
  

 

Abstract—This paper presents an application of RS (remote 

sensing) and GIS (Geographic Information System) to analyze 

the spatial changes as well as quantify the shoreline change of 

Peat Soil Beach in Bengkalis Island, Riau Province, Indonesia. 

The area of Bengkalis Island is about 900 km
2
, of which 665 km

2
 

is covered by peat more than 1 m thick. Landsat satellite images 

were used with a combination of histogram thresholding and 

band ratio method for shoreline change detection for last 26 

years from 1988 to 2014. The statistical method called as LRR 

(Linear Regression Rate) and EPR (End Point Rate) in DSAS 

(Digital Shoreline Analysis System) was used to estimate the 

erosion and deposition rates. The shoreline of Bengkalis Island 

is dynamically changed over a time because abrasion rate is 

very high due to land use change in peat swamp forest. The 

maximum abrasion was 32.75 m/year and 32.53 m/year based 

on EPR and LRR methods respectively. Generally, either using 

EPR method or LRR method did not show a significant 

difference, although the LRR method tends to slightly 

underestimate.   

 
Index Terms—Shoreline change, peat soil beach, GIS, RS.  

 

I. INTRODUCTION 

Riau province is located in northeast Sumatera Island, 

Indonesia that almost 51% of the area is covered with peat 

deposits; 93% of deposits are ombrogenous peat swamp 

forest. The lowland peat extends 450 km along the coast in 

Riau Province. Peat deposits cover most of the coastal low 

lands and the islands of Bengkalis, Padang, Tebingtinggi, 

Rangsang, Mendol, and Rupat. The area of this study focused 

in Bengkalis island, because the shoreline has significantly 

changed recently due to land use change and coastal 

hydrodynamic. The area of Bengkalis Island is about 900 km2, 

of which 665 km2 is covered by peat more than 1 m thick [1]. 

The shoreline change of peat soil beach in Bengkalis island 

was analyzed using historical remote sensing data based on 

Geographic Information System. Currently, the use of 

satellite imagery dataset is very important role in providing 

data for analysis and monitoring of coastal areas because the 

data are available in long time period. Landsat ETM+ 

(Enhanced Thematic Mapper) and TM (thematic mapper) 

with 15 m and 30 m spatial resolution are satellite dataset 

which can be used for analysis and monitoring of shoreline 
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change [2]-[4]. Landsat satellite images, such as Landsat 5 

TM, Landsat 7 ETM+ and Landsat 8 OLI (Operational Land 

Imager) were used with a combination of band ratio method 

for shoreline change detection for last 26 years from 1988 to 

2014. Historical shoreline position of Bengkalis Island was 

extracted by applying image processing, such as geometric 

rectification, atmospheric correction, and on-screen shoreline 

digitizing. 

With historical shoreline data input, the erosion and 

deposition rates can be estimated by overlaying using GIS 

tool. The rate of shoreline change can be calculated by DSAS 

(Digital Shoreline Analysis System), an extension for 

ArcGIS. DSAS is a digital shoreline analysis tool that can be 

used to compute rate-of-change statistics for a time series of 

historical shoreline data which is developed by United States 

Geological Survey (USGS) [5]. The DSAS has been 

successfully applied in many types of beach in the world, 

such as sandy beach [6], silt and clay beach [3], [7]. The tool 

can be used not only to compute the rate of shoreline change, 

but also to calibrate a numerical model for shoreline 

prediction [8], [9]. 

The statistical methods called as LRR (Linear Regression 

Rate) and EPR (End Point Rate) in DSAS were used in this 

study. The LRR method can be determined by fitting a least 

squares regression line to all shoreline points for a particular 

transect. The rate of shoreline change is the slope of the line. 

The EPR method is calculated by dividing the distance of 

shoreline movement by the time elapsed between the earliest 

and latest measurements. The both methods tend to give 

small differences for computed results in many cases [10], 

[11]. However, the LRR method is easier to employ and 

based on accepted statistical concepts with acceptable 

accuracy [12]-[14]. 

