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Abstract. The Indramayu Regency, located on the northern coast of West 
Java, has experienced mangrove loss and dynamic shoreline changes, largely 
due to the conversion of mangrove areas into aquaculture ponds. This study 
quantifies the changes in mangrove cover and shoreline position from 1991 
to 2021 and assesses their relationship. Landsat imagery for 1991, 2001, 
2011, and 2021 was classified in Google Earth Engine using a Random 

Forest algorithm, whereas shoreline change rates were derived in ArcGIS 
with the Digital Shoreline Analysis System (DSAS). Total mangrove extent 
declined from 1,443.74 to 833.07 ha between 1991 and 2001 (−610.67 ha) 
with an average shoreline retreat of −15.98 m/year. From 2001 to 2011, 
mangroves increased slightly to 844.24 ha (+11.17 ha) as the shoreline 
advanced at 13.69 m/year, and from 2011 to 2021, mangrove cover 
expanded to 1,521.27 ha (+677.03 ha), while the mean shoreline change 
reverted to retreat at −1.49 m/year. Linearity tests and the low coefficient of 

determination (R² = 0.191) indicated that there was no significant linear 
relationship between mangrove change and shoreline dynamics, suggesting 
that effective erosion mitigation requires an integrated coastal management 
approach that combines mangrove rehabilitation, coastal protection, and 
sediment management. 

Keywords: Coastline, DSAS, Indramayu, Landsat, mangrove, remote 

sensing 

1 Introduction 

Mangroves are vital coastal ecosystems with significant ecological, economic, and social 

functions. They provide breeding grounds, feeding areas, and nurseries for finfish, shellfish, 
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and crustaceans, and support commercial and subsistence fisheries [1]. In Indonesia, 

mangrove conservation is increasingly mainstreamed through restoration and coastal 

management agendas [3,24]. However, sustaining mangrove conservation remains 

challenging, as noted in global assessments [2]. Global assessments also report substantial 

mangrove loss over recent decades, with strong pressures in Southeast Asia, where 

conversion to aquaculture and agriculture remains a dominant driver [2,3,25]. 

The presence of mangroves along the coastline influences the physical and biological 

conditions of the coast. Extensive land-use changes and the degradation of mangrove forests 

can increase coastal vulnerability through the loss of natural protective barriers [4,26]. Such 

changes are often reflected in shoreline dynamics characterized by erosion (abrasion) and 

sediment accumulation (accretion) [5]. These processes can negatively affect communities 
and infrastructure, but they also reshape coastal landforms and habitats; for example, 

accretion may create new intertidal substrates that can be colonized by mangroves when 

conditions are suitable [6]. When intact and sufficiently dense, mangrove stands can 

contribute to shoreline protection by damping wave energy and stabilizing sediments [6]. 

In the Indramayu region, coastal mangrove ecosystems have experienced a significant 

decline, characterized by high rates of erosion and land conversion [8-11]. Local assessments 

indicate that mangrove degradation in Indramayu is substantial; approximately 50% of the 

17,792 ha of mangrove forests have been classified as severely damaged [12,13]. This 

degradation has been associated with accelerated shoreline retreat, with reported erosion rates 

on the order of 9–10 m/year in affected stretches [5,12]. The primary causes include 

conversion to aquaculture ponds, settlements, and agricultural land, often undertaken without 

adequate rehabilitation [12]. Since 1962, aquaculture expansion has been a major factor in 
reducing mangrove coverage, leading to profound ecological changes in coastal 

environments [12]. 

The overexploitation of coastal areas without sustainable management can exacerbate 

environmental degradation. The ongoing reduction in the extent of mangroves influences 

shoreline dynamics, with shoreline changes manifesting as either erosion or sedimentation. 

These processes have both negative and positive implications for local communities; erosion 

threatens infrastructure and livelihoods, whereas sedimentation can lead to the silting of 

estuaries and land disputes. Natural sedimentation processes driven by river-mouth dynamics 

can increase land area, but human activities such as dam construction and urbanization can 

disrupt sediment supply and intensify coastal vulnerability [21,22]. Therefore, understanding 

the relationship between mangrove cover change and shoreline dynamics is crucial for 
developing effective coastal management strategies. 

2 Materials and methods 

2.1 Study area 

The Indramayu Regency is situated along the northern coast of Java Island and comprises 11 

sub-districts. The region features low-lying coastal plains with elevations ranging from sea 

level to 100 m, making it susceptible to coastal hazards, including tidal inundation, storm 

surges, and shoreline erosion [13]. The climate follows the Schmidt-Ferguson Type D 

classification, characterized by humidity levels between 70% and 80%, with temperature 
variations from 22.9°C to 30.0°C, influenced by proximity to the sea [14]. For a detailed 

analysis, the focus was placed on coastal zones directly bordering the ocean, divided into 35 

grid cells, each measuring 4 km × 4 km. 
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Fig. 1. Map of the study area. 

