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ABSTRACT: Shorelines are a very important feature of the coast. It is continuously changing due
to natural activities like waves, and currents, and anthropogenic activities like construction. These
changes cause morphological changes to the coast due to erosion and accretion. In case of erosion,
coasts are at risk. For this purpose, Shoreline Changes were calculated by using the Digital Shoreline
Analysis System (DSAS) for the last two decades at the Karachi coast. Shoreline changes showed both
erosion (at bin Qasim town) and accretion (at Korangi town) but erosion dominated the entire
coastline, especially in 2015. Shoreline Change Envelope (SCE), Net Shoreline Movement (NSM),
End Point Rate (EPR), and Linear Regression Rate (LRR) are 427.76 m, -46.02 m, -3.22 m/yr. and -

2.16 m/yr. respectively in the last two decades.
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INTRODUCTION

A shoreline is a natural boundary between sea
and land. A crucial component of the earth’s surface is
the shoreline. The shoreline was acknowledged by the
International Geographic Data Committee as being
among the 27 features (Khan et al., 2020). Shoreline
change is frequently worse by a mix of anthropogenic
and natural forces and thus raises the dangers to coastal
communities (Siyal et al, 2022). Altered by
anthropogenic activities such as the building of unnatural
harbors, ship breaking industry, and natural factors such
as currents, tides, waves, sea level (Gopinath et al.,
2023), and movement of sediments (Karamma et al.,
2022). The shoreline’s position can change by a few
millimeters or tens of meters, and after 100 years, it can
change by a hundred meters (Narayana and A.C., 2016).
The shoreline movement involves aspects that change on
a daily, yearly, or seasonally, based on a geological time
scale (Camfield et al., 1996). Shoreline changes are the
vital character of the coast (Siyal et al., 2022). Because of
nature’s physical, chemical, and biological processes,
coasts are changing (Gomez-Pazo et al., 2021).
Nowadays, due to increasing urbanization, the alteration
of the coastline has accelerated (Ahsanullah et al., 2021)
When sediments are removed from the coast results in
land moving inland called erosion while sediments being
deposited on the coast results from land moving outward
side (Gibb and J.G., 1978). Some of the most varied and
vital resources are found in coastal areas. In the world, 40
% of the population lives near shore (Nazeer et al., 2020)
and approximately, 70 % of coasts are vulnerable to
erosion that resulted in the movement of people away
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from the afflicted places (Biswas et al., 2017). For
example, in Ghana, the maritime estuary degraded at the
rate of 0.58 meters per year on the western side and 1.94
meters per year on the eastern side in 120 years
(Appeaning Addo et al, 2020). In addition to
anthropogenic activities, big natural occurrences like
cyclones, tsunamis, tectonic plates, sea levels, and
climate change also contribute to morphological changes
(accretion and erosion) (Khan et al., 2020). Sea level
causes erosion, especially in laying low (Mentaschi et al.,
2018) in Pakistan, Bangladesh, and many more (Kanwal
et al., 2019). According to UNEP, Pakistan is prone to a
rise in sea level (Khan et al., 2002). The Sindh coast is at
more risk of morphological changes than the Balochistan
coast (Khan et al., 2002). Due to natural forces and
human activities, Karachi is always undergoing erosion
and accretion (Ahsanullah et al., 2021). Shoreline
changes are not easy to detect but it is detected by using
remote sensing data (Khan et al., 2020). The purpose of
this study is to use the Digital Shoreline Analysis System
(DSAS) to calculate shoreline changes and morphological
changes in the last two decades.

