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In recent years, shoreline determination has become an issue of increasing importance
and concern, especially at the local level, as sea level continues to rise. This study
identifies the rates of absolute and net erosion, accretion, and shoreline stabilization
along the coast of Kuakata, a vulnerable coastal region in south-central Bangladesh.
Shoreline change was detected by applying remote sensing and geographic information
system (RS-GIS)-based techniques by using Landsat Thematic Mapper (TM), Landsat
8 Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS) satellite images
at 30-m resolution from 1989, 2003, 2010, and 2020. The band combination (BC)
method was used to extract the shoreline (i.e., land-water boundary) due to its improved
accuracy over other methods for matching with the existing shoreline position. This
study also used participatory rural appraisal (PRA) tools which revealed the societal
impacts caused by the shoreline changes. Coupling RS-GIS and PRA techniques
provides an enhanced understanding of shoreline change and its impacts because PRA
enriches the RS-GIS outcomes by contextualizing the findings. Results show that from
1989 to 2020, a total of 13.59 km2 of coastal land was eroded, and 3.27 km2 of land
was accreted, suggesting that land is retreating at about 0.32 km2 yr−1. Results from the
PRA tools support this finding and demonstrate that fisheries and tourism are affected
by the shoreline change. These results are important in Kuakata, a major tourist spot in
Bangladesh, because of the impacts on fisheries, recreation, resource extraction, land
use planning, and coastal risk management.

Keywords: shoreline change, remote sensing, GIS, coastal erosion and accretion, Landsat TM, participatory rural
appraisal, Kuakata, Bangladesh

INTRODUCTION

The coast is a unique geologic, ecological, and biological domain that supports resource extraction,
biodiversity, recreation, aesthetics, and trade—all amid natural hazard risk. Thus, coastal land-use
planning and risk management are critical. Micro-scale (i.e., at local levels) hazard risk assessment
is important to inform planning efforts aimed at reducing losses from various natural hazards
(Mostafiz et al., 2020a,b). Determination of region-specific shoreline morphometric changes is of
particular concern to better characterize the changing risk to its inhabitants.
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These shoreline changes are important in general, as the
Center for Climate Systems Research and The Earth Institute
of Columbia Climate School (2006) estimated that the world
population living within 60 miles of a coastline in 2025 would
increase by 35 percent above 1995 levels. But shoreline changes
are particularly important in coastal south Asia, including
Bangladesh, where the coastline is considered highly vulnerable
to sea level rise (Oppenheimer et al., 2019) not only because of the
gentle slope of the deltaic formation (Brammer et al., 1996; Akter
et al., 2016) but also because of the dense population (Penning-
Rowsell et al., 2013), amid the threats of anticipated accelerating
sea level rise related to global climate change (Huq et al., 1996;
Alam et al., 2018) and local subsidence (Hanebuth et al., 2013).
One area on the Bangladesh coastline that is of particular concern
is near the resort town of Kuakata, where both fluvial and marine
processes dominate the shoreline while storm surges (Mitra et al.,
2013) and human intervention (Brammer, 2014; Bushra et al.,
2016) exacerbate vulnerability to hazards.

Identification of the land-water interface is not an easy task,
especially where the fluvial and marine processes are present
simultaneously. Satellite imagery provides the opportunity to
identify precisely the changes of shoreline over time. Several
studies have quantified shoreline change using satellite images
at relatively active coastal zones. For example, Chen (1998)
used sequential SPOT imagery and tidal measurements to detect
shoreline changes on the western coast of Taiwan. Since Chen
(1998), others have used satellite imagery to detect shoreline
changes of Port Said, Egypt (Elkoushy and Tolba, 2003);
Tanzania (Makota et al., 2004); eastern (Maiti and Bhattacharya,
2009; Chand and Acharya, 2010; Pritam and Prasenjit, 2010;
Mukhopadhyay et al., 2012), southern (Kumaravel et al., 2013;
Mujabar and Chandrasekar, 2013), and western India (Deepika
et al., 2014); Bangladesh (Sarwar and Woodroffe, 2013); the
Persian Gulf (Niya et al., 2013); Vietnam (Tran Thi et al.,
2014); Indonesia (Yulianto et al., 2019); the Gulf of Oman
(Ghaderi and Rahbani, 2020); Reggio Calabria, Italy (Barbaro
et al., 2017; Foti et al., 2019; Barillà et al., 2020); and the Arctic
(Zagorski et al., 2020).