2.2 Data processing 

Changes in mangrove cover were analyzed using multitemporal Landsat imagery from 1991, 

2001, 2011, and 2021 (Landsat 5 TM, Landsat 7 ETM+, and Landsat 8 OLI). Level-2 Surface 

Reflectance (SR) products provided by the USGS were used, which were atmospherically 
and geometrically corrected. To ensure that all images were comparable for multitemporal 

analysis, we applied a common preprocessing workflow in Google Earth Engine [27], which 

was clipped to the study area, reprojected to a uniform UTM coordinate system, and filtered 

using quality assurance bands to mask clouds, cloud shadows, and saturated pixels. Land 

cover classification was performed in the Google Earth Engine using a supervised Random 

Forest classifier. Training samples for mangrove and non-mangrove classes were derived 

from a combination of visual interpretation of Landsat composites, very-high-resolution 

basemaps, and existing ancillary maps/field information for the most recent year. Polygons 

representing homogeneous areas of each class were digitized across the study area and 

converted to point samples. The full set of reference samples was randomly split into 80% 

for training and 20% for independent validation to ensure that all classes were adequately 
represented in both subsets. This sampling and partitioning strategy was used to improve the 

classifier’s generalization ability and provide an unbiased estimate of the classification 

accuracy. The classified data were then downloaded and analyzed using ArcGIS. The 

analysis involved overlaying classified images from different years to quantify changes in 

mangrove extent and calculating the area of loss or gain in hectares. 

 Coastline data were obtained from multitemporal Landsat Level-2 Surface Reflectance 

imagery (Landsat 5 TM, Landsat 7 ETM+, and Landsat 8 OLI) for 1991, 2001, 2011, and 
2021. For each year, cloud and cloud-shadow pixels were masked using the QA band, and 

the scenes were cropped to the study area. To delineate the shoreline, we first enhanced the 

contrast between land and water by computing a band-ratio water index (green/SWIR), and 

then converted the result to a binary land–water mask using an empirically determined 

threshold. The land–water boundary was subsequently converted from raster to vector, and 

BIO Web of Conferences 220, 05012 (2026) https://doi.org/10.1051/bioconf/202622005012

ICMS 2025

3



 

 

the resulting polylines were visually checked and edited to remove artifacts and ensure a 

continuous shoreline each year. 

 Shoreline change analysis was conducted using the Digital Shoreline Analysis System 

(DSAS) in ArcGIS. DSAS generates shore-normal transects and measures the intersection of 

these transects with shorelines in different years [15,28]. The rate of shoreline change was 

calculated using the end-point rate (EPR) method, expressed in meters per year, and Net 

Shoreline Movement (NSM), expressed in meters. The EPR provides a straightforward 

estimate of shoreline change, assuming linear movement over the observation period [16]. 

 The correlation between the mangrove cover change and shoreline dynamics was 

assessed using Pearson’s correlation analysis. Prior to this, linearity tests were performed to 

verify the appropriateness of the correlation analysis, with significance levels set at 0.05. The 
linearity test involves calculating the F-value and comparing it with the F-table value. Data 

analysis was conducted using the SPSS software. 

3 Results and discussion 

3.1 Mangrove area changes from 1991 to 2021 

Analysis of Landsat imagery from 1991, 2001, 2011, and 2021 revealed that mangroves were 

distributed across five of the 11 coastal subdistricts in Indramayu. The total mangrove area 

decreased from 1,443.74 hectares in 1991 to 833.07 hectares in 2001, representing a 

significant reduction primarily due to deforestation and land conversion for aquaculture, 
especially in Cantigi and Pasekan subdistricts. The loss of approximately 610.67 hectares 

over this period reflects the impact of unregulated land use changes, with the expansion of 

shrimp ponds being a major factor [12]. Since 1962, aquaculture has been a primary driver 

of mangrove loss, leading to an ecological imbalance. 

Between 2001 and 2011, a slight recovery was observed, with mangrove coverage increasing 

marginally from 833.07 to 844.24 hectares, indicating initial rehabilitation efforts [17]. From 

2011 to 2021, a substantial increase of 677.03 hectares was recorded, attributed to 

government and community-led restoration initiatives, including innovative planting 

techniques and collaborative management, which have contributed to ecosystem 

sustainability [18]. Local government and environmental reports also highlight Indramayu 

role as a focal area for mangrove development programs in western Indonesia [13]. 