 

II. METHODS 

A. Study Area 

The study area is located in Bengkalis Island, Riau 

Province, Indonesia which lies 10 km off the coast of 

Sumatera along the west side of Malacca Strait as shown in 

Fig. 1. The island is almost flat and has maximum surface 

elevation of approximately 10-15 m above sea level. The 

maps of Bengkalis Island shows streams draining out of the 

peat deposits in a radial drainage pattern characteristic of 

domed peat deposits. The drainage pattern indicate that the 

peat deposit on the island is a group of peat domes each with 

a vortex surface topography. The peat deposits are five 

domes of peat having maximum thicknesses approximately 
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of 6 to 10 m [1]. 

 

 
 

 
Fig. 1. The study area and the Isopach map of Bengkalis Island [1]. 

 

B. Data 

Satellite data used in this study consisted of 5 years of data 

records, such as Landsat TM (Thematik Mapper) 1988, 

Landsat TM 2000, Landsat ETM+ (Enhanced Thematic 

Mapper) 2004, Landsat ETM+ 2010, and Landsat 8 OLI 

2014. Landsat TM has a resolution of 30 m, while the 

Landsat ETM+ and Landsat-8 OLI band 8 have a resolution 

of 15 m. Path and Row position is on the Path 127 and Row 

29 or UTM 40N. Specifications of those satellite data are 

presented in Table I. Selection of the data were based on 

availability and quality of the satellite data. 

 
TABLE I: LANDSAT DATA USED FOR THIS STUDY 

Aquisition date Satellite Sensor Resolution 

07/31/1988 Landsat 5 TM 30 m 

03/10/2000 Landsat 5 TM 30 m 

07/19/2004 Landsat 7 ETM+ 15 m, 30 m 

01/09/2010 Landsat 7 ETM+ 15 m, 30 m 

01/20/2014 Landsat 8 OLI 15 m, 30 m 

 

C. Methods 

Analysis and interpretation of Landsat data consists of 

cropping the image, image enhancement, geometric 

correction, digitization, and overlapping. Cropping the image 

was made to take the focus area of research to save storage in 

a computer memory. Image enhancement was the 

combination of bands needed to make clearer the boundary 

between land and water that will ease the process of 

digitization coastline. For Landsat TM and ETM+, the 

combination of histogram threshold and band ratio 

techniques is proposed by using band 2, 4, and 5 to separate 

water and land directly [2]. Other approach is to use single 

band thresholds such as band 5 or band 7 of Landsat TM and 

ETM+ to extract water-land interface because they are useful 

in clear water conditions [15]. The Landsat image data were 

obtained in GeoTiff format which have been corrected so that 

the geometric correction was omitted. After classification, 

raster images would be converted to vector images. The final 

step is to export into shapefile format for processing in GIS 

tool. 

Statistical analysis based on GIS was performed to 

determine the level of shoreline change or the rate of coastal 

erosion. This was done by using the software DSAS (Digital 

Shoreline Analysis System), an extension for ArcGIS. 

Shoreline analysis using DSAS consists of three main stages, 

such as : 1) to set up baseline parallel to the shoreline as the 

reference line, 2) to choose parameter for transects 

perpendicular to the baseline that divides coastline in sections, 

and 3) to calculate the rate of change each section. Linear 

Regression Rates (LRR) method and End Point Rate (EPR) 

method, two statistical method that were chosen to present 

the computational results. The LRR can be determined by 

fitting a least squares regression line to all shoreline points 

for a particular transect as shown in Fig. 2 [5]. The regression 

line is placed so that the sum of the squared residuals 

(determined by squaring the offset distance of each data point 

from the regression line and adding the squared residuals 

together) is minimized. The rate of shoreline change is the 

slope of the line. The advantages of linear regression include : 

a) all the data are used, regardless of change in trend or 

accuracy; b) the method is purely computational; c) it is 

based on accepted statistical concepts; and d) it is easy to 

employ. 

The end point rate is calculated by dividing the distance of 

shoreline movement by the time elapsed between the oldest 

and the most recent shoreline as shown in Fig. 3. The major 

advantages of the EPR are the ease of computation and 

minimal requirement of only two shoreline dates. The major 

disadvantage is that in cases where more data are available, 

the additional information is ignored. 

 

 
Fig. 2. The method of LRR calculation [5]. 
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Fig. 3. The method of EPR calculation [5]. 