MATERIALS AND METHODOLOGY

Study Area: The study area is located on the coast of
Karachi approximately 90 km. Karachi is located at
24°51'39.47° N latitude and 66°5925.80" E longitude.
Karachi is the most populous and densely inhabited
metropolis and capital city of Sindh. From, cape Monze
to Gharo Creek, the coastline of Karachi is present.
Karachi’s coastline is made up of diverse landforms such
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as sandy beaches, rocky coast, and creeks such as

Korangi Creek, Khuddi, Phitti (Fig.1).
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Table 1: Characteristics of Landsat Satellite Imageries used in this study

Landsat Sensor Path Row Date
152 042 08/03/2000
Landsat 7 ETM+ 152 043 08/03/2000
153 043 15/03/2000
152 042 22/03/2005
Landsat 7 ETM+ 152 043 22/03/2005
153 043 29/03/2005
152 042 20/03/2010
Landsat 7 ETM+ 152 043 20/03/2010
153 043 27/03/2010
152 042 11/04/2015
Landsat 8 OLI/TIRS 152 043 11/04/2015
153 043 18/04/2015
152 042 07/03/2020
Landsat 8 OLI/TIRS 152 043 07/03/2020
153 043 14/03/2020
152 042 30/04/2022
Landsat 8 OLI/TIRS 152 043 30/04/2022
153 043 29/04/2022
Shorelines and baseline (2022) were digitized in in ArcMap (shapefiles and personal database). DSAS was

Google Earth Pro (2000, 2005, 2010, 2015, and 2020) for used to calculate shoreline changes (distance i.e., NSM,
DSAS. All shorelines were digitized at 385 ft except SCE, and rate LRR, EPR) in ArcMap (Figure 2). Also,
51221 ft for the year 2000 (due to low resolution) using DSAS helped in forecasting shoreline changes for the
the path tool. These digitized shorelines were organized next 20 (2034) or 40 (2044) years (Table 1).

Table 2: The rate of change statistics used in this study (After; Thieler et al., 2019; Kilar, H., 2023)

Statistics  Description Unit

NSM The total distance between the earliest and most recent shoreline for each transect m

SCE Shoreline change envelope m

LRR A linear regression rate of change statistic can be determined by fitting a least square m/yr
regression line to all shoreline points for a particular transect

EPR Dividing to distance of the shoreline movement by the time elapsed between the oldest and the  m/yr

most recent shoreline
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Data was obtained from USGS Earth Explorer
with an interval of 5 years for Landsat 7 ETM+ (2000,
2005, and 2010) and Landsat 8 OLI/TIRS (2015, 2020,
and 2022) in Table 1. These satellite images were
organized in ArcMap and QGIS. All these satellite
images are represented in charts and maps.

RESULTS

The DSAS calculates the shoreline changes in
the distance (m) i.e., NSM, SCE, and in rate (m/yr.) i.e.,
EPR and LRR. These are the most widely used statistics
in various studies (Esmail et al., 2019; Hossain et al.,
2021; Siyal, et al. 2022; Kilar, H., 2023). Results showed
769 total transect IDs. While 680 transect IDs showed
shoreline changes. And, 89 transects ID showed no
shoreline changes.

Fig 3 (a, b) showed SCE, NSM, LRR, and EPR
approximately 427.76 m, -46.02 m, -2.16 m/yr. and -3.22
m/yr. respectively at the Karachi coast in the last two
decades. NSM, erosion distance about -232.93 m and
accretion distance about 217.76 m. SCE, maximum
distance about 1967.18 m and minimum distance about
0.27 m. EPR, -about 15.41 m/yr. erosion rate and
accretion rate of about 13.98 m/ yr. LRR, erosion rate
around -14.07 m/yr. and accretion rate around 14.71
m/yr. erosion. 49.29 % erosion and 25.59% accretion
were observed in the last two decades. Erosion and
accretion were observed in the western, southern, and
eastern sides of the Karachi coast. Accretion is mostly
observed in the southern part of the Karachi coast while
erosion is mostly observed in the eastern part of the
Karachi coast, especially Bin Qasim Port. This is due to
the industrial activities and decrease in the mangrove area
in front of the island to Bin Qasim Port (Ahsanullah et
al., 2021).
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Fig 4 showed variations in erosion (in red) and
accretion (in green) at each transect ID in the last two
decades at the Karachi coast. Mostly the process of
erosion (40.29 %) was observed than accretion (25.59
%).

