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Abstract. The coastline changes depend on stability of coastal bodies, 
such as characteristics of sediment and coastal slope. This research aimed 
to determine the relationship between the rate of coastline changes with the 
characteristics of sediment and coastal slope. The coastline changes were 
analysed by Landsat satellite images in 1991, 1999 and 2017 used End 
Point Rate (EPR) method on Digital Shoreline Analysis System (DSAS) 
module. Sediment characteristics (grain size and sediment statistics mean, 
sorting, skewness and kurtosis) were analysed by dry sieves and 
hydrometer with graphical method. The coastal slope used ASTER DEM 
(Digital Elevation Model) data analysis. The results showed that coastline 
changes at Pangenan coast of Cirebon in 1991-1999, 1999-2017 and 1991-
2017 had average accretion rate respectively was 10.72 m/year, 7.25 
m/year, 8.97 m/year and average abrasion rate was -12.49 m/year, -9.67 
m/year, -6.70 m/year. The sediments were dominated by coarse silt, that 
had characteristics, were very well sorted, very fine skewed and 
platykurtic. The coastal slope was categorized as flat. The conclusion of 
this research was the rate of coastline change had not significant 
correlation with sediment and coastal slope.  

1 Introduction  
The coastline is a feature line between the land and sea boundaries. The position is not 

fixed each time, always change continuously based on the coastal condition [1]. A process 
of abrasion and accretion along the coast can characterize coastline changes. Coastal 
abrasion occurs when a coast is reduced by sediment causing coastline to be retreat. The 
accretion occurs when a coastal sediment addition [2]. The dynamics of coastline changes 
generally occur on the coast of Indonesia, including Pangenan coast. Pangenan coast is 
located in the east coast of Cirebon Regency, which is generally dominated by the accretion 
process [3, 4]. However, coastal abrasion occurred in some coastal areas of Cirebon [3]. 

The main factor-causing coastline changes that is the wave. Waves force the coastal 
bodies and caused abrasion [5]. However, the power of wave influence in causing coastline 
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changes depends on stability of coastal bodies, such as characteristics of sediment and 
coastal slope. Beaches with flat slope will give a faster effect to the waves in causing 
coastline changes than the steep beaches [6]. Flat beaches have finer sedimentary 
characteristics compared to steep beaches [2]. So research on coastline changes associated 
with the characteristics of sediment and coastal slope is very relevant to do. 

The aims of this research are: 1) to determine the rate of change of coastline at 
Pangenan coast of Cirebon, and 2) to determine the relationship between the rate of 
coastline change with sediment characteristic and coastal slope at Pangenan coast of 
Cirebon. 

2 Methods  

The study was conducted based on survey method [7]. The method consists of 3 (three) 
stages namely the determination of sampling point, data collection and data processing.  

2.1 Study site and sampling point  

This research was conducted at Pangenan coast, Cirebon, West Java with coordinates in 
6°45’00”-6°48’00”S and 108°38’00”-108°41’00”E. Sampling point was determined by 9 
points divided into 3 different areas along the study sites using systematic random 
sampling. 

 
Fig 1. Map of study site and sampling points in Pangenan coast of Cirebon. 
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2.2 Data collection  

Landsat satellite image data of Pangenan Cirebon consisted of images of 1991, 1999 
and 2017. Coastal slope data were obtained based on estimates using DEM data. The DEM 
data used ASTER Global DEM V2 with 30 × 30 meters spatial resolution. Both of the data 
obtained from https://earthexplorer.usgs.gov. Sediment samples was carried out at each 
point by using a core sampler [7]. 

Table 1. Landsat image data type used for coastline change analysis. 