 

 
Fig.  4. Abrasion and accretion area of Bengkalis Island during 1988 ~ 2014. 

 

 
Fig. 5. Historical abrasion and accretion area of Bengkalis Island during 

1998 ~ 2014. 
 

 

 
Fig. 6. Rate of abrasion and accretion of the Bengkalis Island during 

1988-2014. 

 
 

 

 

 

 

 

 

 
Fig. 7. Land cover in west part of the Bengkalis Island in 1988. 

 

 

 

 

 

 

 
Fig. 8. Dominant Land cover change in west part of the Bengkalis Island in 

2004-2013. 

 

III.   RESULTS AND DISCUSSIONS 

A. Identification of Shoreline Change 

The image processing, such as cropping, enhancement, 

and correction were applied for 5 years of Landsat data 

records. By image processing and digitizing, the historical 

shorelines data of Bengkalis Island for the last 26 years can 

be extracted from Landsat. From the extracted shoreline data, 

the historical of shoreline change can be analyzed by 

overlaying process. Identification of coastal abrasion and 

coastal accretion during 26 years, from 1998 to 2014 can be 

carried out by overlaying the oldest and the newest shorelines, 

and the result is shown in Fig. 4. The figure shows that most 

of the north side of Bengkalis Island occur abrasion with 

various level the rate of shoreline change. The most damage 

level of abrasion occurred in the western end of the island. 

However, the accretion processes occurred in the south side 

of the west Bengkalis Island. For the next detail discussion, 

this study focused on the west part of Bengkalis Island. 

Fig. 5 shows the more detail historical shoreline change of 

Bengkalis Island in the west part in 1988, 2000, 2004, 2010, 

and 2014. It shows that the abrasion occurred along the north 

side of Bengkalis Island, while the accretion occurred in the 

south side. This phenomenon shows that beach material were 

transported from north side to the south by drift current and 

diffraction process. 

B. Rate of Abrasion and Accretion Change 

The rate of abrasion and accretion in Bengkalis Island 

during some specific time periods is shown in Fig. 6. It shows 

that the abrasion rate during 1988-2000 and during 

2000-2004 were 47 ha/year and 43 ha/year respectively. The 

abrasion rate increased significantly after 2004. During 

2004-2010 and 2010-2014, the abrasion rate were 73 ha/year 

and 94 ha/year respectively. To investigate the causes of high 

abrasion in the west part of Bengkalis Island during these 

time periods, an analysis of land use change was done. The 

analysis was performed by using historical Landsat data. The 

results showed that there were a significant land use change 

after 2004 as shown in Fig. 7 and Fig. 8. The figures show 

that the land use change was dominantly from peat swamp 

forest to palm oil plantation. Those changed areas were about 

11,653 ha. Those significant land use changes from 2004 to 

2013 correspond with the rate of abrasion in that time period. 

It means that the high abrasion in the west part of Bengkalis 

Island is mainly caused by the land use change from peat 

swamp forest to palm oil plantation. 

However, the average rate of accretion  in Bengkalis Island 

was about 12-35 ha/year. From this analysis can be estimated 

Abrasion area 

Accretion 

area 
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that, during the period of last 26 years, Bengkalis coast has 

suffered abrasion area about 1,504.93 ha and accretion area 

about 419.39 ha. This mean that, during the last 26 year, 

Bengkalis Island has lost the land area about 1,085.54 ha, or 

an average of 42.57 ha/year. 

C. Shoreline Change Mechanism 

After the landuse change significantly from peat swamp 

forest to palm oil plantation in the west part of Bengkalis 

Island, the water balance in this area have not been well 

distributed in time and space. Many canals have been made 

for plantation purpose that have been made this area easy 

dried. This made the water table lower and peat material in 

the surface became dry especially in the dry season. When 

the rainy season comes, the precipitation will increase the 

mass of the peat soil through increasing the water content. 

This will reduce the stability of peat slopes that will cause 

peat failure. The evidences show that the failures usually 

occur in the rainy season as shown in Fig. 9. The figures 

show that there was no peat failure in June 21st 2014 which 

was in dry season. After rainy season, on January 15, 2015, 

many peat failures were occured along the north side of 

Bengkalis coast. Fig. 10 also shows an evidence that peat 

slope failure have occured in west part of Bengkalis Island. 