SCE, Ibrahim Hyderi showed a maximum
distance at transect ID: 536 about 1967.18 m. Bin Qasim
town showed a minimum distance at transects ID: 693
about 0.27 m. NSM, Rehri showed accretional distance at
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transect ID: 590 about 1934.69 m. Machar colony
showed erosional distance at transect ID: 301 about -
1919.65 m. EPR, Bin Qasim town showed erosion at
transect ID: 768 about -160.87 m/yr. Korangi town
showed accretion at transect 1D: 448 about 183.83 m/yr.
LRR. Korangi town showed accretion at transect ID: 434
about 115.7 m/yr. bin Qasim town showed erosion at
transect ID: 738 about -132.58 m/yr.
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Table 3: Shoreline changes in each year

Years SCE NSM EPR LRR
(m) (m) (miyr.) (miyr.)
2000 0 0 0 0
2005 154 -75 -6 0
2010 301 -38 -3 -3
2015 419 -126 -8 -6
2020 629 13 1 1

Table 3 describes the shoreline changes each past with average distance each year. It has been reported
year. Shoreline changes represented erosion and accretion that most shoreline changes occur due to intense human
each year. Whereas most changes were observed in 2015. interventions (Fan D et al., 2019).

Figure 5 also shows how shorelines were changed in the
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Figure 6 shows shoreline changes in terms of Mostly erosion was observed in 2015 and accretion was
SCE. NSM, EPR, and LRR from 2000 — 2020. It showed observed in 2020. Many changes were observed in 2020

changes in shoreline at each year from 2000 to 2020. due to intense human intervention (Fan D et al., 2019).
N
Digital Shoreline Analysis System (DSAS) " @‘\; :
Future Prediction 67°20'0"E M
|
l z
i 3 67°5'30"E  67°6'30"E  67°T'30"E
| 2 ; 5 : Z  67°210"E  67°23'0"E  67°25'0"E
z = Maximum A 465 = =z
2 S ID: S z 3 Maximum Erosion 738 B
big ) g & ID: 738 o &~
= 9 S 2 i
~ z 460470, % z 738 s %
z 9 P LI T 675 & «
8 471 4 875 z
R ‘ ; 9 5
& X 64 738 ¥
e ‘ /L TORAN R &
R ey e “210°E  67°230°E  67°250"E
o )
—— Baseline (2022)
. Forecast points
2034
0 5 10 20 30 40 PR0
— — — —— ilometers

Fig 7 (a): Future Prediction for 2034 year

186



Pakistan Journal of Science (Vol. 76 No. 2 June, 2024)

Baseline (2022)
Forecast points

2044

~N
Digital Shoreline Analysis System (DSAS) = {%,
Future Prediction 67°20'0"E g5 o
=
3 67°5'30"E  67°6'30"E - 67°7'30"E
i 2 Z  67°210"E  67°230"E  67°25'0"E
£ = Max\q‘um Aci =3 . =
= S D: 434 | Z 2 Maximum Erosion 738 £ s
5 434 g 3 ID: 738 - s
o~ 70 P = I\ s
g 3\ 9 42‘9%;‘” & 5 675 1\ '3 &
s 471 2 75 1\ =
g s 39 '\‘ 5
S S 739 | ¥
38!;385 | 67\ 7§/s 1 ! \.739 3
—— o, =7 ~E - ]
67°5'30"E  67°6'30"E  67°7'30"E 21 e 2 e .,025/5_5
N\ "0

Pty

20 30

40 67°20'0"E

Kil

Fig 7 (b): Future Prediction for 2044 year

Fig 7 (a and b) shows the future prediction of
shorelines for the years 2034 and 2044. It shows how
shorelines will change in both years at an increasing rate.
It showed average distance will be 42.80 m and 15.26 m
for 2034 and 2044 respectively. Accretion will be
2899.704 m for 2034 and 4052.49 m for 2044 at the
southern region of the coast. While erosion will be -

2977.36 m for 2034 and -4399.34 m for 2044 at Bin
Qasim town. The long-term morphological changes to the
Karachi coast can be due to continued human
intervention, and the removal of mangroves that
ultimately affect on biodiversity and coastal defense
(Brown et al., 2018).
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Fig 8 (a) shows shoreline changes at each
transect for the next 10 years i.e., 2034. It will represent
both minimum and maximum distance at transect ID: 738
and 434 about -2977.36 m and 2899.7 m respectively.