Year Satellite/sensor 
Acquisition 

Spatial resolution 
(dd-mm-yyyy) (hh:mm:ss) 

1991 Landsat-5/TM 05-07-1991 02:47:00 30 m 
1999 Landsat-7/+ETM 05-09-1999 02:47:14 30 m 
2017 Landsat-8/OLI 25-05-2017 02:53:51 30 m 

2.3 Data processing  

2.3.1 Coastline data 

Landsat images in 1991, 1991 and 2017 were first processed each time using ER 
Mapper software which includes: geometric correction, radiometric correction, band 
stacking and image enhancement [8]. Land and water (sea) boundaries were determined 
using Band-Ratio method. 
 Coastal delineation was done by visual interpretation method [9, 10]. The delineation 
result of the coastline was performed tidal correction [11]. 
 Coastline data in 1991, 1999 and 2017 were overlayed, so it might be determine the 
suspected abrasion and accretion area. The coastline changes were analyzed using the 
Digital Shoreline Analysis System (DSAS) module with the End Point Rate (EPR) method 
contained in ArcGIS [12]. Then, the data was divided into 9 zones spatially, representing 
the research station. 

2.3.2 Sediment samples 

Sediment samples analyzed grain size using standard ASTM D 1140-00 and D 422-63 
and calculated sediment statistics based on graphical method [13] include Mean size (Mz), 
Sorting (δ1), Skewness (Skᵢ) and Kurtosis (KG). 

2.3.3 Coastal slope data 

Coastal slope data derived from ASTER GDEM V2 data, processed in ArcGIS software 
to obtain the average of coastal slope in the study area. The average slopes were classified 
as flat (<5°), moderate (5°-30°) and steep (>30°) [14]. Then, the data was divided into 9 
zones spatially, representing the research station. 
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3 Results and discussion 

3.1 The rate of coastline change  

The rate of coastline change in the study, consisted of accretion and abrasion rate. 
Accretion rate in Pangenan coast of Cirebon based on Table 3, in 1991-1999 occured in 
almost all zones except zone 6 and 7 which occured abrasion rates. The average accretion 
rate in that years was 10.72 m/year and the average abrasion rate was -12.49 m/year. In 
1999-2017 and 1991-2017, accretion rate occured in same zone (i.e zone 1, 2, 3, 4) with 
average respectively was 7.25 m/year and 8.97 m/year, also abrasion rate occured in same 
zone (i.e zone 5, 6, 7, 8, 9) with average respectively was -9.67 m/year and -6.70 m/year. 
The highest accretion rate in the range 1991-1999 occurred in zone 4 with 15.96 m/year 
accretion and in the range 1999-2017 and 1991-2017 occurred in zone 1 with 11.36 m/year 
and 10.46 m/year accretion. Whereas the highest abrasion rate in all year ranges occurred at 
zone 6, with -19.79 m/year, -22.33 m/year and -22.53 m/year abrasion in respectively. 
 The tendency of the accreted coast was located in the gulf. Whereas the abrasioned 
coast was located in the promontory [15]. Based on Figure 3, it can be seen that the 
coastline of zones 1, 2, 3 and 4 from 1991 to 2017 was located in the gulf area which 
resulted in the accretion process in this area. Whereas the coastline in zones 5 and 6 was 
located in the promontory, so that in this area occurs the process of abrasion. 
 Coastlines in zones 7, 8 and 9 which were located in gulf occuring accretion in 1991-
1999, but in 2017 occuring abrasion. It was due to the coastline in 2017 at the area had 
different effects compared to the other coastline zones. Based on field observation, the 
coastal seawall had been established, resulting in abnormal coastline changes. 
 The accretion and abrasion rate in the period between 1991-1999 and 1999-2017 
generally decreased. The decreasing in the rate of change of this coastline based on field 
observation might be caused by changes in coastal morphology with the presence of coastal 
protective building. In addition, weak oceanographic pressure is also likely to cause a 
decrease in the rate of coastline change [16, 17]. 

Table 2. The rate of accretion/abrasion in Pangenan coast of Cirebon. 