In Bangladesh, shoreline studies are typically linked to climate
change impacts and sea level change (Ali, 2000; Sarwar, 2013;
Zaman et al., 2018). Scientists at the Centre for Environmental
and Geographic Information Services (Centre for Environmental
and Geographic Information Services (CEGIS), 2009) found that
Bangladesh’s landmass increased by 20 km2 annually over the
1973–2005 period. Models suggest that the natural accretion
occurring in Bangladesh for hundreds of years along the estuaries
will continue for decades or centuries into the future (Centre for
Environmental and Geographic Information Services (CEGIS),
2009). Yet many people living along the coast of Bangladesh have
observed anecdotally that sea levels are rising on human time
scales. Locals suggest that while new land is emerging, more land
is disappearing (Brammer, 2014; Ahmed et al., 2018).

Rahman (1999) described the morphometric properties of
Kuakata beach along with the sand grain uniformity and
properties. Rahman et al. (2013) examined shoreline shifting rates
via satellite imagery available from 1973 to 2010, with results
describing the locations and rates where erosion and accretion

dominate. Islam et al. (2013) analyzed multi-temporal satellite
images of the Kuakata shoreline from 1973 to 2012 and concluded
that it is an unstable shoreline where both erosion and accretion
were taking place over the study period, but erosional activities
were dominating the coastline, especially over the eastern region.

While previous remote-sensing-based work is useful and
must be updated to include the most recent observations,
research is also needed that uses technical and societal
approaches simultaneously, where causality can be assessed
through direct observation. The observational evidence by
the local community is important, as their intergenerational
familiarity with their homeland precedes and includes the
Satellite Era; their perception can be a great contribution
for analyzing impacts and future planning. Although Bushra
et al. (2014, 2016) explained the physical processes driving
the modification of the Kuakata coast, no previous study has
identified and quantified the micro-scale shifting of the shoreline
while incorporating both physical and social perspectives. This
task is subjective and time-consuming, as seasonal variations and
tidal influences complicate the determination of the shoreline
boundary (Boak and Turner, 2005).

This study addresses the extent of shore erosion, accretion,
and stabilization along the coast of Kuakata using remote
sensing (RS) and geographic information systems- (GIS-) based
methods, to provide a basis for assessing the current and potential
economic and environmental impacts of the present condition.
Along with detecting the shoreline applying RS-GIS technique,
this study also incorporates the perceptions of community
members who face the consequences over time by applying
participatory rural appraisal (PRA) tools.

While geophysical research is mostly confined to the
application of a technical approach, this research demonstrates
that applying PRA can be important for demonstrating causation
and consequences of the shoreline change, and can even
approximate the outcomes of the quantitative analysis. Coupling
RS-GIS and PRA is important because studying shoreline
change would contribute little without listening to ideas for
improving lives and livelihoods which is often neglected in
shoreline studies. In an age of multiplicity of knowledge systems,
integration of technical and societal approaches is important
to advance socio-economic development, particularly in less
developed countries, where community participation contributes
substantially toward understanding (Puri, 2007). In such cases,
PRA tools can be more effective for sustainable development and
policy implementations. Several studies (e.g., Brodnig and Mayer-
Schönberger, 2000; Mialhe et al., 2015; Koeva et al., 2020) have
recognized the potential influence of the community in decision
making. Application of PRA tools facilitates social interactions
in formal and informal ways, allowing excavation of information
that would be difficult to assemble by technical analysis alone.
Occupational practices and traditional knowledge determine
societal settings and these are related to local resources which
get modified by shoreline change. Proper integration of RS-GIS
and PRA tools and sharing the outcomes can be complementary
to each other and this can improve the stewardship of available
resources to cope with future challenges. Therefore, this study
could play a significant role in governmental initiatives to
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mitigate consequences. The techniques used in this study are
unique in terms of incorporating both technical and social
approaches, and the outcome will be valuable for future land use
planning, investment strategies, and hazard mitigation planning.

MATERIALS AND METHODS

Study Area
The dynamic coast of Bangladesh is constantly deformed and
reshaped by sediments carried by the three mighty river systems:
the Ganges, Brahmaputra, and Meghna rivers. While there is a
net accumulation of sediment (delta building) at the river mouth
(Broadus, 1993; Amin, 2008), a substantial amount of sediment
is entrained by waves and currents. Sediment replenishment
plays an important role in deltaic stability by hindering natural
compaction and subsidence (Dixon et al., 2006) and is thus
considered one of the main factors in this coastal zone for
shoreline changes caused by sea level rise (Amin, 2008; Emran
et al., 2019). Along with a gentle slope into the Bay of Bengal,
this wide sandy beach area has patches of mangrove trees behind
it which withstand the perpetual forces of the tides. In addition,
population dynamics (Ericson et al., 2006) of this coastal area and
how the shoreline change may affect livelihoods (Mukherjee et al.,
2019) are important considerations.