Fig 8 (b) shows shoreline changes at each
transect for the next 20 years i.e., 2044. It will represent
maximum and minimum distance at transect ID: 434 and
738 about 4052.49 m and -4399.34 m respectively.

DISCUSSION

In the previous three decades, morphological
changes have been seen along the whole coastline region
of Sindh (1989 - 2018). Using satellite pictures from
1989, 1999, 2009, and 2018, DSAS was utilized to
identify coastline modifications such as LRR, LMS, and
EPR. The whole coastline region of Sindh was shown to
be more eroded than accreted. The greatest rates of
erosion and accretion were noted in Kharo-Chann and
Southern Karachi, respectively. In the Indus delta,
erosion has been dominated, particularly in the Kharo-
Chann region at a rate of -19.76 + 0.55 m/yr. about -0.85
+ 0.45 m/yr. of erosion in Karachi, particularly in the
eastern zone. At Karachi, the rate of accumulation was
8.34 £ 0.45 m/yr. (Kanwal et al., 2019).

At Karachi, morphological changes (accretion
and erosion) were brought on by the rising sea level. The
NOAA tides and currents were used to determine the
rising sea level data, which showed 0.002 mm/year.
growing at a rate of 0.0032 mm/year between 1916 and
2016. Sea level rise in 2020. Shorelines from Google
Earth Pro were taken in 1985, 2001, 2003, 2010, and
2021 to show the accretion in the southern region and
erosion in the eastern region, or DHA phase 6. Goth
Manjar and the southern coastline region saw changes
(Shafique et al., 1985)

Ahsanullah, et al (2021) have studied
morphological changes along the Karachi coast using 50
years of time-scale data. They used an erase tool from
ArcGIS software to measure Accretion and erosion rates
at the coast. They have been analyzed that erosion and
accretion were higher during 1979-2020 particularly
erosion at Bin Qasim port due to the removal of
mangrove cover.

Nazeer et al (2020) analyzed the Karachi coast
vulnerability assessment using Landsat imageries from
1942-2018 through DSAS. They have concluded that
94% of the Karachi coast is highly vulnerable due to
anthropogenic activities near the coast. Similarly, 24% of
the transect showed erosion on the western side of the
coast.

Shorelines are the boundary between land and
sea. Shoreline changes are observed on the Karachi coast
due to both natural and man-made factors. Both factors
are running side by side (Shafique et al., 1985). Tidal
currents, waves, sea level, and strong winds of southwest
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monsoon are the natural factors. On the other hand,
anthropogenic  factors are the construction or
development of coastal areas for economic purposes, the
building of residential areas due to increasing
urbanization, and recreation, and the building or
construction of jetties and ports (Ghazal et al., 2014).

Shorelines are a very important asset of the
coastal area. These shorelines are protected by the
construction of sea walls, dolos, jetties, bulkheads, etc.
(Guthrie et al., 2023). Whereas, mangroves play an
important role in protecting shorelines from erosion.
Nowadays, the living shoreline concept plays a role in the
nourishment of coasts. Wetlands also help to protect
against shorelines.

Conclusion: In this study, DSAS model has been used to
not only observe the changes during past years but also to
make future predictions. Erosion is mostly observed in
bin Qasim town while accretion is in the southern part.
This study shows the comprehensive significance of
remote sensing and GIS techniques in coastal risk
assessment and prediction. Rapid development along the
coast changes the morphology of the coast significantly.
The net shoreline change (NSM and SCE) and rate of
shoreline change (LRR and EPR) indicated that sea level
rise due to anthropogenic activities is the greatest concern
for the Karachi coast shortly.
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