/m²/day. Similarly, the northern part of 
Anakan Island experienced sediment deposition rates 

between 2.96 and 5.31 kg/m²/day, while the southern 
part showed 4.90 and 5.31 kg/m²/day rates. These 
elevated sedimentation rates can be attributed to the 
combined influence of river discharge and tidal 
dynamics, which result in large quantities of sediment 
deposition in these areas (Aritonang et al., 2016; Barus et 
al., 2020). 

Conversely, areas further inland, such as the 
Bungin River Estuary and the southern part of Tanjung 
Api-api, exhibited moderate sediment deposition rates 
of 2.31–3.88 kg/m²/day and 3.0-5.04 kg/m²/day, 
respectively. The variation in sedimentation rates 
reflects the complex interaction of hydrodynamic 
conditions, sediment properties, and water movement in 
the estuary (Rifardi, 2008). These results highlight the 

importance of tidal and river-driven sediment transport 
in shaping the estuarine landscape. 

 

 
Figure 4. Sediment deposition rate at several locations in the 

Banyuasin Estuary 

 
Shoreline Change in Banyuasin Estuary 

Integrating multi-decadal satellite imagery and 
field data enabled the detailed analysis of shoreline 
changes in the Banyuasin Estuary over 30 years (1989–
2019). The Google Earth Engine (GEE) platform 
facilitated the efficient processing of Landsat satellite 
images, while tidal corrections using the FES 2014 model 
ensured the accurate representation of shoreline 
positions. The results revealed that the Banyuasin 
Estuary experienced shoreline accretion of 
approximately 2,2,012.33 hectares from 1989 to 2019, 
with localised erosion totalling 327.92 hectares (Figure 
5). Areas experiencing sedimentation are shown in red 
in Figures 6 and 7 and include Anakan Island, Eastern 
Banyuasin River Estuary, North of Tanjung Api-api to 
Tanjung Carat; Bungin River, Banyuasin Peninsula, and 
Tanjung Gede. Some areas will also experience abrasion 
in the western Banyuasin River Estuary, from Sungsang 
to Tanjung Carat, and on the northern and southern 
parts of Payung Island. 

The Net Shoreline Movement (NSM) and End Point 
Rate (EPR) metrics demonstrated the dynamic nature of 
the estuarine coastline, with significant variations in 
shoreline change rates across different regions. Areas 
like Anakan Island showed substantial shoreline 
advancement, with maximum shoreline movement 
reaching 2,012.33 meters over 30 years and an EPR rate 
of up to 118.98 m/year. A significant shift also occurred 
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between S. Banyuasin and Tanjung Api-Api, where the 
shoreline moved as far as 1,998.5 meters over three 
decades, with a net shoreline increase rate of 66.62 
meters per year. This reflects a period of rapid sediment 
deposition and coastal expansion in the region, likely 
driven by the confluence of riverine sediment inputs and 
tidal processes (Surbakti, 2012). The most minor 
shoreline changes occurred in the Telang and Payung 
Island areas within the Musi River Estuary. The 
magnitude of maximum shoreline change in both 
locations was 62.72 m and 92.34 m, respectively, with 
maximum rates of change ranging from 2.09 to 3.08 
m/year. 

In contrast, abrasion and erosion were most 
prominent along the Banyuasin Peninsula and the 

southern part of Payung Island. The EPR values for these 
regions were negative, indicating a loss of coastline over 
time. The most significant erosion occurred in the 
Banyuasin Peninsula, Sembilang National Park area, 
where the shoreline receded by 322.71 meters at an 
average rate of 10.8 m/year. Furthermore, the most 
significant change due to abrasion is observed in the 
southern part of Payung Island, where the shoreline has 

changed by 213.83 m between 1989 and 2019. This 
corresponds to an average change of 1.16 m/year on 
Payung Island, with a maximum change rate of 7.13 
m/year. This erosion is likely driven by tidal forces, 
wave action, and human interventions such as port 
development and infrastructure expansion in this area 
(Vitousek et al., 2023). The erosion in the Banyuasin 
Peninsula is mainly due to its exposure to sea waves, 
which increases the likelihood of erosion. On the other 
hand, the Payung Island area, being close to settlements 

and shipping routes, faces potential erosion due to 
human activities, such as infrastructure development 
and expansion, as well as shipping lane operations. 
Based on the change analysis results from 1989 to 2019, 
the Anakan Island area has not experienced changes due 
to abrasion. The area experiencing minor abrasion is in 
the Banyuasin River area to Tanjung Api-api, with a 
change of 40.86 m, and the rate of change due to abrasion 
can reach 1.36 m per year. An overview of the changes 
that have occurred at each location due to accretion and 
abrasion is shown in Table 1. The results of the shoreline 
change analysis show that the Banyuasin River Estuary 
region experienced the most significant shoreline change 
due to accretion compared to the Musi River Estuary.  