Kuakata, situated on the central coast of Bangladesh on the
western side of the Meghna estuary at the sedimentary outlet
of the Padma, Meghna, and Brahmaputra, is selected as the
study area because of the dynamic nature of its shoreline and
its economic and cultural significance. The convex shape of the
Kuakata coast (Figure 1) invites the significant, simultaneous
impact of erosion and accretion from both fluvial and marine
processes. About 41 percent of the cyclones originating in the
Bay of Bengal travel through this funnel-shaped central region
each year, such as Cyclone Sidr in 2007 (Ikeuchi et al., 2017),
which makes the central coast of Bangladesh vulnerable to storm
surge (Paul and Rahman, 2006). A complete analysis of processes
that shape the landscape in this tidal-to-fluvial transition zone of
Bangladesh is beyond the scope of this research but is detailed
effectively elsewhere (Goodbred and Kuehl, 1999; Wilson and
Goodbred, 2015; Bomer et al., 2019).

From a human-environment-interactions perspective,
Kuakata is an economically active zone that offers access
to fisheries and commerce, proximity to rich agricultural
lowlands, and recreational opportunities, which form the
basis for economic opportunities for a large community. The
percentages of jobs in agriculture, fishing, commerce, service,
agricultural laborer, wage laborer, and “other” in this region are
approximately 45.6, 5.7, 10.0, 3.6, 18.9, 4.6, and 11.7, respectively
(Bangladesh Bureau of Statistics, 2009). While 19 percent
of Kuakata’s land is classified as agricultural, this percentage
is decreasing gradually, as the land is in high demand for
commercial development, particularly by the recently emerging
tourism industry. The inland area of Kuakata is protected
from tidal waves by an earthen flood embankment, which
was constructed few hundred meters away from the shoreline

(Rahman et al., 2013). The extension of the embankment/levee
and newly created roads has increased this demand further.

Technical Approach
The shoreline change is detected over an approximately four-
decade interval by comparing satellite imagery from 12 January
1989, 19 December 2003, and 30 January 2010 using Landsat
Thematic Mapper (TM) imagery, and 11 February 2020 using
Landsat 8 Operational Land Imager (OLI) and Thermal Infrared
Sensor (TIRS) satellite images, all at 30 m resolution. These
dates are selected to enhance shoreline delineation by balancing
the needs for clear sky cover, low tides, and maintenance of
a similar time in the dry season, all amid the limitation of a
once-in-sixteen-day flyover by the satellite sensor (United States
Geological Survey (USGS), 2021). For unavoidable cases of tidal
interference, tidal data are used to verify the tidal condition at the
acquisition time, and the exact shore line position is determined
by adding or subtracting the tidal data. Although several tidal
stations managed by the Bangladesh Water Development Board
exist, none with reliable, continuous records are located on
Kuakata. Mirzaganj (Station ID—SW19), located ∼61.0 km
northwest from the study area, is the nearest tidal station with
a continuous record of the daily semi-diurnal tidal conditions,
ranging from 0.01 m at neap tide to 2.04 m at spring tide at the
Barisal-Buriswar River; its data are applied to approximate the
tidal condition at the image acquisition time.

Band Combination (BC; Dwivedi and Rao, 1992; Sutikno et al.,
2020), Ratio Transformation (RT; Mavraeidopoulos et al., 2019),
Normalized Difference Vegetation Index (NDVI; Carlson and
Ripley, 1997; Huang et al., 2021), and Normalized Difference
Water Index (NDWI; Gao, 1996; Su et al., 2021) algorithms
are often used to extract the shoreline from the land/water
boundary. Among the four methods of shoreline detection,
BC—a method of combining bands with wavelengths of the
electromagnetic spectrum sensitive to shoreline detection, is
selected primarily because of its higher accuracy of boundary-
matching with the already georeferenced, cross-checked Local
Government Engineering Department (LGED) maps. For the BC
method, combining the TM’s Bands 4 (0.76–0.90 µm), 5 (1.55–
1.75 µm), and 7 (2.08–2.35 µm), and Bands 5 (0.85–0.88 µm),
6 (1.57–1.65 µm), and 7 (2.11–2.29 µm) for OLI and TIRS,
provides the best result for shoreline detection (United States
Geological Survey, 2020). This is because these bands operate
in the best spectral region to emphasize land-water contrast,
distinguishing water bodies in a darker tone from other land use
categories in a lighter tone. This sets a sharp contrast between
the land-water boundary, as for both Landsat Image types Band
7 spectral has a strong water absorption region and a strong
reflectance region for soil and rock, thereby causing water bodies
to appear in dark tones and exposed land surfaces to appear
in bright tones. Thus, the combination of these three bands
results in the most accurate and distinct shoreline boundary.
A minimal percentage of inaccuracy in boundary detection may
be caused by diurnal tidal variations, vegetation coverage, and
indistinguishable land-water area in Landsat satellite images.

