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Abstract: Natural processes and human-caused activities, including coastal erosion,
constantly threaten coastal areas. This phenomenon is dangerous because the permanent
loss of land leads to the transformation of the coast. In recent years, coastal erosion has
become increasingly complicated in the Mekong Delta, especially in the western coastal
area of Cape Ca Mau. This study aims to provide updated results of the changing trend of
accretion/erosion of the coastline from Cape Ca Mau to Kien Giang in 2021-2023.
Specifically, the rate and area of erosion/accretion considered. Remote sensing and GIS
tools are used. As a result, in Ngoc Hien district, Ca Mau, the erosion rate is 55.66 m/year,
and the erosion area is 47.21 hectares, ranking highest compared to other districts in the
same study area. The results also show that the Kien Giang coastal area has a more
moderate erosion process than the accretion process. In contrast, on the coast of the Ca
Mau Cape area, the erosion and accretion process are complexly interwoven, especially in
the Dat Alluvial Plains area Cape - Ngoc Hien (Ca Mau).

Keywords: Coastal erosion; Landsat8 OLI/TIRS; GIS; Mekong Delta; Ca Mau - Kien
Giang.

1. Introduction

Coastal erosion is one of the important issues in coastal management. To adapt to it
and prevent it where possible and necessary, it is important to recognize the spatial and
temporal scale of the phenomenon as well as its causes [1]. The coastal environment
constantly changes due to human activities and various physical processes. This increases
environmental degradation, including erosion or accretion along many coastal areas.
Coastlines are predicted to face unprecedented pressure this century as climate change
causes changes in sea levels, storm patterns, waves, and tides. This forecast of increasing
pressure is driving a reassessment of current coastal management practices [2—6]. Due to
the special importance of the Mekong Delta to world food security, accretion, erosion, and
land loss in this area are the subject of many studies [7, 8].

The decrease in sediment is considered an essential factor causing coastal erosion in
the Mekong Delta today [9]. However, human activities cannot be ruled out; for example,
sand mining at the river bottom can lead to currents, changing sediment deposition [10].
Mud and sand are trapped behind dams, leading to a decrease in coastal sediment supply,
which is considered the overarching cause of decreased sediment supply to the coast,
leading to coastal erosion [11-13]. To evaluate hydrodynamics and sediment transport, 2-
and 3-dimensional models have been used [14-17]. These studies have focused on
clarifying sediment's seasonal distribution and mud dependence on meteorological,
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hydrological, oceanographic, tide, wave, and storm surges. To evaluate the scope and extent
of sedimentation and erosion processes as well as determine the concentration of suspended
matter (SPM) over time, remote sensing methods have been used [18]-[21]. The modelling
and remote sensing approaches have highlighted how the fine sediment dynamics and
morphology of major tropical deltas, such as the Mekong River, will respond to changing
flow influences and coastal zones.

In this study, the Cape Ca Mau - Kien Giang (CM-KG) area of the Mekong Delta -
located in the southwest of Vietnam with a coastline of more than 340 km, was selected. Here,
many riverbank and coastal erosion occur every year and are on the rise [9]. The results of
remote sensing image analysis in 2016-2020 show that the erosion trend has increased rapidly
in the study area [22-25]. The CM-KG area has a shore retreat speed and ocean advance
speed of -9.8 m/year and +24.3 m/year, with an average speed of 0.7 m/year. Erosions
occurred strongly in 2018-2020, reflected in the area of land loss, increasing 2.7 times (from
250 hectares to 617 hectares) compared to 2016-2018. In 2016-2018, the area of accretion was
up to 1122 hectares; however, by 2018-2020, the accretion area had decreased nearly ten times
[26].

There have been many studies around the world using remote sensing image data to
classify soil water from multi-temporal satellite images and then overlay them to identify and
evaluate shoreline changes [27-29]. Specifically, the study [30] used Landsat 3, 5 and 8
images to create maps, calculate the rate of shoreline change in the Kanyakumari area - the
southern boundary of India, located in Tamil Nadu and predict the period 2030-2040. The
study [31] initial data was obtained from 1:25,000 topographic maps and multi-temporal
satellite images (2006-2015) downloaded from the Google Earth archive focusing on the
Kuwaru coastal area south of Yogyakarta special region facing the Indian Ocean. The study
[4] the period (1990-2016) was analysed using Landsat 5, 7, and 8 images. The study focused
on long-term coastal erosion analysis of the entire Karnataka coast. In Vietnam, research
related to shoreline changes is of special interest. The study [32] Landsat seven images from
2001 to 2017 were used to evaluate Ca Mau coastal coastline changes using the Alesheikh
ratio method (2006). The study [33] used the ENVI 4.7 tool to process remote sensing images
and evaluate changes in the East and West coasts of Ca Mau. The study [34] researched using
Landsat 8 images to assess changes in the Cua Dai coastline in 2016-2021 with a shoreline
extraction technique based on two indices: AWEI index (Automatic Water Extract Index) and
NDWI (Normalization Differentiation Water Index) and shoreline change calculation
technique DSAS (Digital Shoreline Analysis System) [35].

