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Abstract: The physical development can change natural landscape units, and none other than that is the coastal
typology in the coastal area of Denpasar City, which has a high development intensity. This research aims to
describe the implications of coastal development on changes in coastal typology in Denpasar City. The method in
this research design is quantitative descriptive using QGIS tools for analysis and Landsat satellite image data
available on Google Earth Pro for the period December 1990, 2005, and 2020 that delineate. The results of the
research show that development implications for changes in coastal typology that occur in the coastal area of
Denpasar City include the addition or widening of the coastline for the anthropogenic coast coastal typology for the
1990-2005 period, which was £21.12 km long and in the 2005-2020 period it was increased to £2 km long. The
widening of the coastline in the marine deposition coast typology experienced an increase of £1.7 km in the 1990-
2005 period. Changes due to development implications during the 1990-2005 period also included the loss of the
marine deposition coast typology along + 10.61 km. In the same period, + 1.66 km along the coastal typology of
build-by organisms disappeared. Residential settlements on Serangan Island, including the anthropogenic coast
typology, also disappeared for + 1.18 km during this period.
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1. Introduction

Bali Province is one of the regions that generates
the most significant state income for the tourism
sector [1]. It has coastal areas that are popular among
domestic and foreign tourists [2]. Bali Province has
been the centre of attention in tourism development,
and tourism has even become a mainstay sector in
Indonesia [3]. Even though the 10 New Balis have
been established and are being developed by the
Indonesian Ministry of Tourism and Creative
Economy, the  development  of  tourism
accommodation and infrastructure in Bali continues
to experience physical development, such as
increasing the number of hotels and tourism
accommodation and large infrastructure projects in
coastal areas. The projects were the Bali Cultural
Center (PKB) in Klungkung Regency [4], the Bali
Maritime Tourism Hub (BMTH) [5], and Sanur
Harbor [6]. On the other hand, Bali also has a track
record of stalled projects, such as several hotels close
to the beach in South Kuta District, the Reclamation
of Serangan Island, which has never been completed,
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as well as contradictory projects by the Balinese people
such as the Reclamation of Benoa Bay by PT Tirta
Wahana Bali Internasional (TWBI) [7].

The construction of tourist accommodations and
arrangements in coastal areas will undoubtedly impact
changes in the natural landscape. This change in the
natural landscape is also a serious concern in the
regulations contained and mandated in Law No. 32 of
2009 concerning Environmental Protection and
Management. New areas, such as the western part of
Badung Regency, also show decreased environmental
carrying capacity and ecosystem services [8]. The
publication of the criticism made by Walhi Bali as one
of the Bali Province Environment Impact Assessment
(EIA) commission teams in various EIA public
consultations stated that in the 2023-2024 period, there
were at least six tourism support projects in Bali which
were deemed not to comply with the rules and worsen
Bali's already deficit environmental conditions. The
issues are food deficit [9], unsustainable water reserves
[10], seawater intrusion and high groundwater
exploitation in some of the coastal areas and parts of
Bali [11]. Some of the developments revealed in the
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Bali Province EIA Commission include Sangsit
Integrated Port Development [12], Vasa Ubud Hotel
[13], Holiday Inn Resort Canggu Bali Hotel [14],
Magnum Hotel Residence Sanur [15], Hotel N2S Lot
5 [16] and two projects in the Bali Beach
Conservation Project Phase-ll program to maintain
tourist beaches affected by abrasion through the Sand
Stockpile project in protected forest areas facing the
sea [17] and Sand Sources for Nourishment which
threaten water conservation areas and wildlife
pathways, namely sea turtles, among the main goals
for conservation [18]. Problems range from non-
compliance with the applicable spatial plan,
violations due to construction being carried out to
marketing before an environmental permit, being in a
disaster-prone area, to the potential impact on the
carrying capacity and capacity of the environment.
One of the areas with massive tourism development
in coastal areas in Bali Province is Denpasar City
[19].

Based on initial observations, the existence of
many tourist accommodations and coastal protection
structures such as Sanur Beach, such as
embankments and breakwaters, former reclamation
and dredging piles on Mertasari Beach, and the
reclamation of Serangan Island, proves that the coast
of Denpasar City has experienced massive changes
due to coastal development that has occurred for a
long time. Several studies have also discussed the
problem of erosion on beaches and coastal areas in
Denpasar City, which confirms that intensive
development, such as the reclamation of
Serangan Island, has had this impact [20-21]. One
way to identify the implications of coastal
development that can be reviewed by identifying
changes in coastal landscapes is by identifying
coastal typologies.