The accuracy of the extracted shorelines is verified with
georeferenced standard maps collected from the LGED of
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FIGURE 1 | Location of study area.

Bangladesh. The position is also cross-checked with the recorded
ground control point (GCP) data, which are used for quality
control. Also, 2010 is considered as the reference year to detect
shoreline change.

The GIS and RS tools, Integrated Land and Water Information
System (ILWIS) and ArcGIS R© Desktop, are used for image
processing, geometric correction, visual interpretation, and
manual digitization to develop a vector data series for each of
the images, to compare and measure the changes. The vector line
dataset enables the comparison of shoreline shift over the years
and vector polygon data series facilitates measurement of the rate
of shoreline accretion and erosion using GIS tools. Application
of GIS and RS is also required for ground truthing, which is
done by conducting field verifications and GCP data collection
using Global Positioning System (GPS) for more accurate
measurements. The RS-GIS technique tests and quantifies the
information collected from PRA tools.

Societal Approach
Most research on shoreline change is directed toward using
technical tools and applications rather than incorporating the
human perceptive. PRA (Chambers, 1994; Kukielka et al., 2016),
a growing family of research methods, involves a series of
qualitative multidisciplinary approaches to learning about local-
level conditions and individual perspectives based on first-
hand knowledge, experiences, and intergenerational accumulated

wisdom. The PRA tools described below were implemented in
2010 to elucidate the major causes and impacts of coastline
shifting associated with the different natural settings and
livelihoods, including forest, agriculture, aquaculture, fishing, fish
drying, sea salt production, and trading. The PRA employed
here relies on field observations and group meetings with
communities and stakeholders, such as fisherman, farmers,
small business owners, and tourism-related employees. More
specifically, PRA verifies the results through a transect walk
(Dooley et al., 2018; Schäffler et al., 2021), timeline (historical
mapping) analysis (Mueller et al., 2010; Tomlinson et al., 2018),
cause and effect diagram (Holme and Chalauisaeng, 2006; Saja
et al., 2021), key informant interview (KII; Chenais et al.,
2015; Balgah, 2016; Nicholson and Valentine, 2019; Dureab
et al., 2021; Roothaert et al., 2021), and focus group discussion
(FGD; Shamsuddin et al., 2007; Ng et al., 2021). These tools
emphasize the following questions: What is the perception about
shoreline change along the coast of Kuakata? What is the rate
of this change? Is the face of change (i.e., erosion or accretion)
happening similarly along the entire coast? What natural and/or
anthropogenic features are affecting the rate of change? How have
the local people adopted their livelihood to this change? What is
the impact of this change?

The main aim of the transect walk is to observe land use from
the 30 m buffer zone of the Bay of Bengal to 500 m inland. Six
transect walks were conducted in the central and western-central
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parts of the island while avoiding the mangrove forests and sand
dune piles. The land use pattern is generalized to a cross section
profile, with the help of pre-downloaded Google imagery, GPS,
and local knowledge, to convey the impact of shoreline change
on coastal land use and livelihood patterns.

The timeline analysis is designed to appraise the historical
change in people’s observations. This analysis facilitates
acquisition of substantive qualitative information regarding
the chronology of shoreline change in a short amount of time
across a remote area poorly covered by PRA study. The timeline
analysis is based on the assumption that to understand past
events it is necessary to identify the shoreline location over time,
cause of changes, and impacts due to the change. Twelve people,
in groups of six, participated in drawing the relative shoreline
positions over time, from that provided to them in a timeline
table. They then offered their opinions on the causes and impacts
of the changes. The majority (i.e., four to five from each group)
of the participants were fishermen who live near the coast. Based
on the common responses from the two groups, numbers in the
table have been reported.

