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Abstract

Coastal erosion and accretion have emerged as a significant geological and environmental concern to numerous coastal communities of the
Niger Delta. To investigate these phenomena, this study utilized Landsat imagery data from the United States Geological Survey (USGS) and
geospatial technique (ArcGIS 10.6) for the data analysis. This research is particularly focused on the coastline dynamics in Sagbama commun-
ities over a span of 30 years (from 1991 to 2021). The results show that during the 1991-2001 period, approximately 8.88km? of the coastal area
experienced erosion, while 12.01km? underwent accretion. Moving to 2001-2011, the erosion rate was 8.18km?, with 16.47km? of accretion ob-
served during the same time frame. Subsequently, from 2011 to 2021, the erosion-affected area decreased to 7.71km? accompanied by 8.29km?
of accretion. The study’s findings bear significant implications for policymakers and environmentalists, offering vital insights to devise effective
strategies for mitigating erosion and fostering sustainable land use practices. Understanding the patterns of erosion and accretion is crucial for
developing measures to safeguard coastal communities and their ecosystems in the face of ongoing environmental changes.

Keywords: Landsat Imagery, Accretion, Erosion, Coastline, Geospatial Technique

Introduction

The coastal areas of Bayelsa State in Nigeria have experienced sub-
stantial transformations in their coastline over the years, with both
erosion and accretion processes at play. These changes have far-reach-
ing implications, both positive and negative, for local communities [1].
The understanding of these dynamic trends in coastline alterations is
crucial for effective coastal management and strategic planning [2].
Coastline change encompasses the fluctuation in land area along the
marine boundary, which includes erosion (leading to land loss) and
accretion (resulting in land gain) [3]. It serves as a vital indicator of
environmental challenges in coastal regions, particularly in areas fa-
cing sea level rise, coastal erosion, and other coastal hazards [4]. The
issue of coastline change is multifaceted and carries considerable im-
plications. As coastlines shift, the natural habitats of various flora and
fauna are significantly impacted. Furthermore, these alterations may
jeopardize cultural resources, facilities, and critical infrastructure,
thereby posing a substantial challenge for local communities and au-
thorities [5].

To effectively tackle this issue, it is imperative to detect and under-
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stand coastline changes early on and establish a baseline understand-
ing of normal coastline behavior. Continuous monitoring of coastline
changes over an extended period is essential to gain insights into their
multifaceted effects. According to Cozannet et al. [5], studies on geo-
graphic information have shown that global sea levels have risen by
approximately 20 centimeters since the mid-19% century. The precise
role of this process in contemporary and historical coastline mobil-
ity remains a subject of ongoing debate. Nevertheless, it is widely ac-
knowledged that rising sea levels are a contributing factor to coastline
alterations (Courtillot et al., 2022). Coastline changes are primarily
driven by factors such as erosion and flooding. Erosion, which leads
to the gradual loss of land to the sea, is often exacerbated by human
activities such as deforestation, sand mining, and the construction of
poorly planned infrastructure [6]. Flooding, on the other hand, can
be triggered by factors like heavy rainfall, storm surges, and tidal
changes. Both of these phenomena interact with each other, making
it essential to comprehensively study and monitor their impact on
Sagbama’s coastline [7]. Remote sensing technologies have emerged
as powerful tools for tracking and analyzing coastline changes. Satel-
lite imagery, aerial photography, and other remote sensing techniques
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allow researchers and policymakers to observe these alterations with
precision and consistency over time [8,9]. These technologies enable
the creation of accurate coastal maps, the identification of erosion
hotspots, and the assessment of accretion areas [10]. Additionally,
remote sensing aids in predicting potential threats and formulating
strategies for mitigating the adverse effects of coastline changes [11].
Therefore, the coastline changes in Sagbama, LGA Bayelsa State, Ni-
geria, are a critical concern that demands systematic monitoring and
proactive management. The impacts of these changes extend beyond
mere land loss and can disrupt ecosystems, culture, and infrastructure.
By leveraging remote sensing technologies and interdisciplinary re-
search, we can gain a deeper understanding of the forces driving these
changes and develop sustainable solutions to protect and preserve this
vital coastal region for future generations. Addressing these challen-
ges requires collaboration among scientists, policymakers, and local
communities to ensure the resilience and sustainability of Sagbama
coastline.