From the research that has been carried out,
coastal typology is a landscape ecological unit or a
geomorphological unit of land [22-24], which is
caused by the identification of coastal typology,
primarily based on Shepard (1972) [22-31], refers to
geomorphological approaches. Aspects such as
morphology and morphogenesis are the main
guidelines in identifying coastal typology for a land
unit or analysis unit on the earth's surface [23,25].
Previous research revealed that anthropogenic factors
can significantly change coastal typology even within
land units [24]. In general, many studies conducted in
the coastal areas of Denpasar City are related to
disasters [32-34] and tourism [35-37]. Several studies
have also revealed lead (Pb) contamination in
sediments around the coast of Denpasar City, Sanur
[38]. Based on that problem, this research aims to
describe the implications of coastal development for
changes in coastal typology in Denpasar City.
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2. Material and Methods

2.1. Materials

The research was conducted in the coastal area of
Denpasar City, Bali Province. It is due to indications of
massive coastal development along the coastal area of
Denpasar City. Materials for the research include a
Laptop device, which in this research uses ASUS TUF
Gaming F15 intel core i5 for running geographic
information system (GIS) software such as Google
Earth Pro and QGIS Desktop version 3.34.5 prizren,
microsoft excel to sum the total of the data that has
been collected, and Alpine Quest Pro for ground check
of location sample of data collection.

2.2. Methods

The research carried out is descriptive research,
with an effort to explain or describe the implications of
coastal development for changes in coastal typology.
This research itself is a case study based on massive
tourism development in coastal areas of Denpasar City,
which has the impact of changes in the coastline and
potential changes in coastal typology on the coastline of
Denpasar City.

2.3. Data collections

The data was mainly collected utilizing visual
interpretation and digitization of Landsat satellite
image data in the Google Earth Pro application at three
different times, namely 1990, 2005, and 2020, all of
which are in the 12th month (December), and
secondary data through literature studies taken from
reference articles in scientific journals, proceedings, as
well as government agency and NGO report
documents. Landsat image data available on Google
Earth Pro is fast in the data acquisition process and
sufficient to identify changes in coastlines and coastal
typology at a medium data scale amid massive tourism
development in Bali. As for the characteristics of the
data, the Landsat imagery available on Google Earth
Pro itself is a mosaic of various Landsat ETM images
with a resolution of 15 meters, but in the acquisition
process, it can indeed provide changes in the spatial
resolution and scale of the resulting pixels, especially
when zooming in and zooming out via Google Earth
Pro [39].

The Landsat image obtained from Google Earth
[40] is then processed through georeferencing via the
image overlay tool feature and saved as KMZ because
the data is raster data or images that will be entered into
QGIS for interpretation and delineation.

Coastal typology classification refers to Shepard
1972 [22-31], in which coastal typology data collection
was carried out with the help of Landsat remote sensing
imagery available on Google Earth Pro. Coastal
typology delineation refers to the delineation of
coastlines as in research [23] because research focuses
on coastline changes. Because human factors will
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dominate it, the anthropogenic coast typology
classification referred to [22] also guides research.

2.4. Data Analysis

The data was analyzed with the help of a
geographic information system (GIS) tool, namely
QGIS, and three approaches were used. The
approaches used in dissecting and analyzing research
results are a spatial approach visualized with maps
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by delineation of the satellite imagery of Landsat and
map layouts, a geomorphological approach to
determine the process of changing coastal typology and
an environmental approach to determine the
implications of coastal development as human
interaction with changes in coastal typology as an
environment in Denpasar City. The flowchart of the
research can be seen in Figure 1.