Table 1. The extent of mangrove coverage across districts in Indramayu Regency for the years 
1991, 2001, 2011, and 2021. 

Regency 
Mangrove area (ha) 

1991 2001 2011 2021 

Kandanghaur 7.29 1.73 2.21 1.13 

Losarang 172.89 113.46 114.42 161.13 

Cantigi 1,116.13 674.61 706.78 1,065.21 

Pasekan 139.21 42.63 19.71 286.37 

Indramayu 8.22 0.64 1.11 7.43 

Total 1,443.74 833.07 844.24 1,521.27 
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Fig. 2. Mangrove land cover change 1991 – 2021. 

3.2 Coastline changes from 1991 to 2021 

The coastline changes observed in Indramayu Regency over a thirty-year period (1991–2021) 

are illustrated in the accompanying figure. The black lines represent the coastline as it was in 

the earliest year, whereas the blue lines depict the most recent shoreline. The analysis of 

shoreline change rates between 1991 and 2021 is presented through the average annual 

distance (in meters per year) of the transects within each grid. The rates of erosion and 

accretion along the coast during this period are classified into eight categories: severe erosion 

(<-10 m/year), high erosion (-9.99 to -5 m/year), moderate erosion (-4.99 to -2 m/year), light 

erosion (-1.99 to 0 m/year), light accretion (0–2 m/year), moderate accretion (2-5 m/year), 
high accretion (5-10 m/year), and very high accretion (>10 m/year) [19]. To facilitate the 

analysis, the entire period was divided into three ten-year segments, allowing for a more 

detailed examination of shoreline dynamics over time. 

 Between 1991 and 2001, coastal erosion affected almost all districts bordering the 

Indramayu coastline, including Sukra, Patrol, Kandanghaur, Cantigi, Pasekan, Indramayu, 

Balongan, Juntinyuat, Karangampel and Krangkeng. Several grids in Cantigi and Pasekan 

experienced very high retreat rates, with shoreline recession exceeding 700 m and reaching 

more than 1,100 m in one grid in Pasekan (H1) (Table 2). Accretion was limited to a few 

locations in Kandanghaur, Cantigi, Pasekan, and Krangkeng, where the shoreline advance 

locally reached approximately 200 m/year, such as in grid G3 in Pasekan. Overall, this decade 
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was dominated by erosion, with a mean shoreline retreat of approximately −15.98 m/year 

along the Indramayu coast. 

 

Fig. 3. Shoreline change 1991 – 2001. 

From 2001 to 2011, the spatial pattern of shoreline change remained broadly similar to 

that of the previous decade, with persistent erosion along the coasts of Sukra, Patrol, 

Kandanghaur, Cantigi, Pasekan, Juntinyuat, Karangampel and Krangkeng. Erosion rates 

were generally lower than those during 1991–2001, but still reached approximately −335 

m/year in parts of Cantigi (e.g., grid D2). In contrast, pronounced accretion developed in 

several grids in Cantigi and Pasekan, where the shoreline advance exceeded 1,500 m over 

the decade, particularly in grid E1 in Cantigi (Table 2). On average, shoreline change during 

this period was characterised by net accretion of approximately 13.69 m/year along the 
coastline. 

 

Fig. 4. Shoreline change 2001 – 2011. 
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The erosion observed from 2011 to 2021 showed a decreasing trend compared with earlier 

decades. Erosional sectors remain in Sukra, Patrol, Kandanghaur, Cantigi, Pasekan, and 

Karangampel, but retreat rates are generally below −200 m/year, with the highest values 

(around −193 m/year) occurring in Kandanghaur (grid C2). Simultaneously, accretion 

becomes more prominent in several grids in Cantigi, Balongan, Juntinyuat, and Krangkeng, 

where EPR locally exceeded 190 m/year, such as in grid E1 in Cantigi (Table 2). Based on 

this analysis, the 2011–2021 period still indicates overall erosion along the coast, but with a 

reduced mean retreat rate of approximately −1.49 m/year. 

 

Fig. 5. Shoreline change 2011 – 2021. 

The primary cause of the expansion of coastal areas in this region is believed to be the 

sedimentation processes. The rate of sedimentation along the coast depends on the number 

of river estuaries in the area [20]. Human activities such as dam construction and urbanization 

can disrupt sediment supply and intensify shoreline change [21,22]. Regions with very high 

vulnerability were observed in several districts, including Sukra, Patrol, Kandanghaur, 

Cantigi, Pasekan, Juntinyuat, Karangampel, and Krangkeng. 