Location of Study Area

The study area is located in the southern flank of the Niger Delta
Region of Nigeria. It is located in Sagbama Local Government Area of
Bayelsa State, Nigeria. It lies between Latitude 60831011E and Longi-
tude 50271011N. It is accessible by road. The Topography of the study
area is a flat, low-lying sedimentary basin sloping gently seaward and
is within the range of 0-20m above sea level. The Niger Delta Region
of Nigeria consists of approbatively 70,000km?, it is the largest Wet-
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land in Africa [12] and the third largest in the world [13, 14] 75% of
Niger Delta Region is wetland with an annual rainfall of 2000-3000m,
flooding may occur as a result of excessive rainfall, flood plains and
excessive release of water from Niger and Benue Rivers. According to
Igu & Rob [12], the study area is drained by the Niger River that is link
to Forcados, Nun river, streams creeks, creek lets which are emptied
into the Atlantic Ocean through the estuaries.

Geology of the Study Area

Geologically, the study area lies within the South-Western flank of
the Niger Delta region, which formed due to a failed rift junction be-
tween the South American and African plates during the late Jurassic
to mid-Cretaceous period [15]. The Niger Delta Basin covers an ex-
tensive land area of over 105,000km? [16]. The geological formations
present in the study area include the Akata Formation, Agbada For-
mation, and Benin Formation. The Akata Formation, ranging from
the Paleocene to the Holocene age, is the basal lithostratigraphic unit
in the Niger Delta region [17]. It consists of thick shales, turbidite
sands, and smaller amounts of silt and clay. The formation represents
deep marine deposits with plant remains near the contact with the
overlying Agbada Formation. It contains a diverse microfauna, includ-
ing planktonic foraminifera, indicating a shallow marine shelf depos-
itional environment. The Akata Formation ranges in thickness from
0 to 6,000 meters and is primarily subsea, [Figure 1] not visible at the
shoreline [18].
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Figure 1: Study area map.

Materials and Methods

Data collection

Data acquisition involved the compilation of materials and infor-
mation derived from Landsat 5, Landsat 7, and Landsat 8, acquired
through the official platform of the United States Geological Sur-
vey (USGS) at https://earthexplorer.usgs.gov/. The selection of data
sources was aimed at providing a comprehensive understanding of the
landscape over time. Specifically, Landsat 5 data was procured for the
temporal spans of 1991 and 2001, capturing the evolution of the land-
scape during these years. Furthermore, Landsat 7 data was sourced
for the singular year of 2011, offering a detailed snapshot of the en-
vironmental conditions at that specific point in time. Lastly, Landsat 8
data was meticulously collected to represent the landscape in the year
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2021, focusing on a specific geographical location identified by Path:
189, Row: 57. The utilization of data from these three Landsat satellites
ensures a multi-temporal perspective, enabling a comprehensive an-
alysis of land cover changes and environmental dynamics. This diverse
dataset serves as a valuable resource for evaluating the transformation
of the study area across different decades and enhancing the accuracy
and reliability of the research outcomes.

Data Processing

Data processing steps for analyzing coastline changes using Landsat
imagery in ArcGIS 10.5 software:

i Set Project Coordinate System: To establish a standardized
framework, Launch ArcGIS 10.5 is initiated, and within the “Table
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of Contents,” project properties are accessed by right-clicking. In the
“Coordinates” section, the project coordinate system is defined, ensur-
ing spatial consistency.

if. Import Landsat Imagery: Obtain pertinent Landsat data from
1991 and 2001 using Landsat 5, from 2011 using Landsat 7, and from
2021 using Landsat 8. Import the bands for visible blue, green, red, and
near-infrared into ArcGIS 10.5, establishing the primary dataset for
evaluating coastlines.

iii.  Image Analysis and Classification: Leveraging the “Image
Analysis” tool, bands for each year are highlighted. Subsequently, a
composite is generated through the “Processing” menu, leading to the
application of “Unsupervised Classification” for each year’s imagery.

iv.  Raster to Polygon Conversion: Using “Conversion Tools,” ras-
ter data is transformed into polygon format by selecting the “Raster to
Polygon” option, facilitating further spatial analyses.