The cause and effect diagram is also implemented to assess
causes of changes and their impacts, based on the participant
opinions. It involves a visual tool to help the participants to
compare the relative importance of the causes and effects due to
shoreline change in a tree-like diagram where the consequences
(effects) of shoreline change are represented by the trunk of the
tree diagram, while physical mechanisms (causes) which result
from those consequences by accelerating shoreline change are
shown as roots. Three different groups (one with ten fishermen,
another group of ten farmers, and six small businessmen
associated with tourism activities) participated separately to
complete the tree diagram.

The purpose of the KII is to assign local specification
of the consequences and investigate common impacts and
adaptation measures. Relying on the list of issues found
from the transect walk, timeline analysis, and cause and
effect diagram, a descriptive question structure was formed
to allow free flow of information for collecting in-depth
and spontaneous responses from the two key interviewees
about the shoreline change that they have observed over the
years and its impact on the community’s livelihood. The key
informants are from two different backgrounds who were
interviewed individually, after obtaining their written consent,
to determine their perceptions of the causes of shoreline change
and its impacts on local people. At the time, one of the
interviewees was a surveyor with 35 years of professional
experience regarding land use survey and land use change.
Another key informant was a land developer and was still
working there for a land reclamation project. Notes taken
during the interview process were evaluated and elaborated
shortly afterward.

Finally, one group of ten fishermen and a separate group of
ten farmers participated in two FGDs, as it became apparent
that they are the primary victimized occupational groups from
the change of shoreline. They were asked whether they have
noticed coastal accretion or erosion and the effects or impacts of
this land change.

RESULTS AND DISCUSSION

Findings From Remote Sensing and GIS
The Kuakata shoreline has shifted inward (Figure 2). The central
and eastern regions have a retrograding shoreline on a net basis,
and the western part of the western region of the island has
an elongating shoreline, likely owing to fluvial deposition. The
BC method reveals that erosional activity is more prominent
than accretional activity. The western horn of the island is
elongating because of accretion. In the central and eastern coast
both erosional and accretional processes have taken place to
modify the coastline. The shoreline change implies that Kuakata’s
seaward coast is dominated by the effects of erosional activities
and/or sea level rise. Approximately 13.59 km2 of land has
been lost, and 3.27 km2 land has been gained since 1989,
resulting in a net loss of 10.32 km2 of land over the last
four decades. The fastest accretion rate across the study period
is for the eastern zone, at 0.05 km2 yr−1 (Table 1), despite
a net shoreline retreat. The central zone has the most rapid
erosion rate, at 0.19 km2 yr−1 and the strongest net rate of
shoreline retreat (Table 1), likely because of less fluvial impact
and marine influence.

Comparison between the range of years 1989–2003, 2003–
2010, and 2010–2020 provides a more detailed perspective.
The erosion rate from 2003 to 2010 (0.76 km2 yr−1) exceeded
that from 1989 to 2003 (0.46 km2 yr−1) and 2010 to 2020
(0.18 km2 yr−1). At the same time, the accretion rate was
less from 2003 to 2010 (0.07 km2 yr−1) than from 1989 to
2003 (0.13 km2 yr−1) and 2010 to 2020 (0.09 km2 yr−1).
Thus, land loss from 2003 to 2010 exceeded that from 1989
to 2003 and 2010 to 2020. For the entire range of years (i.e.,
from 1989 to 2020), the erosion rate was 0.44 km2 yr−1, and
the rate of accretion was 0.11 km2 yr−1. These relationships
are depicted graphically by region in Figure 3, with specific
locations where net accretion and erosion occurred during
the sub-intervals shown in Figure 4. Only very small coastal
areas, mostly in the west, have net accretion, with net erosion
elsewhere. The results corroborate those of other studies (Shibly
and Takewaka, 2012; Bushra, 2013; Islam et al., 2013; Mitra
et al., 2013; Rahman et al., 2013) which concluded that erosion
dominates over accretion in this region. For example, Islam
et al. (2013) found that from 1973 to 2012 the erosion rate
was 0.29 km2 yr−1, and the rate of accretion was 0.09 km2

yr−1 in the Kuakata.

Application of PRA Tools
In addition to the satellite image study and geospatial
interpretation, The PRA tools described in the previous sections
provide new information.