Further analysis was conducted to see the phase of 

shoreline change, referring to the classification of 
beaches based on the annual shoreline change rate value 
(Luijendijk et al., 2018). The classification results are 
shown in Table 2. The analysis of shoreline changes 
around the Banyuasin River estuary between 1989 and 
2029 reveals a clear trend towards the severe accretion to 
extreme accretion phase, as indicated by the high EPR 
(Erosion/Accretion Rate) values, ranging from 4.57 to 

23.9 meters per year. These positive and significant EPR 
values suggest substantial sediment accumulation along 
the coastline. This intense accretion is influenced by 
factors such as the high sediment discharge from the 
Banyuasin and Lalan Rivers and the limited water 
circulation in the area, leading to material deposition 
along the shore (Affandi & Surbakti, 2012). Additionally, 
human activities such as coastal infrastructure 
development may further enhance the accretion process 
in this region (Luijendijk et al., 2018). 

 

 
Figure 5. Changes in accretion and abrasion area in the Banyuasin Estuary 
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Figure 6. Shoreline changes that occurred in the Banyuasin Estuary. (a) period 1989 - 1999 (b) period 1999 – 2009, (c) period 2009 

- 2019 . The red colour depicts the area that experienced sedimentation 

 
Figure 7. Shoreline changes that occurred in the Banyuasin Estuary from 1989 to 2019. (a) All areas, (b) Bungin River Estuary; 
(c) Anakan Island; (d) Banyuasin River Mouth; (e) Tanjung Api-api to Tanjung Carat; (f) Payung Island and (g) Tanjung Gede. 

The red colour depicts areas that experienced sedimentation 
 

Table 1. Shoreline Change,  Abrasion, and Accretion Rate in the Banyuasin Estuary from 1989 to 2019 

Location 
Abrasion Accretion 

EPR (m/year) NSM (m) EPR (m/year) NSM (m) 
Mean Max Mean Mean Mean Max Mean Mean 

Region of Sembilang National Park -1.35 -10.76 -40.42 -322.71 7.23 31.65 217.00 949.37 
Lalan River to Banyuasin River -0.74 -2.47 -22.07 -74.13 1.99 12.31 59.64 369.30 
Anakan Island Area - - - - 23.90 118.98 435.63 2012.33 
Inner Banyuasin River to Tanjung Api-api -0.71 -1.36 -21.29 -40.86 23.72 66.62 711.61 1998.50 
Tanjung Api-Api to Tanjung Carat -0.85 -1.82 -25.37 -54.74 9.08 27.59 272.37 827.69 
Tanjung Carat to Telang River -1.27 -3.21 -38.08 -96.37 2.11 9.90 63.36 296.97 
Telang Area -0.67 -1.90 -20.01 -57.03 0.77 2.09 23.11 62.72 
Payung Island -1.16 -7.13 -34.91 -213.83 1.11 3.08 33.25 92.34 
Tanjung Gede -1.07 -2.47 -32.00 -74.03 5.74 9.98 120.85 299.43 

 
Table 2. Shoreline Net Change and Classification of the Coast in the Banyuasin Estuary from 1989 to 2019 

Location 
No 

Area 
Net change   

EPR (m/year) NSM (m) Classification of the Coast 

Banyuasin River 1 Region of Sembilang National Park 4.57 137.01 Severe Accretion 
2 Lalan River to Banyuasin River 4.92 147.53 Severe Accretion 
3 Anakan Island Area 23.9 435.63 Extreme Accretion  
4 Inner Banyuasin River to Tanjung Api-api 23.1 694.26 Extreme Accretion  
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Location 
No 

Area 
Net change   

EPR (m/year) NSM (m) Classification of the Coast 
5 Tanjung Api-Api to Tanjung Carat 7.6 228.38 Extreme Accretion  

Musi River 1 Tanjung Carat to Telang River -0.5 -16.6 Stable  
2 Telang Area 0.13 4.02 Stable  
3 Payung Island -0.25 -7.39 Stable  
4 Tanjung Gede 1.9 57.09 Intense Accretion  

 

In contrast, the Musi River estuary shows different 
shoreline dynamics, where changes are more stable, 
typically falling within the stable to intense accretion 
phase. The estuary tends to maintain its shape and 
equilibrium, with areas experiencing accretion, although 
it can also undergo erosion due to abrasion (Cui & Li, 
2011). The recorded EPR values range from -0.5 to 1.9 
meters per year, indicating a balance between erosion 
and accretion processes, with less sediment 
accumulation than the Banyuasin River estuary. 
Although erosion may be more pronounced in certain 
sections, accretion still occurs at a smaller scale. The 
limited sediment discharge from the Musi River, 
combined with stronger hydrodynamic forces, likely 
explains why this region does not experience intense 
accretion, resulting in a more balanced interaction 
between accretion and erosion (Luijendijk et al., 2018; 
Surbakti, 2012). 

The results explain that the extent of coastline 
changes in the Banyuasin Estuary is suspected to be 
caused by natural factors such as tides, ocean currents, 
wave heights, erosion, and accretion (Apriansyah et al., 
2019), as well as human factors in the form of land use in 
the upstream area and the interests of port development, 
which also contribute to coastline changes (Bidayani & 
Kurniawan, 2020; S. Handayani et al., 2024; Melo et al., 
2024). The changes in coastline occurring in areas 
experiencing erosion are suspected to be caused by the 
open coastal characteristics. Waves directly influence 
this dynamic water characteristic. Coastal regions that 
protrude into the sea typically experience wave 
diffraction phenomena and eddy motion, resulting in a 
more intensive erosion process. 

