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Abstract

Purpose. The study is aimed to analyze the evolution of the coastline of Padang Pariaman Regency, as
well as some oceanographic and anthropogenic factors.

Methods and Results. In this paper, the results of survey studies are quantified. The coastline evolution
is observed using remote sensing techniques on Landsat image data collection and Geographic
Information System (GIS) techniques. The coastline evolution is estimated using the overlay method.
The evolution of the coastline of Padang Pariaman Regency is due to abrasion along the coast,
especially in Katapiang village covering an area of 49.76 ha, where an increase of 27.63 ha from the
previous period can be observed. The largest accretion occurred in the village of Malai V Suku with an
additional 12.30 ha of land and the Pilubang village with an additional 4.84 ha of land. Such hydro-
oceanographic factors as wave speed, high current velocity, and tides affect coastal abrasion in the
Padang Pariaman District.

Conclusions. The evolution of the coastline is influenced by oceanographic and anthropogenic factors.
An oceanographic factor in the form of the highest tide can be observed in Ulakan and Tapakis villages.
Anthropogenic factors and the largest land changes can be found in the village of Malai V Suku,
amounting to 29.21 ha, and in Katapiang village with an increase of 27.63 ha from the previous period.
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Introduction

The coastline is the meeting point between land and sea, which helps to achieve
a natural balance. The dynamic nature of a beach is a natural response of the coast
to the environmental conditions surrounding it. The environment around the coast is
used by people for various activities, such as tourism, housing, fishing, agriculture,
and industry. The research results [1] state that the resident population inhabits
almost 45% of coastal areas, and that puts constant pressure on the evolution of
coastlines. In addition, the influence of natural factors, such as sediments, sea
currents, sea surface wave movements, and sea level, also affects the coastline,
which has increased from 0.26 m to 0.55 m [2]. Rising sea levels affect waves,
floods, and storms, and increase sociol-economic and ecological risks to
communities around coastlines.

The evolution of the coastline is followed by a change in its position, which is
caused by several factors and interactions between factors, namely nature, and
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people. Natural factors are derived from hydro-oceanographic processes, such as
wave and current speed, tidal variation, and climate change. The results of
the research by [3] state that anthropogenic factors, such as housing development
and tourism in coastal areas affect the evolution of shorelines. This disrupts
the balance of sediment transport along the coast. In addition, sand mining causes
changes in current and wave patterns [4]. Therefore, abrasion and accretion can be
observed on almost all coasts in Indonesia, for instance, in Bengkulu Residency,
Demak Residency, Teluk Awur in Jepara Residency, Cisadane waters in Banten
Province, Soropia Sub-Residency in Southeast Sulawesi, Makassar in South
Sulawesi, and Padang Pariaman Regency in West Sumatra [5-10].

The coastal position of Padang Pariaman Regency is flat because it is on a slope
of < 20%. At a distance from 0 m to 5000 m towards the sea, the seawater depth is
20 m. At a distance of 20 km toward the sea, the depth of seawater is from 0 m to
125 m. Ocean currents move from the north towards the north and the south coasts
of Padang Pariaman Regency [10]. The coastline evolution of Padang Pariaman
Regency is related to the waves of the Indian Ocean. This causes the coastline of
Padang Pariaman Regency to be vulnerable to abrasion and accretion.

Changes in wind direction that occur in Padang Pariaman Regency also result
in the same phenomena. In addition, two handrails installed along the shoreline of
Padang Pariaman Regency are now located in the middle of the sea because
the beach sand has been crushed by waves of about 30 meters. The distance from the
beach to the houses of residents, which is 6 m, is even closer now because the waves
hitting the coast of Padang Pariaman Regency are very strong. The government of
Padang Pariaman Regency has not yet made regulations on handling and preserving
coastal ecosystems.