V. River Layer Processing: The “Selection Tools” are utilized to
process the river layer. Through the “Process Raster” option, a new
layer is created from selected features, ensuring a focused assessment
of river-related changes.

vi.  Calculate Erosion and Accretion: Employing a specified for-
mula, erosion and accretion are quantified: Erosion is determined by
subtracting the unchanged area from the previous year’s area, while
accretion involves subtracting the unchanged area from the next year’s
area. Use the provided formula:

. Erosion = Area from the previous year - Unchanged area
. Accretion = Area from the next year - Unchanged area

vii.  Statistical Analysis: To enhance interpretability, statistical an-
alyses are performed, generating bar charts and pie charts for visualiz-
ing the coastal changes over time.

viii. Export Data to Microsoft Excel: Upon completion of all an-
alyses, the processed data is exported to Microsoft Excel, enabling
further manipulation and presentation, thereby providing a compre-
hensive overview of the coastline dynamics and facilitating deeper in-
sights through adjustments and additional analyses in Excel.

These steps outline the sequence of processing tasks in ArcGIS 10.5

for analyzing coastline changes using Landsat imagery. Adjustments
and further analysis in Excel can provide additional insights based on
the processed data.

Results and Discussion
Coastline Analysis

The coastline is the boundary that separates the land from the water
bodies, and it undergoes continuous transformations due to various
coastal processes, including waves, currents, tides, nearshore circula-
tion, storm surges, and human-induced activities such as dredging,
mining, water extraction, and construction. These coastal processes
contribute to both accretion (land gain) and erosion (land loss) of the
coastline, resulting in dynamic changes over time as seen in Figure 2.

In this analysis, we focus on the coastline changes in Sagbama over
three consecutive periods: 1991-2001, 2001-2011, and 2011-2021 as
seen in Figure 3. Table 1 provides crucial data for each period, pre-
senting the areas of the coastline for the previous 10 years, the next
10 years, the unchanged area, the erosion area, and the accretion area.
By examining these values, we can discern trends and patterns in the
geological evolution of the coastline.

From Figure 4 during the first period, from 1991 to 2001 (a), the
Sagbama communities witnessed a slight increase in the next 10-year
area compared to the previous 10-year area [Table 1]. However, a sig-
nificant portion of the coastline remained unchanged, indicating rela-
tive stability during this period. It implies that the coastal processes
causing both accretion and erosion were relatively balanced, leading
to minimal net changes in the coastal area. Although there were areas
experiencing erosion and accretion, the overall impact was limited.

Moving forward to the second period, from 2001 to 2011 (b) in Fig-
ure 4, the next 10-year area exhibited a substantial increase, surpassing
the previous 10-year area by a considerable margin as seen in Table 1.
This suggests a more rapid expansion of the coastline during this time-
frame, indicating that accretion processes were dominant, resulting in
a net gain of land. On the other hand, the unchanged area decreased,
pointing to a higher level of dynamic changes during this period. This
indicates that the coastal processes were more active and pronounced,
causing significant changes in the coastal area.
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Figure 2: Sagbama River from 1991 to 2021.
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Figure 3: Coastline Changes from1991 to 2021.
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Figure 4: Map describing erosion, accretion and unchanged region in Sagbama from (a), (b) and (c).

Table 1 displays Sagbama’s coastline changes over two consecutive
10-year periods, from 2011 to 2021(c) in Figure 5. The data presents
alterations in coastal areas in square kilometers (km?). Over the first
decade (2011-2021), the coastal area measured 82.56km”. In the fol-
lowing 10 years (2021-2021), it slightly increased to 83.14km? Im-
portantly, 74.85km? of the coastal landscape remained stable without
discernible changes. This data underscores coastal environments’ dy-
namic nature, influenced by geological and hydrological processes like
erosion, sediment deposition, and sea-level fluctuations. Changes im-
pact local ecosystems, communities, and infrastructure.

Furthermore, the areas affected by erosion and accretion both in-
creased during this second period [Table 2]. However, it is notable that
accretion showed a substantial rise compared to the previous period.
This suggests that during this time, coastal environments were experi-
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encing an increase in deposition and sedimentation, leading to the
creation of new land areas along the coastline. The data from these
three periods reveals intriguing trends in Sagbama coastline changes.
The region experienced continuous alterations in its coastal area over
the years, with both expansion and reduction observed. The areas that
remained unchanged indicate parts of the coastline that exhibit stabil-
ity despite the dynamic forces acting upon them.

Changes in Erosion and Accretioni the Study Area

The study area of Sagbama has experienced significant changes in its
coastline over the years, with both erosion and accretion playing cru-
cial roles in shaping the coastal landscape. Erosion, caused by factors
such as constant rainfall, flooding, and the action of flowing rivers and
streams, has resulted in the gradual removal of sediments and rock
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materials from the coastline. On the other hand, accretion has led to
the deposition of new sediments, contributing to the growth and ex-
pansion of the sedimentary terrain.