In the above context, based on updated satellite data and remote sensing methods, this
study clarified the sedimentation and erosion trends in the Western region - taking the coastal
area of Ca Mau province - Kien Giang as a research case study. This study aims to clarify the
range of accretion/erosion levels in the selected area, 2021-2023, using the integrated DSAS
method, remote sensing, and GIS. The novelty of this research topic is reflected in the choice
of research area and updated data. Previously, the west coast from Cape Ca Mau to Kien
Giang was rarely chosen for a separate study. Meanwhile, the shoreline fluctuations in Dat
Mui, Vien An (Ngoc Hien district), and Dat Moi (Nam Can district) communes are
complicated by continuous sedimentation and erosion. The results show that applying remote
sensing and GIS to assess shoreline changes is feasible and effective.

2. Materials and Methods
2.1. Study area

The research area is from Ngoc Hien district - Ca Mau, stretching to Ha Tien - Kien
Giang. This area belongs to the Mekong Delta, mainly delta, with large estuaries and
interlaced canals divided into ten sections corresponding to five Kien Giang and five
districts of Ca Mau (Figure 1). Districts in Kien Giang province include Ha Tien-Kien
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Luong, Hon Dat, Rach Gia, An Bien, and An Minh. Districts in Ca Mau province include U
Minh, Phu Tan, Tran Van Thoi, Nam Can and Ngoc Hien.
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Figure 1. Study location map Ca Mau Cape - Kien Giang.

2.2. Data

The remote sensing images used in this study are Landsat8 OLI/TIRS Collection 2 Level
1 images from the Landsat 8 satellite launched on April 10, 2013. The United States
Geological Survey - U.S. Geological Survey (USGS) provided the image free of charge from
the website https://earthexplorer.usgs.gov/. Landsat8 OLI/TIRS Collection 2 Level 1 satellite
images were taken in 11 image channels with different wavelengths and resolutions.
However, the study only uses five image channels with a resolution of 30m x 30m, processed
according to the WGS-84 UTM reference system, applied to area 49. Image interpretation
results help evaluate erosion developments over time according to erosion area and distance
parameters (Table 1). The satellite’s imaging cycle is 16 days; a reasonable time to choose
images is during the dry season months, with little rain and little cloud cover (Table 2).

Table 1. OLI and TIRs sensor characteristics of Landsat 8 satellite images [36].

Wavelength Resolution
Bands (micrometers) (meters)
Band 1 - Coastal aerosol 0.43-0.45 30
Band 2 - Blue 0.45-0.51 30
Band 4 - Red 0.64-0.67 30
Band 5 - Near Infrared (NIR) 0.85-0.88 30
Band 7 - Shortwave Infrared (SWIR) 2 2.11-2.29 30
Table 2. Image data used in the study.
Year Day/month Data set name
2021 04/03 LCO08_L1TP_126053_20210304_20210312_02_T1
21/04 LCO8_L1TP_126054_20210421_20210430_02_T1
2022 02/01 LCO08_L1TP_126053_20220102_20220106_02_T1
18/01 LCO08_L1TP_126054_20220118_20220123_02_T1
2023 06/02 LCO08_L1TP_126053_20230206_20230209_02_T1
10/03 LCO08_L1TP_126054_20230310_20230320_02_T1
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2.3. Methods and implementation steps