Figure 5 summarizes the results of the transect walk.
According to the local people, the establishment of embankments
since 1966 and the presence of fluvial tidal creeks, canals,
and sand dunes have important roles in maintaining the
stable shoreline in the central zone and accretion in the
eastern zone. The locals believe that the western part is
protected by a newly formed extension of the embankment

Frontiers in Marine Science | www.frontiersin.org 5 August 2021 | Volume 8 | Article 730984

https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


fmars-08-730984 August 9, 2021 Time: 12:36 # 6

Bushra et al. Shoreline Change on the Bangladesh Coast

FIGURE 2 | Position of Kuakata’s seaward shoreline by year; (A) overall, (B) western, (C) central, and (D) eastern part of the study area. Notice the elongating
shoreline in the western extreme of the western zone, and the unevenness of the retreat over time, particularly in the eastern zone.

TABLE 1 | Measurements of coastal land area changes by accretion and erosion (in km2).

Time period Western zone Central zone Eastern zone Total

Accretion Erosion Accretion Erosion Accretion Erosion Accretion Erosion

1989–2003 0.24 2.33 0.60 2.56 0.99 1.60 1.83 6.49

2003-2010 0 1.63 0.01 2.15 0.50 1.54 0.51 5.32

2010-2020 0.77 0.46 0.10 1.05 0.06 0.27 0.93 1.78

1989-2020 1.01 4.42 0.71 5.76 1.55 3.41 3.27 13.59

which was built after Cyclone Aila destroyed the previous
one in 2009, and even though erosion still persists, the rate
is less than in years before embankment construction. The

satellite imagery confirms this observation, as for the western
zone over the 2010–2020 period, erosion was 0.46 km2,
but over the 1989–2003 and 2003–2010 periods it was
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FIGURE 3 | Kuakata coastal land area changes by zone (from 1989 to 2020).

FIGURE 4 | Erosion and accretion at Kuakata coast from (A) 1989 to 2020, (B) 1989 to 2003, (C) 2003 to 2010, and (D) 2010 to 2020. Notice the very small
coastal areas, mostly in the west, of net accretion, and net erosion elsewhere.

2.33 km2 and 1.63 km2, respectively. During the transect
walk, the local community confirms that among all major
economic activities fishing and tourism were affected most by
shoreline erosion.

The timeline analysis reveals that except for the Cauer Char
(L8) area (Figure 6), which is situated at the eastern side of
the landmass, the shoreline has retreated inland substantially
(Table 2). This finding corroborates the results from the satellite
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FIGURE 5 | Transect walk analysis showing land use patterns in central Kuakata.

imagery analysis. According to the local people, at Lebur Char
(L1) and Khajura (L2), the shoreline had been reduced by about
7–8 km from 1989 to 2003 and about 2.5 km from 2003 to 2010.
The Computer (L3) and Mirabari (L4) areas had shown nearly
the same amount of erosion for 1989–2003 and about 1.5–2.5 km
of erosion for 2003–2010. In comparison to the above area, the
Ghatla (L5), Jhauban (L6), and Gangamoti (L7) locations had less
shoreline erosion, which was about 5 km for the years 1989–2003
and 1–7.5 km for 2003–2010. Though the Cauer Char (L8) did
not exist in 1989, its establishment was prominent in 2003, and it
became extended by about 2 km from 2003 to 2010.

Both RS-GIS and PRA outcomes (Tables 1, 2) establish that
in the western (Lebur Char, Khajura, and Computer) and central
(Mirabari, Ghatla, and Jhauban) zones, erosional activity is
dominating over accretion. The concave shape of the coast also
explains why the central zone is more responsive to these factors.
In the eastern zone (Cauer Char), accretion is dominating. These
findings corroborate those of Rahman et al. (2013), who found
that from 1973 to 2010 the western part of Kuakata beach suffered
an average erosion of 350–450 m. Table 2 shows that, on average
from 1989 to 2010, the erosion rate in Lebur Char, Khajura, and
Computer is approximately 500 m yr−1.

The cause and effect diagram (Figure 7) depicts the main
causes of shoreline change in that locality, as expressed by
community members. Most prominent among the community-
identified causes are marine and climatic actions for shoreline
erosion, including tide, current, wave actions, tidal flood, cyclone,
storm surges, and sea level rise. A few people mentioned
that in some parts of Kuakata, accretion activities caused by

sedimentation by fluvial and marine actions and landform
structure are occurring. This accretion occurs along the low
gradient and gentle slope of the continental shelf and is enhanced
by construction of the embankment and polders at the coastal
boundary. Landfilling at the shoreline boundary and destruction
of sand dunes, which accelerate the wave/wind action inland, are
also the causes for shoreline modification at the coastal boundary.
Respondents concur that the shoreline is mainly retreating, but
there are some accretional activities in some parts of the lands

FIGURE 6 | Comparative position of local places along the shoreline
according to the local people.
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TABLE 2 | Tentative positions of the shoreline at different locations from the embankment, according to the timeline analysis by local people.