 Based on the grid-averaged shoreline change rates for 1991–2021 (Table 2), most cells 

along the Indramayu coast experienced long-term erosion, while only a smaller proportion 

showed persistent accretion. The mean shoreline change over the 30-year period is 

approximately −2.2 m/year, indicating that, at the regional scale, the northern coastal zone of 

Indramayu Regency is predominantly erosional rather than accretional. 

Table 2. Shoreline change rate in Indramayu Regency from 1991 to 2021. 

Grid 
Shoreline change (m) 

1991 - 2001 2001 – 2011 2011 - 2021 The average (m/year) District 

A1 -119.40 -86.17 -72.47 -9.87 Sukra 

A2 -127.07 -127.24 -42.16 -9.14 Sukra 

A3 -126.62 -94.59 -16.74 -8.03 Sukra 

B1 -98.31 -111.51 -59.27 -9.05 Patrol 

B2 -145.84 -167.22 -6.00 -11.26 Patrol 
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Grid 
Shoreline change (m) 

1991 - 2001 2001 – 2011 2011 - 2021 The average (m/year) District 

B3 -134.38 -67.18 -13.31 -7.53 Kandanghaur 

C1 -50.57 -28.60 -20.09 -4.14 Kandanghaur 

C2 44.62 260.02 -192.58 6.03 Kandanghaur 

C3 -99.38 9.93 -113.16 -2.28 Cantigi 

D1 -105.01 -207.27 -24.96 -9.80 Cantigi 

D2 -247.17 -335.21 -38.50 -14.08 Cantigi 

D3 -445.33 -91.30 -23.75 -27.57 Cantigi 

D4 0.70 0.00 0.00 0.02 Cantigi 

E1 11.64 1556.97 199.27 34.01 Cantigi 

E2 -9.46 655.74 131.28 23.78 Cantigi 

E3 -244.44 622.64 -13.16 17.87 Cantigi 

F1 -286.16 591.19 99.26 19.90 Cantigi 

F2 -722.81 256.54 160.00 4.37 Cantigi 

F3 -135.49 570.79 -156.07 -7.15 Pasekan 

G1 41.21 -103.87 -106.91 -11.45 Pasekan 

G2 -204.08 447.03 -142.93 9.80 Pasekan 

G3 217.57 708.04 25.52 16.38 Pasekan 

H1 -1136.78 70.62 25.45 0.73 Pasekan 

H2 -38.03 1294.80 -119.31 0.71 Pasekan 

H3 -49.62 163.19 -9.64 5.21 Indramayu 

I1 -25.19 -19.88 26.74 -1.46 Balongan 

I2 -25.75 -20.42 26.43 -1.27 Balongan 

I3 -50.01 -13.18 32.10 -0.22 Juntinyuat 

J1 -31.32 -36.12 9.11 -2.56 Juntinyuat 

J2 -10.83 -17.89 12.72 -1.27 Juntinyuat 

J3 -33.54 -6.63 29.47 0.65 Juntinyuat 

K1 -66.37 -124.83 -88.31 -8.31 Karangampel 

K2 -2.16 -157.57 38.70 -6.31 Krangkeng 

K3 81.57 -11.06 79.24 1.51 Krangkeng 

K4 -28.11 -28.11 192.52 7.47 Krangkeng 

3.3 The correlation between mangrove and coastline changes in Indramayu 

The results of the mangrove overlay analysis with shoreline changes indicated that 

mangroves are present only in certain grid areas. To facilitate correlation analysis and enable 

regression analysis, shoreline change values (NSM, m) were converted into estimates of land 

area loss or gain (ha) for each grid cell, allowing shoreline change and mangrove change to 

be compared in the same units. A summary of the combinations between mangrove 

presence/absence and shoreline change classes is presented in Table 3, providing an 
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overview of how shoreline erosion and accretion are distributed across grids with and without 

mangroves. 

Table 3. Mangrove and shoreline’s overlay. 