Coastline changes in periode
of 1990-2005 and 2005-2020

Open Source
data, High
Resolution

Satellite Imagery
Google Maps
and observation

Visual
Interpretation and
classification

Coastal Typology changes in
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2005-2020

Visual
Interpretation and
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Development

Coastal Development Implication to
changes on Coastal Typology

Figure 1. Research flowchart

3. Results and Discussion

3.1 Changes in Coastal Typology on the Coast of
Denpasar City

The delineation from the research results shows
that the delineated coastline experienced changes in
the 1990-2005 and 2005-2020 periods. Based on
research results, there are at least three coastal
typologies in Denpasar City's coastal area:
anthropogenic coast, coast build-by organism, and
marine deposition coast. Human factors cause an
anthropogenic coast in engineering the coast,
especially coastlines [41]. Anthropogenic coasts also
have immediate consequences and influence the
coast as a coastal dynamic factor [23]. In the research
results, the anthropogenic coast commonly found in
research on the coastline of the coastal area of
Denpasar City is reclamation, and some are
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residential. Generally, the coasts built by organisms
found in Denpasar City are mangrove forests located
south of the city and between the mainland and
Serangan Island. Marine deposition coast as a coastal
typology caused by the activity of hydrodynamic
factors that cause sediment to settle due to coastal
currents [23] dominates the eastern part of Denpasar
City because it faces the open sea and the main body of
water, namely the Badung Strait, which is also to the
south of the Indian Ocean. However, due to existing
coral reefs, the waves approaching some marine
deposition coast typology locations are not very large
even though erosion still occurs [20,21,42]. The
research result of 3.1 Changes in Coastal Typology on
the Coast of Denpasar City can be shown in detail in
Table 1, and development changes in the coastal
typology can be shown in Figure 2.
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Table 1. Total of Coastlines length Changes of Coastal Typology in Denpasar City Coastal Area in the periods of

1990, 2005, and 2020.

No Coastal Typology 1990 2005 2020
1 anthropogenic coast 1+9.01 Km +26.42 Km +26.40 Km

2 coast build-by organism +10.61 Km +6.79 Km +10.37 Km

3 marine deposition coast +10.33 Km +10.88 Km +9.24 Km

Coastlines length Changes of Coastal Typology in the Denpasar City Coastal
Area in the periods of 1990, 2005, and 2020 (in Km)

30
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N :_’\./——-__.
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“®anthropogenic coast  “@=coast build-by organism marine deposition coast

Figure 2. Diagram visualization on the Development of Coastlines length Changes of Coastal Typology in the

The research results show that in 1990 the total

Denpasar City Coastal Area in the periods of 1990, 2005, and 2020

reached +10.61 km. In 2005 this coastal typology
shrank to +6.79 km. In 2020 itself, there will be

length of the anthropogenic coast typology in
Denpasar City was £9.01 km. In 2005, it increased to
+26.42 km, of which there was a widening of +17.41
km. In 2020 itself, the total length of the
anthropogenic coast typology reached £26.40, which
means there was a shrinkage of around 2 km
throughout the development period 2005-2020. In the

coastal typology of coast build-by organisms in changes.
1990, the total length of the Denpasar City coastline
MAP OF COASTAL MAP OF COASTAL N o ! 2im [N Semam—gy MAP OF COASTAL N o

widening again to +10.37 km. The marine deposition
coast typology in 1990 had a total length of the
Denpasar City coastline reaching 10.33 km. In 2005
there was a slight widening to +10.88 km. In 2020, the
marine deposition coast typology shrank to £9.24 km.
The map (Figure 3) shows the spatial distribution of
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Figure 3. (a) 1990 coastal typology map on the coast of Denpasar City, (b) 2005 coastal typology map on the

coast of Denpasar City, (c) 2020 coastal typology map on the coast of Denpasar City
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3.2 Coastal Development Implication of the
Changes in Coastal Typology on the Coast of
Denpasar City
Data from the Central Statistics Agency [43-44]

shows that there has been an increase in the number

of star hotels in Denpasar City, from initially only 22

in 2000 to 48 in 2023. Apart from that, the number of

rooms in non-star hotels and other accommodations
has also increased, initially amounting to 3,670 in

2000 to 6,259 in 2019. This track record can also be

traced from satellite image data, which shows that

the  construction of hotels and tourism
accommodations is still being carried out on the
coast of Denpasar City. It is also important to realize
that the accommodation and food and drink provision
sector in 2023 will contribute the highest GDP to
Denpasar City out of 17 sectors, namely around
19.6% of GDP [45].

ojs.pps.unsri.ac.id

Of the various changes that occurred, changes in
Serangan Island's coastal typology significantly
contributed to the widening of the anthropogenic coast
typology in the 1990-2005 period. The island's coast,
which has advanced more than +*1 km, has also
impacted the shrinking of the coastal coral reefs of
Denpasar City. The results of the research show
changes in coastal typology at several locations on the
coast of Denpasar City, namely Mertasari Beach,
erosion that occurred on the east coast of Denpasar
City, which includes Sanur Beach, the expansion of
Benoa port, the Reclamation of Attack Island, and the
presence of the development of Bali Wake Island. This
description only focuses on coastal typologies that
increase and disappear due to indications from
anthropodynamic activities in kilometres (km) of the
coastline.