Local Place Name Position of the Shoreline from the Embankment Erosion/Accretion (km)

(km) Assessed by Local People

1989 2003 2010 1989-2003 2003-2010 1989-2010

Lebur Char (L1) 11.0-12.0 3.0-4.0 0.55-0.60 8.0 2.45-3.4 10.45-11.4

Khajura (L2) 11.0-12.0 3.0-4.0 0.50-0.55 8.0 2.5-3.45 10.5-11.45

Computer (L3) 10.0-11.0 2.0-3.0 0.44-0.50 8.0 1.56-2.5 9.56-10.5

Mirabari (L4) 10.0-11.0 1.5-2.0 0.11-0.15 8.5-9.0 1.39-1.85 9.89-10.85

Ghatla (L5) 12.0-13.0 7.0-8.0 0.45-0.50 5.0 6.55-7.5 11.55-12.5

Jhauban (L6) 10.0-11.0 5.0-6.0 1.0-1.3 5.0 4-4.7 9.0-9.7

Gangamoti (L7) 7.0-8.0 2.0-3.0 2.0-2.1 5.0 0-0.9 5.0-5.9

Cauer Char (L8) Did not exist 1.0-2.0 4.0 1.0-2.0 2.0-3.0 3.0-5.0

FIGURE 7 | Cause and effect diagram by the local community living along the Kuakata coast.

where the fluvial and marine processes have deposited sediments
over the last 20 years. The main causes of shoreline change and
their subsequent effects are listed in Table 3.

The key informant who was a surveyor expressed that poor
coastal management, monitoring, and maintenance are among
the causes of coastal land degradation and land loss, rather
than natural processes. The informant who at the time was
a land developer expressed that by being a famous tourist
spot in Bangladesh, land reclamation has accelerated over the
last 30 years, and that initially no one monitored the process
of land cover change for commercial purposes (i.e., building
hotels, resorts, and shopping complexes). That same informant

noted that the excavation of sand from the sea was also
destroying many dune fields. The informant also noted that
these are common occurrences for the development of many
hotels along the beachside. Such activities ultimately result in
disruption of the natural processes and acceleration of coastal
erosion. Both key informants agree that the lack of planning
and proper implementation of laws and legislation for coastal
management and maintenance are responsible for this coastal
land degradation. Although the government has undertaken
some initiatives to maintain this famous tourist spot, land
reclamation by the developer and the development of high-rise
buildings continues.
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TABLE 3 | Major causes and their subsequent effects of shoreline change on
the Kuakata coast.

Causes Effects

Shoreline
erosion

Erosional activities caused by
tidal flood, cyclone, storm surges;
marine action (tide, current,
wave); and sea level rise

Land inundation, loss of land
and vegetational coverage,
loss of settlements, disruption
of livelihood/change of
livelihood

Shoreline
accretion

Accretional activities caused by
sedimentation, marine action,
landform structure, sand
agglomeration by ocean currents
caused by sand dune
subsidence, beach structure,
continental slope/shelf,
construction of
embankments/polders, landfilling

Land gaining, increase of
social conflict, imbalance in
eco-system

According to the fishermen in the FGD, marine waves, ocean
currents, and tides are the major causes of shoreline change.
The participants felt that these regular phenomena are more
prevalent during the monsoon season, which causes land loss and
shoreline erosion. In addition to these regular phenomena, the
recent increase in the frequency of coastal cyclones and in the
intensity of storm surge (Bushra, 2016; Bushra et al., 2019) and
tidal flooding have accelerated the erosional process along the
coast. As these phenomena destroy the vegetation coverage, sand
dune fields, and sand piles along the coast, the erosional effects
of regular waves, currents, and tides are exacerbated. Because the
seasonal winds typically blow from the southwest, the erosional
activities are more prominent along the west coast of Kuakata.
Thus, the fishing community has less buffer zone around the
seashore for their fishing activities.

The farmers noted that as the sea encroaches on their
homeland, they themselves become more dependent on shrimp
cultivation rather than cropping. According to the respondents,
saltwater intrusion complicates the problem even more. As the
sea is advancing, windblown sand from the beach has become so
abundant on their fertile land that it can become uncultivable.
The farmers who have land near the coast sometimes face
enormous pressure from land developers and are sometimes
swindled into selling their land to occupiers. They have also
mentioned that the establishment of the embankment has
acted as a barrier to many tidal creeks and canals inland,
causing flow diversion or discontinuous and reduced flow
sedimentation. These problems invite further unobstructed
encroachment by the sea.