Several researchers have found various solutions to the problems that occur on
the coast of Padang Pariaman Regency. The characteristics of the coast and
the abrasion process in Padang Pariaman District were described in [11], the coastal
vulnerability was investigated with Analytic Hierarchy Process (AHP) in [12], and
the coastline was studied by looking at natural factors and sediments in the estuary
in [13], while [14-15] studied only coastal vegetation. Some limitations could be
observed in the abovementioned research, for example, [11] examined the abrasion
process only from the hydro-oceanographic factor, [13] researched only in the
estuary, while [14-15] examined coastal plant types.

The results of the studies above show that the research conducted is not
comprehensive. Therefore, it is necessary to conduct research that examines all
aspects of the causes of accretion and abrasion that occur on the coast of Padang
Pariaman Regency. This study is aimed to analyze the coastline evolution of Padang
Pariaman Regency, as well as hydro-oceanographic and anthropogenic factors.
Hydro-oceanographic factors are natural factors that can change the beach area, such
as waves, currents, and tides. Anthropogenic factors are factors of continuous human
activity that cause shoreline changes. Both of these factors can occur and change
according to variations in parameters and environmental conditions.

Area of work, materials, and methods
The geomorphology of the coast of Padang Pariaman Regency is as follows:
lowlands (40%) in the form of Fluvial Plain units with concave slopes, oxygen
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morphogenesis (river flows), 0-2% slopes; and land use in this area is dominated by
settlement and agriculture.

The coast of Padang Pariaman Regency consists of alluvium deposits (silt, sand,
and gravel), which are widespread almost all over. In the north, though, their
distribution is a bit narrow because there are pumice tuff terraces from the latest
eruption of Maninjau Caldera and basaltic andesite originating from a Pleistocene
volcano.

Field survey activities were carried out to examine the condition of the coastline
at 10 points or villages in Padang Pariaman District: Gasan Gadang, Guguak Kuranji
Hilir, Katapiang, Koto Tinggi Kuranji Hilir, Kuranji Hilir, Malai V' Suku, Pilubang,
Sunua, Tapakis, and Ulakan (Figure).
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Figure. Map of the coastal area of Padang Pariaman Regency

The sources of the map shown in the Figure are the Map of West Sumatra
Province Administrative Boundary RTRW 2017, the River Flow Map of West
Sumatra Province RTRW 2017, the Road Function Map of West Sumatra Province
RTRW 2017, and the Village Boundary Map of Padang Pariaman Regency.

The materials used in this study were Landsat 8 imagery in 2018, Landsat 5
imagery in 2003, Landsat 5 imagery in 1988, and DEM data. The tools implemented
were the Asus Core i5 laptop, ArcGIS 10.5, ENVI 5.1, and Global Mapper 17
software. This research used a quantitative survey method, and observations of
shoreline changes were carried out with the help of remote sensing techniques on
Landsat image data sets and Geographic Information System (GIS) techniques.
Shoreline changes were observed using the overlay method, which can determine
shoreline shifts, such as abrasion and accretion. The data sources were obtained from
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satellite images (Espa.cr.usgs.gov), wave speed (www.ecmwf.int), current speed
(www.aviso.altimetry.fr), and tide (Naotide).

The data analysis technique in this study uses 3 parameters, namely:

1. Coastline evolution

The indicators used to determine the evolution of the coastline are abrasion and
accretion obtained from multiple map overlays and calculated statistics.

2. Hydro-oceanographic factors

The indicators used to estimate hydro-oceanographic factors are waves
(naotide), tides (www.ecmwf.int), and currents (www.aviso.altimetry.fr).

3. Anthropogenic factors

The indicators used to evaluate anthropogenic factors are area change (Landsat
5 TM 1988, 2003) and beach vegetation (Lands 8 OLI 2018).

The magnitude of the longshore current can be found by calculating the high
value of the breaking wave [16—18].

The breaking wave height (H) can be determined as follows:

! 1
the 22 = 0.56- (2275,
Ho Lo

where Hb is breaking wave height (m); Ho' is sea wave height in equivalent (m) and
Lo is wavelength in the deep sea (m).