Table 1. Implications of Coastal Development on Changes in Coastal Typology identify that has been identify

from visual deliniation

No Periode Coastal Typology Description Location Description Implication to

Impact Total Length
Change (km)

1 1990-2005 anthropogenic coast Increase Mertasari Beach +0.25

2 1990-2005 marine deposition coast Increase Mertasari Beach +1.7

3 1990-2005 marine deposition coast Loss Erosion in east coast of Denpasar City ~ +6.5

4 1990-2005 coast build-by organism Loss Expansion of Benoa Harbor 0.1

5  1990-2005 anthropogenic coast Increase Expansion of Benoa Harbor +2.41

6  1990-2005 anthropogenic coast Increase Reclamation of Serangan Island +18.46

7 1990-2005 coast build-by organism Loss Reclamation of Serangan Island +1.65

8  1990-2005 marine deposition coast Loss Reclamation of Serangan Island +4.11

9  1990-2005 anthropogenic coast Loss Reclamation of Serangan Island +1.18

10  2005-2020 anthropogenic coast Increase Expansion of Benoa Harbor +4.27

11 2005-2020 anthropogenic coast Increase Bali Wake Island +0.34

12 2005-2020 anthropogenic coast Increase Mertasari Beach +0.53

Referring map of coastal typology changes in
Figure 2 and Table 2 we can see that implications of
coastal development on changes in Coastal
Typology. During the 1990-2005 period, the
anthropogenic coast increased by £21.12 km, mainly
due to the reclamation of Serangan Island. Before
reclamation, the coastline was only + 2.67 km long in
1990. The expansion of Benoa Harbor also
contributes and implicates the development changes
to £2.31 Km (-0,1 Km). Before the expansion, the
coastline was only = 0.57 km long in 1990.

In the 2005-2020 period, it was an increase of
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1+5.14 km. The widening of the coastline in the marine
deposition coast typology experienced an increase of
1.7 km in the 1990-2005 period. The development
implications that occurred during the 1990-2005 period
were the loss of the marine deposition coast typology
along £ 10.61 km. Apart from that, in the same period,
along £ 1.66 km, the coastal typology of build-by
organisms disappeared. The Residential settlements on
Serangan lIsland, which included the anthropogenic
coast typology, also disappeared during this period for
+ 1.18 km. The data shown in Table 2 is visualized in
Map of Figure 4.
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Figure 4. (a) Deliniation result of coastal typology coastline that changes due to coastal development implication

based on periods of 1990-2020, (b) Deliniation identification of 1990-2005 the causes coastal typology coastline

that changes due to coastal development on the coast of Denpasar City, (c) Deliniation identification of 2020 the
causes coastal typology coastline that changes due to coastal development on the coast of Denpasar City.

The development carried out in Denpasar City
also impacts the area of coral reefs. Based on the
results of delineation on indicative coral reefs, it was
found that the area of coral reef appearance in
Denpasar City in 1990 was around *978.46 Ha.
However, in 2005, it decreased to +534.67 Ha due to
the reclamation of Serangan Island. From 1990-2005,
coral reefs have shrunk by +443.79 Ha or almost half
the area in 1990. Meanwhile, in 2020, coral reefs
have also experienced shrinkage of +510.50 Ha or a
reduction from the 2005-2020 period of + 24.17 Ha.
This research shows the determination of indicative
coral reefs from various data such as the Allen Coral
Atlas [46] and other related research [47-48]. Apart
from coral reefs, this area also includes other coastal
ecosystems, such as seagrass beds, with an area of
322 ha for the area around Sanur Beach [47].