In recent decades, remote sensing technology has developed rapidly as a tool to collect
geospatial and atmospheric data with applications ranging from geoscience to economics.
Currently, several methods are used to analyze coastline change, of which the Digital
Shoreline Analysis System (DSAS) is considered an effective and widely used tool [31].
DSAS can integrate with ArcGIS software to analyze geographic information and calculate
shoreline change rates in space and time. DSAS supports ArcGIS software to calculate the
shoreline change rate over time by creating transect lines orthogonal to the set distance,
thereby calculating the resulting shoreline change rate and matching the statistics in the
attribute table. The distance between the transects is set, and the transects are constructed
perpendicular to the Baseline baseline. The combination of DSAS and satellite images has
been applied to several studies by [32-34]. Classifying surface cover types and analyzing
changes is one of the most common applications of remote sensing. One of the most basic
classification tasks is distinguishing water bodies from dry land surfaces. Landsat images
are one of the most widely used data sources in remote sensing of water resources. The
Automated Water Extraction Index (AWEI) was introduced to improve classification
accuracy in areas with dark surfaces that other classification methods often fail to classify
accurately [37]. The NDWI index (Normalized Difference Water Index - normalized
difference water index) is often used to detect and distinguish areas with surface water from
other objects [38]. In this study, the main steps include:

Step 1: After downloading and decompressing remote sensing images, they are inserted
into ENVI 5.2 software to standardize the images. Convert the numerical values on the
image to the value of physical radiation at the sensor. Then, the values of physical radiation
at the sensor are converted to the value of reflection in the upper atmosphere of the object
(object). AWEI calculation is essential to highlight land and water objects. Then, export the
file in .tiff format and import it into ArcGIS to digitize the shoreline of the study area at the
same scale. The result is to extract the shoreline for each year of study [25, 26].

Step 2: Use the DSAS tool to analyze accretion/erosion rates under the changes of the
extracted shorelines. Calculate the distance and area of accretion/erosion over each year.
Calculating and analyzing the shoreline is carried out as follows: Determine the baseline
and calculated shorelines; Create transect lines perpendicular to the shore; Calculate the
rate of shoreline change. Based on the collected data, the start-end rate (EPR) method was
chosen to analyze the results. Formulas used: [25, 26]

EPR = Rate of change/ Total time to monitor changes (m/year)

where the rate of change is the distance between two coastlines, the total time of

monitoring changes is the time between the oldest and newest coastlines [21].
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Figure 2. Study structure diagram.

3. Results and discussion

The area selected is a new land deposited by alluvium, formed by two ocean currents in
the East Sea and the Gulf of Thailand, receiving alluvium from the Mekong River. The area
is plain, has many rivers and canals, is a low, flat terrain, and is often flooded. The average
height is 0.5m to 1.5m above sea level. The terrain direction gradually tilts from North to
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South, from Northeast to Southwest. U Minh and Tran Van Thoi low-lying areas are inland
“hanging depressions” limited by natural dikes of the Ong Doc, Cai Tau, and Trem river
systems and high land edges along the West Coast. This hanging depression stagnates water
all year round and becomes a swamp. The study of shoreline delineation and segmentation is
shown in Figure 3; the results are analyzed and discussed in subsections.
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Figure 3. Delineation of the shoreline of typical accretion/erosion areas in Ca Mau - Kien Giang
provinces in the period 2021-2023.

3.1. The accretion/erosion at Ha Tien - Kien Luong - Hon Dat districts

In Ha Tien - Kien Luong, in the period 2021-2022, the accretion/erosion rate is 18.08
m/year and 42.08 m/year, respectively, and the accretion/erosion area is 12.79 ha and 36.01
ha, respectively. In 2022-2023, the accretion/erosion rate is 11.34 m/year and 32.30 m/year,
and the accretion/erosion area is 18.71 ha and 30.16 ha, respectively. In 2021-2023, the
accretion/erosion rate is 11.16 m/year and 41.14 m/year, and the accretion/erosion area is
22.79 ha and 32.71 ha, respectively. Based on Figure 4A, the area of Binh An - Kien Luong
commune is an erosion area.

At Hon Dat, in 2021-2022, the accretion/erosion rate is 19.49 m/year and 28.06 m/year,
respectively, and the accretion/erosion area is 30.68 ha and 5.58 ha, respectively. In 2022-
2023, the accretion/erosion rate is 18.56 m/year and 15.55 m/year, and the accretion/erosion
area is 2.20 ha and 3.51 ha, respectively. In 2021-2023, the accretion/erosion rate is 17.60
m/year and 27.80 m/year, and the accretion/erosion area is 30.46 ha and 6.64 ha, respectively.
Figure 4B clearly shows the erosion area in the Binh Giang and Binh Son commune. The
results also show that between 2021-2022 and 2022-2023, the erosion rate will decrease,
most clearly occurring in the area of Binh Giang commune and Binh Son commune; erosions
only appear in Binh An commune. Some accretion locations are 2021-2022, accretion in Son
Kien commune, and 2022-2023 in Binh Son commune (Figure 4C). The variation in
accretion/erosion area is shown in Figure 4D.
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Figure 4. Map and chart showing erosion/accretion rate in TX. Ha Tien, Kien Luong, Hon Dat
districts.