The depth of the breaking wave (db) can be calculated using the following
formula:

db = Hb/(gT?)

where Hb is breaking wave height (m); g is the acceleration due to gravity (m/s?) and
T is wave period (S).
Breaking wavelength (Lb) can be found using:

Lb =T \/g(db)

where T is wave period (s); g is the acceleration due to gravity (m/s?); db is the depth
of breaking waves (m).
The breaking wavelength Lb (as) can be found as follows:
sinap __ sina,
b ~ Lo’
where ap is an angle of incidence of breaking waves (°); Lb is breaking wavelength
(m); a, is an angle between the crest of the wave in the deep sea and the shoreline
(°); Lo is wavelength in deep sea (m).
The current speed along the coast (V) can be found using:

1
V =1.17 (g - Hb)Z sin a,cos ay,

where g is the acceleration due to gravity (m/s?); Hb is breaking wave height (m);
ay is an angle of incidence of breaking waves (°).

The wave data is downloaded on the ECMWF website. The downloaded data is
provided in the form of wave period data (T), and deep-sea wave height (Ho"), which
has a netchdf (ns) format. The data is also downloaded at the coordinates of the
Padang City area with a grid of 0.125° x 0.125°. Both data are then converted using
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Ocean Data View software. The processed data are daily data, which are then
averaged with the help of Mircosoft Excel software.

Analysis of the results
The coastline of Padang Pariaman Regency is 60.5 km and it is prone to abrasion
and accretion because of its location directly opposite of the Indian Ocean. The
activity of waves, currents, and tides causes the loss of coastal land. This condition
is referred to as abrasion [19, 20], and it leads to the shrinkage of the beach width
and the evolution of the coastline.

Coastline evolution analysis

Abrasion and accretion are the dominant factors causing coastline evolution.
Abrasion can occur due to the influence of nature and many human activities along
the coast. For example, sediment can be eroded from the coast due to an unbalanced
sediment movement. Changing global climate is also responsible for sediment
movement because climate change influences wind speed, and the wind is a factor
that affects wave size. In the period from 1988 to 2018, the coastline evolution of
Padang Pariaman Regency was caused by abrasion and accretion (Table 1).

Table 1
Abrasion and accretion data for the coast of Padang
Pariaman Regency (1988-2018)
Abrasion, ha Accretion, ha
Village names 1998- | 2003- | 1988— | 1988— | 2003- | 1988—
2003 2018 2018 2003 2018 2018
Gasan Gadang 2.52 | 13.75 | 10.99 4.23 0.50 0.18
Malai V Suku 473 | 1558 | 17.84 3.29 1230 | 12.25
Guguak Kuranji Hilir 8.91 13.55 20.17 1.09 2.49 1.23
Kuranji Hilir 6.96 11.38 15.98 1.70 0.01 1.25
Koto Tinggi Kuranji
Hilir 16.76 8.26 23.65 2.51 1.36 17.67
Pilubang 18.85 - 25.21 3.42 4.84 2.78
Sunua 9.70 9.01 16.64 2.96 0.44 1.30
Ulakan 18.25 14.50 22.78 - 3.05 -
Tapakis 18.27 16.45 33.35 0.70 0.97 0.25
Katapiang 22.13 49.76 58.18 6.59 0.21 1.04

In the period from 2003 to 2018, an abrasion of 49.76 ha in Katapiang village
damaged many people’s houses. According to [21] the average coastal abrasion in
Padang Pariaman Regency amounted to 17.61 ha, and occurred in 5 villages. It is
related to the fact that the coast of Padang Pariaman Regency is directly connected to
the Indian Ocean and there are no coastal protection structures. In addition, coastal
abrasion occurs because the sediment is in the soft form, so it is easily carried by wave
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currents to other places. The high rate of coastal erosion at several locations in Padang
Pariaman District over the last 5 years caused abrasion according to [22]. Besides,
coastal abrasion can occur when the sediment movement to another place is greater
than the sediment movement to the beach [21].