In the midst of research results that trace
changes in coastlines and changes in coastal typology
that occur, strategic steps such as the Bali Beach
Conservation Project (BBCP) were initiated by the
Japan International Cooperation Agency (JICA) to
protect the coast, one of which is in Denpasar City,
such as Sanur Beach. Steps to build coastal
protective infrastructure such as groins and
breakwaters in BBCP change the coastal landscape.
In terms of evaluation, this strategy is able to
contribute to the protection of beaches in the coastal
environment of Denpasar City.

Amid research results that trace changes in
coastlines and changes in coastal typology that occur,
strategic steps such as the Bali Beach Conservation
Project (BBCP) were initiated by the Japan
International Cooperation Agency (JICA) to protect
the coast, one of which is in Denpasar City, such as

Vol. 10 No.1, 1-10

Sanur Beach. Steps to build coastal protective
infrastructure such as groins and breakwaters in BBCP
change the coastal landscape. In terms of evaluation,
this strategy can contribute to protecting beaches in the
coastal environment of Denpasar City.

However, referring to the discussion of EIA
developments monitored by Walhi Bali as NGO and
civil society representation, this is not the case [17-18].
Many plans for coastal development projects still
threaten the coastal environment, whether supporting
tourism or other supporting infrastructure. BBCP-II
itself was indicated to have violated the Regional
Spatial Plan, both the location of the sand source in the
sea and the location of the Sand Stockpile, which was a
note amidst several previous BBCP achievements,
especially on the east coast of Denpasar City, such as
Sanur Beach.

The size and enthusiasm of the BBCP project
cannot be separated from the existence of tourism
infrastructure that is very close and even touches the
beach border, which is stipulated in regulations at 100
meters from the highest tide coastline. This results in
beach privatization [49-50], thereby contributing
greatly to the economy of Denpasar City [45]. Some of
the existing infrastructure along the coast also results in
indications of various violations and environmental
risks [15,17,18].

Various studies have also revealed a situation
where the coast of Denpasar City is one of the coasts
with the highest changes in coastline, which is shown
by the many coastal protection buildings found along
the coast [21,51]. The phenomenon of changes in
coastlines and  coastal  landscapes,  tourism
accommodation infrastructure such as hotels, and
coastal protection buildings such as groynes and

http://dx.doi.org/10.22135/sje.2025.10.1.1-10 6
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breakwaters shows that high levels of human activity
have created vulnerability to the coast. Research
conducted by [52] shows that based on the coastal
vulnerability index (CVI), the coast of Denpasar City
is classified as having high to very high levels of
coastal vulnerability.

4. Conclusion

The research results show that in 1990, the total
length of the anthropogenic coast typology in
Denpasar City was £9.01 km. In 2005, it increased to
+26.42 km, of which there was a widening of +17.41
km from 1990 to 2005. In 2020 itself, the total length
of the anthropogenic coast typology reached +26.40,
which means there was a shrinkage of around +2 km
throughout the development period 2005-2020. In the
coastal typology of coast build-by organisms in 1990,
the total length of the Denpasar City coastline reached
+10.61 km. In 2005, this coastal typology shrank to
+6.79 km. In 2020 itself, there will be widening again
to £10.37 km. The marine deposition coast typology
in 1990 had a total length of the Denpasar City
coastline reaching 10.33 km. In 2005, there was a
slight widening to +£10.88 km. In 2020, the marine
deposition coast typology shrank to £9.24 km.

Changes in beach types due to coastal
development have been identified. In the 1990-2005
period, the anthropogenic coast increased by +21.12
km; in the 2005-2020 period, it increased again by
+5.14 km. The widening of the coastline in the marine
deposition coast typology experienced an increase of
+1.7 km in the 1990-2005 period. Changes due to
development implications during the 1990-2005
period also included the loss of the marine deposition
coast typology along £+ 10.61 km. In the same period,
+ 1.66 km along the coastal typology of build-by
organisms disappeared. Residential settlements on
Serangan Island, including the anthropogenic coast
typology, also disappeared for £ 1.18 km during this
period.

Though this research still does not cover the
damage of development to the detailed ecosystem and
environment, the damage to the changing
environment can be seen. The risk of intensifying
development  without  proper  environmental
consideration will further degrade the coastal
environment of Denpasar City. Further research is
needed, such as the socioeconomic impact of the
negative force of development in the coastal area of
Denpasar City.
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