3.2. The accretion/erosion at Rach Gia - An Bien districts

In Rach Gia, in 2021-2022, the accretion/erosion rate is 11.16 m/year and 23.58 m/year,
and the accretion/erosion area is 12.87 ha and 15.93 ha, respectively. In 2022-2023, the
accretion/erosion rate is 16.43 m/year and 21.26 m/year, and the accretion/erosion area is
15.02 ha and 7.09 ha, respectively. In 2021-2023, the accretion/erosion rate is 15.40 m/year
and 29.04 m/year, and the accretion/erosion area is 21.68 ha and 17.93 ha, respectively.

In An Bien, in 2021-2022, the accretion/erosion rate is 0.49 m/year and 42.94 m/year; the
accretion/erosion area is 5.05 ha and 27.92 ha, respectively, Figure 5A. In 2022-2023, the
accretion/erosion rate is 10.24 m/year and 24.96 m/year, and the accretion/erosion area is 9.39
ha and 17.24 ha, respectively. In 2021-2023, the accretion/erosion rate is 6.74 m/year and
26.27 m/year, and the accretion/erosion area is 9.21 ha and 29.59 ha, respectively. Based on
Figure 5B, the Tay Yen commune area is an erosion area. The results show that the erosion
rate will decrease between 2021-2022 and 2022-2023, most clearly in the Tay Yen - An Bien
commune area. Some locations have accretion changes, such as erosions in 2021-2022 in An
Hoa ward and accretion in 2022-2023. In Rach Soi ward, erosion has continuously increased
over the years (Figure 5C). The variation in accretion/erosion area is shown in Figure 5D.
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Figure 5. Map and chart showing erosion/accretion rate in Rach Gia, An Bien districts.

3.3. The accretion/erosion at An Minh - U Minh districts

In An Minh, in 2021-2022, the accretion/erosion rate is 15.87 m/year and 11.93 m/year,
and the accretion/erosion area is 16.21 ha and 7.18 ha, respectively (Figure 6A). In 2022-
2023, the accretion/erosion rate is 4.13 m/year and 18.94 m/year, and the accretion/erosion
area is 0.79 ha and 2.32 ha, respectively (Figure 6B). In 2021-2023, the accretion/erosion rate
is 8.48 m/year and 10.43 m/year, and the accretion/erosion area is 11.87 ha and 5.05 ha,
respectively. Figure 6 shows the Van Khanh commune and Van Khanh Dong commune as
accretional areas.

In U Minh, in 2021-2022, the accretion/erosion rate is 13.35 m/year and 6.77 m/year, and
the accretion/erosion area is 10.25 ha and 6.61 ha, respectively (Figure 6A). In 2022-2023,
the accretion/erosion rate is 12.57 m/year and 4.80 m/year, and the accretion/erosion area is
10.30ha and 4.87ha, respectively (Figure 6B). In 2021-2023, the accretion/erosion rate is
11.52 m/year and 8.85 m/year, and the accretion/erosion area is 10.06 ha and 5.12 ha,
respectively (Figure 6C). Based on Figure 6, the area of Khanh Hoi commune and Khanh
Tien commune is an accretion area.

Analysis results show that erosion and accretion are interwoven in An Minh-U Minh, but
accretion is predominant. Between 2021-2022 and 2022-2023, the accretion rate in this area
decreased, but An Minh district only has an increased erosion rate. The variation in
accretion/erosion area is shown in Figure 6D.
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Figure 6. Map and chart showing erosion/accretion rate in An Minh and U Minh districts.

3.4. The accretion/erosion at Tran Van Thoi district

At Tran Van Thoi, in 2021-2022, the accretion/erosion rate is 19.41 m/year and 7.02
m/year, and the accretion/erosion area is 20.05 ha and 3.36 ha, respectively (Figure 7A). In
2022-2023, the accretion/erosion rate is 16.29 m/year and 5.55 m/year, and the
accretion/erosion area is 26.17 ha and 4.95 ha, respectively (Figure 7B). In 2021-2023, the
accretion/erosion rate will be 17.65 m/year and 6.49 m/year, and the accretion/erosion area
will be 19.99 ha and 5.24 ha, respectively. Figures 7A-C show that the area of Khanh Hai
commune, Song Doc town, and Phong Dien commune is the accretional area. The variation
in accretion/erosion area is shown in Figure 7D.