The waves that come and hit the beach contribute to the movement of sediment
along the coast. Repeated wave motions in a zigzag pattern carry sediments to other
places. Abrasion can occur due to the loss of coral reefs and mangrove plants on the
coastline, as they play a role in resisting erosion and moving the sediment to other
places.

In the period from 2003 to 2018, some accretion occurred along the coast of
Padang Pariaman Regency. The area of the shoreline/land increased towards
the Indian Ocean. The largest accretion took place in the village of Malai V Suku
with an additional 12.30 ha of land and Pilubang village with an additional 4.84 ha.
It happened due to the movement of large sediments from rivers, which were carried
by ocean currents. Sediment deposits are concentrated in deltaic areas, areas rich in
coral reefs, and areas with high vegetation. Coral reefs and vegetation roots that grow
on the coast inhibit the movement of sediment to other places, so that sediment
accumulates and forms new land.

Hydro-oceanographic factor analysis

The hydro-oceanographic factors, such as wave speed, high current velocity,
and tides affect coastal abrasion in Padang Pariaman District. Based on the results of
the R studio statistical test that has been carried out with panel data regression
analysis, it is found that the appropriate estimate is the random effect test of 3 hydro-
oceanographic factors. In Table 2, statistical calculation using the panel data
regression method shows the influence of hydro-oceanographic factors on changes
in the beach area. The value of 0.0011 indicates that changes in the beach area are
influenced by hydro-oceanographic factors because the value obtained is smaller
than the alpha value of 0.05, meaning that the alpha value is 0.05, and the power of
influence is 40%. The p-value is 0.0029, which means that the null hypothesis is
rejected so that the coastline is simultaneously affected by the independent variable.
Current velocity and wave speed do not affect the occurrence of abrasion.

Based on the data in Table 2 (1988, 2003, 2018), the main cause of abrasion on
the coast of Padang Pariaman Regency is shown. In 2018 the highest tides were in
the villages of Malai V Suku and Guguak Kuranji Hilir, while the lowest occurred
in Gasan Gadang village. Abrasion in the northern part of the coast of Padang
Pariaman Regency is smaller than in the southern part because the geology of the
composition is different. This is caused by pumice tuff terraces from the latest
eruption of Maninjau Caldera and basal andesite originating from the Pleistocene
and Holocene volcanoes. Tides are regular rising and falling sea level movements
[23]. Tides and sea levels play a role in coastal processes such as the spread of
sediment and coastal abrasion. High tide spreads sediment near the coast, while low
tide causes the sedimentation process to advance toward the open sea. Tidal currents
are generally not so strong as to transport large sediments.
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Table 2

Hydro-oceanographic factors affecting abrasion (1988-2018)

Village Wave speed, m/s Current speed, m/s Tide, m

names 1988 | 2003 | 2018 | 1988 | 2003 | 2018 | 1988 | 2003 | 2018
Gasan

Gadang 719 | 108 | 743 | 111 | 120 | 185 | 119 | 1.35 | 2.18
Malai V
Suku 6.37 | 957 | 657 | 0.98 | 117 | 1.80 | 1.18 | 1.35 | 2.28
Guguak

Kuranji Hilir] 726 | 1091 | 749 | 112 | 0.77 | 118 | 118 | 134 | 2.27

Kuranji Hilir] 5.34 | 8.02 | 552 | 0.83 | 0.82 | 126 | 1.17 | 134 | 2.26
Koto Tinggi
Kuranji Hilir] 7.72 | 116 | 7.97 | 118 | 082 | 1.27 | 1.17 | 133 | 2.25