While fluvial processes contribute considerably to
seaward shoreline advancement through delta building,
embankment/levee construction has hindered that process.
On the other hand, establishment of the embankment reduces
coastal erosion from waves, tides, ocean currents, and storm
surges, thus protecting the coast from marine processes. It
is difficult to evaluate which processes—fluvial or marine—
contribute more toward coastal land formation and therefore
the shoreline change. Not surprisingly, farmers emphasized
the fluvial processes, which bring sediments to nourish their

agricultural lands, while the fishermen are more concerned about
marine processes.

CONCLUSION

Shoreline change in Bangladesh has great implications regarding
coastal ecosystem health, biodiversity, economic livelihood, and
land use practices. The people of the coastal area face the
consequences of this change. Precise determination of the
shoreline rates of change is needed to prepare for coastal hazards,
risks, and land use planning (Nicholls and Klein, 2005).

Comparison between the shorelines of satellite images
consistently showed that on a net basis from 1989 to 2020,
erosional activity on the Bangladesh coast is more prominent
than accretional activity. Regionally erosional, activity is more
prominent in the western and central zone, and accretion
occurs more in the eastern zone. Even though erosion was
greater in the central zone (5.76 km2) over the same period, it
decreased gradually over time. Thus, spatial analysis along with
the temporal representation of the dynamic coastline of Kuakata
signifies that western and central parts of the shoreline are shifted
inward noticeably. From 1989 to 2020, 3.27 km2 of coastal land
has been gained while 13.59 km2 of land has been eroded across
the Kuakata coastline. These results support those from previous
research (Shibly and Takewaka, 2012; Bushra, 2013; Islam et al.,
2013; Mitra et al., 2013; Rahman et al., 2013) that suggested that
the shoreline retreat had been occurring in this area at least up
to 2012. On a more encouraging note, in the last decades the
accretion rate has increased and the erosion rate has decreased
from the previous decades.

Application of PRA supports the quantitative results of
shoreline change from satellite imagery by addressing the impacts
of erosion, accretion, and stable shoreline along the Kuakata
coast qualitatively. PRA provides information regarding the
basis of this erosion and accretion and their effects on the
coastal livelihood pattern. The implementation of PRA tools
establishes the basis for describing the extent of economic and
environmental effects of present shoreline erosion and accretion.
PRA results imply that the establishment of the embankment
protects the zones from erosional activities, while the presence
of fluvial tidal creeks and sand dunes plays a greater role for the
stable zones. Economic activities, especially fishing and tourism,
are affected by the erosional effects of shoreline change. The
local people identify marine and climatic factors as the main
causes of the shoreline change. The key informants reported
that monitoring and proper management are needed for future
maintenance of the coast as the coastal area has attracted
the attention of land developers, particularly because of the
area’s desirability as a tourist resort. Over the years, coastline
retreat inland reduces the fishing activity while agricultural
lands are also diminishing due to saltwater intrusion, loss of
fertility due to sand aggregation and canals/creeks diversion,
and land reclamation by the developer for commercial purposes.
Collectively the information from this PRA implies that, on a
net basis, the rate of erosion exceeds that of accretion along
the coast of Kuakata. The PRA result that shoreline change,
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specifically shoreline erosion, is such a concern, particularly due
to its continuation over the years, provides hope that proper land
management strategy, policy implementation, and appropriate
risk reduction approaches, as well as social, behavioral, and
communal responses, may be successful.

Accurate shoreline delineation is needed for application
sciences (e.g., ship navigation, environmental change
management, coastal development, and flood prediction).
A comprehensive shoreline change analysis and its impact can
be evaluated by applying technological approaches accompanied
by on-the-scene input from local community members who
observe the changes and their impacts daily. This research is
important not only for measuring shoreline change over time,
but for policy makers and land use managers for future land
use planning related to costal shoreline change. Next steps in
effective analysis may include monitoring the shoreline by means
of repeated surveys to correct the seasonal variability induced
by intense storms, with public input. More efficient methods
for data extrapolation would reach an effective compromise
between accuracy, cost, and time. Regardless, however, effective
monitoring requires the development of technologies and social
science approaches capable of providing useful contributions to
enhance sustainability of this important coastal environment.
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