There is a straight road which was initially smooth on August 

2013, but seven months after it became a terraced road 

because of sliding in that area. This evidence indicates that 

bog burs peat failures have been occurred in west part of 

Bengkalis Island. 

 

 

 
Fig. 9. Peat failure in coastal area of Bengkalis Island. 

 

 

 
Fig. 10. Bog burs peat failure evidence in Bengkalis Island. 

 

Peat failure in the coastline area will generate a movement 

amout of peat material to the coastal area as shown in Fig. 9. 

These peat materials were very easy to be transported by 

current drift because these peat were relatively very light 

material. The wind rose data around Bengkalis coast show 

that the dominant wind direction is from north-east [12]. The 

wind have generated dominant wave also from north-east 

direction. As a result, this caused longshore sediment 

transport from east to the west direction. The dominant wave 

also have been deflected in the west end of Bengkalis Island 

which have caused a wave diffraction process. The wave 

diffraction process had an important role on sedimentation 

process in the south side of the west Bengkalis Island. 

D. Rate of Shoreline Change 

In order to quantify the rate of abrasion and accretion more 

detail in a specific location, then further analysis using the 

DSAS (Digital Shoreline Analysis System) software has 

been conducted. The analysis was performed on shoreline 

change data record for five years, ie 1988, 2000, 2004, 2010, 

and 2014. As a reference to the shoreline change for each of 

these years, it were made baselines that were parallel to the 

shoreline. Multiple shoreline positions along with fictitious 

baseline are the basic requirement for analyzing the shoreline. 

Long-term rates of change were calculated for entire study 

areas at each transect for 26 years i.e. 1988 to 2014 using 

EPR and LRR method considering 7 datasets. Fig. 11 shows 

a result of the shoreline change analysis for west part of 

Bengkalis Island. There are 118 transects established in this 

zone with 500 meter interval. The figure shows the rate of 

shoreline change in each transect number as a results from 

DSAS tool. It can be seen from the figure that the positive 

and negative rates of change show the beach accretion and 

beach abrasion correspondingly.  

Fig. 11 shows the rate of shoreline change of Bengkalis 

Island using EPR Method whereas Fig. 12 shows the 

comparison of Rate of shoreline change of Bengkalis Island 

using both EPR and LRR Method. The analysis showed that 

the maximum rate of abrasion occurred in the western part of 

the Bengkalis Coast, ie around transect number-8 as shown in 

Fig. 11. The rate of abrasion at this site are about 32.75 

m/year and 32.53 m/year based on EPR and LRR methods 

respectively. The rate of abrasion tends to decrease in the 

eastward of Bengkalis Island. Unlike the abrasion process 

that occurs along the northern coast of the Bengkalis Island, 

beach accretion process only occurs in the west coast of 

Bengkalis Island with approximately 3 km long. The 

maximum rate of accretion are about 39.21 m/year and 44.52 

m/year based on EPR and LRR method respectively. That 

was occurred around transect number 5. 
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Generaly, the results of the rate of shoreline change 

estimation either using EPR method or LRR method did not 

show a significant difference, as shown in Fig. 12. The LRR 

method tends to slightly underestimate.  

 

 
Fig. 11. Rate of shoreline change of Bengkalis Island using EPR Method 

 

 
Fig. 12. Comparison of Rate of shoreline change of Bengkalis Island using EPR and LRR Method 

 

IV. CONCLUSION 

The integration between remote sensing and GIS 

technology is very useful because it can be used to overview 

the long-term shoreline changes in the concerned area 

quickly. The paper showed that the rate of shoreline change 

could be calculated by statistical method which was built in 

the extension of GIS tool. Quantitatively, the shoreline of 

Bengkalis Island is dynamically changed over a couple of 

year because abrasion rate is very high due to land use change 

in peat swamp forest. The maximum abrasion was 32.75 

m/year and 32.53 m/year based on EPR and LRR methods 

respectively. Generaly, either using EPR method or LRR 

method did not show a significant difference, although the 

LRR method tends to slightly underestimate. It should be 

noted that peat soil beach is very vulnerable against the wave 

and the distribution of water in time and space. 
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