Pilubang 4.66 700 | 481 | 0.72 | 095 | 148 | 116 | 133 | 2.24

Sunua 564 | 847 | 583 | 087 | 070 | 1.09 | 113 | 130 | 2.20
Ulakan 6.41 848 | 6.62 | 099 | 0.74 | 1.15 | 112 | 129 | 219
Tapakis 6.95 | 1044 | 717 | 107 | 1.04 | 162 | 112 | 1.29 | 219

Katapiang 5.65 8.48 | 583 | 088 | 064 | 099 | 111 | 127 | 2.16

Wind and atmospheric pressure on the water’s surface affect the water level.
The force of the wind pushes the water surface towards the land causing the water
level to rise. The influence of weather varies in water levels; these phenomena are
known as storms and barometric waves. Hurricanes and barometric waves can lead
to coastal damage and flooding [24]. Hurricanes occur due to wind pressure at sea
level and reduced atmospheric pressure, while barometric waves take place due to
storm surges. Barometric waves are generated by an imbalance between the sea level
and barometric pressure, the surface water rises as atmospheric pressure decreases
by about 0.1 m for each kPa of difference in pressure [20].

Astronomically, tides occur because of the regular rise and fall of sea levels. On
the other hand, the rise and fall of sea levels depend on the tides. This is caused by
the gravitational interaction between the moon and the sun. This interaction affects
the tides in several different places. The height of the ocean waves in deep waters is
generally < 0.5 m in shallow waters modified by shoaling and friction; in certain
places, sea waves can reach a height of > 15 m. Tidal conditions in a particular place
are different and are governed by the constituents of semi-diurnal and diurnal tides.
The semi-diurnal constituent causes 2 high and 2 low tides every day, while the
diurnal tidal constituent causes 1 high and 1 low tide every day. In addition, tides
can occur on the full moon and on the new moon [9].

The amount of force affected by the gravitational interaction of the earth, sun,
and moon results in periodic variations in the large mass of water. Due to these
forces, the rise and fall of water masses are called astronomical tides, while
the resulting horizontal motions are called tidal currents. The most important tidal
component is caused by the pull of the moon with a maximum value of 12-hour and
25-minute intervals. As a result, the maximum and minimum fluctuations in the
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mean sea level are delayed by 50 minutes per day, corresponding to a lunar day
lasting 24 hours and 50 minutes. The second component of the tide is affected by the
sun’s gravitational pull, with a period of 12 hours, which in turn enhances or
dampens the semi-diurnal effect of the moon. When the two attractive forces affected
by the sun and moon are in conjunction or opposite in phase, the tides at a location
show a maximum level and are called spring tides; when the two forces differ in
phase by a quarter (the moon in the first or in the third half) the tide assumes a
minimum value and is called a new tide [20].

The theory of tidal balance explains that the tides are known through
the suitability and influence of the gravitational force, so that each planet is always
in its orbit around the sun and the moon — around the earth. The balance theory states
that tides are not regulated by the seabed. The sea produces forces that shape the
position of its surface. The sea surface adjusts to the various forces that interact with
it. The tides vary depending on the configuration of the basin. The tides on the lake
are lower than on the sea. Tidal variations differ from the coast to the center of the
ocean. The highest tides occur at the edges of the largest ocean basins, such as bays.
Extreme tides can be encountered in some locations caused by natural oscillation
periods of about 12 or 24 hours. The speed of an open ocean tidal current can be
measured in cm/s, and it will decrease according to the ocean depth. Beaches
experience abrasion quickly if the waves hit one place for a long time. In order to
experience abrasion slowly, they need to be protected by offshore islands [21].

Anthropogenic factor analysis

Anthropogenic factors are geomorphological processes caused by human
activities on the coast that can destabilize the coastal environment. Anthropogenic
factors affect the physical environment and the lives of people who live and work in
coastal areas. The results of statistical tests carried out show that anthropogenic factors
in the form of land changes influence accretion on the coastline of Padang Pariaman
Regency with a value of 0.04, which is below the alpha value of 0.05 with an R-squared
value of 18%. The anthropogenic factors include land changes that bring about
changes in coastal vegetation in Padang Pariaman Regency (Table 3).