Analysis results show that erosion and accretion are interwoven in the Tran Van Thoi
area, but accretion is the main. Although the accretion rate will decrease between 2021-
2022 and 2022-2023, the accretion area will still increase, and the erosion area will increase
slightly. The variation in accretion/ erosion area is shown in Figure 7D.
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Figure 7. Map and chart showing erosion/accretion rate in Tran Van Thoi district.

3.5. The accretion/erosion at Phu Tan - Nam Can - Ngoc Hien districts

In Phu Tan, in 2021-2022, the accretion/erosion rate is 15.39 m/year and 10.04 m/year,
and the accretion/erosion area is 30.71 ha and 8.03 ha, respectively. In 2022-2023, the
accretion/erosion rate is 13.74 m/year and 4.39m/year, and the accretion/erosion area is
40.80 ha and 5.18 ha, respectively. In 2021-2023, the accretion/erosion rate is 15.95m/year
and 9.30m/year, and the accretion/erosion area is 30.68 ha and 7.87 ha, respectively. Figure
6 shows the area of Phu Tan commune to Cai Doi Vam commune shows an accretion trend
but is still slightly eroded.

In Nam Can, in 2021-2022, the accretion/erosion rate is 10.95 m/year and 37.73
m/year, and the accretion/erosion area is 3.67 ha and 10.52 ha, respectively Figure 8 A. In
2022-2023, the accretion/erosion rate is 8.92 m/year and 25.99 m/year, respectively, and the
accretion/erosion area is 4.23 ha and 26.39 ha, Figure 8B. In 2021-2023, the
accretion/erosion rate is 9.34 m/year and 33.88 m/year; the accretion/erosion area is 4.61 ha
and 32.71 ha, respectively. The results shown in Figure 8 show that the areas of Dat Moi
and Lam Hai communes have an erosion trend.
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Figure 8. Map and chart showing erosion/accretion rates in Phu Tan, Nam Can and Ngoc Hien
districts.

In Ngoc Hien, in 2021-2022, the accretion/erosion rate is 16.89 m/year and 36.53
m/year, respectively, and the accretion/erosion area is 10.56 ha and 39.10 ha, respectively.
In 2022-2023, the accretion/erosion rate is 9.09 m/year and 55.66 m/year, and the
accretion/erosion area is 8.73 ha and 47.21 ha, respectively. In 2021-2023, the
accretion/erosion rate is 11.55 m/year and 47.79 m/year, and the accretion/erosion area is
9.39%ha and 44.73 ha, respectively. The interpretation results in Figure 8 show that the areas
of Vien An and Dat Mui communes are severely eroded.

General assessment shows that erosion and accretion are complexly interwoven yearly
at Phu Tan - Nam Can - Ngoc Hien. In both periods, Phu Tan district was mainly accreted
from Phu Tan commune to Cai Doi Vam commune. In 2021-2022, erosion will occur in
Dat Moi - Nam Can commune and Vien An - Ngoc Hien commune area. By 2022-2023,
erosion will expand further in Dat Moi commune, Lam Hai commune - Nam Can and is
especially serious in Ngoc Hien district, from Vien An commune to Dat Mui commune.
The variation in accretion/erosion area is shown in Figure 8D.
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4. Conclusion

Evaluation results based on the shoreline extraction technique using the AWEI index
and DSAS tool to calculate the current state of the shoreline over the years clearly show the
trend of erosion/accretion on the coast of the Mekong Delta, the section from Ca Mau Cape
to Kien Giang.

Although the trends of accretion/erosion in the study area are mixed, in the study
period 2021-2023, the total area of accretion is 170.74 hectares, while the total area of
erosion is 257.34 hectares. Thus, the increasing trend of erosion is a potential risk for the
area. The results also show that the area of land loss in 2022-2023 is 115.43 hectares, an
increase compared to the area of land loss in 2021-2022 of 109.37 hectares.

Next, it is necessary to clarify the mechanism of the formation of erosion and accretion
zones by modelling seasonal hydrodynamic factors and mud and sediment factors received
from the upstream to the river mouth. From the above results, we can determine the
importance of applying remote sensing image analysis combined with GIS to monitor
coastline changes. This method gives quick results and is less time-consuming but still
ensures results, so this will be a helpful choice in shoreline protection, prevention, and
management.
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