Zone 
Accretion/abrasion (m/year) 

1991-1999 1999-2017 1991-2017 
1 8.52 11.36 10.46 
2 11.71 8.26 9.35 
3 14.59 8.32 10.30 
4 15.96 1.05 5.76 
5 2.34 -4.36 -2.24 
6 -19.79 -22.33 -21.53 
7 -5.18 -6.41 -6.19 
8 8.84 -7.84 -2.58 
9 13.05 -7.40 -0.95 

Average accretion rate 10.72 7.25 8.97 
Average abrasion rate -12.49 -9.67 -6.70 
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3.2 The characteristics of sediment 

3.2.1 Grain size 

Based on Table 4, the coarse silt dominated the sediment type in all stations, with 
ranging from 29.96 to 70.68%. Whereas the least type of sediment is the granules, with 
ranging from 0 to 0.81%. If the sediment samples of each station are combined and 
averaged, then the order of sediment dominance in Pangenan of Cirebon consists of 52.06% 
coarse silt, 26.11% fine silt, 7.5% fine sand, 6.06% very fine sand, 5.99% medium silt, 
0.86% coarse sand, 0.74% clay, 0.5% very fine silt and 0.18% granule. 

Table 2. Grain size percentage of coastal sediment type in Pangenan coast of Cirebon. 

Sediment type 
Percentage (%) 

St. 1 St. 2 St. 3 St. 4 St. 5 St. 6 St. 7 St. 8 St. 9 
Granule 0 0 0.06 0.81 0 0.71 0.02 0 0 
Coarse sand 0.07 0.08 0.73 1.25 0.35 5.13 0.12 0.03 0.01 
Fine sand 0.06 0 0.33 23.87 22.4 20.38 0.2 0.13 0.09 
Very fine sand 0.14 0.19 0 20.43 24.89 8.2 0.31 0.21 0.16 
Coarse silt 53.91 48.19 57.82 32.45 29.96 35.7 69.8 70.68 70 
Medium silt 4.47 10.08 6.66 4.23 3.2 6.41 6.33 6.2 6.37 
Fine silt 36.88 38.09 31.07 16.95 19.2 23.49 23.21 22.75 23.36 
Very fine silt 2.24 1.12 1.11 0 0 0 0 0 0 
Clay 2.24 2.24 2.22 0 0 0 0 0 0 
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3.2.2 Sediment statistics 

Based on the calculation of sediment statistics, the mean size of each station can be seen 
in Table 5. The mean size produced using unit phi (ɸ), Then, classified based on Udden-
Wenworth scale. The mean size at stations 1, 2 and 3 belong to medium silt. The mean size 
at stations 4, 5 and 6 belong to medium sand to very fine sand. And the mean size at 
stations 7, 8 and 9 belong to coarse silt. Other sediment statistic data such as sorting 
coefficient, skewness and kurtosis can be seen in Table 6. 

The larger mean size indicates the finer types of sediment, the smaller sorting value 
indicates the better sorted sediment, and the more negatively skewness value indicates the 
more presence of a large particle size, whereas the more positively indicates the more 
presence of a small particle size [18]. And the smaller kurtosis value indicates the 
distribution of sediment is flatter against the normal distribution and vice versa if the larger 
indicates the peak distribution against the normal distribution [19]. 

 Dominance of mean sizes for medium silt and coarse silt in each of 3 stasions, very 
well sorted sediment in all stasions and very fine skewed sediment in 4 stasions indicated 
there was the uniformity of the sediment, an excess of fine particles and dominance of fine 
sediment type in Pangenan, Cirebon. The sorting value can also indicate the deposition 
type, the characteristic of deposition current and the deposition time [20]. Because the 
analyzed sediments showed very fine sorting, so the sediments have sufficient deposition 
time due to the weak water movement conditions and tend to be stable at the sampling site 
[18]. 