The data in Table 3 shows that from 1988 to 2018 there was a change of 29.21 ha
in the coastal vegetation area of the village of Malai V Suku. The village was used
for anthropogenic activities, such as making shrimp ponds, and it was causing
changes in the coastal vegetation area. Besides, a sea reclamation project was
adopted there that moved the land and the coastline of the village towards the sea.
This brought hydrodynamic changes and affected the topography and dynamics of
sediment erosion of the coastline of Padang Pariaman Regency. As a result, a change
in the coastal vegetation of the Padang Pariaman Regency was noted. In the northern
part of Padang Pariaman beach (Gadang Gadang village), anincrease in the
vegetation area was noted, while in the southern part of Padang Pariaman beach
(Katapiang village) a reduction in the vegetation area was observed. In addition, this
beach is an area bordering the river mouth [25]. Land materials enter the river waters,
go to the sea and then settle at the bottom of the waters to form sediments and spread
to the coast [26].
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Table 3
Changes in coastal vegetation area (1998-2018)

. Vegetated land areas, ha Land change, ha
Village names
1988 | 2003 2018 | 1988-2003 | 2003—-2018 | 1988-2018

Gasan Gadang 0.00 1.65 8.32 1.65 6.67 8.32
Malai V Suku 30.70 | 47.58 59.91 16.88 12.33 29.21
Guguak Kuranji
Hilir 12.20 | 16.10 22.26 3.90 6.16 10.06
Kuranji Hilir 10.90 | 12.47 19.39 1.57 6.92 8.49
Koto Tinggi
Kuranji Hilir 27.14 | 39.86 47.20 12.72 7.34 20.06
Pilubang 531 | 3.75 4.06 -1.56 0.31 -1.25
Sunua 14.56 | 12.81 15.78 -1.75 2.97 1.22
Ulakan 46.02 | 43.35 39.71 —2.67 —3.64 —6.31
Tapakis 23.84 | 30.07 21.33 6.23 —8.74 -2.51
Katapiang 77.86 | 57.41 64.30 —20.45 6.89 —-13.56

The coastal environment is an area that always changes. The changes in
the coastal environment can occur both slowly and rapidly. It all depends on
the balance of forces between topographic, rock, wave, tidal, and wind
characteristics. Changes in the coastline can have a positive impact (increase in land
area) and a negative impact (erosion of some land resulting in a decline of
the coastline). Both of these impacts can occur and always change according to shifts
in parameters and environmental conditions. The accumulation of deposited
material, in a certain period, affects the area and the land in coastal areas [27].
Anthropogenic factors consist of land clearing upstream of rivers and clearing of
mangroves. Sediment accumulation occurs in areas with a lot of anthropogenic
activity [28].

The condition of the coastal environment deteriorates if the coast is not used
properly and the situation is not controlled. The increasing number of people using
uncontrolled coastal areas and exploiting coastal areas to the extreme leads to coastal
erosion, pollution, shoreline evolution, sedimentation, and silting of bays [29].
The clearing of mangrove forests in areas that have a high level of tourism and
aquaculture activities has an environmental impact on the coastal ecosystem. Places
that have residential areas endanger both the population and the physical condition of
the beach. The more settlements there are around the coast, the greater the risk,
including coastal damage due to land conversion and human activities [30].

Conclusion
The coastline evolution of Padang Pariaman Regency, West Sumatra, Indonesia
occurred due to coast abrasion and amounted to 49.76 ha, especially in Katapiang
village. It is an increase from the previous period when the coastline evolution in this
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region amounted to 27.63 ha. This phenomenon was influenced by hydro-
oceanographic and anthropogenic factors. The hydro-oceanographic factors in the
form of the highest tides were observed in Ulakan and Tapakis villages.
The anthropogenic factors in the form of the largest land change of 29.21 ha occurred
in the village of Malai V Suku.
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