Grid District 

Mangrove area change (Ha) Shoreline change (Ha) 

1991 - 
2001 

2001 - 
2011 

2011 - 
2021 

1991 - 
2001 

2001 - 
2011 

2011 - 
2021 

C2 Kandanghaur -3.12 0.00 -0.98 0.00 0.03 -0.02 

C3 Losarang -15.80 0.00 36.54 -0.01 0.00 -0.01 

D1 Losarang -38.75 0.00 10.38 -0.01 -0.02 0.00 

D2 Cantigi -110.11 0.00 101.80 -0.02 -0.03 0.00 

D3 Cantigi -215.89 0.00 71.29 -0.04 -0.01 0.00 

D4 Cantigi -55.11 0.00 8.00 0.00 0.00 0.00 

E1 Cantigi 0.00 0.00 44.79 0.00 0.16 0.02 

E2 Cantigi -0.67 27.95 2.17 0.00 0.07 0.01 

E3 Cantigi 0.00 0.00 0.00 -0.02 0.06 0.00 

F1 Cantigi 0.00 0.80 1.20 -0.03 0.06 0.01 

F2 Cantigi -42.68 0.07 129.93 -0.07 0.03 0.02 

F3 Pasekan -4.38 -2.65 38.10 -0.01 0.06 -0.02 

G1 Pasekan -38.91 -22.39 17.10 0.00 -0.01 -0.01 

G2 Pasekan -17.73 -0.87 56.65 -0.02 0.05 -0.01 

G3 Pasekan -5.83 0.12 39.32 0.02 0.07 0.00 

H1 Pasekan -3.85 0.00 61.03 -0.11 0.01 0.00 

H2 Pasekan -11.26 0.00 55.10 0.00 0.13 -0.01 

H3 Indramayu -5.15 0.00 6.42 0.00 0.02 0.00 

Before conducting a correlation analysis, it was essential to perform a linearity test to 

determine whether the two variables were suitable for further analysis. The ANOVA for the 

linear regression between mangrove area change and shoreline area change yielded an F-

value of 4.116 (p > 0.05), indicating that the slope of the regression line was not statistically 

different from zero. 

 

Fig. 6. ANOVA output for the linear regression between mangrove area change and shoreline area 
change. 

 The coefficient of determination (R²) was calculated in addition to the linearity test. An 

R² value of 0.191 indicates that changes in mangrove extent explain less than 20% of the 

variability in shoreline area change among grid cells. In other words, the linear relationship 

between mangrove cover change and shoreline change was weak and far from deterministic. 

This suggests that shoreline dynamics in Indramayu are largely governed by other drivers, 
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such as waves, currents, sediment supply, and local geomorphology, rather than by mangrove 

extent, highlighting the complexity of ecological interactions in the study area. 

 

Fig. 7. The results of R2. 

Based on the analysis of the table and linearity test results, it can be observed that even 

areas with a substantial presence of mangrove vegetation continue to exhibit high erosion 

rates. This phenomenon may be attributed to the dominance of oceanographic factors, such 

as currents, winds, waves, and tidal fluctuations, which significantly influence the erosion 

processes. Additionally, mangrove vegetation in these regions may be characterized by 

sparse density and suboptimal quality, thereby reducing its effectiveness as a natural barrier. 

Effective protection is contingent on the health and density of the mangrove forest; healthy, 

dense mangroves are more capable of mitigating wave energy and preventing erosion. The 

capacity of mangroves to serve as a buffer against wave action and erosion is primarily 

influenced by root and stem density as well as canopy diameter. In practice, coastal 

management may require complementary measures (e.g., hybrid or permeable structures) 
alongside restoration to manage erosion on mangrove–mud coasts [23]. 

4 Conclusion 

The analysis of mangrove land cover and shoreline dynamics in the Indramayu Regency from 

1991 to 2021 revealed significant environmental shifts over a three-decade period. Initially, 

there was a notable decline in mangrove areas due to deforestation and habitat conversion for 

aquaculture, with a loss of approximately 610.67 hectares between 1991 and 2001. 

Subsequently, from 2001 to 2011, mangrove coverage slightly increased by about 11.17 

hectares, and from 2011 to 2021, it expanded by roughly 677.03 hectares, indicating 

successful restoration efforts. Shoreline changes have been characterized mainly by erosion, 

although periods of sedimentation and accretion have also occurred and are influenced by 
both natural and human activities. During the first decade, the shoreline retreat averaged -

15.98 meters annually, while from 2001 to 2011, there was a period of accretion at 13.69 

meters per year. The latest decade saw a reduced retreat rate of -1.49 meters annually, 

suggesting some stabilization. Despite restoration efforts, the relationship between mangrove 

health and shoreline stability remains weak, primarily because of factors such as vegetation 

density, oceanographic conditions, and sediment dynamics. These findings emphasize the 

need for integrated coastal management strategies that combine ecological restoration with 

infrastructure support to mitigate erosion, improve mangrove resilience, and promote 

sustainable development. Developing comprehensive policies that address both the 

ecological and infrastructural aspects is vital for the long-term preservation of coastal 

ecosystems in the region. 
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