The accreted beaches in the study sites tend to be dominated by the average of silt 
sediments, whereas the abrasioned beaches are dominated by the average of sand 
sediments. This result contrast with research by [21] who reported that the abrasioned area 
in Egyptian Nile Delta had a finer characteristic of coastal sediments compared with the 
accreted area. The difference is probably caused by the presence of river mouths at study 
sites that contribute to high sedimentation. As reported in the [22] study that there was a 
significant relationship between coastline changes with sediment transport and runoff. 

Table 3. Mean size sediment in Pangenan coast of Cirebon. 

Station Mean Classification 
1 5.07 Medium silt 
2 5.16 Medium silt 
3 5.21 Medium silt 
4 3.77 Medium sand 
5 3.88 Very fine sand 
6 3.95 Very fine sand 
7 4.82 Coarse sand 
8 4.84 Coarse sand 
9 4.82 Coarse sand 
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Table 4. Mean size sediment in Pangenan coast of Cirebon. 

Station 
Sorting Skewness Kurtosis 

δ1 Classification Sk1 Classification KG Classification 
1 5.07 Medium silt -0.28 fine skewed 0.65 very platykurtic 
2 5.16 Medium silt -0.08 symmetrical 0.68 platykurtic 
3 5.21 Medium silt -0.47 very fine skewed 0.53 very platykurtic 
4 3.77 Medium sand 0.09 symmetrical 1.06 mesokurtic 
5 3.88 Very fine sand 0 symmetrical 1.11 leptokurtic 
6 3.95 Very fine sand 0.26 coarse skewed 0.89 platykurtic 
7 4.82 Coarse sand -0.40 very fine skewed 0.88 platykurtic 
8 4.84 Coarse sand -0.39 very fine skewed 0.91 mesokurtic 
9 4.82 Coarse sand -0.41 very fine skewed 0.88 platykurtic 

3.2 Coastal slope 

The slope value based on DEM data analysis had a average slope in study site was 
2.46°. The lowest coastal slope was in zone 7 with 1.38° and highest in zone 5 with 4.19°. 
All zones were classified as flat beaches (Table 7). 

Based on the average range of slope in Table 7, it showed that Pangenan coast of 
Cirebon was classified as flat beach. The accreted beaches had slope ranging from 1.99° to 
3.83°, whereas the abrasioned beaches were ranging from 1.38° to 4.19°. The results was 
related to the statement of [3] that the beaches in Cirebon have a slope ranging from 2° to 
4°. Flat beaches have high vulnerability to coastline changes [23, 6]. 

Table 3. Coastal slope in Pangenan coast of Cirebon. 

Zone Coastal slope Classification 
1 2.2 Flat 
2 3.08 Flat 
3 1.99 Flat 
4 3.83 Flat 
5 4.19 Flat 
6 2.19 Flat 
7 1.38 Flat 
8 1.49 Flat 
9 1.83 Flat 
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3.3 Correlation 

The correlation between the rate of coastline changes with the characteristics of 
sediment and coastal slope in Pangenan coast of Cirebon based on correlation analysis, 
showed poor correlation and not significant. The value of significance between the rate of 
coastline change in 1991-1999, 1999-2017 and 1991-2017 with mean, sorting, skewness 
and kurtosis and coastal slope value was > 0.05 which means there is no significant 
relationship between each variable. However, based on description analysis showed the 
tendency was accreted coastline had finer sediment and flatter slope compared to abrasion 
coastline. 

4 Conclusions  

Based on the discussion described above, it can be concluded that: 
1) The dynamic rates of coastline change at Pangenan coast of Cirebon in 1991-1999, 

1999-2017 and 1991-2017 respectively had the average accretion rate was 10.72 
m/year, 7.25 m/year, 8.97 m/year and the average abrasion rate was -12.49 m/year, -
9.67 m/year, -6.70 m/year. 

2) The relation of coastline change rates, sediment characteristic and coastal slope of 
Pangenan coast of Cirebon based on correlation analysis had no significant 
relationship. However, the result tendency was accreted coastline had finer sediment 
and flatter slope compared to abrasion coastline 
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