Erosion

Erosion due to constant rainfall, flooding, flowing rivers and streams
has caused changes in the coastline of sagbama over the years. When
erosion occurs in coastlines, there is a long-term removal of sediments
and rock materials along coastline due to the action of wave, current,

Table 1: Coastline Changes in Sagbama.

tides and wind driven water. Between the periods of 1991 and 2001 as
seen in Table 2, the study area witnessed a notable increase in erosion,
with an area of approximately 8.88 km” [Figure 5] being eroded, repre-
senting a percentage change of 36% Figure 6. This significant rise in
erosion was attributed to the powerful forces of waves, currents, tides,
and wind-driven water, which relentlessly acted on the coastal region,
causing the removal of sediments and earth materials. The impacts
of this erosion were profound, altering the physical structure of the
coastline and leading to the loss of land.

Period Previous 10-year Area (km?) Next 10-year Area (km?) Unchanged Area (km?)
1991-2001 71.14 74.27 62.26
2001-2011 74.27 82.56 66.09
2011-2021 82.56 83.14 74.85

Table 2: Showing records of erosion and accretion in the study area.

Period Erosion Area Erosion Percentage Accretion Area Accretion Percent-
(km?) (%) (km?) age (%)
1991-2001 8.88 36 12.01 33
2001-2011 8.18 33 16.47 45
2011-2021 7.71 32 8.29 22
9.00 §.88
~
£ 850 8.18
.=
8.00
.5 7.71
wvi
© 750
w
7.00
1991-2001 2001-2011 2011-2021
Year
Erosion
Figure 5: Rate of erosion over the last thirty years in Sagbama.
Erosion
w ®1991-2001
1 M 2001-2011
N 2011-2021

Figure 6: A pie chart on erosion over the last thirty years in Sagbama.

Tech & Inf. 2023;4(4):1-8. DOI: 10.51626/ijeti.2023.04.00067

%

Citation: Ebiegberi 0, Emmanuel FI, Lawrence OE. Investigation of Coastline Changes in Sagbama, LGA Bayelsa State, Nigeria Using Remote Sensing. Int | Eng


https://doi.org/10.51626/ijeti.2023.04.00067


Investigation of Coastline Changes in Sagbama, LGA Bayelsa State, Nigeria Using Remote Sensing

In the subsequent decade, from 2001 to 2011, the rate of erosion re-
mained high, with an area of 8.18km?” in Figure 5 being eroded, ac-
counting for a percentage change of 33% [Figure 6]. While the rate
of change was slightly lower compared to the previous decade, it still
indicated a significant ongoing erosion process that continued to affect
the coastal area of Sagbama. Erosion events during this period might
have been influenced by various factors such as climate patterns, hu-
man activities, and changes in sediment supply. From 2011 to 2021,
the rate of erosion further decreased, with an area of 7.71 km” in Fig-
ure 5 being eroded, reflecting a percentage change of 31% [Figure 6].
The reduction in the erosion rate during this period could be attribut-
ed to a combination of natural processes and potential human inter-
ventions, such as coastal management strategies or changes in land
use practices. However, it is essential to note that even though the rate
of erosion slowed down during this decade, it still had a considerable
impact on the coastal morphology.

When sediments are eroded from the coastline, they are often trans-
ported and deposited in other regions, forming floodplains or con-
tributing to sedimentary deposition in adjacent areas. This process
of sediment transport and deposition is vital for understanding the
dynamics of coastal environments and the redistribution of materials
within the marine ecosystem.

Accretion

Accretion has played a crucial role in shaping the coastal landscape
of Sagbama as well. This natural process involves the deposition of
sediments and materials along the coastline, leading to the expansion
and growth of the sedimentary terrain. The data presented in Table 2
highlights the records of accretion in the study area over different time
periods. Between 1991 and 2001, accretion resulted in a deposition of
approximately 12.01km” of sediments as seen in Figure 7, representing
a percentage change of 32% [Figure 8]. During this decade, the coastal
region experienced a significant influx of new sediments, contributing
to the expansion of the land area.