Oceanographic factors significantly influence the 
sediment transport process in marine waters. The 
sedimentation process in water is influenced by various 
water dynamics, including tides, waves, coastal 
currents, the mixing of water masses due to density 
differences between freshwater and seawater, and 
biological and chemical processes. The sedimentation 
process is also influenced by the properties of the 
sediments, such as the sediment particles’ size, shape, 
and density (Rifardi, 2008). Weak or low current 
velocities have a limited sediment transport capacity, 
resulting in a high deposition rate of deposited particles. 
The rate of deposition caused by suspended matter is 
influenced by its physical structure, including volume, 

particle shape related to sinking direction, density, and 
porosity (Tomascik et al., 1997). Rifardi (2008) explains 
that sedimentation is also influenced by the physical 
properties of seawater, such as density, salinity, and 
temperature, as well as the hydrological conditions of 
the area, such as current velocity, shear stress, the 
vertical position of suspended particulate matter (SPM) 
in the water column, particle settling velocity, and 
turbulent mixing. 

One of this study’s key findings is the significant 
role of mangrove ecosystems in shoreline stabilisation 
and sediment deposition. Areas with dense mangrove 
cover exhibited high sediment deposition rates, 
particularly in regions such as Anakan Island and the 
Banyuasin River Estuary (Ulqodry et al., 2021). These 
findings support previous research showing that 
mangroves act as natural sediment traps by reducing 
wave energy and current velocities, thus facilitating the 
deposition of sediments and promoting shoreline 
accretion (Ghufran & Kordi, 2012; Wolanski et al., 2011). 

The analysis also revealed that mangrove forests 
along the coastline were instrumental in preventing 
erosion, particularly in regions with high sedimentation 
rates. In areas such as the southern part of Anakan Island 
and Tanjung Api-api, mangrove roots helped to stabilise 
the soil, preventing sediment from being washed away 
by strong tidal currents and waves. This highlights the 
critical role of mangroves in coastal protection and 
underscores the importance of mangrove conservation 
in sustainable coastal management strategies (Furukawa 
& Wolanski, 1996; Jelibseda et al., 2025). 

The results of this study provide valuable insights 
for the sustainable management of estuarine and coastal 
ecosystems. The findings emphasise the need to consider 
both natural processes (such as tidal influences and 
sediment dynamics) and human impacts (such as port 
development and land-use changes) in coastal 
management strategies. The observed shoreline 
accretion in some areas suggests that natural sediment 
deposition processes are still active and can be enhanced 
by ecosystem-based solutions, such as mangrove 
restoration and the protection of wetland habitats 
(McLeod et al., 2011). 

Furthermore, the study’s methodology integrates 
long-term satellite data with field-based sediment 
measurements and tidal corrections, providing a 
scalable and adaptable framework for monitoring 
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coastal changes in other regions facing similar 
challenges. This approach can be particularly valuable 
for regions experiencing rapid environmental changes 
due to climate change, sea-level rise, and human 
activities. By improving the accuracy and reliability of 
shoreline change assessments, this study supports the 
development of more effective coastal adaptation 
strategies. 
 

Conclusion  
 

This study successfully combines long-term 
satellite imagery, field-based sedimentation data, and 
advanced analytical methods to track shoreline changes 
in the Banyuasin Estuary, South Sumatra, Indonesia, 
over 30 years (1989-2019). The research uses Google 
Earth Engine (GEE) for satellite data analysis, FES 2014 
tidal corrections, and the Digital Shoreline Analysis 
System (DSAS) to create a comprehensive framework for 
evaluating coastal dynamics, addressing challenges 
such as tidal influences. The findings reveal significant 
shoreline changes, with approximately 2,012 hectares of 
accretion and notable shoreline advancements in areas 
like Anakan Island, where the coastline extended by 
2,012.33 meters at an average rate of 118.98 meters per 
year. Conversely, locations like Sembilang National Park 
and the southern part of Payung Island experienced 
considerable erosion, with the shoreline retreating by 
322.71 meters at 10.8 meters per year. The Banyuasin 
River estuary showed a clear shift from moderate to 
extreme accretion, unlike the Musi River estuary, where 
shoreline dynamics remained relatively stable, 
fluctuating between stable and intense accretion. This 
difference in shoreline behaviours highlights the 
intricate interactions of river discharge, tidal forces, and 
sediment transport that shape shoreline dynamics in the 
Banyuasin region. The integrated methodology 
provides a novel approach for long-term monitoring of 
shoreline changes and can be adapted for other coastal 
areas experiencing similar environmental challenges. 
The study emphasises the importance of sustainable 
coastal management, focusing on ecosystem-based 
strategies like mangrove conservation, to bolster coastal 
resilience against climate change and human impact. 
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