The subsequent decade, from 2001 to 2011, witnessed the highest re-
corded value of accretion, with a deposition of 16.47km” of sediments,
accounting for a percentage change of 45% in Figure 8. This substan-
tial increase in sedimentary deposition indicated a period of signifi-
cant growth and expansion of the coastal landscape. Various factors,
such as sediment supply from adjacent areas, changes in coastal cur-

rents, and the presence of suitable depositional environments, could
have contributed to this remarkable accretion event.

However, from 2011 to 2021, the rate of accretion decreased signifi-
cantly, with an area of only 8.29km? [Figure 7] being deposited, repre-
senting a percentage change of 22% [Figure 8]. This decline in accre-
tion could have been influenced by several factors, including changes
in sediment availability, alterations in coastal currents, or the effects
of ongoing erosion processes that might have counteracted sediment
deposition.

The interplay between erosion and accretion in the study area of
Sagbama has led to dynamic changes in the coastal landscape. Ero-
sion has resulted in the loss of land and alterations to the shoreline,
while accretion has contributed to the growth and expansion of the
sedimentary terrain. Understanding the balance between these two
opposing processes is essential for effective coastal management and
the preservation of valuable coastal ecosystems.

Comparative Analysis of Coastline Erosion and Accretion

Comparing the trends of coastline erosion and accretion in Sagbama
over three distinct time intervals: 1991-2001, 2001-2011, and 2011-
2021, this analysis will delve into the driving forces behind these phe-
nomena, their implications for the local environment, and potential
strategies to alleviate their impacts.

The data presented in Table 2 enables a comprehensive examina-
tion of erosion and accretion along Sagbama’s coastline across three
well-defined periods. Between 1991 and 2001, as depicted in Figure
9, the extent of the eroded area (8.88km®) surpassed the area experi-
encing accretion (12.01km?). This suggests that Sagbama’s coastline
predominantly encountered erosion, potentially due to insufficient
sediment influx or heightened wave energy. From 2001 to 2011: Over
this timeframe, the region undergoing erosion slightly diminished to
8.18km?, while the accretion area notably expanded to 16.47km?. This
pattern implies a possible transition towards a more balanced sedi-
ment equilibrium, facilitating increased deposition along the coast-
line. Between 2011 and 2021, the eroded area continued its decline,
reaching 7.71km?, accompanied by a reduction in the accretion area to
8.29km’. The concurrent decrease in erosion and accretion areas dur-
ing this phase could signify a period characterized by relatively stable
coastal conditions.

20.00
i 16.47
E
£
§ 1000 8.29
g
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1991-2001 2001-2011 2011-2021
Year
M Accretion

Figure 7: Rate of accretion over the last thirty years in Sagbama.
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Figure 8: A pie chart on accretion over the last thirty years in Sagbama.
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Figure 9: Above shows the level of erosion and accretion in sagbama over the last thirty years.

Implications and Potential Causes

The observed coastline changes in Sagbama communities have im-
portant implications for the local population and the surrounding en-
vironment. Erosion can lead to the loss of valuable land, infrastructure
damage, and displacement of communities. Accretion, on the other
hand, can provide opportunities for land reclamation and potential
economic benefits. However, excessive accretion can also disrupt nat-
ural habitats and ecological processes. Several factors may contribute
to the observed coastline changes. One potential cause is sea-level rise,
which can lead to increased erosion and flooding in coastal areas. An-
other factor is sediment transport, influenced by factors such as wave
energy, currents, and human activities. Coastal engineering projects,
including the construction of jetties and seawalls, can also impact
sediment dynamics and coastline stability.

Conclusion

The coastline records of erosion and accretion in Sagbama com-
munities in Bayelsa State, Nigeria, provide valuable insights into the
changing coastal landscape. The analysis of the data reveals varying
trends and magnitudes of coastline changes over the three time per-
iods. While erosion and accretion are natural processes, they can have
significant implications for the local communities and the environ-
ment. Understanding the causes and implications of coastline changes
is crucial for effective coastal management and planning. Strategies
such as coastline protection measures, sustainable land use practices,
and ecosystem-based approaches can help mitigate the negative im-
pacts of erosion while harnessing the potential benefits of accretion.

Tech & Inf. 2023;4(4):1-8. DOL: 10.51626/ijeti.2023.04.00067

%

Continued monitoring and research efforts are essential to further our
understanding of the dynamics of Sagbama’s coastline and to develop
informed strategies for coastal resilience and sustainable develop-
ment.

Recommendation

Geospatial technology should be use to monitoring of coastline
changes for effective coastal management and planning.
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